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Contributors

—
—
—

—
—

E.K. Achi, SODEFOR, 01 B.P. 3770, Abidjan-01, Côte d'Ivoire (wood anatomy)
Achmad Satiri Nurhaman, Gang Kosasih No. 59, RT 01/ RW 08, Kel. Cikaret,
Kec. Bogor Selatan, Bogor, Indonesia(illustrations)
§. Adanu, Center for Remote Sensing and Geographic Information Services,
University of Ghana, Legon, PMB L17, Accra, Ghana (Ganophyllum giganteum)
A. Addo-Danso, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 68, KNUST, Kumasi, Ghana (Margaritaria discoidea, Scottellia klaineana)
Adwo Sarfowaa, Kwame Nkrumah University of Science and Technology
(KNUST), Private Mail Bag, University Post Office, Kumasi, Ghana (Intsia bi-

juga)
—
—

—

—

R. Aerts, Division Forest, Nature and Landscape, Katholieke Universiteit Leuven, Celestijnenlaan 200E, Box 2411, BE-3001 Leuven, Belgium (Olea capensis)
_C. Andary, Laboratoire de Botanique, Phytochimie et Mycologie, UMR 5175
(CEFE, CNRS), Faculté de Pharmacie, 15 Avenue Charles Flahault, 34093
Montpellier, France (Anogeissus leiocarpa)

C. Antwi-Bosiako, Kwame Nkrumah University of Science and Technology
(KNUST), Private Mail Bag, University Post Office, Kumasi, Ghana (Blighia
sapida, Myrsine melanophloeos, Nuxia floribunda)
A. Asamoah, Kwame Nkrumah University of Science and Technology (KNUST),

Private Mail Bag, University Post Office, Kumasi, Ghana (Blighia sapida,
—

—

Intsia bijuga, Myrsine melanophloeos, Nuxia floribunda)
A.R. Atangana, Forest Biology Research Centre, Pavillon Marchand, Université
Laval, Sainte-Foy, Québec G1K 7P4, Canada (Irvingia gabonensis, Ricinodendron heudelotii)
A. Atta-Boateng, Kwame Nkrumah University of Science and Technology

(KNUST), Private Mail Bag, University Post Office, Kumasi, Ghana (Blighia
—
—

—
—

—

—

sapida, Intsia bijuga, Myrsine melanophloeos, Nuxia floribunda)
L, Awoyemi, Departmentof Forestry, Faculty of Agricultural Sciences, University of Ado Ekiti, P.M.B. 5363, Ado Ekiti, Nigeria (wood anatomy)
J. Ayarkwa, Department of Building Technology, Kwame Nkrumah University
of Science and Technology (KNUST), Private Mail Bag, University Post Office,
Kumasi, Ghana (Antrocaryon micraster)
P. Baas, National Herbarium branch of NCB-Naturalis, P.O. Box 9514, 2300
RA Leiden, Netherlands (wood anatomy)
L.N. Banak, Institut de Recherches en Ecologie Tropicale (IRET), Centre National de la Recherche Scientifique et Technologique (CENAREST), B.P. 842,
Libreville, Gabon (wood anatomy)
H. Beeckman, Laboratory for Wood Biology and Xylarium, Royal Museum for
Central Africa, Leuvense steenweg 13, B-3080 Tervuren, Belgium (wood anatomy)

E.J. Bertrums, PROTA Network Office Europe, Wageningen University, P.O.
Box 341, 6700 AH Wageningen, Netherlands (layout)
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C.H. Bosch, PROTA Network Office Europe, Wageningen University, P.O. Box
341, 6700 AH Wageningen, Netherlands (Acalypha glabrata, Allophylus abyssinicus, Alnus acuminata, Anthonotha macrophylla, Aphanocalyx heitzii,
Beguea apetala, Bridelia micrantha, Bridelia tulasneana, Bussea occidentalis,

Chaetachmearistata, Deinbollia grandifolia, Ephippiandra madagascariensis,
Eriocoelum microspermum, Erythrophleum ivorense, Ganophyllum giganteum,
Haplocoelum foliolosum, Hoplestigma klaineanum, Lychnodiscus cerospermus,
Majidea fosteri, Molinaea tolambitou, Monimia rotundifolia, Neoboutonia macrocalyx, Neotina isoneura, Octoknema borealis, Oubanguia africana, Pemphis
acidula, Placodiscus pseudostipularis, Populus ilicifolia, Protomegabaria stap-

fiana, Rinorea brachypetala, Sonneratia alba, Soyauxia grandifolia, Stadmannia oppositifolia, Tamarix aphylla, Tambourissa thouvenotii, Tapurafischeri,
Tina striata, Tinopsis apiculata, Trichocladusellipticus, Zanha golungensis)
M. Brink, PROTA Network Office Europe, Wageningen University, P.O. Box
341, 6700 AH Wageningen, Netherlands (Aulacocalyx jasminiflora, Breonia
perrieri, Bullockia mombazensis, Copaifera religiosa, Cuviera macroura,
Gaertnera paniculata, Julbernardia pellegriniana, Microberlinia brazzavillensis, Oxyanthus zanguebaricus, Pausinystalia lane-poolei, Pausinystalia macroceras, Pouchetia africana, Sarcocephalus pobeguinii, Scorodophloeus zenkeri,
Tetraberlinia bifoliolata, Tetraberlinia tubmaniana)
S. Britwum Acquah, Forestry Research Institute of Ghana (FORIG), University
P.O. Box 63, KNUST, Kumasi, Ghana(Bikinia coriacea, Breonadia salicina, Erismadelphus exsul, Pausinystalia talbotit)
J.R. Cobbinah, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 63, KNUST, Kumasi, Ghana (Breonadia salicina, Cryptosepalum staudtii,
Cynometra alexandri, Erismadelphus exsul, Maranthes robusta, Pausinystalia
talbotii, Prioria balsamifera, associate editor)
P. Détienne, CIRAD, Département Persyst, UPR Bois tropicaux, 73 rue JeanFrancois Breton, TA B-40 / 16 (Bat. 16, Bur. 106), 34398 Montpellier Cedex 5,
France (wood anatomy)
J.M. de Vries, Julianastraat 116, 6707 DJ Wageningen, Netherlands(illustrations)
G.D. Djagbletey, Forestry Research Institute of Ghana (FORIG), University
P.O. Box 68, KNUST, Kumasi, Ghana (Bridelia grandis, Bussea occidentalis,

Hexalobuscrispiflorus)
D. Dongock Nguemo, Département des Sciences Biologiques, Faculté des
Sciences, Université de Ngaoundéré, BP 454, Ngaoundéré, Cameroun (Combretum schumannit)
B. Doumbia, Hamdallaye 507, Ségou, Mali (Anogeissus leiocarpa)
C. Doumenge, CIRAD, Campus International de Baillarguet TA-C-105 / D, F34398 Montpellier cedex 5, France (Gilbertiodendron dewevrei, Lophira alata)
E. Dounias, Institut de Recherche pour le Développement, Centre d’Ecologie
Fonctionnelle et Evolutive / Center for Evolutionary and Functional Ecology
(CEFE-CNRS), 1919 Route de Mende, 34293 Montpellier cedex 5, France (Sacoglottis gabonensis)
E. Ebanyenle, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 63, KNUST, Kumasi, Ghana (Alangium chinense, Alangium salviifolium,
Lannea welwitschii, wood anatomy)
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_H.H. El-Kamali, Botany Department, Faculty of Science and Technology, Omdurman Islamic University, P.O. Box 382, Omdurman, Sudan (Detarium senegalense, Diospyros mespiliformis)

_C. Essien, Forestry Research Institute of Ghana (FORIG), University P.O. Box
63, KNUST, Kumasi, Ghana (Anopyxis klaineana, Celtis zenkeri, Cynometra
ananta, Guibourtia ehie, wood anatomy)
E.E. Ewudzie, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 63, KNUST, Kumasi, Ghana (Breonadiasalicina, Erismadelphus exsul,

Pausinystalia talbotii)
—
—

E.G. Foli, Forestry Research Institute of Ghana (FORIG), University P.O. Box
63, KNUST, Kumasi, Ghana (Terminalia ivorensis)
K. Frimpong-Mensah, Kwame Nkrumah University of Science and Technology
(KNUST), Private Mail Bag, University Post Office, Kumasi, Ghana(Blighia

sapida, Myrsine melanophloeos, Nuxia floribunda)
—
—
—

—
—
—

—

M. Garcia, Association ‘Couleur Garance’, Le Chateau, 84360 Lauris, France
(Anogeissus leiocarpa)
P.E. Gasson, Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3DS, United Kingdom (wood anatomy)
J. Gérard, CIRAD, UPR Production et valorisation des bois tropicaux et méditerranéens, 73 Rue Jean-Francois Breton, TA B-40 / 16 [Bât. 16, Bur. 123],
34398 Montpellier Cedex 5, France (Afzelia africana, Afzelia bella, Afzelia bipindensis, Afzelia pachyloba, Afzelia quanzensis)
Isaac Ossei Agyekumhene, Forestry Research Institute of Ghana (FORIG),
University P.O. Box 63, KNUST, Kumasi, Ghana(illustrations)
Iskak Syamsudin, PerumnasBantarjati, Jl. Tatapakan Raya No. 4, Kec. Bogor
Utara, Bogor, Indonesia(illustrations)
L.Jimu, Department of Environmental Science, Bindura University of Science
Education (BUSE), P.B. 1020, Bindura, Zimbabwe (Brachystegia tamarindoides, Macaranga capensis)
RB. Jiofack Tafokou, Ecologic Museum of Cameroon, P.O. Box 8038, Yaoundé,
Cameroon (Berlinia bracteosa, Berlinia grandiflora, Celtis adolfi-friderici, Coelocaryon preussii, Cordia millenii, Duguetia staudtii, Greenwayodendron suave-

olens, Homaliumletestui, Pausinystalia johimbe)
—

—

—
—
—
—

F.D. Kamala, Laboratory of Wood Science, Graduate School of Bioresource and
Bioenvironmental Sciences, Kyushu University, Hakozaki 6-10-1, Higashi-ku,
Fukuoka, 812-8581 Japan (wood anatomy)
V.A. Kémeuzé, Millennium Ecologic Museum, P.O. Box 8038, Yaoundé, Cameroon (Annickia affinis, Antrocaryon klaineanum, Bikinia le-testui, Brachystegia
cynometroides)
V. Kimpouni, Ecole normale supérieure, Université Marien Ngouabi, B.P. 237,
Brazzaville, Congo (Terminalia superba)
MM. Kitambala, Département de Chimie de la Faculté des Sciences, Université de Lumumbashi, Lumumbashi, DR Congo (Uapaca guineensis)
§. Konsala, Wildlife Conservation Society (WCS), P.O. Box 3055, Messa, Yaoundé, Cameroon (Duguetia staudtii)
I. Kopong, BotswanaCollege of Agriculture, Department of Crop Science and
Production, Private Bag 0027, Gaborone, Botswana (Guibourtia coleosperma,
Spirostachys africana)
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R.H.M.J. Lemmens, PROTA Network Office Europe, Wageningen University,
P.O. Box 341, 6700 AH Wageningen, Netherlands (Acrocarpus fraxinifolius,
Alluaudia procera, Androstachys johnsonii, Anisophyllea obtusifolia, Anthonotha fragrans, Apodocephala pauciflora, Asteranthe asterias, Asteropeia

rhopaloides, Baikiaea plurijuga, Baphiopsis parviflora, Baudouinia fluggeiformis, Bauhinia podopetala, Brandzeia filicifolia, Cassia hippophallus, Chidlowia sanguinea, Cleistopholis patens, Colubrina decipiens, Colvillea racemosa,
Combretum imberbe, Cordyla africana, Cornus volkensii, Croton mongue, Crudia senegalensis, Curtisia dentata, Cussonia zimmermannii, Cynometra hankei,

Cynometra lujae, Cynometra madagascariensis, Dactyladenia scabrifolia,
Dasylepis integra, Detarium macrocarpum, Dialium aubrevillei, Diospyros gracilipes, Ehretia cymosa, Elaeodendron buchananii, Euclea pseudebenus, Eurypetalum tessmannii, Faurea saligna, Gilletiodendron mildbraedii, Gyrocarpus
americanus, Hazomalania voyronii, Hylodendron gabunense, Isolona hexaloba,
Isomacrolobium explicans, Librevillea klainei, Ludia mauritiana, Meiocarpidium lepidotum, Mendoravia dumaziana, Mildbraediodendron excelsum, Monotes

kerstingit, Ophiobotrys zenkeri, Paramacrolobium coeruleum, Pellegriniodendron diphyllum, Phyllarthron madagascariense, Phyllocosmus afruicanus, Polyscias fulva, Populusilicifolia, Poupartia silvatica, Prioria oxyphylla, Protorhus
ditimena, Psydrax parviflora, Rawsonia lucida, Schefflera abyssinica, Schotia
brachypetala, Schrebera alata, Scyphocephalium mannii, Scytopetalum
tieghemii, Searsia lancea, Senna lactea, Sindora klaineana, Sindoropsis letestui, Stemonocoleus micranthus, Stuhlmannia moavi, Terminalia sambesiaca,
Terminalia sericea, Terminalia tetrandra, Tessmannia lescrauwaetii, Tetrapterocarpon geayi, Trillesanthus macrourus, Uapaca heudelotii, Uapaca pynaertit, Uapaca thoursii, Uvariodendron anisatum, Uvariopsis congensis, Weinmannia minutiflora, editor)
D. Louppe, CIRAD, Département Environnements et Sociétés, Cirad es-dir,
Campus international de Baillarguet, TA C-105 / D (Bat. C, Bur. 113), 34398
Montpellier Cedex 5, France (Afzelia africana, Afzelia bella, Afzelia bipindensis,
Afzelia pachyloba, Afzelia quanzensis, Alluaudia procera, Anthostema madagascariense, Bivinia jalbertii, Blighia sapida, Brachystegia spiciformis, Bridelia
tulasneana, Croton mongue, Daniellia oliveri, Diospyros gracilipes, Distemonanthus benthamianus, Erythroxylum mannii, Gyrocarpus americanus, Hazomalania voyronii, Isoberlinia doka, Ongokea gore, Staudtia kamerunensis, Tamarix aphylla, Tambourissa thouvenotii, wood anatomy, editor)
P.-M. Mapongmetsem, Departmentof Biological Sciences, Faculty of Sciences,
University of Ngaoundere, P.O. Box 454, Ngaoundere, Cameroon (Pycnanthus
angolensis)
A. Maroyi, Departmentof Biological Sciences, Bindura University of Science
Education (BUSE), P.B. 1020, Bindura, Zimbabwe (Burkea africana, Croton
megalocarpus, Ilex mitis, Markhamia lutea)
M.G. Meikeu Kamdem, Millennium Ecologic Museum, P.O. Box 8038, Yaoundé,
Cameroon (Bikinia le-testui, Brachystegia cynometroides, Musanga cecropioides)
R. Melusi, Botswana College of Agriculture, Department of Crop Science and
Production, Private Bag 0027, Gaborone, Botswana (Colophospermum mopane)
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—
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_J.K. Mensah, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 63, KNUST, Kumasi, Ghana (Brachystegia midlbraedii, Dialium pachyphyllum)
W. Mojeremane, Botswana College of Agriculture, Department of Crop Science
and Production, Private Bag 0027, Gaborone, Botswana (Baikiaea insignis,
Bobgunnia madagascariensis, Cephalosphaera usambarensis, Colophospermum
mopane, Guibourtia coleosperma, Spirostachys africana, Xymalos monospora,
Zanha africana)
N.P. Mollel, Tropical Pesticides Research Institute, National Herbarium of
Tanzania, P.O. Box 3024, Arusha, Tanzania (wood anatomy)
C.S. Montes, World Agroforestry Centre, Sahel Node, B.P. E5118, Bamako, Mali (Blighia sapida)

P. Mugabi, Departmentof Forestry, Biodiversity and Tourism College of Agricultural and Environmental Sciences, Makerere University, P.O. Box 7062,
Kampala, Uganda (wood anatomy)
E.E. Mwakalukwa, Departmentof Forest and Landscape, Faculty of Life Sciences, University of Copenhagen, Rolighedsvej 23, DK-1958, Frederiksberg C,
Copenhagen, Denmark (wood anatomy)
§. N’Danikou, Plant Sciences Laboratory, Faculty of Agronomic Sciences, University of Abomey-Calavi, 04 B.P. 0174, Cotonou, Benin (wood anatomy)

P.Ng’andwe, Department of Wood Science and Technology, School of Natural
Resources, The Copperbelt University, P.O. Box 21692, Kitwe, Zambia (wood
anatomy)
B.A. Nkongmeneck, Millennium Ecologic Museum, P.O. Box 8038, Yaoundé,
Cameroon (Annickia affinis, Antrocaryon klaineanum)
N. Nyunai, Institut de Recherches Médicales et d’Etudes des Plantes Médicinales, B.P. 3805, Yaoundé, Cameroun (Brachylaena huillensis, Celtis africana,
Cordyla africana, Cordyla pinnata, Daniellia thurifera, Guibourtia arnoldiana,
Mitragyna ledermannii, Mitragyna stipulosa)
E.A. Obeng, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 63, KNUST, Kumasi, Ghana (Annickia polycarpa, Berlinia confusa, Bikinia
coriacea, Bikinia durandii, Blighia unijugata, Blighia welwitschii, Brachystegia
laurentii, Brachystegia leonensis, Brachystegia nigerica, Breonadia salicina,
Casearia battiscombei, Celtis gomphophylla, Copaifera mildbraedii, Copaifera
salikounda, Cordia africana, Cordia subcordata, Cryptosepalum staudtit,
Ctenolophon englerianus, Cynometra alexandri, Didelotia idae, Diospyros abyssinica, Diospyros crassiflora, Diospyros kamerunensis, Diospyros sanza-minika,
Drypetes gerrardii, Erismadelphus exsul, Gilbertiodendron limba, Guibourtia
conjugata, Guibourtia tessmannii, Holoptelea grandis, Klainedoxa gabonensis,
Maranthes robusta, Pausinystalia talbotii, Prioria balsamifera, Schrebera arborea, Strombosia scheffleri, Trichoscypha arborea, Trichoscypha longifolia, Xylopia quintasii, wood anatomy,associate editor)
K.A. Oduro, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 63, KNUST, Kumasi, Ghana (Testulea gabonensis)

—

J.M. Okeyo, TSBF-CIAT, World Agroforestry Centre (ICRAF), P.O. Box 30677,

—

Gigiri, Nairobi, Kenya (Erythrophleum suaveolens)
M. Olivier, SamaBioconsult, 27 Rue des neuf Soleils, 63000 Clermont-Ferrand,
France (Anogeissus leiocarpa)
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E. Opuni-Frimpong, Forestry Research Institute of Ghana (FORIG), University
P.O. Box 68, KNUST, Kumasi, Ghana (Nauclea diderrichii)
N.Y. Opuni-Frimpong, Forestry Research Institute of Ghana (FORIG), University P.O. Box 68, KNUST, Kumasi, Ghana (Nauclea diderrichii)
A.A. Oteng-Amoako, Forestry Research Institute of Ghana (FORIG), University
P.O. Box 68, KNUST, Kumasi, Ghana (Anopyxis klaineana, Brachystegia leonensis, Celtis zenkeri, Copaifera salikounda, Cynometra ananta, Diospyros kamerunensis, Diospyros sanza-minika, Gilbertiodendron limba, Guibourtia ehie,
Klainedoxa gabonensis, Strombosia pustulata, Xylopia quintasii, wood anatomy, editor)
F.W. Owusu, Forestry Research Institute of Ghana (FORIG), University P.O.
Box 68, KNUST, Kumasi, Ghana (Distemonanthus benthamianus, Petersian-

thus macrocarpus)
L.P.A. Oyen, PROTA Network Office Europe, Wageningen University, P.O. Box
341, 6700 AH Wageningen, Netherlands (Anthostema madagascariense, Apodytes dimidiata, Aptandra zenkeri, Bischofia javanica, Bivinia jalbertii, Bob-

gunniafistuloides, Brachystegia eurycoma, Brachystegia spiciformis, Carpolobia alba, Cavacoa quintasii, Celtis mildbraedii, Cleistanthus caudatus, Colubrina faralaotra, Cyrtogonone argentea, Elaeocarpusfloribundus, Erythroxylum
mannii, Foetidia clusioides, Foetidia mauritiana, Givotia madagascariensis,
Heisteria parvifolia, Heywoodia lucens, Hymenocardia ulmoides, Isoberlinia
angolensis, Keayodendron bridelioides, Kiggelaria africana, Klaineanthus gabonii, Lasiodiscus mildbraedii, Maranthes glabra, Necepsia afzelii, Nectaropetalum kaessneri, Nuxia congesta, Ochna holstii, Oldfieldia africana, Oncoba
brevipes, Parinari excelsa, Populusilicifolia, Rhabdophyllum calophyllum,
Scolopia madagascariensis, Scolopia zeyheri, Staudtia kamerunensis, Strombosiopsis tetrandra, Strychnos mitis, Suregada procera, Wielandia oblongifolia)
S. Pentsil, Forestry Research Institute of Ghana (FORIG), University P.O. Box
63, KNUST, Kumasi, Ghana (Schrebera arborea)
S. Rakotonandrasana, Centre National d’Application des Recherches Pharmaceutiques, B.P. 702, 101 Antananarivo, Madagascar (Brachylaena ramiflora,
Dilobeia thouarsii, Dupuya madagascariensis, Humbertia madagascariensis,
Leptolaena multiflora, Sloanea rhodantha)
V. Rasamison, Centre National d’Application des Recherches Pharmaceutiques,
B.P. 702, 101 Antananarivo, Madagascar (Brachylaena ramiflora)
N. Sauvan, Laboratoire LVMH, Parfums et Cosmétiques, 45804 Saint Jean de
Braye, France (Anogeissus leiocarpa)

G.H. Schmelzer, PROTA Network Office Europe, Wageningen University, P.O.
Box 341, 6700 AH Wageningen, Netherlands (Anthocleista grandiflora, Daniellia klainei, Daniellia ogea, Daniellia oliveri, Uapaca mole)
V.O. Séné, Herbier National du Cameroun, IRAD, B.P. 1601, Yaoundé, Cameroun (Lophira alata)
R. Shanda, Kenya Forestry Research Institute (KEFRI), P.O. Box 64636-00620Mobil Plaza, Nairobi, Kenya (wood anatomy)
A.T. Tchinda, Institut de Recherches Médicales et d’Etudes des Plantes Médicinales (IMPM), Ministére de la Recherche Scientifique et de Innovation, B.P.

6163, Yaoundé, Cameroun (Poga oleosa)
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Z. Tchoundjeu, World Agroforestry Centre (ICRAF), African Humid Tropics Region, P.O. Box 2067 or 16317, Yaoundé, Cameroon (/rvingia gabonensis, Ricinodendron heudelotit)
M. Thiam, Unité de Formation et de Recherches, Sciences Agronomiques et Développement Rural, Université de Thiés, B.P. A296, Thiés, Sénégal (wood anatomy)
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Introduction
Choice of species
PROTA 7(2): “Timbers 2’ is the second of 2 volumes describing the wild and cultivated plant species of tropical Africa used in the first place for their timber. Some of
these are traded on the international timber market, but many are only used locally,
for construction purposes or the production of furniture, implements and utensils.
Bamboos of which the stems are used for construction are also included in this
commodity group (see PROTA 7(1)). Most species have several other, secondary, uses. PROTA assigns one primary use and, if relevant, one or more secondary uses to
all plant species used in Africa. For instance, the primary use of Terminalia ivorensis A. Chev. is as a timbertree, and thusit is treated in PROTA 7, but it has several
secondary uses, e.g. it is used as a shadetree for crops and as a roadsidetree,
whereasthe bark and leaves are used in traditional medicine. The timber of Termtnalia catappa L. is also commonly used, but the primary use of this species is as an
ornamentaltree, and consequently it is described in PROTA 4: ‘Ornamentals’.
In PROTA 7(2), somespecies are treated which, in addition to the primary use as
timber, also have another primary use and consequently are described in 2 PROTA
books. These species are Anogeissus leiocarpa (DC.) Guill. & Perr. (also in PROTA3:
‘Dyes and tannins’), Erythrophleum ivorense A.Chev., Erythrophleum suaveolens
(Guill. & Perr.) Brenan, Sacoglottis gabonensis (Baill.) Urb., Uapaca guineensis
Miill.Arg. and Uapaca mole Pax (also in PROTA 11(1): ‘Medicinal plants 1’, the latter under the synonym Uapaca paludosa Aubréy. & Leandri), and Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) Baill., Ongokea gore (Hua) Pierre, Pycnanthus angolensis (Welw.) Warb. and Ricinodendron heudelotii (Baill.) Pierre ex Heckel (also in
PROTA 14: ‘Vegetable oils’).
‘Timbers 1’ comprised the timber species of 25 important families. In “Timbers 2’ all
primary-use timber species of 60 timber-containing families are treated.
Table 1. Families treated in PROTA 7(2) and the division of species.
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Comprehensive descriptions are given of 150 important timber species. These major
timbers comprise mostly wild species, but also several cultivated or partly domesticated species. The accounts are presented in a detailed format and illustrated with a
line drawing and a distribution map. In addition, accounts of 164 timbers of minor
importance are given. Because information on these species is often scanty, these
accounts are in a simplified format and usually do not include a drawing. For another 379 species the information was too scarce to justify an individual treatment and
they have only been mentioned in the accounts of related species.
In this final volume, all 1148 ‘secondary use’ timbers are listed as “Timbers with
other primary use’ and referred to other Handbook volumes.
Plant names
Family: Apart from the classic family name, the family name in accordance with the
Angiosperm Phylogeny Group (APG)classification is also given whereit differs from
the classic name.
Synonyms: Only the most commonly used synonymsand those that may cause confusion are mentioned.
Vernacular names: Only names in official languages of regional importance in Africa
are included: English, French, Portuguese and Swahili. It is beyond the scope of
PROTAto give an extensive account of the names of a species in all languages spoken in its area of distribution. Checking names would require extensive fieldwork by
specialists. Although regional forms of Arabic are spoken in several countries in Africa, the numberof African plant species that have a namein written, classical Arabic is limited. Arabic names are therefore omitted. Namesof plant products are
mentioned under the heading ‘Uses’.
Origin and geographic distribution
To avoid longlists of countries in the text, a distribution map is added forall species. The mapindicates in which countries a species has been recorded, either wild
or planted. It should be realized that for many species these maps are incomplete
because they are prepared on the basis of published information, the quantity and
quality of which varies greatly from species to species. This is especially the case for
wild species which are not or incompletely covered by the regional African floras,
and for cultivated species which are only planted on a small scale (e.g. in home gardens). For somecountries (e.g. Central African Republic, Chad, Sudan, Angola)
there is comparatively little information in the literature. Sometimesthey are not
covered by recent regional or national floras and although species may be present
there, this cannot be demonstrated or confirmed. For somespecies, a distribution map
has been omitted becausethereis too little information on distribution.
Properties
Wood appearance (i.e. colour, grain, texture), physical properties (density, drying
properties, shrinkage rates, movement in service) and mechanical properties
(strength, elasticity, hardness) of the wood are given on thebasisof literature and
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as muchas possible in quantitative terms and in a standardized order. This is followed by a description of the working properties and the durability of the wood.
Description
A morphological characterization of the species is given. The descriptionis in ‘telegram’style and uses botanical terms. Providing a description for the general public
is difficult as more generally understood terms often lack the accuracy required in a
botanical description. A line drawingis added for all major and somelesser-known
species to complementand visualize the description.
Anatomy
A wood-anatomical description has been prepared for each major timberspecies.
The descriptions of the hardwood species are based on the IAWA(International Association of Wood Anatomists) list for hardwood identification (Wheeler, Baas &
Gasson, 1989). All descriptions have been compiled in two PROTA Wood Anatomy
Workshops (16-25 May, 2007, Montpellier, France; 18-23 September, 2010, Kumasi, Ghana) as part of a training of African wood anatomists under expert guidance. The compilers of each description are mentioned at the end of the paragraph
‘Anatomy’.
For manydescriptions the InsideWood database (http://insidewood.lib.ncsu.edu) has
been used as a basis, but for all descriptions microscopic sections of wood from the
slide collections of CIRAD (Montpellier, France), the Royal Museum for Central Africa (Tervuren, Belgium), the Royal Botanic Gardens (Kew, UK) , and the National
Herbarium of the Netherlands (Leiden, Netherlands) have been investigated during
the wood anatomy workshop. Thefinal descriptions have been included in the InsideWood database.
The character codes given in parentheses () indicate characters which are variable
or rarely occur in the material studied.
Management
Descriptions of husbandry methodsincluding fertilizer application, irrigation, and
pest and disease control measures are given under ‘Management’ and under‘Diseases and pests’. These reflect actual practices or generalized recommendations, opting for a broad overview but without detailed recommendations adapted to the widely varying local conditions encountered by farmers. Recommendations on chemical
control of pests and diseases are merely indicative and local regulations should be
given precedence. PROTA will participate in the preparation of derived materials
for extension and education, for which the texts in this volume provide a basis, but
to which specific local information will be added.

Genetic resources
The genetic diversity of many plant species in Africa is being eroded, sometimes at
an alarming rate, as a consequence of habitat destruction and overexploitation. The
replacement of landraces of cultivated species by modern cultivars marketed by seed
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companies is another cause of genetic erosion. Reviews are given of possible threats
for plant species and of the diversity within species, and reference is made to the
IUCN Red list of threatened species where relevant. Information on ex-situ
germplasm collections is mostly extracted from publications of Bioversity International (formerly the International Plant Genetic Resources Institute — IPGRI).
References
The main objective of the list of references given is to guide readers to additional
information; it is not intended to be complete or exhaustive. Authors and editors
have selected two categories of references; ‘major references’ are limited to 10 references (5 for minor species), the numberof‘other references’is limited to 20 (10 for minor species). The referenceslisted include those used in writing the account. Where
the internet was used, the website and date arecited.
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Alphabetical treatment of timbers
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ACALYPHA GLABRATA Thunb.
Protologue Prodr. pl. cap.: 117 (1800).
Family Euphorbiaceae
Vernacular names Silkyberry, forest falsenettle (En).
Origin and geographic distribution Acalypha glabrata is distributed in Malawi, Botswana, Zimbabwe, Mozambique and South Africa.
Uses The wood is locally used for house
building, and more widely for fence posts and
stakes.
The young twigs are eaten as a cooked vegetable. The long, tough, flexible branches of Acalypha glabrata are used in coastal southern
Africa to make fish traps. The inner bark is
groundinto a fine paste which is applied on the
face or administered orally to treat rashes in
children. Leaves and roots are taken as a purgative.
Botany Monoecious shrub or small tree up
to 5(-12) m tall; bark surface silver-grey.
Leaves arranged spirally, simple; stipules linear-lanceolate, 3-4 mm long, pointed, persistent; petiole 0.5—5 cm long, slender; bladeelliptical-ovate to rhombic-ovate, 1-9 cm X 0.5-5.5
cm, base cuneate to slightly truncate, apex
obtuse or acuminate, margins toothed, short-

hairy while young, 3(-5)-veined from the base
and with 2-4 pairs of lateral veins. Inflorescence an axillary spike up to 3.5 cm long,
with male flowers and usually 1 female flower
near base. Flowers unisexual, without petals;

male flowers with pedicel c. 1 mm long, calyx 4lobed, stamens 8, anthers white; female flowers

sessile, subtended by large spathe-like bract
0.5 cm X 1 cm, calyx small, 3-lobed, ovary superior, 3-lobed to nearly globose, c. 0.6 mm in

diameter, hairy, styles 3, 3-5 mm long, fused
at base. Fruit a 3-lobed capsule 2-3 mm in
diameter, with silky hairs, 3-seeded. Seeds
globose, c. 1.5 mm in diameter, smooth, greybrown.
Flowering starts in October andfruits split and
seeds are released in December—January.
Acalypha is a large genus comprising about
460 species, occurring mainly in the tropics but
extending to warm temperate areas. Tropical
Africa and Asia have about 65 and 25 species,
respectively, tropical America almost 400. In
Acalypha glabrata 2 varieties have been distinguished based on degreeof hairiness.
Ecology Acalypha glabrata is mainly found
at forest margins, woodland and wooded grassland, usually on rocky hillsides, up to 1600 m
altitude.
Management Cultivation of Acalypha glabrata is hamperedby thedifficulty to find viable seeds, but it can be easily multiplied vegetatively. Locally in South Africa, it is recommended for commercial cultivation as the bark
is in high demand for medicinal purposes.
Genetic resources and breeding Acalypha
glabrata is locally threatened by over-harvesting
and the low production of viable seeds.
Prospects Apart from local specialty uses, the
wood is not commercially interesting. The apparent high demandfor bark for medicinal use
warrants further research into pharmacology
and sustainable management.
Major references Coates Palgrave, 1983;
Gaugris & van Rooyen, 2006; Radcliffe-Smith,
1996; van Wyk & Gericke, 2000.
Other references Dlisani & Bhat, 1999;
Keirungi & Fabricius, 2005; Leistner, 2000;
Palmer & Pitman, 1972-1974; Schmidt, Lotter

& McCleland, 2002.
Authors C.H. Bosch

ACROCARPUS FRAXINIFOLIUS Arn.
Protologue Mag.Zool. Bot. 2: 547 (1838).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 24
Vernacular names Pink cedar tree, Indian
ash, shingle tree (En).
Origin and geographic distribution Acrocarpus fraxinifolius orginates from tropical
Asia, where it occurs naturally from Nepal and
India to Thailand, southern China and western

Acalypha glabrata — wild

Indonesia. It is widely planted within and outside its natural area of distribution, e.g. in In-
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to moderately hard, and strong. At 12% moisture content, the modulus of rupture is about
110 N/mm2, modulusofelasticity 15,100 N/mm2

Acrocarpus fraxinifolius — planted
dia, tropical America, but also in several countries in tropical Africa: Liberia, Nigeria, Rwanda, Burundi, Kenya, Uganda, Tanzania, Malawi, Zambia, Zimbabwe and Madagascar.

Uses The woodis suitable for indoor construction, furniture, fence posts, beehives, boxes,
packing cases, roof shingles, veneer andplywood. It is also used as firewood and for charcoal production. The wood is used to produce
pulp for paper, but is rated as second-class for
that purpose.
Acrocarpus fraxinifolius is widely planted as
ornamental tree. The foliage is used as fodder,
and the flowers are a source of nectar for honey
bees. The tree has been recommendedfor reinforcing river banks and to stabilize terraces,
and for use in agroforestry systems, although it
has been reported to compete with crops. It
produces good mulch. It is grown for shade in
coffee and tea plantations, sometimes also in
timber plantations and as windbreak.
Production and international trade Although Acrocarpus fraxinifolius is planted in
timber plantations, its wood is probably used
on a local scale only.
Properties The heartwood is pale pinkish,
bright red to reddish brown with darker streaks,
distinctly demarcated from the pale yellowish
sapwood. The grain is straight to slightly interlocked, sometimes wavy, texture coarse and
even. The wood is lustrous.
The wood is medium-weight with a density of
520-700 kg/m? at 12% moisture content. It air
dries well when not too rapidly dried; end splitting and checking may occur. The rates of
shrinkage are moderate. In India boards 2.5 cm
thick took 9 monthsto air dry. The woodis soft

and compression parallel to grain 50 N/mm?.
The wood is easy to saw and work, especially
when green. It finishes fairly well and takes a
high polish. It can be peeled into good-quality
veneer that can be glued well to make good
plywood. It is generally rated as non-durable,
but samples from Rwanda and Indonesia have
been rated moderately durable. Impregnation
of the sapwoodis easy, but that of the heartwoodis erratic. The sapwood is highly susceptible to fungal and insect attacks.
The seed oil was found to contain 84% of lupeol.
Botany Evergreen or deciduous, mediumsized tree up to 30(-50) m tall; bole columnar,
branchless for up to 20(—80) m, up to 100(-250)
cm in diameter, often with small buttresses;
bark surface smooth or slightly rough, pale
grey or pale brown; twigs often with prominent
lenticels. Leaves arrangedspirally, bipinnately
compound with (2—)3-5 pairs of pinnae and 4—
7(-9) pairs of leaflets per pinna, with or without a terminalleaflet; stipules small, caducous;
petiole and main rachis up to 80 cm long;leaf-

Acrocarpusfraxinifolius — 1, tree habit; 2, leaf;
3, inflorescence;4, flower; 5, fruit.

Source: PROSEA
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lets ovate to ovate-oblong, 3.5-18 cm Xx 1.5-8.5
em, slightly wavy, acuminate at apex. Inflorescence an axillary raceme up to 30 cm long.
Flowers bisexual, regular, 5-merous; pedicel 4—

10 mm long; calyx with ovate or triangular
lobes 2.5-4 mm long, short-hairy outside; petals free, oblong, 5-9 mm long, dark red, short-

hairy; stamens alternating with petals, 15-18
mm long; ovary superior, oblong to linear, 12—
15 mm long,stiped, hairy, style incurved. Fruit
an elongate, flattened pod 8-17 cm long, distinctly stiped, narrowly winged, dehiscent with
2 valves, up to 18-seeded. Seeds lens-shaped, c.

6.5 mm X 5 mm, smooth, brownish. Seedling
with epigeal germination; hypocotyl elongated;
cotyledonsleafy, slightly fleshy.
Early growth is very rapid. In nurseries in
Rwanda seedlings were on average 40 cm tall
after 3 months, but in Madagascar it was recorded that they need some time to develop a
root system before growth of the stem starts. In
India seedlings were 1 m tall after 5.5 months.
In Malawi a mean annual incrementof 2-yearold plants of 2.7—3.3 m in height and 6-7 cm in
diameter wasreported. Growthof older trees is
still rapid, as observed in Tanzania where the
mean annual increment of 13-year-old trees
was 1.2 m in height and 1.9 cm in diameter. In
Rwanda the mean height of trees was 1.5 m
after 1 year, 4.4 m after 2 years, 6.7 m after 3
years, and 19 m after 24 years with a bole diameter 35 cm.
Young leaves are characteristically bright red.
The trees flower after shedding their leaves.
Apparently, Acrocarpus fraxinifolius does not
have nitrogen-fixing root nodules.
Acrocarpus comprises a single species. In molecular studies it was found to be mostclosely
related to Ceratonia.
Ecology Acrocarpusfraxinifolius grows best
in submontaneareas in the more humid tropics
with a short dry spell. In western Indonesia it
occurs on fertile and constantly wet soils in the
forest, at 600-1200 m altitude. In India and

Myanmarit occurs in regions with an annual
precipitation of over 2000 mm, growingbest in
deep, well-drained, clay-loam soils with a pH of
4—7. In Kenya, Uganda and Tanzania it performs best at moderate altitudes (1000-1500
m), on red soils and with a moist climate. In
Rwanda Acrocarpus fraxinifolius is planted up
to 1700 m altitude, in DR Congo up to 2100 m.
It prefers mean annual temperatures of 19—
28°C. It is sensitive to drought and frost.
Management Under natural conditions
Acrocarpus fraxinifolius regenerates primarily

in small, burnt areas, on open patches where
fresh soil has been exposed and along newly
constructed roads. It is a light demander and
pioneer, but can tolerate slight shade when
young.
There are 13,000—47,000 dry seeds per kg. Collected seed should beleft to air dry for about 10
days and can then be stored for many years in
airtight containers when kept cool. However, a

germination rate of only 30% after 5 years of
storage has been reported. Seed should be pretreated with sulphuric acid for 10 minutes or
by hot water (80°C) for 15 minutes andleft to
imbibe in water for 12-24 hours before it is
sown in the shade. A germination rate of 80—
95% within only 2-7 days is achieved after
those pre-treatments. Under natural conditions
some seeds may germinate within a week,
while others may lie dormant for one year before germinating. The seedlings are pricked out
into beds or containers and placed in full sunlight. Seedlings are ready for planting when 3
months old and 30-45 em tall. Seedlings from
the nursery beds can be planted bare-rooted or
as stumps or striplings. The use of wildlings is
reported for India. Patch budding gave 80%
success when establishing seed orchards.
Periodic weeding is required and the first thinning must be performed 3-4 years after planting. As the trees require a large crown for optimal growth, regular thinnings are necessary
until the stand is fully developed. The tree coppices vigorously, in Rwanda some sprouts
reaching 5 m after 2 years, but in Malawi poor
coppicing ability has been noted. In agroforestry systems on favourable sites a mean annual
increment of 10 m3/ha may be expected. In
Burundi the wood volume was 6.7 m?/ha 3.5
years after planting in a spacing of 4 m X 8 m
and intercropped with banana and bean. In
Malawi 2-year-old trees yielded 33 t/ha of total
above-ground biomass. In East Africa the rotation period for fuelwood production is 8-10
years, for timber production 30—40 years.
Young trees are susceptible to termite attack.
In India serious defoliation of seedlings in
nurseries and young plantations by grasshoppers and caterpillars has been reported. In
nurseries in Mexico, damping-off has been recorded as a major disease. On humid soils Acrocarpus fraxinifolius is reported to be susceptible to Armillaria mellea. When rainfall is insufficient (less than 1500 mm/year) and a pronounced dry season occurs, the fast early
growth maybe followed by stagnation and high
mortality.
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Genetic resources and breeding A germplasm bank and a seed orchard had been established by 1986 in Arunachal Pradesh in India.
India and Kenya are the major seed-exporting
countries.
Prospects Acrocarpus fraxinifolius is a good
candidate for timber plantations in slightly
higher-altitude and more humid regions in
Africa. It is easy to raise in the nursery, its
survival after planting is generally very high
and it grows fast. It usually develops a single
and clear bole, making it suitable for pole production and fuelwood production under short
rotation and with the possibility of coppice regeneration. It seems possible to establish commercial timber plantations with this species
with a rotation period of 30 years.
Major references Blaser et al., 1993; Boer
& Lemmens, 1998a; Chikamaiet al., undated;
Katende, Birnie & Tengnäs, 1995; World Agroforestry Centre, undated.
Other references CAB International, 2005;
Ding Hou, Larsen & Larsen, 1996; Maghembe
& Prins, 1994; Mbuya et al., 1994; Moller,
1990; Odermatt & Sorg, 1981.
Sources of illustration Boer & Lemmens,
1998a.
Authors R.H.M.J. Lemmens
Based on PROSEA 5(3): Timber trees: Lesserknown timbers.

AFZELIA AFRICANA Sm. ex Pers.
Protologue Syn. pl. 1: 455 (1805).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 24
Vernacular names Afzelia, lucky-bean tree,

African oak (En). Doussié, lingué (Fr). Chanfuta, uvala, mussacossa(Po).
Origin and geographic distribution Afzelia
africana is widespread, occurring from Senegal
east to Uganda, and south to DR Congo.
Uses Like other Afzelia spp., the wood of
Afzelia africana is characterized by an excellent stability with little susceptibility to variations in humidity, small shrinkage rates during
drying and a good natural durability. The wood
is durable and treatment with preservatives is
unnecessary, even for usage in permanent humid conditions or in localities where woodattacking insects are abundant. This makes it
an excellent wood for use in pleasure-crafts,
especially for keels, stems and panels, for
bridges, as well as interior fittings. For such

Afzelia africana — wild
uses it is sometimes as much in demand as
teak. The wood is also valued for joinery and
panelling, both interior and exterior, parquet
floors, doors, frames, stairs, furniture and
sporting goods. It has been used traditionally
for canoes. It is commonly used for domestic
articles such as boxes, bowls, spoons, mortars

and masks, and is locally popular for making
drums. It is suitable for decorative sliced veneer. Because of its good resistance to many
chemical products and great dimensional stability, it is often preferred to materials like
metals and synthetics for vats and precision
equipment in industrial applications. The neutral pH of the wood makesit suitable for applications in contact with vulnerable objects such
as antiques and old booksin libraries. However, it should not be used in contact with textiles

under more humid conditions because of the
presence of colorants. A red dye can be prepared from the heartwood. The wood is also
used as firewood andfor charcoal production.
The foliage is commonly used as forage and the
tree is particularly important as a source of
fodder for livestock in the dry season. In many
regions, Afzelia africana is one of the most important woody fodder plants. The leaves are
sometimes eaten cooked as a vegetable; young
leaves are mixed with grounded cereals before
cooking. The flowers are used as condiment in
sauces. The tree is valued in agroforestry systems for soil improvement because the leaves
are rich in nitrogen and minerals. The seed aril
is edible and reportedly sweet; precaution is
needed because the seed has been reported to
be toxic, although it is used as soup condiment
in Nigeria andis rich in oil and used asthick-
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ening agent. The fruits have been used as castanets, seeds for necklaces and for other ornamental and ritual purposes. Afzelia africana is
considered a fetish tree in many regions.
Roots, bark, leaves and fruits are used in traditional medicine. Root decoctions or macerations
are used to treat stomach complaints, convulsions, trypanosomiasis and hernia, and as antidote. Root powder is applied externally to
treat rheumatism. The roots have also been
used in mixtures to prepare arrow poison. Bark
decoctions and macerations are administered
in the treatment of constipation, fever, vomiting, oedema, tachycardia, hypertension, bronchitis, lung complaints and bleedings during
pregnancy, and as anodyne, diuretic, galactagogue and aphrodisiac. Bark ash is applied
externally to treat lumbago and bark powderto
wounds and swellings. The barkis also used as
fish poison. Leaf decoctions and macerations
are taken or applied externally against dysmenorrhoea,

epilepsy,

oedema,

migraine,

stomach-ache, asthenia, trypanosomiasis and
as anodyne. Fruit preparations are taken to
treat lung complaints and as aphrodisiac. Fruit
ash is applied against leprosy, and as soap
substitute. Twigs are used as chewingsticks.
Production and internationaltrade Afzelia
africana is not the most important Afzelia species for the international timber market. Its
wood is often mixed with that of more commonly traded species such as Afzelia bipindensis
Harms and Afzelia pachyloba Harms, and
traded as ‘doussié’, for which Cameroon is the
main exporting country. In 2003 Cameroon
exported 9900 m3 of sawn doussié wood and
47,750 m? in 2005. Exports from Côte d'Ivoire
declined strongly in 2007 and 2008 because of
dwindling stands and the economic crisis in
importing countries. In 2005 Ghana exported
9000 m3 of sawn Afzelia wood (as ‘papao’), and
7000 m3 in 2006 at an averageprice of US$ 780
per m?’.

Properties The heartwood is orange-brown
to golden brown, becoming red-brown upon
prolonged exposure, sometimes with darker
streaks. It is distinctly demarcated from the
whitish to pale yellow, up to 8 cm wide sapwood. The grain is usually straight, occasionally interlocked, texture medium to coarse but
even. The wood is slightly glossy and dried
wood has a leather-like smell upon planing.
The wood is medium-weight to moderately
heavy, with a density of 720-850 kg/m3 at 12%
moisture content. Drying usually does not
cause problems, without deformation and split-

ting, but the wood dries rather slowly. For
thick boards (more than 7.5 cm), preliminary
air drying under cover is recommended before
kiln drying. The shrinkage rates are low, from
green to oven dry 2.5—3.5% radial and 3.5-5.0%
tangential. Once dry, the woodis very stable in
service.
At 12% moisture content, the modulusof rupture is 105—-145(—200) N/mm2, modulusofelasticity (9100—)14,000-17,000 N/mm2, compression parallel to grain 57-85 N/mm2, shear (5-)
7.5-10(-14) N/mm?, cleavage 16-25 N/mm,
Janka side hardness 7200-8000 N and
Chalais-Meudon side hardness 5.7—8.2.
The wood saws easily when good equipment is
used; it containslittle silica (less than 0.015%)
and stellite-tipped saw teeth are not neededfor
sawing fresh wood. Some logs have gum pockets, which may cause problems in sawing by
blunting saw teeth. Tungsten-carbide-tipped
cutting tools are recommendedin planing and
moulding operations. It is recommended to
reduce the cutting angle to 15° to avoid rough
surfaces wheninterlocked grain is present. The
use of a filler is recommended to obtain smooth
surfaces. The nailing and screwing properties
are satisfactory, but pre-boring is recommended to avoid splitting. Gluing usually does not
cause problems. The wood paints and varnishes well, but wood zones close to the centre of

the log may contain anti-oxidant substances
that slow down drying of varnish and may
cause problems in painting. Sliced veneer of
good quality can be produced, but the wood is
not suitable for peeling. The wood has a good
reputation for its resistance to acids and alkalines.
The heartwood is durable, with an excellent
resistance to fungal, termite and borer attacks,
but it is liable to marine borers. The sapwoodis
susceptible to Lyctus attack. The heartwood is
resistant to impregnation with preservatives.
Saw dust may cause allergic reactions, irritation of mucous membranes and asthma in wood
workers.
Investigations of the fibre and vessel characteristics indicate that the woodis not suitable for
the production of good-quality pulp and paper.
Logs may have crevices filled with a whitish
powdery substance originating from the wood
vessels; the substance consists of kaempferol

and derivatives. Kaempferol and its glycosides
have

antibacterial,

antifungal

and

anti-

inflammatory activities. Several other flavonoids have been isolated from the wood. The
wood contains 39-44% cellulose and 28-31%
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lignin. The solubility is 14-17% in a 1% NaOH
solution.
The foliage has an excellent digestibility, in
vitro about 51% of the dry matter and in vivo
in sheep 64% of the dry matter, and is rich in
proteins. The energy value is 8120 kJ/kg (1940
kcal/kg), and leaves contain on a dry matter
basis about 17.2% protein, 8.4% lipid and 8.6%
ash. The crude protein content of the foliage
decreases significantly from the late dry season
to the cool season. Tests with goats did not
show adverseeffects.
The seeds contain about 27% protein, 33% carbohydrate and 32% lipid. They contain 18-37%
of oil. The oil is semi-drying, needslittle purification and has a longshelf-life. It is suitable
for the formulation of alkyd resin and shoe
polish. Linoleic acid is the predominant fatty
acid. Toxicological studies of the oil showed no
detectable toxins. The presence of a cyanogenic
compound may explain the reputed toxicity of
the seeds. Experiments showed that flour with
potential for use in pastries can be made from
the seeds. Supplementing wheat flour with up
to 30% seed flour of Afzelia africana improved
the protein quality. Experiments with chickens
showed that seeds could be fed as a good source
of protein, but it was recommendedto roast the
seeds before feeding because they may contain
phytates and alkaloids.
In a study with type II diabetic patients in
Nigeria, it was shown that the incorporation of
Afzelia africana seeds in the diet had hypolipidemiceffects. The twigs contain high concentrations of tannin, which explains their traditional use as chewingstick.
Adulterations and substitutes The wood
of three other Afzelia species is similar to that
of Afzelia africana and also traded as ‘doussié’:
Afzelia bella Harms, mainly exported from
West Africa, and Afzelia bipindensis Harms
and Afzelia pachyloba Harms, mainly exported
from Central Africa. The excellent properties of
Afzelia africana wood concerning dimensional
stability and high natural durability are comparable to some well-known timbers such as
merbau (/ntsia spp.) and teak (Tectona grandis
L.f.), and to the African makore (Tieghemella
heckelii (A.Chev.) Roberty) and douka (Tieghemella africana Pierre).
Description Evergreen, small to fairly large
tree up to 40 m tall; bole branchless for up to
20 m, usually straight and cylindrical, up to
150(—200) cm in diameter, often with unequal,
thick buttresses up to 1.5 m high; bark surface
greyish to reddish brown,scaly with roundish

Afzelia africana — 1, base of bole; 2, leaf; 3, inflorescence; 4, flower; 5, dehisced fruit; 6, seed.
Redrawn and adapted by Iskak Syamsudin
scales, inner bark pale brown to pinkish brown,
with yellowish brown exudate, very aromatic;

crown elongate to rounded orflattened depending on age and growing conditions, with tortuous, more or less upright branches; twigs glabrous. Leaves alternate, paripinnately compound with 2-5(—6) pairs of leaflets; stipules
with basal parts fused and persistent, upper
parts free, linear and caducous; petiole and
rachis together 4—32 cm long, grooved; petiolules 0.5—1(-1.5) cm long, often slightly twisted; leaflets opposite, elliptical to ovateelliptical, 5-15 cm X 3-8.5 cm, obtuse to acute

or short-acuminate at apex, glabrous, pinnately
veined with 6-9 pairs of lateral veins. Inflorescence a terminal or axillary panicle up to 20
cm long, brown short-hairy. Flowers bisexual,
zygomorphic, sweet-scented; pedicel 1—1.5 cm
long, jointed at base; bracteoles c. 0.5 cm x 0.5
cm, caducous; hypanthium c. 0.5 cm long; sepals 4, 0.5-1 cm long, unequal, densely shorthairy; petals 5, one c. 1.5 cm x 1 cm, with long

claw, 2-lobed, greenish white with red-purple
marking in the centre, 4 others minute; fertile
stamens 7 and 1.5-2 cm long, rudimentary
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stamens 2 and c. 0.5 cm long; ovary superior, c.
4 mm long, with stipe c. 2 mm long, shorthairy, style c. 2 cm long, curved. Fruit an oblong, flattened pod 10-20 cm x 5-8 cm, dark
brown to black, dehiscing with 2 woody valves,
c. 10-seeded. Seedsellipsoid or oblong-ellipsoid,
1.5-3 cm long, black, with cup-shaped, orange

aril at base. Seedling with epigeal germination;
hypocotyl 7-16 cm long, epicotyl 8-20 cm long,
glabrous; cotyledons fleshy, oblong, c. 2 cm
long, erect; first 2 leaves opposite, with 2-3
pairsofleaflets.
Other botanical information Afzelia comprises about 11 species, 7 of which occur in
tropical Africa and 4 in South-East Asia. It is
closely related to Intsia.
Anatomy Wood-anatomical description (IAWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina =
200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres

have to grow fast enough in the rainy season to
have their terminal buds out of reach of the
browsing animals in the dry season. Once this
critical period has passed, young trees may
grow up to 1 m per year in height. Based on
studies of growth rings, the mean annual diameter growth of the bole is up to 1 cm ontermite mounds and localities with rich soils in
savanna regions. In open forest in northern
Côte d'Ivoire, mean annual diameter growth
has been estimated at 11 mm up to an age of
40 years, and in dense forest at 6-8 mm up to
50 years old. In experimental plantations in
Côte d'Ivoire, trees showed a survival rate of
96% with an average bole diameter of 15 cm 10
years after planting in evergreen forest, a survival rate of 100% with an average tree height
of 11 m and bole diameter of 11.5 cm in transition forest, and a survival rate of 82% with an
average tree height of 8 m and bole diameter of
12 cm in semi-deciduousforest. In 17-year-old
plantations, trees attained an average heightof
16 m and a mean annual diameter growth of
0.7 em in semi-deciduous forest, and an aver-

age height of 19 m anda straight and cylindrical bole of 10 m long in evergreen forest. In
savannaareasthebole of trees is usually short,
rarely reaching 12 m, but in the forest it may
reach large dimensions.
Trees usually flower in the rainy season. The
flowers are sometimes eaten by bats. Fruits
take about 6 months to ripen after flowering.
They may remain on the tree for another 6
months. The seeds are dispersed by birds such

present; 69: fibres thin- to thick-walled; 70:

as hornbills, which feed on the arils. The roots

fibres very thick-walled. Axial parenchyma: 80:
axial parenchyma aliform; 81: axial parenchyma lozenge-aliform; 83: axial parenchyma confluent; 89: axial parenchyma in marginalor in
seemingly marginal bands; 91: two cells per
parenchyma strand; 92: four (3-4) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 104: all ray cells procumbent; 115: 4-12

are associated with ectomycorrhizal fungi;
more than 30 species of fungi have been recorded.
Ecology Afzelia africanais characteristic for
the transition zone between wooded savanna
and dense dry forest, and for dense semideciduous forest in more humidregions. It has
been considered a principal component of the
semi-dry forest that once covered large parts of
the region from southern Senegal to Guinea.
Afzelia africana shows a wide adaptation to
climatological conditions, but is most common
in areas with an annual rainfall of more than
900 mm. In drier regionsit is limited to localities with deep, well-drained but moist soils and
to termite mounds. It occurs up to 1400 m altitude.
Afzelia africana is found on a wide variety of
soil types, often on hardpans of calcareous,
sandyorferralitic soils, on steep slopes, as well
as in depressions and in regularly inundated

rays per mm; 116: > 12 rays per mm. Mineral

inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchymacells; 143: prismatic crystals in fibres.
(N.P. Mollel, P. Baas & P.E. Gasson)
Growth and development Seedlings are
very sensitive to fire, browsing and drought. In
Côte d'Ivoire it has been reported that young
trees of Afzelia africana often develop poorly
because of damage caused by animals such as
antelopes or livestock that feed on the foliage
and damage terminal buds. Low branching is
often the result. For proper development, trees
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sites.
In the driest sites, Afzelia africana has a reputation of being fairly fire resistant, but in dense
forest it appears to be susceptible even to occasionalfires. Afzelia africana woodland decreases and is being invaded by morefire-tolerant
species when it is commonly burned.
Propagation and planting On sandyloamy soils in Burkina Faso, seedlings are often found abundantly beneath parent trees,
with 10-100 seedlings per 100 m2. However,
they rarely develop into larger saplings. In
general, Afzelia africana regenerates poorly.
This is often a result of regular burning of the
vegetation and high predation of seedlings by
animals. The seedlings are also susceptible to
drought. In Cote d'Ivoire it has been demonstrated that regeneration can be abundant
whensites are protected againstfire.
There are 200-500(-800) seeds per kg. In
southern Mali seeds can be collected from midNovember to mid-January and in northern
Cote d'Ivoire in October-November. Pods are
collected from the tree when they turn from
green to brownish. They are dried in the shade
in a well-ventilated locality and open spontaneously after some days. For storage of the
seeds, arils should be removed, but it has also

been reported that this should not be done because they may have a role in the maintenance
of a good germination rate. Seeds are dried for
2-3 weeks in the shade and then stored in jute
bags in a well ventilated room. Seeds with arils
stored in this way had a germination rate of
95% after 14 months. Seeds with a water content of about 8% can be stored for at least 3
years in air-tied containers at room temperature, without significant reduction of the germination rate. It is advised to add ash to the
containers to reduce insect damage.
In Benin it is recommended to sow only seeds
with a weight of more than 2 g, resulting in
more vigorous seedlings. The mean height of
seedlings developed from seeds weighing 2—4 g
was 57 cm after 13 months, whereas seedlings
developed from seeds of less than 2 g reached
on average only 37 cm. To obtain a rapid and
homogenous germination, pre-treatment of the
seeds is needed. In Mali and Burkina Faso,

seeds are soaked in water for 1-2 days with or
without scarification, and in Côte d'Ivoire they
are treated with concentrated sulphuric acid
for 30 minutes, followed by soaking in water
for 3 hours, or they are soaked in water for 3
days. Germination rates of 100% can be
reached after such treatments. The optimum

temperature for germination is 25—30°C.
The depth of sowing is important for germination. Seeds buried for 2 cm with the hilum facing downward showedthe best results, whereas seeds buried for 6 cm germinated but decayed. Sowing is usually done in pots. The taproot growsrapidly and mayreach the bottom of
the pot in 3-4 weeks. In nursery tests, inoculation with ectomycorrhizae did not result in
increased growth; possibly endomycorrhizae
play a role in early tree growth. Seedlings can
be transplanted into the field after 3-4 months.
A test in Senegal showed good results for
planting seedlings of more than 180 cm tall
raised for 3 years in the nursery, with a survival rate of 60-100% after one year when
leaves and roots were retained as much as possible. In tests in Guinea, bare rooted plants of 6
and 15 months old showed a survival rate in
the field of 75% and 95%, respectively, after
the first rainy season. Propagation by grafting
is possible.
Management No special soil preparation is
needed before planting. For seedlings raised in
the nursery, holes of 40 cm in diameter and 40
cm deep are usually made. After planting,
seedlings should be protected against browsing
animals for 2-3 years, as well as against fire.
Regular weeding is needed in young plantations. In plantations in southern Cote d’Ivoire
the number of stems had been reduced by 2
thinnings to 360-410 stems/ha 12 years after
planting, resulting in a mean annual diameter
growth of 1.5 cm overa period of 17 years.
Enrichment planting has been practised in
transition and deciduousforest, with spacing of
about 15 m between lines and 2-3 m between
plants in the line. In savanna regions Afzelia
africana has been planted in mixtures with
Gmelina arborea Roxb. ex Sm. and Harungana
madagascariensis Lam. ex Poir., which may
serve as nurse trees.

Afzelia africana usually occurs scattered, rarely in small groups. In wooded savanna in
northern Cote d’Ivoire, the density of trees
with a bole diameter of more than 10 cm varies
between 0.1 to 1.5 trees/ha, but in more humid

forest densities up to 40 trees/ha can be found.
Trees can be coppiced and pollarded.
Diseases and pests Seedlings are susceptible to fungal and grasshopper attacks and
should be protected against browsing by numerous mammals.
Yield In dense forest in Côte d'Ivoire, a bole

branchless for 12 m and with a diameter of 70
cm yielded 4.5 m3 of wood, and one of the same
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length but with a diameter of 100 cm 9.3 m2. In
open forest and savanna, boles with a diameter
of 70-100 cm are usually not longer than 4 m
andyield 1.2-2.3 m3 of wood.
Handling after harvest Prolonged stocking
of logs after harvesting does not cause problems except occasional black holes in the sapwood caused by borer attacks. Logs of Afzelia
africana are too heavy to be transported by
river.
Genetic resources Afzelia africana does
not seem to be in immediate danger because it
occurs widespread in a wide range of habitats.
However, in many countries where high pressure exists on Afzelia africana for fodder, it is
becoming threatened, e.g. in Mali, Burkina
Faso, Benin, Nigeria and Cameroon. Exploitation for timber is locally severe, e.g. in Ghana,

and conservation measures have been recommended. Afzelia africana is included in the
IUCN Red List of threatened species as vulnerable because of intensive exploitation.
Prospects Afzelia africana has good prospects as a commercial plantation timber, although it does not grow rapidly and needs rather rigorous management. The high value of
its wood and its ability to grow in mono-specific
stands make it economically interesting. It
deserves more research, especially on its genetic diversity and breeding for superior characteristics. As a true multipurpose tree, it is of
great interest for use in agroforestry systems.
The seeds may be a useful nutrient source for
humans and animals, but further toxicological
studies are needed. The nutritive value of the
foliage seems to justify the high preference as a
source of forage in agrosilvopastoral systems.
However, methods of sustainable management
should be investigated. Although various plant
parts of Afzelia africana are widely used in
traditional medicine, few studies on phytochemistry and pharmacological activities have
been done. The available research results show
interesting leads for the development of new
drugs, and additional research is strongly recommended.
Major references ATIBT,

1966; Hausen, 1981; Hawthorne & Jongkind,
2006; Katende, Birnie & Tengnäs, 1995; Koch,

Richter & Schmitt, 2006; Neuwinger, 1996;
Neuwinger, 2000; Normand & Paquis, 1976;
Orwaet al., 2009; Sanon, Ba & Dexheimer,
1997; Takahashi, 1978; Vivien & Faure, 1985;
Wilczek et al., 1952.

Sources of illustration Eggeling & Dale,
1951; Hawthorne & Jongkind, 2006; Vivien &
Faure, 1985.

Authors J. Gérard & D. Louppe

AFZELIA BELLA Harms
Protologue Bot. Jahrb. Syst. 49: 425 (1918).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 24
Vernacular names Afzelia (En). Doussié,

azodau (Fr).
Origin and geographic distribution A/zelia
bella is widespread, occurring from eastern
Guinea andLiberia east to the Central African
Republic, and south to DR Congo and Cabinda
(Angola).
Uses Like other Afzelia spp., the wood of Afzelia bella is characterized by an excellent stability with little susceptibility to variations in
humidity, small shrinkage rates during drying
and a good natural durability. The wood is durable and treatment with preservatives is unnecessary, even for usage in permanent humid
conditionsor in localities where wood-attacking
insects are abundant. This makes it an excellent wood for use in pleasure-crafts, especially
for keels, stems and panels, for bridges, as well
as interior fittings. For such uses it is some-

1986; Bationo,

Ouedraogo & Guinko, 2001; Bolza & Keating,
1972; CIRAD Forestry Department, 2008;
CTFT, 1980; Fouarge, Quoilin & Roosen, 1970;

Gérard et al., 1998; Louppe, 2000a; OtengAmoako (Editor), 2006; Sacande, 2007.
Other references African Regional Workshop, 1998; Arbonnier, 2004; Aubréville, 1959b;
Brenan, 1967; Burkill, 1995; CAB International, 2005; Chudnoff, 1980; de la Mensbruge,

Afzelia bella — wild
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times as much in demandas teak. The wood is
also valued for joinery and panelling, both interior and exterior, parquet floors, doors,
frames, stairs, vehicle bodies, furniture, sporting goods, mine props, musical instruments,
railway sleepers, agricultural implements,
utensils, tool handles, turnery, fibre board and

particle board. It is suitable for decorative
sliced veneer. Because of its good resistance to
many chemical products and great dimensional
stability, it is often preferred to materials like
metals and synthetics for vats and precision
equipment in industrial applications. The neutral pH of the wood makesit suitable for applications in contact with vulnerable objects such
as antiques and old booksin libraries. However, it should not be used in contact with textiles
under more humid conditions because of the
presence of colorants. The wood is also used as
firewood and for charcoal production.
The leaves are sometimes eaten cooked as a
vegetable. Livestock browses on thefoliage. The
seed aril is edible and reportedly sweet. Bark
and sometimes roots and leaves are used in
traditional medicine. Bark decoctions and mac-

ture medium to coarse but even. The wood is
slightly glossy and dried wood has a leatherlike smell upon planing.
The wood is medium-weight to fairly heavy,
with a density of 700-840 kg/m? at 12% moisture content. Drying usually does not cause
problems, without deformation and splitting,
but the wood dries rather slowly. For thick
boards (more than 7.5 cm), preliminary air
drying under cover is recommended before kiln
drying. The shrinkage rates are low, from
green to oven dry 3.1% radial and 5.5% tangential. Once dry, the wood is very stable in service.
At 12% moisture content, the modulus of rupture is 90 N/mm?, modulus of elasticity 12,500

N/mm?, compression parallel to grain 60-85
N/mm?, shear 6.5 N/mm?, cleavage 17 N/mm,
Janka side hardness 6000 N and ChalaisMeudon side hardness 4.3.
The wood saws easily when good equipment is
used; it contains little silica (less than 0.015%)
and stellite-tipped saw teeth are not needed for
sawing fresh wood. Some logs have gum pockets, which may cause problems in sawing by

erations are taken to treat intestinal parasites,

blunting saw teeth.

diarrhoea,

cutting tools are recommendedin planing and
moulding operations. It is advisable to reduce
the cutting angle to 15° to avoid rough surfaces
wheninterlocked grain is present. The use of a
filler is recommended to obtain smooth surfaces. The nailing and screwing properties are
satisfactory, but pre-boring is recommended to
avoid splitting. Gluing usually does not cause
problems. The wood paints and varnishes well,
but wood zones close to the centre of the log
may contain anti-oxidant substances that slow
down drying of varnish and may cause problems in painting. Sliced veneer of good quality
can be produced, but the wood is not suitable
for peeling. The wood has a good reputation for
its resistance to acids and alkalines.

menstruation

problems,

haemor-

rhoids and rheumatism, and as tonic. Ground

bark is applied externally against skin diseases. Leaves are administered against constipation. The tree is decorative and sometimes
planted as ornamental shadetree.
Production and internationaltrade Afzelia
bella is not the most important Afzelia species
for the international timber market. Its woodis
often mixed with that of more commonly traded species such as Afzelia bipindensis Harms
and Afzelia pachyloba Harms, and traded as
‘doussié’, for which Cameroon is the main exporting country. In 2003 Cameroon exported
9900 m3 of sawn doussié wood and 47,750 m3 in

2005. However, the share of Afzelia bella in
these amounts was probably small becauseit is
usually a small-sized tree in Central Africa.
Exports from Cote d’Ivoire declined strongly in
2007 and 2008 because of dwindling stands
and the economic crisis in importing countries.
In 2005 Ghana exported 9000 m? of sawn
Afzelia wood (as ‘papao’), and 7000 m3 in 2006
at an average price of US$ 780 per m3.
Properties The heartwood is orange-brown
to golden brown, becoming red-brown upon
prolonged exposure, sometimes with darker
streaks. It is distinctly demarcated from the
whitish to pale yellow, up to 8 cm wide sapwood. Thegrain is straight to interlocked, tex-

Tungsten-carbide-tipped

The heartwood is durable, with an excellent
resistance to fungal, termite and borer attacks,

but it is liable to marine borers. The sapwood is
susceptible to Lyctus attack. The heartwood is
resistant to impregnation with preservatives.
Saw dust may cause allergic reactions, irritation of mucous membranes and asthma in wood
workers.
Logs may havecrevices filled with a whitish
powdery substance originating from the wood
vessels; the substance consists of kaempferol
and derivatives. Kaempferol and its glycosides
have antibacterial, antifungal and anti-inflammatory activities. These compounds havealso
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been isolated from the bark together with other
flavonoids and glycosides.
Although anti-nutritive and toxic compounds
have been reported for the leaves, the foliage
can be used as fodder becausethelevel of these
compoundsis low. After a test of rumen degradation by goats, the foliage of Afzelia bella was
even ranked as high-quality forage. The seeds
contain about 7% water, 13% protein, 54% carbohydrate, 23% lipid and 3% ash. The energy
value is 2190 kJ per 100 g. The seed oil contains crepenynic acid and dehydrocrepenynic
acid. Crepenynic acid is a potential inhibitor of
essential fatty acid metabolism, and proved

toxic to sheep. Dehydrocrepenynic acid acts as
inhibitor of conjugation in gram-negative bacteria, which may provide a means to control
the spreadof antibiotic resistance.
Adulterations and substitutes The wood
of three other Afzelia species is similar to that
of Afzelia bella and also traded as ‘doussié’:
Afzelia africana Sm. ex Pers., mainly exported
from West Africa, and Afzelia bipindensis
Harms and Afzelia pachyloba Harms, mainly
exported from Central Africa. The excellent
properties of Afzelia bella wood concerning
dimensionalstability and high natural durability are comparable to some well-known timbers
such as merbau (/ntsia spp.) and teak (Tectona
grandis L.f.), and to the African makore
(Tieghemella heckelii (A.Chev.) Roberty) and
douka (Tieghemella africana Pierre).
Description Evergreen or deciduous shrub
or small to medium-sized tree up to 25(—35) m
tall; bole straight and cylindrical or irregular,
up to 100(-150) cm in diameter, often with
unequal, small buttresses; bark surface brown
to orange-brown, superficially scaly, with hoops
or plate-sized scars of swirly concentric rings,
innerbark granular, yellowish to pinkish, with
gritty orange streaks, with yellowish brown
exudate, aromatic; crown elongate to rounded

or flattened depending on age and growing
conditions, with tortuous, more or less upright
branches; twigs slightly hairy to glabrous.
Leaves alternate, paripinnately compound with
3-6 pairs of leaflets; stipules with basal parts

fused and persistent, upper parts free, linear
and caducous; petiole and rachis together 6—18
cm long; petiolules 1-6 mm long, often slightly
twisted; leaflets opposite, elliptical to ellipticallanceolate, 4-16 cm x

1.5—7 cm, obtuse to

short-acuminate at apex, usually glabrous,
pinnately veined with 7-13 pairs of lateral
veins. Inflorescence a terminal or axillary panicle up to 25 cm long, usually short-hairy.

Afzelia bella — 1, leaf; 2, inflorescence; 3, dehisced fruit.
Redrawn and adapted by Iskak Syamsudin
Flowers bisexual, zygomorphic, sweet-scented;
pedicel 0.5—-1 cm long; bracteoles c. 0.5 cm x 0.5
cm, caducous; hypanthium 1—2.5 cm long; sepals 4, 1-2.5 cm long, densely short-hairy; petal
1, 4-6 cm long, with long claw, 2-lobed, white
to pink with red markingin the centre; fertile
stamens 7 and 3—4 cm long, rudimentary stamens 2 and c. 1.5 cm long; ovary superior, c. 1
cm long, with shortstipe, slightly hairy, style c.
4.5 cm long. Fruit a kidney-shaped, flattened
pod 10-12 cm x 4—5 cm, dark brownto black,
dehiscing with 2 woody valves, (1—)3—-15seeded. Seeds ellipsoid or oblong-ellipsoid, 2—3
cm long, black, with 2-lobed, orange to red aril

covering the seed for c. 2/3. Seedling with epigeal germination; hypocotyl 6-11 cm long, epicotyl 8-12 cm long, glabrous; cotyledonsfleshy,
oblong, 2-3 cm long, erect; first 2 leaves opposite, with 3 pairsofleaflets.
Other botanical information Afzelia comprises about 11 species, 7 of which occur in
tropical Africa and 4 in South-East Asia. It is
closely related to Intsia.
Three varieties have been distinguished in Afzelia bella: var. graciolor Keay, occurring from
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Côte d'Ivoire to Ghana and becoming a medium-sized tree with comparatively small leaflets
and flowers; var. bella, oecurring from Nigeria
to DR Congo and Cabinda (Angola), an understorey shrub or small tree up to 12 m tall, rarely taller; and var. glabra Aubrév. from Congo
with glabrousinflorescences.
Afzelia bella is close to Afzelia bipindensis
Harms, which is usually a much bigger tree.
However, in Côte d'Ivoire and Ghana (where
Afzelia bipindensis does not occur) Afzelia bella
can also reach large dimensions.
Afzelia parviflora (Vahl) Hepper (synonym: Afzelia bracteata Vogel ex Benth.) occurs in
Guinea, Sierra Leone, Liberia and western
Côte d'Ivoire, in evergreen and moist semi-

deciduous forest, often along rivers. It differs
from Afzelia bella in its leaflets, which are
usually more rounded at apex, in its larger,
moreor less persistent bracts (small and early
deciduous in Afzelia bella), and in its petal,
which is carmine red inside. Afzelia parviflora
is a small to medium-sized tree up to 30(—35) m
tall with bole up to 50(—100) cm in diameter.
Its woodis similar to that of Afzelia bella, with
a density of about 790 kg/m? at 12% moisture
content, and is used for similar purposes, and
traditionally for canoes. The bark is used in
traditional medicine to treat onchocerciasis.
Pounded seeds are reportedly an ingredient of
soup.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
46: < 5 vessels per square millimetre; 47: 5—20
vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 80: axial parenchymaaliform; 81: axial
parenchyma lozenge-aliform; 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; 91:
two cells per parenchyma strand; 92: four (3—4)

cells per parenchyma strand. Rays: 97: ray
width 1-3 cells; 104: all ray cells procumbent;
115: 4-12 rays per mm. Mineral inclusions:

186: prismatic crystals present; 142: prismatic
crystals in chambered axial parenchymacells.
(N.P. Mollel, P. Baas & H. Beeckman)

Growth and development The growth of
Afzelia bella is slightly slower than that of
Afzelia africana. In plantations on cleared sites
in evergreen forest in Côte d'Ivoire, the average
height of trees was 13-15 m 17 years after
planting, with a meanbole diameterof 15.5-19
cm. In Cote d'Ivoire trees flower in October—
December and fruits mature in December—
March. In Ghanatrees flower in the dry season, before losing their leaves and ripe fruits
develop towards the end of the dry season. The
roots are associated with ectomycorrhizal fungi.
Ecology In Cote d’Ivoire and Ghana, Afzelia
bella usually occurs in moister forest types, in
evergreen as well as moist semi-deciduous forest. It is often found on slopes and inslightly
swampylocalities. In Cameroon, Gabon and
DR Congo Afzelia bella occurs as understorey
shrub or small tree in primary as well as secondary forest on well-drainedlocalities.
Propagation and planting Natural regeneration of Afzelia bella is usually in the shade.
There are 600-700 seeds per kg. The germination rate of fresh seed is high, and germination
starts 1-3 weeks after sowing. Tests in Cote
d'Ivoire showed a high mortality in planted
seedlings, up to 70%.
Management Afzelia bella usually occurs
scattered, rarely in small groups.
Harvesting The minimum bole diameterfor
harvesting is 50 cm in Cote d’Ivoire, 70 cm in
Gabon and 80 cm in the Central African Republic.
Handling after harvest Prolonged stocking
of logs after harvesting does not cause problems except occasional black holes in the sapwood caused by borer attacks. Logs of Afzelia
bella are too heavy to be transported byriver.
Genetic resources Afzelia bella is not
threatened by genetic erosion becauseit occurs
widespread andis locally common, particularly
in Central Africa. Moreover, it is not exploited
on a large scale. The large variation in the size
of the trees, with seemingly regional differences, is remarkable. Differences in wood properties between provenances have also been
recorded.
Prospects Afzelia bella may have prospects
as a commercial plantation timber, although it
does not grow rapidly. The high value of its
wood makes it economically interesting. The
large variation in tree habit and size, and in

AFZELIA 35

wood properties warrant research on its genetic diversity and breeding for superior characteristics.
The seeds may be a useful nutrient source for
humansand animals, but further toxicological
studies are needed. Pharmacological studies
are needed to support the uses in traditional
medicine. The tree has ornamental value.
Major references Amartey, Huang & Attah, 2004; ATIBT, 1986; Aubréville, 1959b;
Bolza & Keating, 1972; CIRAD Forestry Department, 2008; CTFT, 1980; de Koning, 1983;
Gérard et al., 1998; Hawthorne & Jongkind,
2006; Sallenave, 1964.

Other references Aké Assi et al., 1985;
Aubréville, 1968; Aubréville, 1970; Burkill,
1995; Chudnoff, 1980; de la Mensbruge, 1966;

Ezeagu et al., 1996; Hausen, 1981; Hawthorne,
1995: Koch, Richter & Schmitt, 2006; Neu-
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winger, 2000; Normand, 1950a; Normand &
Paquis, 1976; Oteng-Amoako (Editor), 2006;

ery and panelling, both interior and exterior,

Raponda-Walker & Sillans, 1961; Takahashi,
1978; Ubani, Tewe & Smith, 2004; Voorhoeve,
1979; White & Abernethy, 1997; Wilczeket al.,
1952.
Sources of illustration Aubréville, 1970;
Hawthorne & Jongkind, 2006.
Authors J. Gérard & D. Louppe

bodies, furniture, sporting goods, mine props,
musical instruments, railway sleepers, agricul-

AFZELIA BIPINDENSIS Harms
Protologue Bot. Jahrb. Syst. 49: 426 (1913).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 24
Vernacular names Afzelia (En). Doussié,
doussié rouge (Fr).
Origin and geographicdistribution Afzelia
bipindensis occurs from southern Nigeria east
to western Uganda, and south to DR Congo,

northern Zambia and northern Angola.
Uses Like other Afzelia spp., the wood of
Afzelia bipindensis is characterized by an excellent stability with little susceptibility to
variations in humidity, small shrinkage rates
during drying and a good natural durability.
The wood is durable and treatment with preservatives is unnecessary, even for usage in
permanent humid conditions or in localities
where wood-attacking insects are abundant.
This makes it an excellent wood for use in
pleasure-crafts, especially for keels, stems and
panels, for bridges, as well as interiorfittings.
For such uses it is sometimes as much in demandas teak. The woodis also valued for join-

parquet floors, doors, frames, stairs, vehicle

tural implements, utensils, tool handles, turn-

ery, fibre board and particle board. It is suitable for decorative sliced veneer. Because of its
good resistance to many chemical products and
great dimensionalstability, it is often preferred
to materials like metals and synthetics for vats
and precision equipment in industrial applications. The neutral pH of the wood makesit
suitable for applications in contact with vulnerable objects such as antiques andold books
in libraries. However, it should not be used in

contact with textiles under more humid conditions because of the presenceof colorants. The
wood is also used as firewood and for charcoal
production.
In Cameroon the bark exudate is taken to treat
stomach-ache. The seed aril is applied to
chappedlips.
Production and international trade The
wood of Afzelia bipindensis is commonly traded
as ‘doussié’ on the international timber market,

although it is often mixed with that of other
species such as Afzelia pachyloba Harms.
Cameroon is the main exporting country. In
2003 it exported 9900 m3 of sawn doussié wood
and 47,750 m3 in 2005. In 2008 the export from
Cameroon was 23,300 m3, in which Afzelia
bipindensis contributed about 6100 m2. The
export of Afzelia bipindensis timber from Congo in 2008 was 1750 m? of logs and 400 m? of
sawn wood. Gabon exported in the period
1991-1999 on average 6500 m?/year of doussié
timber and in 2000-2005 on average 8600
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m3/year, in which Afzelia bipindensis had a
considerable contribution. In the Central African Republic Afzelia bipindensis is also considered a high-value timber species; in 2004 the
export of Afzelia timber (doussié) was 6500 m3.
Properties The heartwoodis pale red-brown
to orange-brown or golden brown, becoming
red-brown upon long exposure, and distinctly
demarcated from the pale yellow, up to 5 cm
wide sapwood. The grain is straight to inter-

840-950 kg/m? at 12% moisture content. Drying usually does not cause problems, without
deformation and splitting, but the wood dries

sapwood is susceptible to Lyctus attack. The
natural durability of the woodis partly due to
the presence of certain protective compounds;
after extraction with a series of solvents the
wood lost much of its resistance to fungal attack. The heartwood is resistant to impregnation with preservatives. Saw dust may cause
allergic reactions, irritation of mucous membranes and asthmain wood workers.
Logs may have crevices filled with a yellowish
powdery substance originating from the wood
vessels; the substance consists of kaempferol
and derivatives. Kaempferol and its glycosides
have antibacterial, antifungal and antiinflammatory activities. The wood contains 30—
35% cellulose, 25-28% lignin and 14.5-16%
pentosan. Thesolubility is 17-22% in alcohol-

slowly. For thick boards (more than 7.5 cm),

benzene, 1—4% in hot water and 17—22% in a

preliminary air drying under cover is recommended before kiln drying. The shrinkage
rates are low, from green to oven dry 2.3-3.9%
radial and 3.5-5.4% tangential. Once dry, the
wood is very stable in service.
At 12% moisture content, the modulus of rupture is 150-230 N/mm?, modulus of elasticity
12,150—17,050 N/mm?, compression parallel to

1% NaOH solution. An average oil content of
26% has been recordedfor the seeds.
Adulterations and substitutes The wood
of three other Afzelia species is similar to that
of Afzelia bipindensis and also traded as ‘doussié’: Afzelia africana Sm. ex Pers. and Afzelia
bella Harms, both mainly exported from West
Africa, and Afzelia pachyloba Harms, mainly
exported from Central Africa. The excellent
properties of Afzelia bipindensis wood concerning dimensionalstability and high natural durability are comparable to some well-known
timbers such as merbau (Intsia spp.) and teak
(Tectona grandis L.f.), and to the African makore (Tieghemella heckelii (A.Chev.) Roberty)
and douka (Tieghemella africana Pierre).
Description Evergreen or short-deciduous
medium-sized to fairly large tree up to 40 m
tall; bole branchless for up to 25 m, straight
and cylindrical, up to 140(-180) cm in diame-

locked, texture medium to coarse but even. The

wood is slightly glossy and dried wood has a
leather-like smell upon planing.
The wood is heavy, with a density of (750-)

grain 67-95 N/mm?, shear 7—11 N/mm?, cleav-

age 12-22 N/mm and Chalais-Meudon side
hardness 7.9—11.5.
The wood sawseasily when good equipmentis
used; it contains little silica (less than 0.01%)
and stellite-tipped saw teeth are not needed for
sawing fresh wood. Some logs have gum pockets, which may cause problems in sawing by
blunting saw teeth. Tungsten-carbide-tipped
cutting tools are recommended in planing and
moulding operations. It is advisable to reduce
the cutting angle to 15° to avoid rough surfaces
wheninterlocked grain is present. The use of a
filler is recommended to obtain smooth surfaces. The nailing and screwing properties are

satisfactory, but pre-boring is recommended to
avoid splitting. Gluing may be difficult. The
wood paints and varnishes well, but wood
zones close to the centre of the log may contain
anti-oxidant substances that slow down drying
of varnish and may cause problems in painting.
The steam bending properties are satisfactory,
but the presence of gum may cause problems.
Sliced veneer of good quality can be produced,
but the wood is not used for peeling. The wood
has a good reputation for its resistance to acids
and alkalines.
The heartwood is durable, with an excellent
resistance to fungal, termite and borer attacks,

and moderate resistance to marine borers. The

ter, fluted at base or with small buttresses up

to 1.5 m high; bark surface yellowish brown to
reddish brown,irregularly scaly and with sinuous ridges, inner bark granular, yellowish
brown, with whitish streaks, aromatic; crown

elongate to rounded or flattened depending on
age and growing conditions, with tortuous,
more or less upright branches; twigs glabrous.
Leaves alternate, paripinnately compound with
(4—)5—7(-8) pairs of leaflets; stipules with basal
parts fused and persistent, upper parts free,
linear and caducous; petiole and rachis together 9-32 cm long; petiolules 3-7 mm long, often
slightly twisted; leaflets opposite, oblong to
elliptical, 5-13(—20) cm x 2.5—6(—7) cm, obtuse
to short-acuminate at apex, glabrous, pinnately
veined with 9-13 pairs of lateral veins. Inflorescence a terminal or axillary panicle up to 18
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Afzelia bipindensis — 1, base of bole; 2, flowering twig; 3, flower; 4, dehisced fruit.
Redrawn and adapted by Iskak Syamsudin
cm long, short-hairy. Flowers bisexual, zygomorphic, sweet-scented; pedicel 0.5—-1 cm long;
bracteoles 0.5-1 cm x 0.5 cm, caducous; hypanthium 1.5-4.5 cm long; sepals 4, unequal, 1—2
cm long, densely short-hairy; petal 1, 3-6 cm
long, with long claw, 2-lobed, white to pink
with red markingin the centre; fertile stamens
7, and 3-4 cm long, rudimentary stamens 2,
and c. 1.5 cm long; ovary superior, c. 1 cm long,
with short stipe, slightly hairy, style c. 4 cm
long. Fruit a kidney-shaped, flattened pod (8-)
11-19.5 em Xx 5.5-8 cm, dark brown to black,
dehiscing with 2 woody valves, up to 15-seeded.
Seeds ovoid-ellipsoid, 2.5-3.5(-4.5) cm long,
black, with 2-lobed, orange to red aril, with
largest lobe covering the seed for c. 3/4. Seedling with epigeal germination; hypocotyl 6-16
cm long, epicotyl 9-20 cm long, glabrous; cotyledons fleshy, oblong, erect; first 2 leaves opposite, with 2-3 pairs of leaflets, subsequent
leaves alternate.
Other botanical information Afzelia comprises about 11 species, 7 of which occur in
tropical Africa and 4 in South-East Asia. It is
closely related to Intsia.
Afzelia bipindensis is close to Afzelia bella

Harms, which is usually a shrub or small tree
in Central Africa. However, in Côte d'Ivoire
and Ghana (where Afzelia bipindensis does not
occur) Afzelia bella can also reach large dimensions.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchymaaliform; 81:
axial parenchyma lozenge-aliform; 82: axial
parenchyma winged-aliform; 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; (91:
two cells per parenchymastrand); 92: four (3—
4) cells per parenchymastrand; (93: eight (5-8)
cells per parenchyma strand). Rays: 97: ray
width 1—8 cells; 104: all ray cells procumbent;

115: 4-12 rays per mm. Mineral inclusions:
136: prismatic crystals present; 142: prismatic
crystals in chambered axial parenchymacells.
(N.P. Mollel, P. Baas & H. Beeckman)
Growth and development Oncleared sites
in Gabon,the survival rate of 1-year-old planted seedlings was 85%, and 91% in the undergrowth of opened-up forest. After 6 years the
survival rate was 54% on cleared sites and 44%
in the forest; on open sites the average height
of trees was then 8.3 m with a mean bole diameter of 7.1 cm, and in the forest 5.4 m and 5.1

cm, respectively. After 11 years the average
height was 13 m on open sites and 8 m in the
shade. Afzelia bipindensis seems to prefer
much light for optimal early growth. In Gabon
flowering trees have been recorded almost
throughout the year. The roots are associated
with ectomycorrhizal fungi, but often also with
arbuscular myrorrhizae.
Ecology Afzelia bipindensis occurs in evergreen and semi-deciduous forest up to 900 m
altitude, usually on well-drained localities, in
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primaryas well as secondaryforest.
Propagation and planting There are 300-—
350 seeds per kg. A germination rate of 95%
has been recorded from tests in Congo for seed
sown one weekafter collection of fruits below
the tree. Seeds buried for slightly more than 1
cm with the aril facing upward showedthe best
results. Germination starts 6-16 days after
sowing. In the nursery mortality of seedlings
wasvery low.
ManagementAfzelia bipindensis usually occurs scattered and in low densities in the forest. In Cameroon the average density of trees
with a bole diameter of more than 60 cm varies
between 0.02 and 0.2 per ha, with an average
wood volumeof 0.3-1.8 m3/ha. In Gabon Afzelia
bipindensis appears to occur in even lower densities.
Young stands of Afzelia bipindensis are often
invaded by faster growing trees and lianas,
slowing down growth of Afzelia bipindensis or
even causing death. Continuous weeding is
necessary for good growth.
Harvesting The minimum bole diameterfor
harvesting is 80 cm in Cameroon and 60 cm in
the Central African Republic. The recommended minimum bole diameter for harvesting in
Gabonis 70 cm.
Handling after harvest Prolonged stocking
of logs after harvesting does not cause problems except occasional black holes in the sapwood caused by borer attacks. Logs of Afzelia
bipindensis are too heavy to be transported by
river.
Diseases and pests Forest elephants often
removethe bark of trees and may cause serious
damage.
Genetic resources Although Afzelia bipindensis is quite widespread though occurring
scattered, it is included in the IUCN Red List

nave, 1971; Vivien & Faure, 1985.
Other references African Regional Workshop, 1998; Aubréville, 1968; Aubréville, 1970;
Burkill, 1995; Christy et al., 2003; Chudnoff,
1980; CIRAD Forestry Department, 2008;
Fouarge, Quoilin & Roosen, 1970; Hausen,
1981; Koch, Richter & Schmitt, 2006; Louppe
et al., 1999; Ng et al., 1993; Normand & Paquis, 1976; Raponda-Walker & Sillans, 1961;

Takahashi, 1978; Wilczek et al., 1952; Wilks &
Issembé, 2000.

Sources of illustration Aubréville, 1970;
Wilczek et al., 1952; Wilks & Issembé, 2000.

Authors J. Gérard & D. Louppe

AFZELIA PACHYLOBA Harms
Protologue Bot. Jahrb. Syst. 49: 426 (1913).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Afzelia (En). Doussié,
doussié blanc (Fr).
Origin and geographic distribution Afzelia
pachyloba occurs from southern Nigeria east to
the Central African Republic, and south to
Cabinda (Angola).
Uses Like other Afzelia spp., the wood of
Afzelia pachyloba is characterized by an excellent stability with little susceptibility to variations in humidity, small shrinkage rates during
drying and a good natural durability. The wood
is durable and treatment with preservatives is
unnecessary, even for usage in permanent humid conditions or in localities where woodattacking insects are abundant. This makesit
an excellent wood for use in pleasure-crafts,

especially for keels, stems and panels, for

of threatened species as vulnerable because of

intensive exploitation. In some regions it has
been reported that few older trees producing
seeds remainedafter exploitation of the forest.
Prospects Afzelia bipindensis is a valuable
timber tree that should be tried in plantations
because of its slow growth in natural forest.
The high value of its wood makes it economically interesting. More research is needed on
its growth rate, propagation and appropriate
methods of management to reduce the existing
pressure on natural stands.
Major references ATIBT, 1986; Bolza &
Keating, 1972; CTFT, 1963; CTFT, 1980; de
Saint-Aubin, 1963; Gérard et al., 1998; Koumba Zaou et al., 1998; Sallenave, 1964; Salle-
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bridges, as well as interior fittings. For such
uses it is sometimes as much in demand as
teak. The wood is also valued for joinery and
panelling, both interior and exterior, parquet
floors, doors, frames, stairs, vehicle bodies,
furniture, sporting goods, mine props, musical
instruments, railway sleepers, agricultural
implements, utensils, tool handles, turnery,
fibre board and particle board. It is suitable for
decorative sliced veneer. Because of its good
resistance to many chemical products and
great dimensionalstability, it is often preferred
to materials like metals and synthetics for vats
and precision equipment in industrial applications. The neutral pH of the wood makes it
suitable for applications in contact with vulnerable objects such as antiques and old books
in libraries. However, it should not be used in
contact with textiles under more humid conditions because of the presence of colorants. It is
also used as firewood.
The seed aril is edible and reportedly sweet.
The seed has been reported to be toxic but also
as edible. The oil is used for cooking and in
soap making,and the residual cake after pressing is fed to cattle. The aril is applied to
chapped skin. Seeds are used as bait in traps
for antelopes. Root decoctions are applied externally to treat kidney pain.
Production and international trade The
wood of Afzelia pachyloba is commonly traded
as ‘doussié’ on the international timber market,

although it is often mixed with that of other
species such as Afzelia bipindensis Harms.
Cameroon is the main exporting country. In
2003 it exported 9900 m3 of sawn doussié wood
and 47,750 m3 in 2005. In 2008 the export from
Cameroon was 23,300 m3, in which Afzelia
pachyloba contributed about 17,000 m*. The
annual export of Afzelia pachyloba timber from
Congo in 2004-2007 was on average 1500 m?
(mainly as logs). Gabon exported in the period
1991-1999 an average of 1350 m?/year of
Afzelia pachyloba timber. In 2004 the exportof
logs from Gabon was 2300 m3, and 1600 m3 in
2005. In the Central African Republic Afzelia
pachyloba is also considered a high-value timber species; in 2004 the export of Afzelia timber
(doussié) was 6500 m3. In 2007 the export of
Afzelia pachyloba logs from the Central African
Republic was 2200 m3 and 1250 m? in 2008.
Properties The heartwoodis pale red-brown
to orange-brown or golden brown, becoming
red-brown upon long exposure, sometimes with
darker streaks, and distinctly demarcated from
the whitish to pale yellow, up to 7 cm wide

sapwood. The grain is straight to interlocked,
texture medium to coarse but even. The wood
is slightly glossy and dried wood has leatherlike smell upon planing.
The wood is medium-weight to rather heavy,
with a density of 720-840 kg/m? at 12% moisture content. Drying usually does not cause
problems, without deformation and splitting,
but the wood dries slowly. For thick boards
(more than 7.5 cm), preliminary air drying
under cover is recommended before kiln drying.
The shrinkage rates are low, from green to
oven dry 2.6-3.6% radial and 4.0-—5.5% tangential. Once dry, the wood is very stable in service.
At 12% moisture content, the modulus of rupture is 100-120 N/mm?, modulus of elasticity
16,000-18,500 N/mm?, compression parallel to

grain 70-80 N/mm2, shear 7-10 N/mm?, cleavage 18-22 N/mm, Janka side hardness 7500—
8500 N and Chalais-Meudon side hardness
6.9-8.6.
The wood sawseasily when good equipmentis
used; it containslittle silica (less than 0.015%)
andstellite-tipped saw teeth are not needed for
sawing fresh wood. Some logs have gum pockets, which may cause problems in sawing by
blunting saw teeth. Tungsten-carbide-tipped
cutting tools are recommendedin planing and
moulding operations. It is advisable to reduce
the cutting angle to 15° to avoid rough surfaces
wheninterlocked grain is present. The use of a
filler is recommended to obtain smooth surfaces. The nailing and screwing properties are
satisfactory, but pre-boring is recommended to
avoid splitting. Gluing may be difficult. The
wood paints and varnishes well, but wood
zones close to the centre of the log may contain
anti-oxidant substances that slow down drying
of varnish and may cause problems in painting.
The steam bending properties are satisfactory,
but the presence of gum may cause problems.
Sliced veneer of good quality can be produced,
but the wood is not used for peeling. The wood
has a good reputation for its resistance to acids
and alkalines.
The heartwood is durable, with an excellent
resistance to fungal, termite and borer attacks,

but with only moderate resistance to marine
borers. The sapwood is susceptible to Lyctus
attack. The heartwood is resistant to impregnation with preservatives. Saw dust may cause
allergic reactions, irritation of mucous membranes and asthma in wood workers.
Logs may havecrevices filled with a whitish
powdery substance originating from the wood
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vessels; the substance consists of kaempferol
and derivatives. Kaempferol and its glycosides
have antibacterial, antifungal and anti-inflammatory activities. The wood contains about
32.5% cellulose, 24.5% lignin and 15% pentosan. The solubility is about 23% in alcoholbenzene and 20% in a 1% NaOH solution. An
average oil content of 28% has been recorded
for the seeds. The major componentsof the oil
are crepenynic acid (21%) and dehydrocrepenynic acid (27%). Crepenynic acid is a potential inhibitor of essential fatty acid metabolism,
and proved toxic to sheep. Dehydrocrepenynic
acid acts as inhibitor of conjugation in gramnegative bacteria, which may provide a means
to control the spread of antibiotic resistance.
Adulterations and substitutes The wood
of three other Afzelia species is similar to that
of Afzelia pachyloba and also traded as ‘doussié’: Afzelia africana Sm. ex Pers. and Afzelia
bella Harms, both mainly exported from West
Africa, and Afzelia bipindensis Harms, mainly
exported from Central Africa. The excellent
properties of Afzelia pachyloba wood concerning dimensionalstability and high natural durability are comparable to some well-known
timbers such as merbau (Intsia spp.) and teak
(Tectona grandis L.f.), and to the African makore (Tieghemella heckelii (A.Chev.) Roberty)
and douka (Tieghemella africana Pierre).
Description Short-deciduous medium-sized
to fairly large tree up to 40 m tall; bole branchless for up to 25 m, straight and cylindrical, up
to 90(-150) cm in diameter, fluted at base or
with small buttresses up to 1 m high; bark
surface greyish to brown, irregularly scaly and
with sinuous ridges, inner bark granular,
creamy to yellowish brown, aromatic; crown
elongate to roundedorflattened depending on
age and growing conditions, with tortuous,
more or less upright branches; young twigs
short-hairy, soon becoming glabrous. Leaves
alternate, paripinnately compound with (5—)7—
10 pairs of leaflets; stipules with basal parts
fused and persistent, upper parts free, linear
and caducous; petiole and rachis together 6-20
em long: petiolules 2-4 mm long, often slightly
twisted; leaflets opposite, oblong to oblonglanceolate, 2-6 cm xX 1-2.5 cm, obtuse to
notched, occasionally short-acuminate at apex,
more or less short-hairy below, pinnately
veined with 10-14 pairs of lateral veins. Inflorescence a terminal or axillary panicle up to 20
em long, short-hairy. Flowers bisexual, zygomorphic, sweet-scented; pedicel 0.5-1 cm long;
bracteoles c. 0.5 cm X 0.2 cm, caducous; hypan-

Afzelia pachyloba — 1, base of bole; 2, leaf; 3,
dehisced fruit; 4, seed.
Redrawn and adapted by Iskak Syamsudin
thium 1.5—2 cm long; sepals 4, slightly unequal, c. 1 cm long, densely short-hairy; petal 1,
3-4 cm long, with long claw, 2-lobed, white
with red marking in the centre; fertile stamens
7 and 2.5-3 cm long, rudimentary stamens 2
and c. 1 cm long; ovary superior, c. 0.5 cm long,
with short stipe, slightly hairy, style 2-3 cm
long. Fruit a kidney-shaped, flattened pod 13—
20 cm X 9-13 cm, brown, dehiscing with 2
woody valves, up to 15-seeded. Seeds ovoidellipsoid, 3—5.5 cm long, black, with cup-shaped

to slightly 2-lobed yellow aril, covering the seed
for up to 1/4.
Other botanical information Afzelia comprises about 11 species, 7 of which occur in
tropical Africa and 4 in South-East Asia. It is
closely related to Intsia.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
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shape throughout the ray cell; 43: mean tangential diameter of vessel lumina > 200 um; 46:
<5 vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
andfibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 80: axial parenchymaaliform; 81: axial
parenchyma lozenge-aliform; 82: axial parenchyma winged-aliform; 83: axial parenchyma
confluent; 86: axial parenchyma in narrow
bandsor lines up to three cells wide; 89: axial
parenchyma in marginal or in seemingly marginal bands; 92: four (8-4) cells per parenchyma strand. Rays: 97: ray width 1-3 cells; 104:
all ray cells procumbent; 115: 4-12 rays per
mm. Mineral inclusions: 136: prismatic crystals
present; 142: prismatic crystals in chambered
axial parenchymacells.
(N.P. Mollel, A.A. Oteng-Amoako & H. Beeckman)
Growth and development In Gabon flowering trees have been recorded in December,
and in Cameroon in June and November.
Ecology Afzelia pachyloba occurs in evergreen and semi-deciduous forest up to 200 m
altitude, usually on well-drainedlocalities. It is
often found in secondaryforest.
Management Afzelia pachyloba usually occurs scattered and in low densities in the forest. In western Cameroon an average wood
volume of 1 m%/ha has been recorded for trees
with a bole diameter of more than 60 cm. In
Gabon Afzelia pachyloba appears to occur in
even lowerdensities.
Harvesting The minimum bole diameter for
harvesting is 80 cm in Cameroon and the Central African Republic. The recommended minimum bole diameter for harvesting in Gabonis
70 cm.
Handling after harvest Prolonged stocking
of logs after harvesting does not cause problems except occasional black holes in the sapwood caused by borer attacks. Logs of Afzelia
pachyloba are too heavy to be transported by
river.
Genetic resources Afzelia pachylobais included in the IUCN Red List of threatened
species as vulnerable because of intensive exploitation. In some regions it has been reported
that few older trees producing seeds remained
after exploitation of the forest.
Prospects Afzelia pachyloba may have prospects as a commercial plantation timber, although it does not grow rapidly. The high value
of its wood makes it economically interesting.

More research is needed on its growth rate,

propagation and appropriate methods of management to reduce the existing pressure on
natural stands.
Major references ATIBT, 1986; Bolza &
Keating, 1972; Burkill, 1995; CTFT, 1963;
CTFT, 1980; de Saint-Aubin, 1963; Gérard et
al., 1998; Sallenave, 1955; Sallenave, 1971;
Vivien & Faure, 1985.

Other references African Regional Workshop, 1998; Aubréville, 1968; Aubréville, 1970;
Christy et al., 2003; Chudnoff, 1980; CIRAD
Forestry Department, 2008; Fouarge, Quoilin
& Roosen, 1970; Hausen, 1981; Kazadi & Chi-

fundera, 1993; Koch, Richter & Schmitt, 2006;
Neuwinger, 2000; Normand & Paquis, 1976;
Raponda-Walker & Sillans, 1961; Takahashi,
1978; Wilczek et al., 1952; Wilks & Issembé,
2000.

Sources of illustration Aubréville, 1970;
Wilks & Issembé, 2000.
Authors J. Gérard & D. Louppe

AFZELIA QUANZENSIS Welw.
Protologue Apont.: 586 (1859).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 24
Vernacular names Afzelia, East African
afzelia, mahogany bean, pod mahogany, Rhodesian mahogany (En). Doussié (Fr). Chanfuta,
uvala, mussacossa (Po). Mbambakofi, mukambakusi, mkonge (Sw).
Origin and geographic distribution Afzelia
quanzensis is widespread, occurring from
southern DR Congo and Somalia south to An-
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gola, Botswana, Zimbabwe, Mozambique and

northern South Africa.
Uses Like other Afzelia spp., the wood of Afzelia quanzensis is characterized by an excellent stability with little susceptibility to variations in humidity, small shrinkage rates during
drying and a good natural durability. The wood
is durable and treatment with preservatives is
unnecessary, even for usage in permanent humid conditions or in localities where woodattacking insects are abundant. This makesit
an excellent wood for use in pleasure-crafts,
especially for keels, stems and panels, for
bridges, as well as interiorfittings. The woodis
locally popular for musical instruments. It is
also valued for joinery and panelling, both interior and exterior, parquet floors, doors,
frames, stairs, vehicle bodies, furniture, sport-

ing goods, toys, novelties, mine props, railway
sleepers, agricultural implements, utensils,
tool handles, draining boards, carving, turnery,
fibre board andparticle board. It is suitable for
decorative sliced veneer. Because of its good
resistance to many chemical products and
great dimensionalstability, it is often preferred
to materials like metals and synthetics for vats
and precision equipment in industrial applications. The neutral pH of the wood makes it
suitable for applications in contact with vulnerable objects such as antiques and old books
in libraries. However, it should not be used in
contact with textiles under more humid conditions becauseof the presence of colorants. Dugout canoes have been madefrom the bole. The
wood is also used as firewood and for charcoal
production.
Leaves are cooked together with potash and
eaten in a mixture with other vegetables. The
foliage is browsed by livestock, mainly towards
the end of the dry season when little food is
available. Fallen flowers are also eaten by livestock. Honey beesvisit the flowers for nectar.
The bark is used for making rope. The seeds
are locally popular for necklaces and ornaments. Afzelia quanzensis is sometimes planted
as an ornamentalshadetree.
Various plant parts are used in traditional
medicine. Root decoctions or macerations are
taken to treat schistosomiasis, stomach-ache,

gonorrhoea and snake bites, and as aphrodisiac, whereas root pulp is applied externally to
treat rheumatism. Bark decoctions are drunk
against malaria, pneumonia, uterine complaints, threatened abortion and snake bites,
andthe bark is applied externallyto treat skin
complaints, toothache and gum bleeding. Leaf

sap is taken against malaria anda leaffiltrate
is dropped into the eyes to treat conjunctivitis.
Roots are used as an ingredient in the preparation of dart poison. Magical properties are ascribed to the tree.
Production and international trade Afzelia
quanzensis timber is traded on the international timber market in small quantities only.
However, in several countries it is recorded to

be one of the most favoured timbers for the
local markets, e.g. in Somalia, eastern Tanzania, Angola and particularly Mozambique(often called ‘chanfuta’). In 2004 Afzelia quanzensis was ranked third on the list of most important timbers of Mozambique, and provided
nearly 20% of the total production. Until the
first years of the 2000s, mainly logs have been
exported from Mozambique, but from then export of the timber was only allowed in processed condition. The quality of sawn wood
from Mozambique often does not comply to the
international standards, and therefore it is

mainly used domestically. In 2003 in Tanzania,
about 400 m3 of Afzelia quanzensis timber was
issued on harvest licences. In the East Usambara Mountains in Tanzania, the price of a
plank of c. 3.7 m X 0.38 m was US$ 4.80 in 2001.

Properties The heartwood is yellowish brown
to pinkish brown, becoming red-brown upon
prolonged exposure, sometimes with darker
streaks. It is distinctly demarcated from the
whitish to pale yellow, up to 10 cm wide sapwood. The grain is straight to interlocked, texture coarse but even.
The wood is rather heavy, with a density of
800—870(—920) kg/m3 at 12% moisture content.
Drying usually does not cause problems, without deformation and splitting, but the wood
dries rather slowly. For thick boards (more
than 7.5 cm), preliminary air drying under
cover is recommended before kiln drying. The
shrinkagerates are low, from green to oven dry
2.8-3.8% radial and 4.0-5.5% tangential. Once
dry, the woodis very stable in service.
At 12% moisture content, the modulus of rupture is 838-135 N/mm?2, modulus of elasticity
8500—15,000 N/mm?, compression parallel to

grain 52-80 N/mm2, compression perpendicular to grain 14 N/mm?, shear 7-20 N/mm?,
cleavage 17-28 N/mm andJankaside hardness
6600-9850 N.
The wood sawseasily when good equipmentis
used; it contains little silica (less than 0.015%)

andstellite-tipped saw teeth are not needed for
sawing fresh wood. Some logs have gum pockets, which may cause problems in sawing by
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blunting saw teeth. Tungsten-carbide-tipped
cutting tools are recommended in planing and
moulding operations. It is advisable to reduce
the cutting angle to 15° to avoid rough surfaces
when interlocked grain is present. The use of a
filler is recommended to obtain smooth surfaces. The nailing and screwing properties are
satisfactory, but pre-boring is recommended to
avoid splitting. Gluing usually does not cause
problems. The wood paints and varnishes well,
but wood zones close to the centre of the log
may contain anti-oxidant substances that slow
down drying of varnish and may cause problems in painting. Sliced veneer of good quality
can be produced, but the wood is not used for
peeling. The results in turnery are excellent.
The wood has a good reputation for its resistance to acids andalkalines.
The heartwood is durable, with an excellent
resistance to fungal, termite and borer attacks,

and it has also been reported resistant to marine borers. The sapwoodis susceptible to Lyctus attack. The heartwood is resistant to impregnation with preservatives. Saw dust may
cause inflammation of the eyes.
Logs may have crevicesfilled with a yellowish
powdery substance originating from the wood
vessels. The seed oil contains considerable
amounts of crepenynic acid and dehydrocrepenynic acid. Crepenynic acid is a potential
inhibitor of essential fatty acid metabolism,
and proved toxic to sheep. Dehydrocrepenynic
acid acts as inhibitor of conjugation in gramnegative bacteria, which may provide a means
to control the spread of antibiotic resistance.
Oleic acid and linoleic acid are also present in
the oil. Aqueous bark extracts showed antifungal activity against Candida albicans. The
roots have been associated with cases of fatal
poisoning.
Adulterations and substitutes The wood
of other Afzelia species is similar to that of
Afzelia quanzensis: Afzelia africana Sm. ex
Pers. and Afzelia bella Harms, mainly exported
from West Africa, and Afzelia bipindensis
Harms and Afzelia pachyloba Harms, mainly
exported from Central Africa. The excellent
properties of Afzelia quanzensis wood concerning dimensional stability and high natural durability are comparable to some well-known
timbers such as merbau (Jntsia spp.) and teak
(Tectona grandis L.f.), and to the African makore (Tieghemella heckelii (A.Chev.) Roberty)
and douka (Tieghemella africana Pierre). In
Zimbabwe the wood of Afzelia quanzensis is
sometimes used in carving as alternative for

Pterocarpus angolensis DC.
Description Deciduous small to mediumsized tree up to 25(-35) m tall; bole branchless
for up to 15 m, often short, straight or irregular, up to 100(-150) cm in diameter, usually
without buttresses; bark surface greyish
brown,slightly fissured and scaly, leaving paler patches with sinuous ridges; crown rounded
or

flattened,

dense,

with

spreading,

thick

branches; twigs slightly hairy to glabrous.
Leaves alternate, paripinnately compound with
(2-)4-7(-10) pairs of leaflets; stipules with
basal parts fused and persistent, upper parts
free, linear and caducous; petiole and rachis

together (7—)10—20(—30) cm long; petiolules
0.5-1 cm long, often slightly twisted; leaflets
opposite, broadly ovate to oblong-elliptical, 3—
9(-14) cm x 2-6 cm, rounded to notched at
apex, glabrous, pinnately veined with c. 8 pairs
of lateral veins. Inflorescence a terminal raceme or panicle up to 7.5(—10) cm long, shorthairy, few-flowered. Flowers bisexual, zygomorphic, sweet-scented; pedicel 0.5—-1 cm long;
bracteoles 0.5-1 cm x 0.5—1 cm, caducous; hy-

panthium 1—2 cm long; sepals 4, slightly unequal, 1.5—2.5 cm long, short-hairy outside; pet-

Afzelia quanzensis — 1, base of bole; 2, part of
flowering twig; 3, dehisced fruit.
Redrawn and adapted by Iskak Syamsudin
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al 1, 2-4 cm long, with long claw, 2-lobed, red
or greenish with a red median line, sometimes
4 rudimentary petals present; fertile stamens
7(-9), and 3-4.5 cm long, rudimentary stamens
2, and c. 0.5 cm long; ovary superior, c. 0.5 em

long, with short stipe, slightly hairy, style c.
2.5 cm long. Fruit an oblong or obovate, flattened pod 10-20-30) cm x 5-8 cm, dark
brown, dehiscing with 2 woody valves, 5—13-

seeded. Seeds ellipsoid, 2—3.5 cm long, black,
with cup-shaped, orange to red aril covering
the seed for c. 1/3. Seedling with epigeal germination;first 2 leaves opposite, with 4 pairs of
leaflets.
Other botanical information Afzelia comprises about 11 species, 7 of which occur in

tropical Africa and 4 in South-East Asia. It is
closely related to Intsia.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100—200 um;
46: < 5 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids andfibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchyma aliform; 81:
axial parenchyma lozenge-aliform; (82: axial
parenchyma winged-aliform); 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; 91:
twocells per parenchymastrand; 92: four (3-4)
cells per parenchyma strand. Rays: 97: ray
width 1—3 cells; 104: all ray cells procumbent;

115: 4-12 rays per mm. Mineral inclusions:
136: prismatic crystals present; 142: prismatic
crystals in chambered axial parenchymacells.
(N.P. Mollel, P. Baas & H. Beeckman)
Growth and development Duringthefirst
years, growth of seedlings is fair, 50-60 cm in
height per year. After about 7 years, young
trees developed a distinct bole and a spreading
crown. Diameter growth of the bole is slow,

0.5-3 mm/year.
The tree is deciduous; young leaves are coppercoloured and glossy. In southern Africa trees
flower in July-November, and in Kenya in
March-April. In each inflorescence, only one

flower is open at a time. The fragant flowers
are visited by insects such as bees, which serve
as pollinators. Fruits may take nearly one year
to mature after flowering. Animals such as
monkeys and hornbills feed on the arils and
disperse the seeds. The roots are associated
with ectomycorrhizal fungi.
Ecology Afzelia quanzensis occurs in a wide
variety of habitats, in dry evergreen forest,
open woodland and scrub forest, up to 13850(—
1800) m altitude. It prefers deep, well-drained,
sandy soils, and is also found on termite
mounds. It does not tolerate waterlogging. It is
often associated with Brachystegia and Pterocarpus spp. Older trees are quite resistant to
drought. Afzelia quanzensis is susceptible to
fire because this hampers natural regeneration.
Propagation and planting Natural regeneration of Afzelia quanzensis is often poor. Seedlings are usually found close to parent trees,
and in Mozambique and northern South Africa
mortality of seedlings is reportedly high, more
than 65%. However, in Zimbabwe 69% of
planted seedlings were still alive after one
year. Seedlings are susceptible to drought and
browsing animals.
Fruits can be collected when they have become
dark brown. There are 250-500 seeds per kg.
The germination rate of fresh seed is high, up
to 90%, and germination starts 1.5-4 weeks
after sowing. Seeds dried in the sun to a moisture content of 6-10% can be stored for long
periods. They can be stored at 3°C in a dry
locality for up to 10 years with still a germination rate of 30%. However, under natural conditions, the germination rate declines strongly
after 3 months. Pre-treatment of the seeds is
not necessary although scarification accelerates germination. It is recommended to remove
the aril, and to sow the seeds in a 5:1 mixture

of river sand and compost. The seedlings need
regular watering and should be protected from
frost for the first two years. Seedlings raised in
the nursery can be transplanted after 4—6
months. Wildlings are sometimescollected for
planting. An experiment in Mozambique with
semi-hardwood cuttings treated with indole
butyric acid gave 60% of successful rooting.
ManagementOlder trees usually occur scattered, rarely in small groups. Trees can be
managed bylopping andpollarding.
Harvesting The minimum bole diameter for
harvesting in Tanzania is 55 cm.
Handling after harvest Prolonged stocking
of logs after harvesting does not cause prob-
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lems except occasional black holes in the sapwood caused by borer attacks. Logs of Afzelia
quanzensis are too heavy to be transported by
river.
Diseases and pests In Tanzania the longhorn beetle Pachydissus hector may attack the
boles of standing trees; it may cause serious
damage to sapwood, but sometimes also to
heartwood. In Kenya baboons and squirrels
consume high percentages of immature seeds
after opening the woody fruits with their teeth.
Ripe seeds are susceptible to insect attacks.
Genetic resources Although Afzelia quanzensis is widespread, it is locally threatened by
exploitation for its valuable timber, e.g. in
Tanzania and Zimbabwe. In many areas, the
minimum bole diameter for harvesting is not
respected and larger trees have become rare.
An inventory in eastern Tanzania in 2005
showed that nearly all Afzelia quanzensis trees
cut for timber were below the minimum diameter limit allowed for harvesting. A provenance
collection has been carried out in Malawi in
1995, resulting in 29 accessions from 4 provenances.
Prospects The low growth rate of Afzelia
quanzensis limits its prospects as a commercial
plantation timber tree. However, the high value of its wood makes it economically interesting and warrants research on its genetic diversity and breeding for superior characteristics,
also to take the pressure from wild populations.
Pharmacological studies are needed to support
the uses in traditional medicine. The tree has
ornamental value. As a true multipurpose tree,
Afzelia quanzensis should be considered for application in agroforestry systems.
Major references ATIBT, 1986; Bolza &

mer & Pitman, 1972-1974.

Authors J. Gérard & D. Louppe

ALANGIUM CHINENSE(Lour.) Harms
Protologue Ber. Deutsch. Bot. Ges. 15: 24
(1897).
Family Alangiaceae (APG: Cornaceae)
Chromosome number n = 33, 2n = 22
SynonymsAlangium begoniifolium (Roxb.)
Baill. (1876).
Origin and geographic distribution Alangium chinense occurs from Cameroon east to
Ethiopia, Kenya and Tanzania, and south to
Zimbabwe and Mozambique. It is also widely
distributed in tropical Asia from India to China, Japan, Thailand, the Philippines and Indo-

nesia.
Uses In Africa the wood is used for carvings
and scabbards of swords and knifes. It is also
used in arm ornaments. Alangium wood is
used in Asia in building as beams, for flooring,

furniture, cabinet work, inlaying, carving, bobbins, spindles, shuttles, rice pestles, tool handles, walking sticks, gunstocks and handicraft
articles. Roots, bark and leafy twigs are used in
traditional medicine in Africa. Root powderis
used to treat headache. Root and leaf decoctions are used to treat stomach pain, and as a
purgative. A decoction of leafy twigs is drunk
to treat mental illness. In DR Congo bark macerations are used for the treatment of skin diseases and elephantiasis. Alangium chinense is
planted in life fences and along farm borders.
Flowers produce nectar collected by honey
bees. In DR Congo caterpillars feeding on the
leaves are collected to serve as food after roast-

Keating, 1972; Brummitt et al., 2007a; Gérard

et al, 1998; Chilufya & Tengnäs, 1996; Coates
Palgrave, 1983; Milledge, Gelvas & Ahrends,
2007; Neuwinger, 1998a; Orwa et al., 2009;
Palmer & Pitman, 1972-1974.

Other references Ali et al., 2008; Brenan,
1967; Bryce, 1967; CAB International, 2005;
Chudnoff, 1980; Gathua, 2000; Gerhardt &
Nemarundwe, 2006; Grace et al., 2002a;
Hausen, 1981; Koch, Richter & Schmitt, 2006;
Leyens & Lobin, 2009; Neuwinger, 2000;
Saléncia, 2005; Steenkamp, Fernandes & van

Rensburg, 2007; Stefanesco & Bintoni-Juliassi,
1982; Takahashi, 1978; Teel, 1984; van Wyk &

Gericke, 2000; Vlahov, 1996; Wilczek et al.,
1952.
Sources of illustration Brenan, 1967; Pal-
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ing or boiling.
Properties The heartwood varies in colour
from white to grey and shades of brown; it is
not distinctly demarcated from the sapwood.
The grain is straight. The woodis soft and specific gravity (0% moisture content) is about
0.49. The density of Alangium wood from Asia
varies widely from 440-1100 kg/m? at 15%
moisture content; it air dries well without
checking, works well, bends easily and takes a
good finish. The wood is not durable and
should not be used for exterior purposes, especially when in contact with the ground. The
alkaloid anabasin isolated from the root of
Alangium chinense exerted a significant neuromuscular blocking effect on isolated rat
phrenic nerve-diaphragm preparations and
also showed a depolarizing effect on isolated
frog sartorius muscles.
Botany Small to medium-sized tree up to 24
m tall; bole with diameter at breast height of
about 30 cm; bark surface smooth and grey;
twigs purple-brown, glabrous but pubescent
when young. Leaves alternate, simple, without
stipules; petiole 0.5—-2.5 cm long; blade narrowly elliptical to broadly ovate, 4-19 cm x 2.5—10

Alangium chinense — 1, flowering twig; 2, leaf
ofjuvenile plant; 3, flower; 4, fruit.
Source: PROSEA

cm, base cuneate to rounded, truncate or cordate, asymmetric, acuminate at the apex, entire in mature plants,5—7-veined from the base,
veins connected by many small parallel veins
at a right angle to the main veins. Inflorescence an axillary cyme, 1—4-branched, less
than half the length of subtending leaves, glabrous or pubescent, 3—23-flowered; peduncle up
to 2 cm long and branches up to 2.5 cm long.
Flowers bisexual, regular, 5-8-merous, white,
cream or yellow, sweet-scented; buds flaskshaped to cylindrical and usually swollen at
the base; pedicel 3-5.5 mm long; calyx-tube
cylindrical or funnel-shaped, c. 1.5 mm long,
with 5 teeth c. 1 mm long; petals strap- or
tongue-shaped, 8-13.5 mm x 1—1.5 mm, pubescent outside, glabrescent inside apart from an
area approximately one-fourth of the way up
from base; stamens the same numberas petals,

5-9 mm long, pubescent at the base, anthers
narrowly linear; ovary inferior, 1-2-celled,
style cylindrical, 7-10 mm long, pubescent,
stigma slightly lobed. Fruit a laterally compressed, globose or ellipsoid drupe, 8-10 mm x
4—9 mm, basally rounded, apically tapering,
ribbed when dry, finely pubescent, 1—2-seeded.
Seeds albuminous.
Leaves of seedlings and coppicing shoots are
usually palmately lobed and larger than leaves
of adult plants, up to 25 cm X 25 cm.
Alangium comprises about 25 species, most of
them occurring in South-East Asia. In tropical
Africa 2 species are indigenous, both of which
are widespreadoutside Africa.
Ecology Alangium chinenseis a fast growing
pioneer species mainly found in disturbed lowland and montane forest up to 2000 m altitude
in Africa and up to 3000 m in the Himalayas.
Management Alangium chinense can be
propagated by seed and is reported to have a
fairly good natural regeneration.
Genetic resources and breeding Alangium chinense is widespread and occurs in a variety of habitats. Hence it is unlikely to be under threat of genetic erosion in Africa. However, several Alangium species from Asia have
been classified as vulnerable in the 2008 IUCN
list of threatened species.
Prospects Alangium chinense is fast growing
and occurs in a wide variety of habitats. Its
potential in agroforestry systems has been investigated in Kenya, and it was rated as a high
priority species for planting in taungya systems. The wood of Alangium is used in Asia for
house construction, furniture and other products. Hence further research on Alangium chi-
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nense is needed to explore it full potential in
Africa.
Major references Burkill, 1985; Cannon,
1978a; Oduol & Akunda, 1989; Phengklai, 1998;
Verdcourt, 1958a.
Other references Beentje, 1994; Chifundera,
2001; Kokwaro, 1993; Neuwinger, 2000; Verd-

court, 1989a; Yang, Shu & Lin, 1981.
Sources of illustration Phengklai, 1998.
Authors E. Ebanyenle

gether with the fruit of coconut palm is used
externally for the treatment of boils. Various
parts of the plant are used in traditional medicine in India. The stem is used to cure diarrhoea and vomiting. The leaves are used to
cure asthma and as cataplasm to reduce rheumatic pains. The fruit is used as purgative,
expectorant, carminative and as an antidote for
poisoning, and fruit juice is applied to cure eye
diseases. The roots are used as a purgative, to
expel worms, and to cure piles, hypertension,

ALANGIUM SALVIIFOLIUM(L.f.) Wangerin
Protologue Engl., Pflanzenr. IV. 220b: 9
(1910).
Family Alangiaceae (APG: Cornaceae)
Chromosome number n = 9, 11, 2n = 16

Synonyms Alangium lamarckii Thwaites
(1859).
Vernacular names Sage-leaved alangium
(En).
Origin and geographic distribution In tropical Africa Alangium salviifolium occurs in
eastern Kenya, eastern Tanzania and Comoros.
It is widespread in tropical Asia, from India to
China, Thailand, the Philippines, Indonesia
and Papua New Guinea.
Uses The stems are used for spears in Kenya. In India the wood is valued for musical
instruments and furniture. In Asia Alangium
wood is used in building as beams, for flooring,
furniture, cabinet work, inlaying, carving, bobbins, spindles, shuttles, rice pestles, tool handles, walking sticks, gunstocks and handicraft

articles. The twigs are used for brushing the
teeth in India.
In Comoros a decoction of the whole plant to-

diarrhoea, fever, back pain, blood disorders,
snake and rat bites, leprosy and other skin
diseases.
In India a mixture of mature fruits of Alangium salviifolium with honey and rootstocks of
sweet flag (Acorus calamus L.) is used to manage pests on agricultural crops.
Properties The density of Alangium wood
from Asia varies widely from 440-1100 kg/m3
at 15% moisture content,; it air dries well
without checking, works well, bends easily and

takes a good finish. The wood is not durable
and should not be used for exterior purposes,
especially when in contact with the ground.
The alkaloid alangine has been isolated from
Alangium salviifolium; this compound acts on
the parasympathetic nervous system. Other
alkaloids, including cephaline, emetine and
psychotrine, have also been isolated. Tests on
immature male rats showed that the administration of alkaloids isolated from the stem
bark resulted in a significant increase in the
weight of testis, seminal vesicles, ventral prostate and epididymis. Leaf and wood extracts
showed antifungal activity. The compounds 1methyl-1H-pyrimidine-2,4-dione and 3-0-B-Dglucopyranosyl-(249)-ethylcholesta-5,22,25-triene
have been extracted from the flowers; they
showed significant activity against a number of
Gram-positive and Gram-negative bacteria.
Botany Deciduous shrub or small to medium-sized tree up to 18 m tall; bark surface
rough and pale brown; twigs grey or purplebrown, glabrous or pubescent, often with
spines up to 12 mm long. Leaves alternate,
simple, without stipules; petiole up to 1.5 cm
long, hairy; blade elliptical to obovate, oblong
or lanceolate, 3-23 cm X 1.5—9 cm, base cune-

ate or rounded, apex rounded to obtuse or
acute, 3—9-veined from base. Inflorescence an

axillary cyme, sessile or nearly so, goldenbrown pubescent, 1—17-flowered. Flowers bisexual,

Alangium salviifolium — wild

regular,

5—10-merous,

white,

cream

with a slight orange tinge, fragrant; buds cylindrical ; pedicel 2-8 mm long; calyx tube urn-
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shaped, 1-2.5 mm long,lobes triangular, up to
1.5 mm long; petals strap-shaped, 12—28.5 mm
x 1-2.5 mm, densely pubescent outside, glabrous or pubescent inside; stamens 10-32, 5—

14 mm long; ovary inferior, 1—2-celled, style
8.5-27.5 mm long, glabrous, stigma conical or
head-shaped, slightly lobed. Fruit an ellipsoid
drupe 9—22.5 mm long, purplish, pubescent, 1seeded. Seeds albuminous.
The development of the tree is according to
Roux’s architectural model, characterized by a
continuously growing monopodial trunk with
plagiotropic branches. Flowering of Alangium
salviifolium in Kenya maybe triggered by dry
conditions created by low river levels rather
than low rainfall. In East Africa trees flower in
October-November, and fruits mature a few
months later. In India the tree exhibits leaf
shedding, flowering, fruiting and the development of new leaves during the dry season.
Flowers are pollinated mainly by birds and
bees, and seeds are dispersedbybirds.
Alangium comprises about 25 species, most of
them occurring in South-East Asia. In tropical
Africa 2 species are indigenous, both of which
are widespread outside Africa.
Ecology Alangium salviifolium is found in
lowland rainforest and riverine forest up to 750
m altitude.
Management Alangium salviifolium can be
propagated by seed andis reported to have a
fairly good natural regeneration.
Genetic resources and breeding In Africa
Alangium salviifolium may be liable to genetic
erosion because its distribution area is limited
and it occurs in a threatened habitat. Considering its whole area of distribution, it is a variable species and research is warranted on its
genetic constitution and infraspecific classification.
Prospects A number of compounds extracted from Alangium salviifolium from Asia have
shown antibacterial, antifungal and androgenic
activities, without obvious toxicity. The potential of developing herbal medicines for the
treatmentof infertility and diseases caused by
fungi and bacteria could be explored, also in
Africa. In addition, the allelopathic potential of
Alangium salviifolium in agricultural crops
could be further investigated.
Major references Adeeba Anjum et al.,

cimuthu, Ayyanar & Sankara Sivaraman, 2006;
Kinnaird, 1992; Pankag, 2003; Phengklai, 1998;
Raju, Rao & Rangaiah, 2005; Wuthi-udomlert,
Prathanturarug & Wongkrajang, 2002; Xavier
et al., 2005.
AuthorsE. Ebanyenle

ALLOPHYLUSABYSSINICUS(Hochst.) Radlk.
Protologue Engl. & Prantl, Nat. Pflanzenfam.
III, 5: 313 (1895).
Family Sapindaceae
Chromosome number2n = 28
Origin and geographic distribution Allophylus abyssinicus is found in the highlands
from Sudan and Ethiopia in the north to Botswana, Zimbabwe and Mozambique in the
south.
Uses The wood of Allophylus abyssinicus is
used in Ethiopia and Uganda, especially for the
manufacture of farm tools and yokes, and
sometimesfor joinery and boxes. It is also used
as firewood and for charcoal. In Uganda it is
considered useful as a shadetree for crops, but

the continuous shedding of leaves and ripe
fruits makes its surroundings untidy. In Ethiopia the leaves are used as an anthelmintic
and the fruits to cure venereal diseases. In
Kenya roots are grated and eaten in small
quantity to treat coughs and rheumatism.
Properties The wood of Allophylus abyssinicus is white to pale brown, taking a nice
polish. It is medium-weight with a density of
550-700 kg/m? at 12% moisture content. The
wood requires careful seasoning and, although
hard, is easy to work.It is not durable.
Botany Small to medium-sized tree up to 25

2002; Beentje, 1994; Mosaddik, Kabir & Parvez
Hassan, 2000; Murugan et al., 2002; Verdcourt,

1958a.
Other references Adjanohoun et al. (Editors), 1982; Ganesan & Banumathy, 2007; Igna-
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m tall, rarely a shrub; bole up to 90 cm in di-

ameter, sometimes slightly buttressed; bark
surface grey to greyish white, smooth orslightly rough, sometimes peeling in flakes; young
braches densely reddish brown short-hairy,
with many lenticels. Leaves alternate, 3foliolate; stipules absent; petiole 2.6-10.5 mm
long, soft-hairy; leaflets elliptical to obovate,
(38—)5.5-21 cm x (1—)3-11 cm, cuneate at base,
acute to acuminate at apex, margins with
small teeth, slightly leathery, long-hairy when
young, later becoming glabrous on both sides,
pinnately veined, with tufts of hairs in vein
axils beneath. Inflorescence an axillary, panicle
5-22 cm long, with 2-10 branches, finely hairy.
Flowers unisexual, slightly zygomorphic, 4merous; pedicel 1-3 mm long; sepals free, c. 1.5
mm long; petals c. 1.5 mm xX 1 mm,dirty white
or yellowish; stamens 8, filaments 2-3 mm
long, glabrous; ovary superior, deeply 2-3lobed, style 2-3 mm long, 2—8-fid; male flowers
with rudimentary ovary, female flowers with
rudimentary stamens. Fruit a 1—2(—8)-lobed
drupe c. 6 mm in diameter, red or orange,
sparsely hairy, 1—2(-3)-seeded. Seeds ellipsoid,
c. 5.5 mm long, straw-coloured.
Allophylus is widespread throughout the tropics and subtropics. Most authors estimate the
numberof species in the range of 150-200, but
species are difficult to delimit. In an extreme
view Allophylus has been considered to represent a single but extremely variable species,
Allophylus cobbe (L.) Rausch.
Allophylus pseudopaniculatus Baker f. (synonym: Allophylus kiwuensis Gilg) is a small tree
up to 15 m tall from eastern DR Congo, Rwanda, Uganda and Tanzania. In eastern DR Congo the wood is used in house construction.
Allophylus pervillei Blume, called ‘mchacha’ in
Swahili, is a small tree up to 9 m tall, but more

Treating the seed before sowing is not necessary. Allophylus abyssinicus can be grown in
pure stands or intercropped with food crops.
Trees grow slowly and can be pollarded or coppiced.
Genetic resources and breeding Allophylus abyssinicus is widespread and not under
threat of extinction or genetic erosion.
Prospects The wood of Allophylus abyssinicus will remain of only local importance, as is
also the case for other Allophylus spp.
Major references Dale & Greenway, 1961;
Davies & Verdcourt, 1998; Katende, Birnie &
Tengnäs, 1995.
Other references Bekele-Tesemma, 2007;
Exell, 1966; Hauman, 1960; Irwanto, 1998;
Jansen, 1981; Kokwaro, 1993; Vollesen, 1989b;

Yamada, 1999.
Authors C.H. Bosch

ALLUAUDIA PROCERA (Drake) Drake
Protologue Bull. Mus. natl. Hist. nat., Paris
9: 37 (1903).
Family Didiereaceae
Chromosome number2n = 240—256
Vernacular names Arbre pieuvre (Fr).
Origin and geographic distribution Alluaudia procera is endemic to south-western and
southern Madagascar, north to the Mangoky
river.
Uses The bole is often sawn in rough planks
to be used in local house construction. The
wood, known as‘fantsilotra’, is also commonly
used for boxes and crates. It has been used for
containers for tobacco and vanilla becauseit is
odourless. It is suitable for interior trim, furni-

often a shrub, occurring in Kenya, Tanzania,

Comoros, Madagascar and the Seychelles. In
coastal Kenya the wood is used for poles in
construction, whereas a decoction of the roots

is taken to treat stomach-ache and leaves are
applied as a dressing to treat headache.
Allophylus arboreus Choux and Allophylus macrocarpus Danguy & Choux are endemic species of Madagascar. Both are medium-sized
trees of which the wood is used in boat building.
Ecology Allophylus abyssinicus occurs in
mountain forest, riverine forest and at forest

edges at altitudes of over 1000 m.
Management Seeds can be stored for considerable time if kept cool, dry and insect-free.

Alluaudia procera — wild
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ture, laths for tile roofs, supporting framework,
veneerfor innerlayers of plywood, and particle
board. It is used as firewood and for charcoal
production. Alluaudia procera is in great demand as an ornamental and is the most common memberof Didiereaceae in succulent collections.
Properties The heartwood is whitish yellow
and indistinctly demarcated from the 4—5 cm
wide sapwood, which, however, often becomes

greyish to greenish upon exposure. The texture
of the wood is moderately fine. It has a mottled
structure becauseof the presence of large rays.
The woodis lightweight, with a density of 380—
480 kg/m? at 12% moisture content. It air dries
rather well, without distortion. A board of 4 cm
thick can beair dried in 5-6 months. The rates
of shrinkage are low to moderate, from green to

oven dry 1.6—3.2% radial and (3.8—)5.0-6.7(—
8.5)% tangential. At 12% moisture content, the
modulus of rupture is 53-83 N/mm2, modulus
of elasticity 3500-7150 N/mm?, compression
parallel to grain 22.5-38 N/mm?, shear 3-5.5
N/mm?, cleavage 8-14.5 N/mm and ChalaisMeudon side hardness 0.8—1.6.
The wood is easy to saw. It holds nails and
screws fairly well, and the gluing and painting
properties are satisfactory. It has good slicing
and peeling characteristics. The wood is not
durable, and liable to attacks by fungi, especially blue-stain fungi, termites and woodboring insects. However, planks of local houses
may last more than 5 years when they are not
in contact with the ground. The woodis easy to
impregnate with preservatives.
Botany Deciduous, dioecious small tree up
to 15 m tall; bole branchless for up to 6(-10) m,
cylindrical, up to 40(—55) cm in diameter; bark
thick, surface whitish to grey, inner bark reddish; branches upright, with many, stout, 1-2
cm long, solitary spines. Leaves in pairs below

each spine, simple andentire, thick and fleshy,
with vertical blades, nearly sessile, caducous;

stipules absent; blade elliptical to oblong or
obovate, 7-25 mm Xx 4—12 mm, glabrous. Inflo-

rescence a lateral, large panicle 12-30 cm in
diameter, grouped near ends of long branches,
consisting of cymes, many-flowered. Flowers
unisexual, small, greenish yellow to whitish,

sweet-smelling, with short pedicel, each flower
subtended by 2 cap-shaped, slightly unequal,c.
2 mm long bracts; tepals 4, broadly ovate, c. 2
mm long, outer 2 slightly larger than inner 2;
stamens8, fused at base, 4 longer and 4 shorter, hairy at base of filaments; ovary superior,
ovoid to slightly 3-angular, 1-celled, style very

short, stigma with 3 large, irregularly incised
lobes; male flowers with rudimentary ovary,
female flowers with rudimentary stamens.
Fruit a top-shaped nut 2—3 mm long, enclosed
by the persistent bracts and tepals, indehiscent, 1-seeded. Seed with thin seed coat and
whitish caruncle.
The growth of seedlings is slow; seedlings are
on average only 2 cm tall after 6 months, although some may reach 25 cm tall after 14
months. Taking into consideration the climate
andthe dry, sandysoils in the area of distribution, established Alluaudia procera trees grow
quite rapidly. Annual growth rates of 100-175
cm in height but only 2—3(-6) mm in bole diameter have been recorded, whereas annual
wood volume incrementsin natural stands are
0.6-5.0 m3/ha. In plantations of 11 years old
raised from cuttings, the largest trees were 8 m
tall and 10-20 cm in diameter, but most of

them had a bad bole shape. Alluaudia procera
flowers in September—October and fruits are
ripe about one month after flowering. The
flowers are probably pollinated by bees. They
open in the late morning and wilt already in
the afternoon of the same day. The fruits are
dispersed by wind. Crassulacean acid metabolism (CAM) has been found in Alluaudia
procera and other Alluaudia spp., fixing carbon
dioxide during the night and having the stomata closed during the day. This can be considered an adaptation to arid conditions.
Alluaudia comprises 6 species and is restricted
to south-western and southern Madagascar.
The wood of some other Alluaudia spp. is undoubtedly used for similar purposes as that of
Alluaudia procera. Boles of Alluaudia ascendens (Drake) Drake, a small tree up to 12 m
tall with bole up to 50 cm in diameterlimited
to southern Madagascar, attain sufficient diameter to be used as boards for local house
construction. The woodis also used as firewood
and for charcoal production. The wood of
Alluaudia dumosa (Drake) Drake, a shrub or
small tree up to 8 m tall limited to southern
Madagascar, is used for utensils, boxes and

crates. A decoction of the stems is used to treat
toothache and as mouth disinfectant. Several
flavonoids have been isolated from Alluaudia
dumosa; these may be responsible for the
claimed antimicrobialactivity.
Ecology Alluaudia procera occurs in dry
forest and thickets, at 100-450(-800) m alti-

tude, often together with xerophytic Euphorbia
spp. The mean annual rainfall in the area of
distribution is 300-900 mm, with (7—)9-10 dry
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months. The mean annual temperature is
23°C. Alluaudia procera is most commonly
found on well-drained calcareous or alluvial
soils, but also on gneissic, sandy and sandstone

soils.
Management The weight of 1000 seeds is
about 1.5 g. The best period for sowing is December. The germination rate is low; some
tests showed a germination rate of only 0.1%.
Some seeds germinate already 6—9 days after
sowing, but germination may take up to 4
months. Seedlings are susceptible to damping
off and watering should be done carefully.
Seeds can be stored up to 6 months. Propagation by cuttings is easy, and plants can also be
successfully propagated by layering and root
suckers. Rootstocks of Allwaudia procera have
been used successfully for grafting several other species of Didiereaceae from Madagascar. In
plantations seedlings should be protected
against browsingbycattle.
In the early 1970s it has been estimated that
the area of distribution of Alluaudia procera
comprises about 200,000 ha. Locally, Alluaudia
procera is dominant, and although the bole
diameters are moderate, the total bole volume

per ha can be quite high, sometimes more than
300 m? with 2000 boles of over 8 cm diameter.
However, the bark is thick and represents 32—
55% of the bole volume. On favourable sites on
red sands, the net wood volume is up to 80
m?/ha. The thinning of natural stands promotes diameter growth. It is recommended to
process the wood as soon as possible after
felling to avoid attacks by fungi and insects, or
to treat it immediately with preservatives.
Genetic resources and breeding Although
Alluaudia procera and some other Alluaudia
spp. are locally common or even dominant,
some concern is needed about the decline of
populations. Alluaudia procera has been included in the IUCN Red List, although it still
is considered to be at lower risk but near
threatened. Much of the dry forest in southern
Madagascar has been replaced by grassland,
whereas the exploitation of Alluaudia procera
for its timber is another serious threat. All
species of Didiereaceae, including Alluaudia
procera, have beenlisted in AppendixII of the
Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES). This has been done to monitor the
international trade in especially live plants for
succulent lovers.
Prospects Alluaudia procera will remain a
timber tree of some local importance as long as

standsof sufficient extent exist. Although some
protected areas have been established for this
species and other Alluaudia spp., more research attention is still needed for protection of
these peculiar plants which are so characteristic for southern Madagascar.
Major references Blaser et al., 1993;
Gachet, 1969; Guéneau, Bedel & Thiel, 1970—
1975: Rauh, 1963; Takahashi, 1978.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Debray, Jacquemin & Razafindrambao, 1971; Gurib-Fakim & Brendler,

2004; Kubitzki, 1993a; Parant, Chichignoud &
Rakotovao, 1985; Rakotovao et al., en préparation; Rauh & Dinklage, 1978; Sallenave, 1971;
Schatz, 2001; Thiel, 1973.

Authors D. Louppe & R.H.M.J. Lemmens

ALNUS ACUMINATA Kunth
Protologue Humb., Bonpl. & Kunth, Nov.
gen. sp. 2: 20 (1817).

Family Betulaceae
Chromosome number27 = 28
Vernacular names Andean alder, Andes
alder, alder (En). Aulne des Andes, aune des
Andes, aulne d'Amérique (Fr).
Origin and geographic distribution Andean
alder is found in the wild in high altitude areas
from Mexico to Argentina. In Argentina it is
one of the major timber species. In tropical
Africa it has been introduced in Rwanda, Burundi, Kenya, Uganda and Madagascar. It is
also planted in Japan, Australia and New Zealand.
Uses Andean alder was introducedin tropical Africa, especially in Madagascar, for the

Alnus acuminata — planted
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production of timber. The wood is used in construction,

carpentry,

furniture,

carving and

turnery, and is suitable for the production of
pencils, matches, matchboxes, plywood and
particle board. Both in its native range as well
as in tropical Africa it is increasingly planted
for reclamation of denuded sites, erosion control, soil improvement and in agroforestry systems. It is well suited for these purposes because of its rapid growth and tolerance to a
wide range of soils and climatic conditions.
Where planted in agropastoral and agroforestry systems, it has improved growth and protein
content of pasture grasses. Soil organic matter
and nitrogen content increased under trees and
beside hedges. A 33% increase in weight gain of
cattle grazing under Andean alder has been
reported compared to open pastures. The tree
is planted to provide shade in grazing areas
and gardens.
Its fast growth and burning properties make
Andean alder well suited for the production of
firewood and charcoal. The leaves provide a
good browsefor livestock.

acuminateto rounded at apex, margin toothed,
glandular hairy, pinnately veined with 10-15
pairs of lateral veins. Inflorescence a manyflowered catkin; male catkin elongate, pendulous, 5-11 cm long, flowers arranged in groups
of 3 in bract axils; female catkin ovate orelliptical, 3-6 mm x 1.5-3 mm, flowers arranged in
groups of 2 in bract axils. Flowers unisexual,
minute; male flowers 4-merous, with elliptical

or obovate perianth segments c. 1.5 mm long,
stamens opposite and basally adnate to perianth segments, 2.5—4 mm long; female flowers
consisting of a 2-celled ovary with a 2-branched
style. Fruit an elliptical to obovate, winged nut
1.5-3 mm long, dark brown, in cone-like, ovoid

to ellipsoid infructescence 1-3 cm X 1-1.5 cm.
Seedling with epigeal germination; cotyledons
leafy, spreading;first 2 leaves opposite.
Andean alder fixes nitrogen in symbiosis with
Actinomyces alni (synonym: Frankia alni). The
flowers are windpollinated.
Alnus comprises about 40 species, most of them

in temperate and subtropical regions of the
Northern Hemisphere.

In its native range, macerated leaves are used

Alnus nepalensis D.Don, native of mainland

to treat joint and muscular pains, rheumatism
and skin infections. A leaf infusion is part of a
cure for inflammation of the prostate.
With appropriate techniques a good quality
paper can be produced from Andean alder
wood.
Properties Andean alder wood is mediumweight with a specific gravity of 0.35—0.60. It
can be dried moderately rapidly, without much
cracking or twisting, and has good dimensional
stability. The wood is easy to work. It is rated
as moderately durable, but is durable under
water. It is moderately difficult to impregnate
with preservatives. The pulp has excellent
qualities for paper making.
The leaves are palatable for livestock and contain about 16% of crude protein. The bark is
rich in tannin.
Botany Deciduous medium-sized tree up to
30(—40) m tall; bole cylindrical, up to 50(—100)
cm in diameter; bark surface smooth and grey
in young trees, but becoming scaly and ridged
with age; crown narrow, dense; young twigs
glandular hairy, branchlets with lenticels and
conspicuous rounded scars from fallen leaves.

Asia and Japan, has also been introduced in
Africa. It has roughly the same uses as Andean
alder and is also being promoted for use in agroforestry systems, but it is better adapted to
semi-arid environments.
Alnus acuminata and Alnus jorullensis Kunth
have often been confused. Thelatteris restricted to Mexico and Guatemala and differs in leaf
shape and in its scrubby habit; it is found in
drier habitats.
Ecology Andean alder occurs naturally in
the range of 18°N-28°S at altitudes of 1500—
3200(-3700) m. It can withstand temperatures
below zero for a short time and is adapted to
high humidity. Protection from cold dry winds
is beneficial. It regenerates well on degraded
land and steep mountain slopes.
Management Andean alder can be propagated with seed and cuttings, or by tissue culture. The 1000-seed weight is 0.2-1.5 g. The
germination of fresh seed is 50-70%, but seed
looses viability after 3-6 months. When sown
in containers in nurseries, transplanting in the
field is done after 6-8 months. Direct sowing
and planting bare-root seedlings or stumped
cuttings are also practised. Improvedselections
are multiplied by tissue culture. Inoculation
with the correct strain of Actinomyces alni is
profitable. Planting closely, at 2 m X 2 m, is
recommended to produce straight boles. Young
trees need protection from grazing animals for

Leaves alternate, in 3 rows, simple and entire;

stipules ovate to elliptical, 4-8 mm x 1-1.5
mm; petiole (4—)7—23(—35) mm long;blade lanceolate, ovate or elliptical, thinly leathery,
(3.5-)5.5-14(-19) em x (2-)38—-9(-10.5) em, cuneate to obtuse or rounded at base, long-
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1-3 years after planting. Thinning is recommended after the third year and after 10-15
years to arrive at a final density of 250-350
trees/ha. The recommended rotation is 20 years
and it would yield annually up to 15 m?/ha.
Planting as a windbreak is done at 1-1.5 m
spacing. Regular pruning of branches should
control width and shading. In East Africa, es-

pecially in nurseries, serious diseases are damping-off, Septoria brown leaf spot and stem
canker. In Uganda honeybeescollect the resin
from the glands on buds and young leaves to
make so-called propolis to protect their nests.
On doing so, they may cause serious damage
andleaffall.
Genetic resources and breeding Provenance trials in New Zealand have showna high
variation in performance and environmental
tolerance between accessions. Selection for
form, growth rate, resistance to drought and
disease have resulted in lines suitable for different growing conditions and uses. Selection
for specific uses and conditions in tropical Africa will be rewarding as variation within the
species is huge.
Prospects Some Alnus species spread enough
to be considered nuisance weeds. There is no
reported evidence at present that this occurs
with Andean alder but it has not been widely
planted as yet, so the opportunity for it to
spread may not have arisen. Given its palatability for livestock, this may never become an
issue.
Large-scale planting for timber production will
require research into appropriate management
and identification of suitable selections.
Major references Blaser et al., 1993; CAB
International, 2005; Furlow, 1979; Muthuri et
al., 2005; Siriri & Raussen, 2003.

Other references Brunck et al., 1990;
ECOCROP, 2007; Neil, 1997; Nyeko, EdwardsJones & Day, 2002; Nyekoet al., 2004; Okorio
et al., 1994; World Agroforestry Centre, undated.
Authors C.H. Bosch

ANDROSTACHYS JOHNSONII Prain
Protologue Bull. Misc. Inform. Kew 1908:

439 (1908).

Family Euphorbiaceae (APG: Picrodendraceae)

Vernacular names Lebombo ironwood, wild
quince, simbi tree (En). Cimbirre, mecrusse
(Po).

Androstachys johnsonii — wild
Origin and geographic distribution Androstachys johnsonii occurs in Zimbabwe, Mozambique, north-eastern South Africa, Swaziland

and Madagascar.
Uses The wood, known as ‘Lebombo iron-

wood’ or ‘mecrusse’ in south-eastern mainland
Africa and as ‘merana’ in Madagascar, is in
demandfor poles in house and bridge building
because of its durability, and also for flooring,
stairs, laths, fences, mine props and railway
sleepers. It is valued for furniture for both indoor and outdoor uses, and for sculptures and

turnery. It is suitable for vehicle bodies, sporting goods, toys, novelties, agricultural implements, musical instruments, precision equipment, carvings, pattern making and draining
boards. The wood is also used as firewood and
for charcoal production. Livestock browses on
the leaves.
Production and international trade The
wood of Androstachys johnsonii is rarely traded, probably because of limited supply, and is
mainly used locally. However, in 2005 it was
one of the most exploited timber species in
Mozambique.

Properties The heartwood is pale brown to
golden yellowish brown or pale reddish brown,
with darker markings, and indistinctly demarcated from the whitish yellow, 1-1.5 cm thick

sapwood. The grain is usually straight, occasionally wavy, texture fine and even. The wood
is greasy to the touch.
The wood is heavy, with a density of 810-960
kg/m? at 12% moisture content. It air dries
slowly and is susceptible to checking; air drying should be done carefully, using thin stickers and under cover. The rates of shrinkage are
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moderate, from green to oven dry 5.8-6.0%
radial and 6.2-6.6% tangential. Once dry, the
wood is not stable in service. At 12% moisture
content, the modulus of rupture is 92-162
N/mm?, modulus of elasticity 9900-—12,150
N/mm?, compression parallel to grain 57-66
N/mm?, cleavage 18.5 N/mm, Janka side hard-

ness 11,270-12,580 N and Janka end hardness
18,230 N.
The wood is fairly easy to saw and work in
spite of its hardness. It finishes well, showing a
nice polish. It holds nails and screws well, but
pre-boring is needed. It is easy to glue and is
considered excellent for turnery. It is very durable. In South Africa poles used for huts
showedno sign of deterioration after 40 years.
The woodis resistant to fungal, termite, Lyctus
and marine borer attacks. It is resistant to
impregnation with preservatives.
The flowers provide nectar for honey bees, but
it has been recorded that the honey is poisonous and has a purgative action. Several
diterpenoid constituents have been isolated
from the heartwood.
Description Evergreen to deciduous, dioe-

cious, small to medium-sized tree up to 25(—35)
m tall; bole branchless for up to 15 m, usually
straight and cylindrical, up to 100 cm in diameter; bark surface longitudinally fissured,
blackish grey; twigs angular, jointed, densely
whitish to greyish woolly hairy. Leaves decussately opposite, simple and entire; stipules
initially fused into a sheath up to 3.5 cm long,
later becoming separate and caducous; petiole
0.5—4 cm long; blade broadly ovate to nearly
cordate, 3-9(-13) cm x 2—7(—12) cm, cuneateto

rounded or truncate at base, obtuse to rounded
at apex, leathery, glabrous above, densely
whitish short-hairy below, 5—7-veined from the
base and with 5-8 pairs of lateral veins. Flowers axillary, unisexual, yellowish, pedicel 0.5—
1.5 cm long, sepals long-hairy outside, petals
absent; male flowers 3 together, with 2—5 sep-

als c. 4 mm long and up to 50 stamens c. 1 mm
long on an elongate receptacle up to 2 cm long;
female flowers solitary, with 5-6 sepals c. 8

mm long and a superior, ovoid, densely hairy
ovary c. 3 mm long, style c. 7 mm long, 3branched. Fruit a 3-lobed capsule 8-10 mm x
12-13 mm, minutely hairy, yellowish to pale
brown when mature, dehiscing with 6 valves,

6-seeded. Seeds ovoid, laterally flattened, c. 7
mm X 5 mm, shallowly ridged, glossy brown.
Other botanical information Apart from
Androstachys johnsonii, 4 other species have
been described in Androstachys, all from Madagascar. These differ in having digitately compound leaves, stipular sheaths fused to the
petioles, more hairy anthers andpointedfruits,
and have been referred to a separate genus
Stachyandra, although this is questionably
distinct. The woodof these species is reportedly
also hard and durable, and occasionally used in
construction.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; (9: vessels exclusively solitary (90% or more)); 13:
simple perforation plates; 22: intervessel pits
alternate; 25: intervessel pits small (4—7 um);

Androstachys johnsonii — 1, apex of twig with
male flowers; 2, apex of twig with female flowers; 3, fruiting twig.
Redrawn and adapted by Achmad Satiri Nurhaman

30: vessel-ray pits with distinct borders; similar to intervessel pits in size and shape
throughout the ray cell; 41: mean tangential
diameter of vessel lumina 50-100 um; 49: 40—
100 vessels per square millimetre; 50: > 100
vessels per square milllimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 62: fibres with distinctly bordered
pits; 63: fibre pits common in both radial and
tangential walls; 66: non-septate fibres pre-
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sent; 70: fibres very thick-walled. Axial parenchyma: (75: axial parenchyma absent or extremely rare); (76: axial parenchyma diffuse);

78: axial parenchyma scanty paratracheal.
Rays: 96: rays exclusively uniseriate; 104: all
ray cells procumbent; 115: 4-12 rays per mm.
Mineral inclusions: 136: prismatic crystals
present; 142: prismatic crystals in chambered
axial parenchymacells; 143: prismatic crystals
in fibres.
(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development Androstachys
johnsonii grows very slowly. It shows monopodial growth. Treeslose their leaves irregularly.
In south-eastern mainland Africa, trees flower
in October-November and ripe fruits can be
found in November to March. The flowers are
wind-pollinated. The fruits are eaten by small
antelopes, squirrels and birds, and these animals maydisperse the seeds.
Ecology Androstachys johnsonii occurs gregariously in deciduous woodland, often on
rocky hillsides and stony outcrops, also along
seasonalrivers but on well-drainedsoils, up to
1000 m altitude. In Swazilandit is locally dominant in dry forest where some cloud cover prevails. Young plants are not frost tolerant.
Propagation and planting Seeds germinate readily, and young plants are hardy and
can survive in quite dry and warm localities.
Trees are often surrounded by numerousseedlings.
Harvesting Large boles may be hollow.
They are difficult to cut because of the hard
wood.
Genetic resources Androstachys johnsonii
is locally common and may even form dense
thickets. However, in several areas larger trees
have been exploited heavily for their wood, and
already in 1957 an area of nearly 20,000 ha
was designated in Mozambique as reserve
(Baixo Pinda Forest Reserve) to protect the
coastal forest and enable the recovery of Androstachys johnsonii. However, since then the
reserve has been subject to severe forest clearance for agriculture. The Matibane Forest Reserve, also in Mozambique, has an area of

about 4200 ha, for a large part covered by Androstachys johnsonii.
Prospects It seems unlikely that Androstachys johnsonii will increase in importance on
the timber market because it has a limited
area of distribution and grows very slowly.
However, as long as stands of sufficient extent
exist, it will locally remain of importance for
heavy and durable construction. Monitoring of

populations is recommended.
Major references Airy Shaw, 1970; Ali et
al., 2008; Bolza & Keating, 1972; Capuron,
1957; Coates Palgrave, 1983; Leandri, 1958;

Palmer & Pitman, 1972-1974; Radcliffe-Smith,
1996; Takahashi, 1978.

Other references Alvin & Rao, 1987;
Bandeira, Albano & Barbosa, 1999; Chudnoff,
1980; CTFT, 1964; Govaerts, Frodin & Radcliffe-Smith, 2000; Radcliffe-Smith, 1991; Radcliffe-Smith, 2001; Schatz, 2001; Tanzania Forest Conservation Group, 2007; van Wyk &

Gericke, 2000.
Sources of illustration Radcliffe-Smith,
1996.
Authors R.H.M.J. Lemmens

ANISOPHYLLEA OBTUSIFOLIA Engl. & Brehmer
Protologue Bot. Jahrb. Syst. 54: 372 (1917).
Family Anisophylleaceae
Vernacular names Msaa-mti (Sw).
Origin and geographic distribution Anisophyllea obtusifolia is endemic to the Usambara
Mountains in Tanzania.
Uses The woodis used for building poles and
tool handles. It is suitable for construction,
flooring, ship building, furniture, cabinet work,
toys, novelties, boxes andcrates. It is also used

as firewood and for charcoal production, and it
is suitable as pulpwood. The twigs are used as
toothbrush. The Washambaa people use the
roots in traditional medicine to treat kidney
complaints.
Properties The heartwood is pale brown
and not distinctly demarcated from the sapwood. The grain is straight, texture moderately
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coarse. Quarter-sawn surfaces show an oaklike silver grain. The wood is moderately
heavy, with a density of 690-850 kg/m? at 12%
moisture content. It is difficult to air dry because it dries slowly and has a tendency to cup
and split. Sometimes it is susceptible to severe
degrade by case hardening and honeycombing.
It takes about 8 monthsto air dry 5 cm thick
boards from 77% to 15% moisture content. The
rates of shrinkage are high, from green to air
dry 3.5% radial and 10.4% tangential. Quartersawing is recommended before drying. The
wood is easy to saw and work, but power demand is quite high. The wood takes a good
finish. It is liable to splitting upon nailing, but
holds nails well. The wood is not durable, about
1.5 years in contact with the ground, and is
susceptible to Lyctus attack. The heartwood is
resistant to impregnation by preservatives.
The sawdust may cause allergic reactions to
mucous membranesandskin.
Botany Medium-sized to large tree up to 45
m tall; bole usually straight, branchless for up
to 18 m, up to 90 cm in diameter; bark surface
smooth to rough, pale grey to brown, inner
bark granular, hard, reddish brown; twigs
whitish or yellowish hairy. Leaves alternate,
simple and entire; stipules absent; petiole very
short; blade elliptical to narrowly elliptical,
0.5-7.5 cm x 0.5—3.5 cm, larger leaves alternating with smaller ones, cuneate to rounded at
base, acute to slightly acuminate at apex, papery, glabrous, with 2—4 lateral veins curving
up from near the base. Inflorescence a spike up
to 4 cm long; bracts lanceolate, up to 6 mm
long. Flowers functionally unisexual, rarely
bisexual, regular, usually 4-merous, small,
sessile; calyx with triangular-deltoid, erect
lobes; petals free, 2-2.5 mm long, 3—5-lobed,
lobes with coiled apices; stamens usually 8,

lea spp. is used for beams in house construction, interior finish, furniture, tool handles,
fence posts, household implements and sliced
veneer.
Ecology Anisophyllea obtusifolia occurs in
evergreen rainforest at about 900 m altitude. It
is locally common.
Genetic resources and breeding Anisophyllea obtusifolia has a very limited area of
distribution and mayeasily become threatened
by exploitation or habitat loss.
Prospects Increased utilization of Anisophyllea obtusifolia in the future is not likely
because of its small distribution area and difficulties in drying its wood. Locally it may remain of some importance, but its exploitation
should be closely monitored to avoid genetic
erosion.
Major references Anonymous, 1962a; Bolza

& Keating, 1972; Lewis, 1956; Lovett et al.,
2007.
Other references Ong, 1998a; Tobe & Raven, 1988; Zhang, Simmons & Renner, 2007.

Authors R.H.M.J. Lemmens

ANNICKIA AFFINIS (Exell) Versteegh & Sosef
Protologue Syst. Geogr. Pl. 77: 95 (2007).
Family Annonaceae
Synonyms Enantia affinis Exell (1926),
Annickia chlorantha auct. non (Oliv.) Setten &
Maas, Enantia chlorantha auct. non Oliv.
Vernacular names African yellow wood,
yellow wood (En). Moambejaune (Fr).
Origin and geographicdistribution Annickia affinis occurs from southern Nigeria to DR
Congo (Province Bas-Congo) and Cabinda (An-

free, glandular at base; ovary inferior, 4-celled,

styles usually 4, fused at base; male flowers
usually with sterile ovary, female flowers with
sterile stamens. Fruit unknown.
Anisophyllea comprises about 30 species and
occurs in Africa, south-eastern Asia and South

America. Based on molecular phylogenetics,
the intercontinental disjunctions appear to
date back about 22 million years and thus
probably result from long-distance dispersal.
Tropical Africa and Asia are richest in species,
each nearly 15, and 2 species have been found
in South America. In tropical Africa most Anisophyllea spp. are shrubs or small trees mainly
known for their edible fruits. In tropical Asia
the hard and durable wood of some Anisophyl-

Annickia affinis — wild
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gola).
Uses The woodof Annickia affinis is used in
house building for poles and planks, and for
joinery, furniture and paddles. It is suitable for
light flooring, interior trim, mine props, ship
building, vehicle bodies, ladders, handles,
sporting goods, toys, novelties, musical instruments, agricultural implements, boxes, crates,

matches, carvings, turnery, veneer, plywood,
hardboard, particle board and pulpwood.
The barkis used for hut construction in Cameroon and Gabon, and also for matting, straps
for carrying baskets, and caps. It yields a
bright yellow dye used for dyeing cotton and
fibre. Various traditional medicines are prepared from the bark. Bark decoctions are taken
to treat fever including malaria, gastric and
duodenalulcers, liver complaints, tuberculosis,
diarrhoea, infections of the urinary tract,
rheumatism and intercostal pain, and are applied externally to treat skin complaints and
fatigue. Bark powder is applied to wounds,
sores and skin ulcers. The bark is reputed to
have aphrodisiac properties to improve male
sexual performance.
Production and international trade The
wood of Annickia affinis has no commercial
value on the international market; it is locally
used for domestic products. In Cameroon it is
classified amongst the promising timber species. On local markets in Cameroon the price of
1 kg of bark is about 2300 FCFA.
Properties The heartwood is greenish yellow to brownish green, gradually turning yellowish brown or dark yellow with age; it is not
distinctly demarcated from the sapwood. The
grain is straight, texture fine. Some figure may
be present on backsawn surfaces. The woodis
medium-weight with a density of 500-560
kg/m at 12% moisture content. It air dries
rapidly and with little degrade. The rates of
shrinkage are moderate, from green to oven
dry 3.5-3.8% radial and about 6.2% tangential.
At 12% moisture content, the modulus of rupture is 87-141 N/mm2, modulus of elasticity
8920-10,000 N/mm?2, compression parallel to
grain 49-53 N/mm?, shear 5—7 N/mm, cleav-

age 9-19 N/mm and Chalais-Meudon side
hardness 1.5—2.4.
Although the woodis relatively soft, it is tough.
It works easily with hand and machinetools,
but splits easily. The wood polishes well and
takes a good finish. It is easy to nail, usually
without splitting, and holds nails firmly. The
wood glues and stains well, and the peeling
and slicing characteristics are good. It is not

durable being susceptible to attacks by fungi,
Lyctus borers, pinhole borers and termites.
Some resistance to marine borers has been
reported. The heartwood is moderately resistant to impregnation, but the sapwood is
easy to treat with preservatives.
Protoberberinesisolated from the bark showed
in-vitro activity against Trypanosoma brucei.
The main alkaloids in the bark are the quaternary protoberberines palmatine, jatrorrhizine
and columbamine. Palmatine and jatrorrhizine
exhibited in-vitro activity against Plasmodium
falciparum comparable to that of quinine.
Methods of purification of palmatine and its
semi-synthetic derivative dl-tetrahydropalmatine from crude bark extracts have been developed by using high-performance displacement
chromatography.
In-vivo tests on rats with brewer’s yeast induced pyresis showed distinct antipyretic activity of bark extracts, supporting the use in the
managementof fever. Bark extracts showedinvitro antimicrobial activity with palmatine
chloride and jatrorrhizine chloride as active
compounds. They also demonstrated anti-HIV
activity. Hydrodistillation of the bark gave
0.2% of a yellowish coloured oil; oxygenated
sesquiterpenes were the major compounds. In
hepatic injury models in rats, a protoberberine
extract from the bark prevented chemically
induced traumatization and promoted the healing process. The bark also contains 7,8-dihydro8-hydroxypalmatine, which showed anti-ulcer
activity in rats with reduced gastric secretion
and improved mucus production. A crude ethanolic extract was more protective against gastric ulcers in rabbits and rats than misoprostol,
a standard drug for treating gastric ulcers.
Bark extracts exhibited inhibitory action on
the gastrointestinal tract of rats and mice, and
reduced the intensity of castor oil-induced diarrhoea. Aqueous bark extracts possess antibacterial properties, with more effect on grampositive than on gram-negative bacteria. The

results of tests on rats suggest that low doses
of bark extract could improve sperm quality. In
toxicity studies in mice, bark extracts showed
no significant damage to the organs. The results obtained suggest the relative safety of
short-term use of preparations such as the
popular antimalarial herbal remedy made from
the bark in southern Nigeria.
A golden-yellow dye was obtained from the
bark by solvent extraction using acetone at a
solute-solvent ratio of 1:25, with 6.2% recovery.
It could be used to dye cellulosic fibre, with
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highest uptake of dye at 80°C. The tensile
properties of the dyed fibre were greatly enhanced, but unmordanted fibre showed low
fastness ratings to washing andlight.
Adulterations and substitutes The wood
of other Annickia spp. such as Annickia polycarpa (DC.) Setten & Maasis similar to that of
Annickia affinis and used for similar purposes.
For the treatment of malaria, the bark is sometimessubstituted by that of Alstonia boonei De
Wild., which appears to be much less efficacious.
Description Small to medium-sized tree up
to 30 m tall; bole branchless for up to 20 m,

usually straight and cylindrical, but sometimes
fluted, up to 80(-90) cm in diameter, some-

times with small buttresses; bark smooth, often with indistinct horizontal folds, brownish
grey to blackish, inner bark fibrous, bright
yellow, with peppery-resinous smell; crown
triangular, tall and thin, with horizontal
branches, curving down towards their tips;

twigs glabrous, green, later blackish. Leaves
alternate, simple and entire; stipules absent;
petiole 2-8 mm long; blade narrowly elliptical

to obovate, 3.5-27 cm X 1.5—9.5 cm, cuneate at

base, acuminate or acute at apex, papery to
slightly leathery, glabrous above, short-hairy
with simple hairs below, pinnately veined with
7-13 pairs of lateral veins. Flowers solitary on
young shoots, bisexual, regular, 3-merous, with
a strong apple scent; pedicel 0.5-1.5 cm long,
short-hairy; sepals triangular, c. 7 mm long,
hairy outside; petals opposite the sepals, ovate,
1.5-3.5 em long, fleshy, short-hairy and greenish yellow outside, glabrous and greenish yellow inside; stamens numerous, 2—3.5 mm long;
carpels numerous, 3-4 mm long, short-hairy,

stigma sessile. Fruit consisting of 3-34 indehiscent, ellipsoid to obovoid follicles 2—3.5 cm
long, red to deep purple or blackish whenripe,
on green to reddish stalk up to 3(-4) cm long,
1-seeded. Seed ellipsoid, 2—2.5 cm long, slightly
warty.

Other botanical information Annickia is
a small genus of 8 species nearly confined to
West and Central Africa, but with one species
endemic to north-eastern Tanzania. Annickia
is characterized by having only 3 petals, which
are opposite the sepals. The relationship with
other genera in the family Annonaceaeisstill
unclear.
Annickia chlorantha (Oliv.) Setten & Maas
closely resembles Annickia affinis and the latter was consideredfor a long time a synonym of
the first. As a result, much of the extensive

literature published under the name Enantia
chlorantha may refer to either of the two species. This is also the case for much of the information in this review, for which the name

Annickia affinis — 1, base of bole; 2, leaf: 8, fruiting branch; 4, seed.
Redrawn and adapted by Achmad Satiri Nurhaman

Annickia affinis has been chosen because Annickia chlorantha is the more rare species with
a smaller area of distribution (southern Nigeria and western Cameroon). Only in Nigeria
Annickia chlorantha seems to be more common
than Annickia affinis. Annickia chlorantha
differs in its usually hairy upper side of the
midrib, its lower leaf surface with many small
2-3-fid hairs, and its carpels with longer hairs.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 42: mean tangential diameterof vessel
lumina 100-200 um; 47: 5-20 vessels per
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square millimetre. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 69: fibres thinto thick-walled. Axial parenchyma: 86: axial
parenchyma in narrow bands or lines up to
three cells wide; 88: axial parenchymascalariform; 92: four (8-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 98: larger rays commonly 4- to
10-seriate; 102: ray height > 1 mm; (104: all
ray cells procumbent); (106: body ray cells procumbent with one row of upright and/or square
marginal cells); 114: < 4 rays per mm; 115: 4—
12 rays per mm.

(N.P. Mollel, P.E. Gasson & E.A. Wheeler)
Growth and development In Gabon ripe
fruits are mainly found in October to February.
They are eaten by monkeys and chimpanzees
that may dispersethe seeds.
Ecology Annickia affinis usually occurs in
the middle story of evergreen and semideciduous forest, up to 650 m altitude. It can
be found in secondary and degraded forest. It
often oecurs on ferralitic soils, which are acidic,
sandy and poor in organic material.
Propagation and planting An inventory in
Cameroon showed that natural regeneration
can be good. In Nigeria germination tests have
been done with ripe follicles. Germination
started after 25-27 days and the germination
rate was 38-69%. Pre-treatment with concentrated sulphuric acid for 5-10 minutesslightly
accelerated germination, starting 23 days after
sowing; the germination rate was up to 66%.
Depulped but further untreated follicles had a
germination rate of 57%, whereas follicles
treated with concentrated nitric acid and hot
waterfailed to germinate. Tests on propagation
by cuttings showed good results, also without
the use of rooting hormones.
Management In Cameroon the number of
larger trees is small, with on average 0.03
boles of over 60 cm diameter per ha and 0.14
m3 of wood volumeperha.
The application of 0.3-0.4 g of compost fertilizer
per seedling increased growthin termsofcollar
diameter, numberof leaves and meanheight.
Harvesting The barkis often not harvested
on a sustainable basis. It is often cut all round

widespread and does not seem to be subject to
overexploitation for its timber. However, demand for the bark for medicinal purposes is
locally high, and this may have serious consequences in the longer term unless sustainable
methods of harvesting are developed and promoted.
The genetic variation has been studied in Nigeria. The number of follicles per fruit differed
widely between regions, and commencement of
germination and germination rate also showed
some variation between provenances. However,
it is not clear whether this referred to Annickia
affinis or Annickia chlorantha, or both.
Prospects Annickia affinis will continue to
provide timber, dye and medicine for local domestic uses. The often small size of the bole
and the low durability of the wood are serious
drawbacks to increased usage as a timber tree.
More information is needed on its natural regeneration and on growth rates. The usage of
the bark for medicinal purposes will remain
important. Several applications in traditional
medicine are supported by the results of pharmacological research, especially in the treatment of malaria,

gastric ulcers,

liver com-

plaints and diarrhoea, and this may be a basis
for drug development. Research should also
focus on sustainable methods of bark harvesting. Correct identification of the specimens
used for research is important and should be
well documented to avoid confusion between
Annickia affinis and Annickia chlorantha, and
possibly other Annickia spp., which is common
in the literature until present.
Major references Adesokan et al., 2008;
Bolza & Keating, 1972; Burkill, 1985; Gbadamosi, 2005; Gbadamosi & Oni, 2004; Siminialayi & Agbaje, 2004a; Siminialayi & Agbaje,
2004b; Takahashi, 1978; Versteegh & Sosef,
2007; Vivien & Faure, 1985.
Other references Adesokan, Akanji & Yakubu, 2007; Adetuyi et al., 2005; Agbaje &
Okubadejo, 2004; Gbadamosi, 2006; Gbadamosi
& Oni, 2005; Keay, 1989; le Thomas, 1969;

Moodyet al., 2007; Neuwinger, 2000; Ngenang
et al., 2005; Nyasse et al., 2002; Raponda-

Walker & Sillans, 1961; Sallenave, 1964; Tan
et al., 2000; Tan et al., 2002; van Setten &

the bole, and sometimes the tree is even felled

Maas, 1990; Vennerstrom & Klayman, 1988;

to collect the bark.
Handling after harvest Logs should be
treated with preservatives immediately after
harvesting because they are susceptible to attack by blue stain fungi.
Genetic resources Annickia affinis is fairly

Virtanen, Lassila & Soderstrom, 1993; White &

Abernethy, 1997; Wilks & Issembé, 2000.
Sources of illustration Versteegh & Sosef,
2007; White & Abernethy, 1997; Wilks & Is-

sembé, 2000.
Authors V.A. Kémeuzé & B.A. Nkongmeneck
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ANNICKIA POLYCARPA (DC.) Setten & Maas
Protologue Taxon 39: 676 (1990).
Family Annonaceae
Chromosome number 2n = 16
Synonyms Enantia polycarpa (DC.) Engl. &
Diels (1901).
Vernacular names African yellow wood,
yellow wood (En). Moambejaune(Fr).
Origin and geographic distribution Annickia polycarpa occurs from Sierra Leone east to
Nigeria and western Cameroon.
Uses The woodof Annickia polycarpa is used
for house building, light flooring, interior trim,
joinery, furniture, cabinet making, musical
instruments such as xylophones, tool handles,
ladders, paddles, shovels, toys, novelties, boxes,
crates, canoes, carving and turnery. It is suitable for ship building, veneer and plywood.
The bark is extensively used for hut construction in West Africa, especially in Côte d'Ivoire
and Ghana. It yields a bright yellow dye used
for dyeing cloth, leather, mats, cotton and palm
fibre. In southern Nigeria the fibrous bark is
used for making cups. Various traditional medicines are prepared from the bark. In Côte
d'Ivoire, a bark decoction is used as an antiseptic to treat sores, ulcers, leprosy and ophthalmia, whereas the Guéré people use a bark extract in arrow poison. In Liberia and Nigeria
the bark is used for the treatment of skin infections and sores. In Sierra Leone bark decoctions are applied to ulcers and taken to treat
jaundice. Bark decoctions are widely used to
treat fever including malaria and to promote
woundhealing.
Production and international trade The
wood of Annickia polycarpa has no commercial

value on the international market; it is locally
used for domestic products.
Properties The heartwood is bright yellow,
gradually turning brown with age; it is not
distinctly demarcated from the sapwood. The
grain is straight, texture fine. The wood has
lustrous surfaces. It is medium-weight with a
density of about 580 kg/m? at 12% moisture
content. The rates of shrinkage are low, from
green to oven dry 2.1—3.0% radial and 3.6—5.0%
tangential.
At 12% moisture content, the modulusof rupture is 98 N/mm?, modulus ofelasticity 12,350

N/mm?, compression parallel to grain 47 N/mm2,
Janka side hardness 4625 N and Janka end
hardness 8045 N.
Although the woodis soft, it is tough. It works
easily with hand and machine tools, but splits

easily. The wood polishes well and takes a good
finish. It is easy to nail, usually without splitting, and holds nails firmly. The wood glues
and stains well, and the peeling andslicing
characteristics are good. It is not durable being
susceptible to attacks by fungi, Lyctus borers,
pinhole borers, termites and marine borers.
The heartwood is moderately resistant to impregnation but the sapwood is easy to treat
with preservatives.
The bark and leaves contain manybiologically
active alkaloids, most of them with an isoquinolic structure such as berberine and protoberberines. These compounds are probably
responsible for the remarkable antitrypanosomal activity demonstrated in experiments.
Quinine and dihydroquinidine have been isolated from the bark; this supports the traditional use against malaria in West Africa. Bark
extracts showed antibacterial activity against
Bacillus subtilis, Staphylococcus aureus and
Klebsiella pneumoniae. The berberine alkaloids
are responsible for the dyeing characteristics of

the bark.
Adulterations and substitutes The wood
of Annickia affinis (Exell) Versteegh & Sosefis
similar to that of Annickia polycarpa and used
for similar purposes.
Description Small to medium-sized tree up
to 20 m tall; bole usually straight and cylindrical, up to 40 cm in diameter, without buttress-

es; bark smooth to slightly rough or fissured,
green to blackish, inner bark fibrous, bright
yellow; crown often small with horizontal
branches; twigs glabrous, pale brown. Leaves
alternate, simple and entire; stipules absent;

petiole 3-8 mm long; blade narrowly elliptical
Annickia polycarpa — wild

to obovate, 5-27 cm X 2—8 cm, cuneate at base,
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is characterized by having only 3 petals, which
are opposite the sepals. The relationship with
other genera in the family Annonaceaeis still
unclear.
Annickia ambigua (Robyns & Ghesq.) Setten &
Maas (synonym: Enantia ambigua Robyns &
Ghesq.) resembles Annickia polycarpa, but
differs in slightly smaller flowers and shorter
stiped follicles. It is a small tree up to 87-12) m
tall with bole up to 30 cm in diameter, occur-

ring in southern Gabon, western Congo and
western and central DR Congo. The woodresembles that of Annickia polycarpa and is used
for similar purposes. The bark is used for treating woundsand as a dye.
The wood and bark of Annickia lebrunii
(Robyns & Ghesq.) Setten & Maas (synonym:
Enantia lebrunii Robyns & Ghesq.) are reportedly used for the same purposes. Annickia
lebrunii is a small tree up to 10(-20) m tall
with bole up to 25(—90) cm in diameter, occur-

ring in Gabon (1 collection) and eastern DR
Congo. Its wood is medium-weight, with a density of about 540 kg/m? at 12% moisture content.

Annickia polycarpa — 1, flowering twig; 2, flower;
8, fruit.
Redrawn and adapted by Isaac Ossei Agyekumhene
acuminate at apex, leathery, minutely hairy
above, short-hairy with stellate hairs below,

pinnately veined with 8-13 pairs of lateral
veins. Flowers solitary on young shoots, bisexual, regular, 3-merous; pedicel 1—2(-2.5) cm
long, short-hairy; sepals triangular, 1-2 cm
long, hairy outside; petals opposite the sepals,
elliptical, 2.56-3.5 cm long, fleshy, densely hairy
and green outside, glabrous and yellow inside;
stamens numerous,

38—-3.5 mm long; carpels

numerous, 2.5-3 mm long, hairy, stigma sessile. Fruit consisting of 5-55 indehiscent, ellipsoid to obovoid follicles 2-2.5 cm long, red to
blackish when ripe, on reddish stalk up to 6 cm
long, 1-seeded. Seed oblong to obovoid, slightly
warty. Seedling with epigeal germination; hypocotyl 8-12 cm long, swollen at base, hairy,

epicotyl 3-10 mm long, hairy; cotyledons remaining within the seed coat, leafy; first leaves
opposite.
Other botanical information Annickia is a
small genus of 8 species nearly confined to
West and Central Africa, but with one species
endemic to north-eastern Tanzania. Annickia

Annickia kummerae (Engl. & Diels) Setten &
Maas (synonym: Enantia kummerae Engl. &
Diels) is a medium-sized tree up to 30 m tall
endemic to rainforest in north-eastern Tanzania. The wood is used for poles, implements
and tool handles, and as firewood. The bark is
used to dye mats yellowish and to treat
wounds. Bark extracts showed strong antiplasmodial activity as well as moderate antitrypanosomal and antileishmanial activities.
Annickia kummerae is classified as endangered
in the IUCN Red List.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 42: mean tangential diameter of vessel
lumina 100-200 um; 47: 5-20 vessels per
square millimetre. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 69: fibres thinto thick-walled. Axial parenchyma: 86: axial
parenchyma in narrow bands or lines up to
three cells wide; 88: axial parenchyma scalariform; 89: axial parenchyma in marginal or in
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seemingly marginal bands; 92: four (3—4) cells
per parenchyma strand. Rays: 98: larger rays
commonly 4- to 10-seriate; 102: ray height > 1
mm; (103: rays of two distinct sizes); 104: all
ray cells procumbent; 106: body ray cells procumbent with one row of upright and/or square
marginalcells; 114: < 4 rays per mm; 115: 4-12
rays per mm.
(N.P. Mollel, P.E. Gasson & H. Beeckman)
Growth and development Flowering occurs from March to August and fruits appear
from December to July. However, in Sierra
Leone flowers have been recorded in November
and fruits from November to February. Ripe
fruits are eaten by monkeys that may disperse
the seeds.
Ecology Annickia polycarpa typically occurs
in the middle story of evergreen and semideciduous forest. It avoids drier forest types,
and is a shade bearer. It can be foundin secondary forest, but does nottolerate forest fires.
Propagation and planting There are about
800 seeds per kg. Germination of seeds usually
starts after 3 weeks, and after about 1 month
the germinationrate is 90—-100%.
Handling after harvest Logs should be
treated with preservatives immediately after
harvesting because they are susceptible to attack by blue stain fungi.
Genetic resources Annickia polycarpa is
fairly widespread and there are no indications
of overexploitation, and therefore it does not
seem to be threatened by genetic erosion.
Prospects Annickia polycarpa will continue
to provide timber, dye and medicine for local
uses. The usually small size of the bole and the
low durability of the wood are serious drawbacks to increased usage as a timber tree. Several pharmacological properties deserve more
research attention for potential drug development, especially the antitrypanosomal, antimalarial and antibacterial activities of the bark.
More information is needed on natural regeneration and growth rates of Annickia polycarpa.

thorne, 1995; Irvine, 1961; Keay, 1989; Lovett
et al., 2007; Malebo et al., 2009; Neuwinger,

1998b; Oliver-Bever, 1986; Savill & Fox, 1967;
van Setten & Maas, 1990; Verdcourt, 1971.

Sources of illustration Versteegh & Sosef,
2007.
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ANOGEISSUS LEIOCARPA (DC.) Guill. & Perr.
Protologue Fl. Seneg.tent.: 280, t. 65 (1832).
Family Combretaceae
Chromosome number 2n = 24
Synonyms Anogeissus schimperi Hochst. ex
Hutch. & Dalz. (1927).
Vernacular names N’galama, African birch
(En). N’galama, bouleau d’Afrique (Fr).
Origin and geographicdistribution Anogeissus leiocarpa occurs from Senegal to Eritrea
and Ethiopia, south to DR Congo. In Benin the
tree is occasionally planted near villages for its
dye and in Burkina Faso and Mali plantations
have been planned.
Uses In West Africa, the leaves are used in
the oldest African traditional dyeing process of
cotton textiles knownas ‘basilan’, a term particularly used by the Bambara and Malinké of
the Mandé group of people. In general the
Mandé people first weave cotton into rather
narrow strips of cloth which are sewn together
in larger units that are used to makeclothes.
Basilan, a Bambara word, means ‘serving to

obtain a result’, referring in this case to a plant
which serves for colouring. Cloth dyed with a
decoction of the plant is called ‘basilanfini’,
‘fini’ meaning ‘cloth, textile’. The colouring
agents of plant origin used in basilan dyeing

Major references Atindehou et al., 2004;

Bolza & Keating, 1972; Burkill, 1985; Cooper &
Record, 1931; Hawthorne & Jongkind, 2006;
Kryn & Fobes, 1959; Neuwinger, 1998a; OtengAmoako (Editor), 2006; Takahashi, 1978; Ver-

steegh & Sosef, 2007.
Other references Ajali, 2000; Aubréville,
1959b; de Koning, 1983; de la Mensbruge, 1966;

Eastern Arc Mountains & Coastal Forests
CEPF Plant Assessment Project Participants,
2006; Fouarge, Sacré & Mottet, 1950; Haw-

Anogeissus leiocarpa — wild
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impart a yellow, ochre or ochre-red colour to
cotton and as the plants used are rich in tannins they also play a role as mordants. Dyers of
the Sénoufo people of Mali and northern Côte
d'Ivoire use decoctions of leaves of Anogeissus
leiocarpa (n’galama), Terminalia macroptera
Guill. & Perr. (wôlô, Combretaceae), Lannea
microcarpa Engl. & K.Krause (n’peku, Anacardiaceae) or Sorghum bicolor (L.) Moench
(gajaba, a cultivar with red leaves, Poaceae), to
which sometimes traditional potash or ash
obtained from the leaves of Adansonia digitata
L. (baobab, Bombacaceae) is added, as a dye
bath for the traditional ‘red cloth of Korhogo’.
The Hausa people of northern Nigeria use the
leaves of Anogeissus leiocarpa similarly. In
Mali cotton cloth dyed yellow or ochre-yellow
with Anogeissus leiocarpa and Terminalia
macroptera is used particularly to dress newly
circumcised boys and excised girls because of
its antimicrobial activity. The dress of ‘wisdom
holders’ (hunters, seers, mask masters) is generally coloured ochre-red with Lannea microcarpa on a yellow background made with Anogeissus leiocarpa. Since 1990, the local and
international successof basilan textiles has led
to the development of a modern basilan industry thanks to the innovative efforts of the
N’domo (‘Centre for the Conservation of Traditional Arts’, branch of the Kasobané Group in
Ségou, Mali).
‘Bogolan’ is another traditional dyeing technique, developed from basilan, and deeply rooted in Mali. ‘Bogo’ means ‘earth, mud’, so bogolan means ‘obtaining a result with mud’ and
‘bogolanfini’ ‘cloth dyed with mud’. In this
technique a pattern is drawn with iron-rich
mud on a background dyedfirst using the basilan technique. The mudreacts with the basilan
dye creating a black colour. Several bogolan
styles exist. Bambara people draw the patterns
with mud andthese turn black when they react
with the basilan-impregnated cloth. Sheyna
people (Korhogo, Côte d'Ivoire) do it the other
way round; they first draw the design with
basilan, usually passing several layers of the
decoction over the lines and surfaces of the
pattern and then they either draw again on the
designs with a last layer of liquid mud applied
with a brush made of palm-tree stem or they
plunge the whole cloth into a bath of diluted
mud. Where the mud comes into contact with
the design traced with basilan on the tissue,
black patterns are formed and fixed into the
cloth while the mud washes out from the rest
of the surface, leaving a white ground in the

natural colour of cotton. The designs obtained
on bogolan bear special meanings or messages,
and the most elaborate compositions are found
in Mali in the regions Bélédougou (Kolokani),
Fadougou (Banamba), Pondo (south of Djenné)
and Bendougou (Bla). In these regions it is
mostly the women who practise the bogolan
technique, following the ancient procedures
inherited from their ancestors. The themes of
the designs, especially those of the loincloths
from these districts, relate to local cultures and
communities, their history, fashions, myths,
family events, the hierarchy of social groups,
and some are also endowed with protective
powers. This dyeing technique, formerly only
applied by women on special family occasions,
has evolved during recent years to become an
important branch of the craft economy in Mali.
Dyeing with Anogeissus leiocarpa has even
becomea full-time occupation for many people.
The bark, leaves and roots of Anogeissus leiocarpa also serve for traditional tanningof hides
to leather, particularly those of goats in parts
of northern Niger. The leaves colour the leather yellow. The bark yields a gum usedin leather-working because of its adhesive properties.
The ash of the leaves and the bark are used as
mordants to improve the fastness of many other dyes and in the indigo dyeing process to
maintain the necessary alkaline pH. The
leaves are sometimes used as fodder for small
ruminants.
The wood of Anogeissus leiocarpa is an excellent fuel and yields good charcoal. In the whole
Sahel region fuel has become so scarce that
even these useful trees are being sacrificed.
The wood, called ‘kane’ in trade, is hard and
much used for piles and rafters in house construction, for agricultural implements, tool
handles and occasionally in cabinet making. In
2002 the Ministry of Economic Affairs in Mali
encouraged woodcarvers to use local instead of
imported wood, which further increased the
use of Anogeissus leiocarpa wood. Woodash
from this tree is used in northern Nigeria to
dehair skinsin preparation for their tanning.
The bark, leaves and roots are used in tradi-

tional medicine for humans and animals. They
have antimicrobial and anthelmintic activity
and are usually taken as decoctions. A decoction of the leaves or leafy twigs is used against
yellow fever, jaundice, different kinds of hepatitis, common cold and headache. In Burkina

Faso powdered bark and a bark decoction are
used to treat wounds, eczema, psoriasis, anthrax, carbuncles, boils and several kinds of
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ulcers. The bark decoction is also known as a
muscular tonic. In Niger a leaf decoction is
applied against haemorrhoids and skin diseases. The bark and the exuding gum prevent and
cure dental caries and toothache and are commonly used in Africa. The gum, fairly soluble
in water, is chewed andin northern Nigerit is
considered the best chewing gum substitute for
gum arabic. In Ghana and Nigeria the roots
are used and traded as chewingsticks. In Céte
dIvoire the fleshy roots are used against labour pains and in Burkina Fasoto accelerate
wound healing. The seeds have a wide bactericidal and fungicidal activity in humans and
animals. Anogeissus leiocarpa is a graceful
ornamental avenue and shadetree of the drier
regions and could also be used for reforestation. In Eritrea it is planted to stabilize river
banks. In Burkina Faso Anogeissus leiocarpais
a highly esteemed and respected holy tree,
named‘siiga’, meaning‘the soul’.
Production and international trade Traditional bogolan cloth started being commercialised on a fairly small scale in Mali in the
1970s, mostly by women from the districts Kolokani, Banamba, San, Djenné and Ségou who
were seeking to increase the family income.
This commercial development really started to
become more important in the 1980s, and since
then several centres of big scale bogolan cloth
production have emerged, e.g. the town of San.
Between 1980 and 2004, trade in clothes and

hangings decorated in the bogolan technique
has boomed and thesetextiles are now exported in large quantities all over the world. The
craft is most thriving in Mali, where Bamako
and Mopti have become commercial centres for
the export of bogolan cloth to Senegal, Ghana,
South Africa, Europe (France, Germany, Switzerland, Belgium), Asia (Japan) and America
(United States, Canada). The bogolan industry
has spread to neighbouring countries; after
Mah, Burkina Faso and morerecently Senegal,
Côte d'Ivoire and Niger have also started producing bogolan cloth on a largescale.
In the early 1990s it became fashionable in
Mali to wear cotton clothes decorated using the
bogolan technique. So production for local use
was added to export production and at present
in the town centres many women’s associations
practise bogolan dyeing as a source of professional income, which is also attracting more
and more male craftsmen.
Bogolan cloth production and trade requires
the harvesting and processing of huge quantities of leaves of Anogeissus leiocarpa. In Ségou,

an important workshop where 15 artists work
used about 1500 kg of dry leaves in 2004, allowing more than 5000 m? (or 1800 kg) cloth to
be dyed. The total demandfor leaves in Ségou
is estimated at 6000 kg, corresponding to more
than 20,000 m2 dyed cloth. During recent years
Bamako exported about 520 t of dyed cloth
annually. This corresponds with 4380 t dried
leaves, estimated to be about 20% of the total
quantity used in Mali.
Bark of Anogeissus leiocarpa has been exploited for cosmetic purposes in Burkina Fasosince
2000, initiated by the French cosmetic industry
in collaboration with the population of Koro
village. A plantation of 1800 trees (5 ha) is
being planned for the production of bark to
supplement production from wild trees.
Properties The leaves of Anogeissus leiocarpa contain ellagic, gallic and gentisic acids,
derivatives of gallic and ellagic acid and several flavonoids (derivatives of quercetin and
kaempferol). The high concentration (up to
17%, based on dry matter) of hydrolysable tannins (gallic and ellagic acid derivatives) explains the usefulness of Anogeissus leiocarpa in
the bogolan technique. Cloth impregnated with
the leaf extract helps to fix other colours (e.g.
the brown-red obtained by the bark of Lannea
microcarpa), Anogeissus leiocarpa acting as a
very efficient mordant on cotton for other natural dyes.
The majority of the medicinal uses of Anogeissus leiocarpa are likely to be based on its tannin content. No experimental data on their
non-toxicity appears to have been published
but the popular use of giving the bark decoction to drink to new-born infants is of interest
in this connection.
The bark contains nearly no flavonoids but is
rich in derivatives of ellagic acid (2.5-5% of the
dry matter) and contains the polyalcohol sorbitol, terpenoids (o-amyrin, B-amyrin and fsitosterol) and traces of alkaloids. Six molecules of ellagic acid derivatives were observed
and four of them were isolated and characterized. These molecules are 3,3’,4’-tri-O-methylflavellagic

acid,

3,3’-di-O-methylellagic

acid,

tri-O-methylellagic acid and 3,3’-di-O-methyl-4B-O-xylopyranosyl-ellagic acid. These derivatives are good antioxidants acting as scavengers of free radical oxygen and asprotectors of
DNA from injury by alkylating agents. They
are anti-inflammatory and anti-allergic agents
and have anticarcinogenic and antimutagenic
activities. Research has shownthat the ellagic
acid derivatives show an inhibition of certain
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enzymes of the metalloproteinase type in several types of cellular skin cultures and retard
the degradation of collagen. This research resulted in the elaboration of a substance named
‘anogelline’ which is now used in some cosmetic
skin creams madein France.
Extracts of stem and root bark and of the
leaves showed antifungal activity against a
numberof pathogenic fungi. Moderate antibacterial activity of the bark was also demonstrated. Chewing sticks made of Anogeissus leiocarpa showed strong activity against a wide spectrum of bacteria, including some contributing
to tooth-deterioration. Anogeissus leiocarpa
extracts exhibited in-vitro activity against
chloroquine-resistant Plasmodium falciparum
strains.
The gum of Anogeissus leiocarpa contains amino acids (glutamic acid, aspartic acid, alanine,

glycine) as well as 20% of a polysaccharide. On
hydrolysis the polysaccharide gives 12% Dxylose, 32% L-arabinose, 5% D-galactose, 2%
D-mannose and 20% oligosaccharides (with
traces of rhamnose, ribose and fucose).
The wood is heavy and hard. The heartwoodis
dark brownto black and distinctly demarcated
from the whitish yellow sapwood. The density
is 720-1200 kg/m? at 15% moisture content.
The grain is wavy or interlocked, texture fine.
The shrinkage rates are small. The wood airdries slowly but easily, and kiln drying is rapid. Slight checking and endsplitting mayoccur,
as well as moderate bending and twisting. The
wood is moderately easy to saw, but difficult to
plane, mortise and bore. It finishes and polishes well andis easy to turn and glue, but nailing
is difficult. It is rather resistant to powder-post
beetles and termites, but not to marineborers.
It is extremely resistant to preservatives.
Adulterations and substitutes In regions
where Anogeissus leiocarpa is rare or absent,
two other plant species can be used as a substitute for the bogolan technique. The leaves of
Combretum glutinosum Perr. ex DC. (tyangara,
cangara, Combretaceae) can be used or, when
these are not available, the twigs of Hexalobus
monopetalus (A.Rich.) Engl. & Diels (fuganyé,
Annonaceae). Although these two species are
less appreciated than Anogeissus leiocarpa,
they can be used in a similar way for dyeing.
The leaves of Combretum glutinosum contain
ellagic and gallic acid derivatives and flavonoids like Anogeissus leiocarpa while the chemical components of Hexalobus monopetalus are
different.
Description Evergreen shrub or small to

Anogeissus leiocarpa — 1, flowering branch; 2,
infructescence;8, fruit.
Redrawn and adapted by Iskak Syamsudin
medium-sized tree up to 15(—80) m tall, with
straight, slightly grooved bole up to 1 m in diameter and open crown with gracefully drooping, pubescent branches; bark grey to mottled
pale and dark brown,scaly, flaking off in rectangular patches, fibrous, exuding a dark gum.
Leaves alternate to nearly opposite, simple and
entire; stipules absent; petiole 1-6 mm long;

blade ovateto elliptical or ovate-lanceolate, 2—
10 cm X 1-4 cm, base cuneate or obtuse, apex

obtuse or acute, densely silky hairy when
young, lateral veins in 4-8 pairs, prominent
beneath. Inflorescence an axillary or terminal,
usually solitary globose head 0.5—2 cm in diameter; peduncle up to 2.5 cm long, bearing 2
pairs of deciduous bracts. Flowers bisexual,
regular, 5-merous, pale yellow, fragrant; receptacle stalk-like, 3-4 mm long; sepals connate
into a lobed campanulate cup c. 1 mm high;
petals absent; stamens10, filamentsfiliform, c.
3 mm long, anthers cordate; ovary inferior, 1-

celled, rusty hairy above the middle, style simple, filiform. Fruit a rounded samara 4—10 mm
x 6-11 mm X 2-2.5 mm, with 2 wings, yellowish to reddish brown,shortly beaked, 1-seeded,
packed horizontally into dense cone-like infructescences 1-2 cm in diameter. Seed ovoid-
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fusiform, c. 3 mm X 2 mm.
Other botanical information Anogeissus
comprises 8 species, 5 of which occurin tropical
Asia, 2 in Arabia and 1 in tropical Africa. The
genus seems mostclosely related to Conocarpus, which differs by its flower heads arranged
in panicles, usually 5 functional stamens and
fruits without beak.
Indian sumach (Anogeissus latifolia (Roxb. ex
DC.) Wall. ex Guill. & Perr.) contains tannins
and flavonoids similar to those of Anogeissus
leiocarpa and is similarly used for tanning
hides and dyeing textiles in India, Sri Lanka
and Nepal.
Anatomy Wood-anatomical description (TAWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or

absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small (4-7 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
(42: mean tangential diameter of vessel lumina
100-200 um); (47: 5-20 vessels per square mil-

limetre); 48: 20-40 vessels per square millimetre. Tracheids andfibres: 61: fibres with simple
to minutely bordered pits; 66: non-septate fibres present; 69: fibres thin- to thick-walled;
70: fibres very thick-walled. Axial parenchyma:
(76: axial parenchyma diffuse); 78: axial paren-

chyma scanty paratracheal; 79: axial parenchyma vasicentric; 93: eight (5-8) cells per parenchymastrand. Rays: 97: ray width 1-3 cells;
109: rays with procumbent, square and upright
cells mixed throughout the ray; 115: 4-12 rays
per mm; 116: > 12 rays per mm. Mineral inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells; 139: prismatic crystals in radial alignment in procumbentraycells.
(P. Détienne & E.A. Wheeler)
Growth and development The germination of Anogeissus leiocarpa seeds takes a long
time and seedlings are not easy to obtain. Once
established the plant is slow growing. Normally the tree is evergreen, but due to bushfires
(October-November)it can stay without leaves
for several weeks. Flowering is year-round but
most abundant at the beginning of the rainy
season between January and April. The flowers
have a strong sweet smell. Fruiting is most
abundant between March and May. The in-

fructescences disarticulate when they become
dry and the winged fruits are easily dispersed
by wind.
Ecology Anogeissus leiocarpa is found from
the driest savannato the wetter forest borders,
in wooded grassland and bushland and on
riverbanks where annual rainfall is 200-1200
mm. It often grows gregariously on fertile soil
in moist situations, from sea-level up to 1900 m
altitude.
Propagation and planting Propagation is
by seed, which is light with 140,000—150,000

seeds/kg. Seeds soon lose their viability (within
6 months) and their germinating capacity is
rather low. Up to now Anogeissus leiocarpa is
mainly harvested from the wild, but in Mali
and Burkina Faso commercial cultivation has
started (e.g. a plantation of 5 ha is present in
Koro, Houet Province, Burkina Faso).

Management Anogeissus leiocarpa can be
pollarded and the tree has some ability to coppice. It is very sensitive to fire.
Diseases and pests Anogeissus leiocarpa is
a hardy tree species and noserious diseases or
pests are known.
Harvesting Harvesting of the leaves at the
beginning of the flowering period (January—
February) is preferred, but because thetree is
evergreen, they can be harvested any time of
the year. The best period to harvest the bark is
at the end of the dry season, from the end of
March until the beginning of June, both because of the availability of manpower and of
the optimum concentration and condition for
exploitation of the active principle anogelline
present in the bark. In Burkina Faso ‘good
harvesting practices’ for harvesting bark as
issued by the National Forestry Department
should be followed to limit the damage to the
trees; they include instructions for the use of
adapted utensils and rules for the maximum
quantity of bark that can be harvested (1-1.5
kg fresh bark per tree, corresponding to 0.5—1
kg dry bark). For every harvest a ‘harvest authorisation’, issued by the Regional Environment Direction, is needed, for which tax has to
be paid. Material for export is strictly controlled and needs a phytosanitary certificate.
Yield The annual yield of dry leavesis estimated to be 20-25 kg/tree and of dry bark 0.5—
1 kg/tree. Total annual yield of dry leaves in
Mali for bogolan utilisation is estimated to be
about 2000 t from 100,000 trees.

Handling after harvest The production of
a bogolan cloth is a 4-step process. First comes
the preparation of the iron-rich mud. This is
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done about 2-4 weeks before use. The mud is
collected from the banks of certain rivers, lakes
or ponds and kept in a container. It is stirred
from time to time, adding a bark decoction of
Terminalia macroptera or Piliostigma reticulatum (DC.) Hochst. (nyama, Caesalpiniaceae).
Then the cloth is dyed using the basilan technique, using the leaves of Anogeissus leiocarpa
and sometimes Lannea microcarpa bark. To
prepare the dye bath the leaves are either put
in water in a large cooking pot with a small
amountof baobab ash-lye added and boiled, or
the leaves are just soaked in water without
heating for 2 days. The latter way is preferred
in Ségou (Mali) because the result is as good
and no fuel is needed. The cloth to be dyed is
soaked in the bath and subsequently dried in
the sun. Soaking and drying is repeated several times to obtain a deeper colour, taking care
that the same side of the cloth is always exposed to the sun. The third step consists of
drawing the design on the cloth with the prepared mud, using an iron tool (binyéni’) or a
pen made out of a Borassus leaf stalk (‘kala’).
The black designs on the cloth are created by
the iron salts present in the mud that react
with the yellow or ochre-red basilan dyes rich
in hydrolysable tannins. The mud can be applied several times to obtain a very deep black.
Eventually the cloth is dried, cleaned and
washed. The dry mudsticking to the cloth is
removed by washing in a river; when wateris
scarce the mudis first removed by rubbing and
shaking and then the cloth is washed with
clean water. After drying again, the bogolan
cloth is ready.
In the bogolan technique the bark of Lannea
microcarpa is sometimes used to obtain different colours. If a uniform orange to red-brown
colour is required for the background, the
whole textile can be soaked in the Lannea bark
decoction. Mud is then applied to the cloth to
decorate it with black designs. This can also be
repeated several times to obtain a true black.
Dyeing with Lannea gives reddish colours and
Anogeissus gives yellow colours.
Genetic resources No germplasm collections of Anogeissus leiocarpa are known. In
regions where Anogeissus leiocarpais collected,
the harvesting contributes to the growingscarcity of the tree populations, also becauselittle
rejuvenation appears to be taking place. Formerly Anogeissus leiocarpa occupied whole
forests on fertile soils. At present, Anogeissus
leiocarpa is becoming rarer because land is
being cleared for agriculture, woodis collected

for timber and fuel and the seeds are difficult
to germinate.
Prospects At present, dyeing with vegetable
dyes, mainly based on the use of Anogeissus
leiocarpa leaves, meets the international demand for natural products, allowing whole
families, among which many young people, to
earn a living. Taking into account the importance of Anogeissus leiocarpa in the success of
this type of textile production and trade (the
whole cotton industry benefits from the export
of bogolan cloth), and because most workshop
owners have transmitted their know-how and
trained a generation of young people, it is urgent to ensure a continuing supply of this tree
for the coming years. This can be done in two
ways. First, through careful management of
wild populations of Anogeissus leiocarpa: a
similar protection policy as the one applied in
Mali for some other useful tree species (e.g.
baobab, shea butter tree) could be extended to
this species. A second possibility is cultivation
of Anogeissus leiocarpa. In addition to the
plantations that have been established in
Burkina Faso, propagation trials to renew old
populations are being carried out and paid for
by some dyer artists in Ségou (Mali). Such initiatives deserve support and should be undertaken on a much larger scale. However, longterm investments are difficult to plan, owing to
the fluctuating nature of international fashion
trends.
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1961; Kerharo & Adam, 1974; Liben, 1983;
Malgras, 1992; Neuwinger, 2000; Scott, 1978.
Other references Adam, Echard & Lescot,
1972; Adjanohoun et al., 1986; Aubréville,
1950; Bamidele Sanni & Okor Dorcas, 19838;

Batawila et al., 2005; Bhatt & Saxena, 1979;
Bouquet & Debray, 1974; Cozzi et al., 1995;
Dalziel, 1937; Govindarajan et al., 2004; Keay,
1954a; Majid et al., 1987; Nacro & MillogoRasolodimbi,

1993; Nduji &

Okwute,

1988;

Osawa et al., 1987; Smart et al., 1986; Somé,
Sawadogo & Chauvel, 1983; Taiwo, Xu & Lee,
1999; Viron-Lamy et
Sénécheau et al., 2003.

al.,

2001;

Vonthron-

Sources ofillustration Liben, 1983.
Authors C. Andary, B. Doumbia, N. Sauvan,
M. Olivier & M. Garcia
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ANOPYXIS KLAINEANA(Pierre) Engl.
Protologue Engl. & Prantl, Nat. Pflanzenfam., I-IV Nachtr. 2: 49 (1900).

Family Rhizophoraceae
Chromosome number2n = 64
Vernacular names White oak (En).
Origin and geographic distribution Anopyxis klaineana is widespread, occurring from
Sierra Leone east to the Central African Republic and south to DR Congo and Cabinda
(Angola).
Uses The wood of Anopyxis klaineana, traded in Côte d'Ivoire as ‘bodioa’ and in Ghana as
‘kokote’, is used for heavy construction, heavy
flooring, exterior and interior joinery, panelling, furniture, turnery andsliced veneer. It is
suitable for interior trim, mine props, railway
sleepers, sporting goods, toys, novelties, lad-

The wood is heavy, with a density of 840-980
kg/m* at 12% moisture content, and hard. It air
dries moderately slowly, with high risk of distortion and checking. Proper stacking is needed
to avoid serious twisting. The rates of shrinkage are high, from green to oven dry 6.0—7.2%
radial and 10.0-13.1% tangential. Boards of 2.5
cm thick can be dried to a moisture content of
20% in 6 weeks. Once dry, the woodis unstable
to moderately stable in service.
At 12% moisture content, the modulus of rupture is 131-202 N/mm2, modulusof elasticity
14,300-22,740 N/mm?, compression parallel to

commonly used locally in West and Central
Africa.
Properties The heartwood is dull pale brown

grain 56-82 N/mm?, cleavage 18-40 N/mm,
Janka side hardness 11,800 N and ChalaisMeudonside hardness 5.1—13.4.
The wood is moderately easy to quite difficult
to saw and work; it may require considerable
power. Stellite-tipped saw teeth and tungsten
carbide-tipped cutting tools are recommended.
The wood planes well, although it may have a
tendency of tearing when wavy grain is present. It polishes to a good finish whena filler is
used. Pre-boring is necessary for nailing and
screwing. The gluing andslicing properties are
satisfactory, but the use of the wood for manufacturing plywood is limited by the high tendency of developing splits during drying. The
wood turns well. It is brittle and not very resistant to shocks. It is moderately durable,
being susceptible to fungal attacks, including
blue stain, and dry-wood borers, but quite resistant to termite attacks. The wood is moderately permeable to preservatives.

to yellowish brown or reddish brown, and not

The wood contains about 46% cellulose, 30%

distinctly demarcated from the slightly paler
sapwood. The grain is straight to slightly wavy,
texture rather coarse.

lignin, 15% pentosan, 0.9% ash and 0.02% silica. The solubility is 1.8% in alcohol-benzene,
1.8% in hot water and 15.2% in a 1% NaOH
solution. Some samples studied had a high
content of starch (5-6%), which may explain
the sensitivity of the wood to some insect attacks.
Description Evergreen, medium-sized to
large tree up to 50 m tall; bole branchless for
up to 30 m, usually straight and cylindrical, up

ders,

tool handles,

agricultural implements,

boxes andcrates. It is also used as firewood.
The bark is used in traditional medicine. A
bark maceration is used to treat gonorrhoea,
pounded bark is applied externally against
bronchitis, lung complaints and kidney pain
and on skin infections and wounds, and a bark
preparation is administered as enemato treat
stomach-ache.
Production and international trade Anopyxis klaineana timber has no importance on
the

international

timber market,

but

it is

to 120 cm in diameter, without buttresses or

with low buttresses; bark surface longitudinally fissured, grey to brownish, inner bark thick,
granular, pale orange-pink, rapidly turning
brown, with gritty streaks; crown domeshaped, with few, heavy, ascending branches;

twigs brittle, short-hairy, soon becoming glabrous,

with

numerous

lenticels.

Leaves

in

whorls of (2—-)3(-4), simple and entire; stipules
needle-shaped, 3-7 mm long, fairly long persisAnopyxis klaineana — wild

tent; petiole 0.5-2 cm long, flattened above;
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Other botanical information Anopyxis
comprises a single species. It is related to Macarisia from Madagascar.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
13: simple perforation plates; 23: shape of alternate pits polygonal; 31: vessel-ray pits with
much reduced borders to apparently simple:
pits rounded or angular; 32: vessel-ray pits
with much reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to
vertical (palisade); 42: mean tangential diameter of vessel lumina 100—200 um; 47: 5—20 ves-

Anopyxis klaineana — 1, base of bole; 2, flowering twig; 3, twig with fruits; 4, seed.
Redrawn and adapted by Achmad Satiri Nurhaman
blade oblong to elliptical or obovate, (5—)7—13
cm X (2—)3-5.5 cm, cuneate to obtuse at base,

obtuse to rounded at apex, leathery, glabrous,
pinnately veined with 6-12 pairs of lateral
veins. Inflorescence an axillary cyme up to 5
cm long, greenish short-hairy. Flowers bisexual, regular, usually 5-merous, greenish white;
pedicel 1-2 mm long; calyx campanulate, shorthairy, with tube c. 4 mm long and wide, lobes c.
6 mm long, spreading, persistent in fruit; petals free, spoon-shaped, up to 9 mm long, shorthairy; stamens usually 10, fused into a tube up
to 10 mm long; ovary superior, ellipsoid, c. 3
mm long, densely hairy, usually 5-celled, style
slightly longer than staminal tube. Fruit an
ovoid to obovoid capsule 3-4 cm X c. 2 cm, dehiscing with 5 woody valves, up to 10-seeded.
Seeds slightly curved, flattened, c. 8 mm long,
brownish, with membranous wing c. 2 cm long.
Seedling with epigeal germination; hypocotyl
2.5-6 cm long, epicotyl 1-2 cm long; cotyledons
leafy, shortly stalked, broadly ovate, up to 2 cm
long; first two leaves opposite, subsequent ones
2-3 together.

sels per square millimetre. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 62: fibres with distinctly bordered
pits; 66: non-septate fibres present; 70: fibres
very thick-walled. Axial parenchyma: 76: axial
parenchyma diffuse; 78: axial parenchyma
scanty paratracheal; 80: axial parenchyma
aliform; 81: axial parenchyma lozenge-aliform;
93: eight (5-8) cells per parenchymastrand; 94:
over eight cells per parenchyma strand. Rays:
98: larger rays commonly 4- to 10-seriate; (102:
ray height > 1 mm); 106: body ray cells procumbent with one row of upright and/or square
marginal cells; 107: body ray cells procumbent
with mostly 2-4 rows of upright and/or square
marginal cells; (110: sheath cells present); 115:
4-12 rays per mm. Mineral inclusions: 1386:
prismatic crystals present; 137: prismatic crystals in upright and/or square ray cells; 138:
prismatic crystals in procumbentraycells; 141:
prismatic crystals in non-chambered axial parenchyma cells; 142: prismatic crystals in
chambered axial parenchymacells.
(N.P. Mollel, P.E. Gasson & E.A. Wheeler)
Growth and development The growth of
seedlings is slow; they reach 35-50 cm tall 12
months after sowing. Under good conditions,
plants may reach a height of 200 cm after 2.5
years. Shade leaves may differ considerably
from normal leaves; they are papery with long
hairs. Flowers and fruits can be found
throughout the year, but in West Africa flowering trees are most common in Augustto October and fruits usually ripen in November to
April. The seeds with their large wingare dispersed by wind.
Ecology Anopyxis klaineana occurs from wet
evergreen forest to semi-deciduous forest, but
its abundanceincreases with rainfall. It is often found in rather wet valleys, but also on
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steep rocky hill sites, and occurs up to 800 m
altitude.
Propagation and planting Anopyxis klaineana is said to fruit abundantly every 2-3
years. There are about 35,000 seeds per kg.
Seeds start to germinate 1.5-3 weeks after
sowing. The germinationrateis variable, butis
often recorded to be poor. However, when fresh
seeds are sorted, the germination rate may be
as high as 90%. Seedlings are usually found in
the open or in light shade, and Anopyxis
klaineanais classified as a non-pioneer light
demander. The survival rate of seedlings is
higherin light shade.
Management Anopyxis kiaineana usually
occurs scattered in the forest or in small
groups. In Liberia the average density of trees
with a bole diameter of more than 60 cm has
been recorded to be 0.08—0.16 per ha, and the
total standing stock of trees with a bole diameter above 70 cm has been estimated at 4 million m? at the beginning of the 1980s. In forest
in Cameroon the average density of trees with
a bole diameter of more than 60 cm is 0.06—
0.15 per ha, with an average wood volume of
0.5-1.0 m3/ha. In Gabon the average wood volumeis only 0.12 m%/ha.
Harvesting Theprescribed minimum felling
diameter is 70 cm in Ghana, the Central African Republic and Gabon, and 50 cm in Cameroon. Caution should be taken during harvesting operations because logs maybebrittle.
Handling after harvest Freshly felled logs
should be treated with a preservative or rapidly removed from the forest and processed because the woodis very susceptible to blue-stain
fungi and some insect attacks. They sink in
water and cannot be transportedbyriver.
Genetic resources Anopyxis klaineana is
widespread and although it usually occurs
scattered in the forest and regenerates rather
poorly, it does not seem to be threatened by
genetic erosion at present. It is, however, under pressure by habitat loss and exploitation,
and has been classified as vulnerable in the
IUCN RedList of threatened species.
Prospects Anopyxis klaineana is probably a
timber tree with potential for international
export, although its heavy woodis sensitive to
fungal and insect attacks and often unstable in
service. However, virtually nothing is known
about its growth rates and suitable silvicultural and management practices, and much research is needed to give recommendations for
sustainable production in the natural forest.
Its scattered occurrence limits the production,

and experiments should also focus on possibilities to increase the density of Anopyxis
klaineanain theforest.
Major references Bolza & Keating, 1972;
Burkill, 1997; CIRAD Forestry Department,
2008; de Koning, 1983; Dudek, Förster &
Klissenbauer,

1981;

Keay,

1989;

Oteng-

Amoako (Editor), 2006; Siepel, Poorter & Hawthorne, 2004; Takahashi, 1978; Voorhoeve,
1979.
Other references Aubréville, 1959c; de la
Mensbruge, 1966; Durand, 1978; Hawthorne,
1995; Hawthorne, 1998; Hawthorne & Jongkind,

2006;

Hubert,

undated;

Irvine,

1961;

Kryn & Fobes, 1959; Liben, 1987; Neuwinger,
2000; Normand & Paquis, 1976; RapondaWalker & Sillans, 1961; Sallenave, 1955; Sallenave, 1964; Sallenave, 1971; Tailfer, 1989;
Taylor, 1960; Vivien & Faure, 1985; Wilks &
Issembé, 2000.
Sources of illustration Voorhoeve, 1979;
Wilks & Issembé, 2000.
Authors A.A. Oteng-Amoako & C. Essien

ANTHOCLEISTA GRANDIFLORA Gilg
Protologue Bot. Jahrb. Syst. 17: 582 (1893).
Family Loganiaceae (APG: Gentianaceae)
Synonyms Anthocleista zambesiaca Baker
(1895), Anthocleista keniensis Summerh. (1926).
Vernacular names Cabbage tree, forest

fever tree, forest big-leaf (En). Mkungu-maji,
mtambuu-mwitu (Sw).
Origin and geographic distribution Anthocleista grandiflora occurs from eastern DR
Congo, Kenya and Uganda south to northeastern South Africa and Swaziland. It also

Anthocleista grandiflora — wild
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occurs in Comoros, Mayotte and Madagascar.
As an ornamental, it is sometimes planted in
gardens in southern United States.
Uses The wood (trade name: mutunguru) is
sometimes used for light construction, light
flooring, joinery, interior trim, furniture, crates,

boxes, carvings and vats. It is suitable for veneer, plywood, hardboard, particle board and
pulpwood. It is often used as firewood.
The tree is attractive and is planted for amenity and shade. In DR Congoa leaf decoction is
drunk to treat woundsof teats. Leaf ash mixed
with oil is locally applied for the same problem.
In Tanzania leaf decoctions are taken to treat
malaria, and root decoctions to treat diarrhoea,

asthma, kidney diseases and tapeworm. The
bark is chewed to treat diarrhoea, and in Zimbabwebark decoctions are used as an enema to
treat epilepsy. In South Africa bark decoctions
are taken to treat diabetes, high blood pressure
and venereal diseases. In Madagascar bark
decoctions or infusions are taken or a piece of
bark is chewed to treat diarrhoea and fever. A
bark decoction mixed with baking sodais taken
to treat hepatitis. The leaves are reported to be
a good tonic, although laxative at large doses.
The smokeof burning barkis inhaled to drive
away bad spirits. A piece of root is braided in
the hair as a lucky charm.
Production and international trade The
wood of Anthocleista grandiflora is mainly locally used and rarely traded. The bark and
leaves are popular for their medicinal use and
are found in local markets.
Properties The heartwood is white or pale
brown and indistinctly demarcated from the
sapwood. The grain is straight, sometimes spirally, texture medium to coarse. Radial surfaces show stripe or ribbon figure. The wood is
odourless or smells slightly of peas.
The wood is medium-weight, with a density of
580-640 kg/m? at 12% moisture content. It air
dries well, with occasional checking. The rates
of shrinkage are moderate, from green to oven
dry 3.1-4.0% radial and 5.1-6.5% tangential.
At 12% moisture content, the modulusof rupture is about 79 N/mm?, modulusof elasticity
10,700 N/mm?, compression parallel to grain 46
N/mm? and shear 12 N/mm’.
The wood is easy to saw and work by hand and
machine tools. It finishes and polishes well, but
the use of a filler is needed. The nailing and
gluing characteristics are good. The wood is
rather soft and brittle, but is suitable for veneering. It is perishable, and liable to blue
stain and termite attacks. The sapwood is sus-

ceptible to attack by Lyctus beetles. The
heartwood is moderately resistant to preservatives, but the sapwood is permeable.
The triterpenoids baruol, 3-deacetylmongolenin,
anthocleistone, 6-ketoanthocleistone and lupenone, as well as the coumarin scopoletin and
(+)-de-O-methyllasiodiplodin have been isolated
from the bark and roots. 3-Deacetylmongolenin
was also isolated from the leaves, whereas the

root bark also yielded lupenone and the secoiridoid sweroside. The bark further yielded the
triterpenoids bauerenol,

bauerenone,

6-keto-

bauerenone and grandiflorol, the iridoid glucosides sweroside and erythrocentaurine as well
as grandifloroside and methylgrandifloroside.
The chloroform and carbon tetrachloride soluble fractions of a leaf extract showed significant antibacterial activity against Staphylococcus aureus, Pseudomonas aeruginosa and Bacillus subtilis in vitro. A methanolic leaf extract, however, did not show significant anti-

malarial activity against Plasmodium falciparum in vitro. A methanolic bark extract showed
a marked reduction of the motor activity of
frogs as well as a reduction in the amplitude
and rhythm of heartbeat.
Botany Medium-sized tree up to 25(—35) m
tall; bole straight, up to 55(-100) cm in diameter; bark surface smooth, transversely striate,
pale brown-grey; crown with relatively short
branches. Leaves opposite, clustered at ends of
branches, simple, leaves of a pair unequal;
stipules absent; petiole usually absent, sometimes up to 2 cm long; blade narrowly obovate
to obovate-oblong, 20—70(—120) em x 8—35(—50)
cm, base cuneate to rounded, apex rounded or
nearly acute, margins entire or minutely
toothed, papery, glabrous, pinnately veined
with 8-17 pairs of secondary veins. Inflorescence an erect terminal cyme 15-45 cm
long, glabrous; peduncle up to 25 cm long;
bracts broadly ovate to deltoid, 4-8 mm long,
leathery. Flowers bisexual, regular, fragrant;
pedicel 4-10 mm long; sepals 4, free, orbicular,

0.5-1 em long, fleshy to leathery; corolla tube
2.5-3(—4) cm long, lobes 10—13(—16), oblong to
lanceolate, 1.5-2 cm long, recurved, fleshy,
greenish outside, creamy white inside; stamens
alternating with corolla lobes, inserted at
mouth of corolla, joined at base into a short
ring; ovary superior, ovoid to narrowly ovoid,
7-9 mm long, style 2.5-4 cm long, stigma almost globose, 2-3 mm in diameter. Fruit an

ovoid to ellipsoid fleshy berry 3—4 cm x 1.5—2.5
cm, green, pointed to rounded at apex, slightly
rough, many-seeded. Seeds obliquely ovoid-
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orbicular, c. 2.6 mm X 1.5—2.5 mm, dark brown.
Growth of young trees is rapid, but their water
requirement is high. In southern Africa Anthocleista grandiflora flowers from September
to January, and fruits from January to June.
Anthocleista comprises about 15 species and
occurs in tropical Africa, including Comoros
and Madagascar.
Ecology Anthocleista grandiflora occurs along
rivers in forest areas and open swampylocalities, also in gallery forest, and is common in

high rainfall, mountainous regions, from sealevel up to 2300 m altitude. It does not tolerate
frost.
Management Anthocleista grandiflora can
be propagated by seed, which needs to be harvested when completely ripe; they are cleaned
and dried for later use. Anthocleista grandiflora can also be propagated by root suckers. It
coppiceseasily.
Genetic resources and breeding Anthocleista grandiflora is common throughout its
large area of distribution and is therefore not
threatened by genetic erosion.
Prospects The wood of Anthocleista grandiflora is locally used for light construction and
other purposes where durability is not required. It will remain of local importanceonly.
However, the phytochemical analysesof different plant parts reveal interesting components.
Pharmacological screening of these compounds
is needed.
The long clear bole and the small crown of
large leaves and fragrant flowers make it an
interesting species for gardening purposes.
Major references Bolza & Keating, 1972;

Chikamai et al., undated; Coates Palgrave,
2002; Eloff, 1998; Leeuwenberg, 1961.
Other references Baerts & Lehmann,
2012; Beentje, 1994; Chapelle, 1976; Clarkson
et al., 2004; Gurib-Fakim & Brendler, 2004;
Lovett et al., 2007; Magadula, Mulholland &

Crouch, 2008; Mulhollandet al., 2005; Palmer
& Pitman, 1972-1974; Terashima, Kalala &
Malasi, 1991.

Authors G.H. Schmelzer

ANTHONOTHA FRAGRANS(Bakerf.) Exell &
Hille.
Protologue Bol. Soc. Brot., sér. 2, 29: 39
(1955).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 28

Anthonotha fragrans — wild
Synonyms Macrolobium fragrans Baker f.
(1928).
Origin and geographic distribution Anthonotha fragrans is distributed from Guinea
eastward to DR Congo, and south to Gabon,
Congo and Cabinda (Angola).
Uses The wood, knownas ‘kibakoko’ in Liberia, is used for construction, joinery, crates and
tool handles. It is particularly suitable for
flooring, panelling and furniture.
Properties The heartwood is yellowish
brown to brown with dark brown streaks, and

indistinctly or fairly distinctly demarcated
from the whitish to greyish yellow, about 15 cm
wide sapwood. The grain is usually straight,
texture moderately coarse.
The wood is medium-weight to fairly heavy,
with a density of 600-850 kg/m* at 12% moisture content. In drying it is susceptible to
warping and to mould and blue-stain attacks.
Boards of 2.5 cm thick can be dried to 25%
moisture content in about 50 days. The rates of
shrinkage are moderate, from green to oven

dry 3.4-6.8% radial and 7.3-9.4% tangential.
Once dry, the wood is unstable in service.
At 12% moisture content, the modulus of rupture is (91—-)157-182 N/mm2, modulus of elasticity 10,950-15,400 N/mm2, compression parallel to grain (44-)52-73 N/mm2, shear 8.5
N/mm?, cleavage 17.5 N/mm and ChalaisMeudonside hardness 7.2. The woodis easy to
saw, although saw teeth and cutting edges may
blunt rapidly. Upon sawing, fresh sapwood
exudes a slightly sticky, whitish to creamy
exudate. The wood usually planes and finishes
well. It has a tendency to split upon nailing.
The wood is moderately durable and suscepti-
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ble to fungal attacks, and liable to borer and
Lyctus attacks. In field tests in Liberia, sticks
were rotten after 3 years. The heartwood is
resistant to impregnation with preservatives,
the sapwood moderately resistant.
Description Evergreen or briefly deciduous,
medium-sized to large tree up to 45 m tall; bole
usually straight and cylindrical, branchless for
up to 25 m, up to 130 cm in diameter, often

slightly fluted at base or with small buttresses;
bark smooth to scaly or slightly fissured, yellowish to greyish brown, inner bark fibrous,
pale brownto pinkish or reddish brown; crown
rounded or umbrella-shaped, dense; twigs
rusty brown short-hairy. Leaves arrangedspirally, paripinnately compound with (1—)3—4(—5)
pairs of leaflets; stipules oblong, united, 6-7
mm long, soon caducous; petiole 0.5—1.5(—4) cm
long, rachis (1.5—)5—15(—28) cm long; petiolules
(2—)3—5(-7) mm long; leaflets opposite, elliptical to oblong, up to 18-47) cm X 7(-15) cm,
obtuse to rounded or slightly cordate at base,
rounded to slightly notched, obtuse or shortacuminate at apex, silvery to pale brownshorthairy below, pinnately veined with 12-30 pairs
of lateral veins. Inflorescence an axillary slen-

der panicle up to 30(—40) cm long, brown shorthairy. Flowers bisexual or functionally male,
zygomorphic, 5-merous, with 2 firm, elliptical
bracteoles up to 6 mm X 4 mm at base; pedicel
3-5 mm long; sepals oblong-triangular, up to
3.5 mm long, 2 partly fused, others free, glabrous; petals unequal, 1 large with claw 2.5—4
mm long and deeply lobed lamina 5—6 mm x 4
mm, others small, 1-1.5 mm long; stamens3,
9-10 mm long, rudimentary stamens 6, up to

1.5 mm long; ovary superior, sessile, 3 mm
long, velvety hairy, 1-celled, style about as long
stamens. Fruit an ovoid-ellipsoid to nearly globose pod 5.5-11 cm X 2.5-3.5 cm, pointed at
apex, prominently veined, dark brown shorthairy, 1—3-seeded. Seeds ellipsoid to pyramidal
or lens-shaped, slightly flattened, c. 4 cm x 3
cm, seed coat firm, smooth, dull brown. Seedling with hypogeal germination, with cotyledons remainingin seed coat; epicotyl 7—17(—22)
cm long, with 4—10 scales; leaves alternate,
first leaf with 1 pairof leaflets.
Other botanical information Anthonotha
comprises 17 species and is almost completely
confined to West and Central Africa, only ex-

tending to northern Angola and western Tanzania. Gabon (with 12 species) and Cameroon
(10 species) are richest.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); (27:
intervessel pits large (@ 10 um)); 29: vestured
pits; 30: vessel-ray pits with distinct borders:
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:
gumsand other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:

Anthonotha fragrans — 1, base of bole; 2, flowering twig; 3, flower;4, fruit.
Redrawn and adapted by Achmad Satiri Nurhaman

fibres very thick-walled. Axial parenchyma: 80:
axial parenchymaaliform; 81: axial parenchyma lozenge-aliform; 82: axial parenchyma
winged-aliform; 83: axial parenchyma confluent; 85: axial parenchyma bands more than
three cells wide; 89: axial parenchyma in marginal or in seemingly marginal bands; 92: four
(3-4) cells per parenchyma strand; 93: eight
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(5-8) cells per parenchyma strand. Rays: 96:
rays exclusively uniseriate; 97: ray width 1-3
cells; 104: all ray cells procumbent; (106: body
ray cells procumbent with one row of upright
and/or square marginal cells); 115: 4-12 rays
per mm. Secretory elements and cambial variants: 128: axial canals in short tangentiallines;
131: intercellular canals of traumatic origin.
Mineral inclusions: 136: prismatic crystals
present; 142: prismatic crystals in chambered
axial parenchymacells.
(C. Essien, P. Baas & H. Beeckman)
Growth and development Anthonothafragrans growsslowly. Saplings reached an average height of 1.8 m 4 years after planting. The
trees are often leafless for a short period only;
in Sierra Leone new leaves usually develop in
December—January, in about the same period

of flowering. In Guinea, Côte d'Ivoire and Ghana Anthonotha fragrans flowers in November
December, and ripe fuits are found in January—
April. It has been reported that the seeds are
commonly eaten by animals such as monkeys,
which may seriously limit regeneration. The
roots are associated with ectomycorrhizae and
occasionally also with arbuscular mycorrhizae.
Ecology Anthonotha fragrans occurs most
commonly in evergreen forest but also in moist
semi-deciduousforest, in primary as well as old
secondary forest, up to 800 m altitude. It is
most abundant in sites with acid soils and a
low soilfertility.
Propagation and planting There are 22—
50 seeds per kg. The seeds start germinating
1-6 months after sowing. The germination rate
is usually low, but may be up to 60%. Seedlings
need somelateral shade, which should be slowly reduced. In the nursery seeds and young
seedlings should be protected against rodents,
which commonly eat them. Seedlings are ready
for planting into thefield after one year.
ManagementIn mostregions within its distribution area, Anthonotha fragrans occurs in
low density in the forest, often occurring in
small groups. In Cameroon an average density
of 0.2 stems of more than 15 cm diameter has
been recorded per ha, with an average wood
volume of 0.9 m3/ha. In Gabon Anthonotha
fragrans occurs scattered and is comparatively

Yield In Sierra Leone it has been reported
that a bole of Anthonotha fragrans may yield
12 m3of timber.
Handling after harvest Logs should beremoved from the forest immediately after harvesting or treated with preservatives, to pre-

vent attacks by fungi and borers, to which the
woodis very susceptible. In Liberia it has been
reported that freshly harvested logs sink in
water.

Genetic resources There are no indications
that Anthonotha fragrans is threatened at present, although it is rarely common and usually
occurs scattered in small groups. It has a wide
distribution and in most regions has not been
subject to selective logging.
Prospects In most regions within its distribution area, Anthonotha fragrans has not been
considered a timber tree of commercial importance because it usually occurs in too low
densities in the forest, and its wood is susceptible to fungal attacks and may exudea sticky
substance that may interfere with sawing.
However, it may have good prospects for the
production of general-purpose wood and veneer
when proper methods to overcome these limitations of the wood can be developed. Moreover,
informationis still needed on growth rates and
methods to improve regeneration to be able to
draw conclusions about possibilities for sustainable exploitation from naturalforest.
Major references Awokou & Kouchadé,
2006; Breteler, 2010b; Burkill, 1995; Dudek,
Forster & Klissenbauer, 1981; Durand, 1978;
Hubert, undated; Sallenave, 1971; Siepel,
Poorter & Hawthorne, 2004; Vivien & Faure,
1985; Voorhoeve, 1979.
Other references Akoégninou, van der Burg
& van der Maesen (Editors), 2006; Aubréville,
1959b; Aubréville, 1968; Aubréville, 1970;
Breteler, 2008b; de Koning, 1983; de la Mensbruge, 1966; de Saint-Aubin, 1963; Hawthorne,

1995; Hawthorne & Jongkind, 2006; Keay,
1989; Onguene & Kuyper, 2001; Savill & Fox,
1967; Tailfer, 1989; Taylor, 1960; Wilczek et
al., 1952; Wilks & Issembé, 2000.
Sources of illustration Voorhoeve, 1979;
Wilks & Issembé, 2000.
Authors R.H.M.J. Lemmens

rare, and this is also the case in most countries

in West Africa. However, it has been recorded
as locally commonin Cote d’Ivoire and in Liberia the standingstock of trees of more than 50
cm bole diameter has been estimated at 4.8
million m3, corresponding to 1.2 m%/ha of wood
on average.

ANTHONOTHA MACROPHYLLAP.Beauv.

Protologue Fl. Oware 1: 70, t. 42 (1806).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
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can Republic and Gabonas a vermifuge, and in
DR Congoto treat hernia.
Properties The heartwood is reddish brown
to purplish brown with black streaks, and distinctly demarcated from the whitish to pinkish
sapwood. The grain is usually interlocked, texture medium to coarse.
The wood is heavy with a density of about 870—
960 kg/m* at 12% moisture content. It air dries
slowly and is susceptible to checking andsplitting; best results are obtained with back-sawn
logs. The woodis difficult to saw; to avoid rapid
blunting, tungsten carbide-tipped saw teeth
are needed. It is also difficult to work, but finishes well. The heartwood is durable, but the

Anthonotha macrophylla — wild
Chromosome number 2n = 24
Vernacular names Palissandre d’Afrique,
réré a longs fruits (Fr).
Synonyms Macrolobium macrophyllum (P.
Beauv.) Macbr.(1919).
Origin and geographic distribution Anthonotha macrophylla is distributed from Guinea
westward to the Central African Republic and
DR Congo, and south to Gabon, Congo and

Cabinda (Angola).
Uses The woodis used for houseposts, telegraph poles, carpentry and tool handles. It is
suitable for heavy construction, heavy flooring,
joinery, vehicle bodies, sporting goods, agricultural implements, railway sleepers, vats and

turnery. Stems are sometimes left standing
after land clearing to serve as stakes for yam.
The woodis also used as firewood, and in parts
of Nigeria it is in demand for smokingfish.
The seeds are eaten in Liberia, and they are a
nutritious livestock feed. The leaves are used
in Nigeria to extract a red dye. Edible caterpillars of the genus Platysphinx can be collected
from the leaves. In eastern Nigeria Anthonotha
macrophylla is planted in fallow land to restore
soil fertility. Twigs are split and used for binding.
In Sierra Leone leaf and bark infusions are
drunk as a remedy for jaundice. A leaf poultice
is rubbed on boils to ease pain and induce the
formation of pus. The leaves are used to treat
dysentery and snakebites and a leaf decoction
is drunk to ease toothache. In Liberia a leaf
poultice is applied to burns. In both Liberia
and Nigeria the exudate from the bark is used
as a liniment. In Cote d'Ivoire a bark decoction
is drunk to cure malaria, in the Central Afri-

sapwood is susceptible to Lyctus attack. The
heartwood is highly resistant to impregnation
with preservatives, the sapwood moderately
resistant.
The composition of sun-dried seed meal per 100
g is: water 15.6 g, protein 21.1 g, fat 1.9 g,
crude fibre 5.0 g (Durunna, 2006). Leaves contain tannin andtraces of flavonoids, bark and
roots contain tannin and saponins.
The in-vitro antiplasmodial activity of the ethanol bark extract is moderate.
Botany Shrub or small to medium-sized tree
up to 20 m tall, often straggling with several
stems, rarely liana-like; bole often cylindrical,
up to 60 cm in diameter; bark slightly fissured,
flaking off, greyish, inner bark orange-brownto
red

with

brown

exudate;

crown

spreading;

twigs silvery to pale brown short-hairy. Leaves
arranged spirally, paripinnately compound
with (2-)3(-4) pairs of leaflets; stipules ovateelliptical, c. 2 mm long, soon caducous; petiole
(1-)2-3(-7) cm long, rachis 2.5-11(-16) cm
long; petiolules (4-)5—8(—15) mm long;leaflets
opposite, obovate-elliptical, up to 20(-30) cm x
7(—16) cm, roundedto slightly cuneate at base,
acuminate at apex, silvery to pale brown shorthairy below. Inflorescence an axillary loose
panicle, sometimes some together on knob-like
structures below the leaves, up to 15(-21) cm
long, brown short-hairy. Flowers bisexual or
functionally male, zygomorphic, 5-merous, with

2 firm, elliptical bracteoles up to 8 mm X 6 mm
at base; pedicel 3-8 mm long; sepals ovatetriangular to oblong, up to 5 mm long,2 partly
fused, others free, glabrous; petals unequal, 1
large with claw 3.5—4(—-6) mm long and deeply
lobed lamina 3-4.5 mm X 4-6 mm, others
small, 1-2(—5) mm long; stamens 3, 10-13 mm
long, rudimentary stamens 6, up to 1.5 mm

long; ovary superior, sessile, 3-5 mm long,velvety hairy, 1-celled, style slightly longer than
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stamens. Fruit an oblong pod, sometimes
slightly curved, (8—-)15—26(—34) cm X 5-7 cm,
pointed at apex, prominently veined, brown to
almost black, short-hairy, up to 7-seeded.
Seedselliptical, flattened, 5-6 cm x 3.5—5.5 cm,
seed coat thin, brittle and dull. Seedling with
hypogeal germination; epicotyl 6-8 cm long,
hairy; leaves alternate, first leaf with 2 pairs of

leaflets.
In Nigeria Anthonotha macrophylla is reported
to flower in April—July and October—December,
and to fruit in February and June—September.
In Liberia the fruits burst open towards the
end of the rainy season, which is an indication
for farmers to clear the land and plant rice. In
Côte d'Ivoire fruits are ripe in February—March
and in Gabon in January—February. The seeds
are eaten by colobus monkeys and mandrills.
No nodulation of the roots was observed in
rainforest in Guinea, but the roots are associated with ectomycorrhizae.
Anthonotha comprises 17 species and is almost
completely confined to West and Central Africa, only extending to northern Angola and
western Tanzania. Gabon (with 12 species) and
Cameroon(10 species) are richest.

Anthonotha crassifolia (Baill.) J.Léonard is a
medium-sized to fairly large tree up to 40 m
tall, with bole up to 150 cm in diameter. It is
found from Senegal and Mali to Cameroon,
Gabon and northern Angola. It is very difficult
to distinguish from Anthonotha macrophylla
unless fruits are present. In Guinea the wood
is used for carpentry. In Côte d'Ivoire a leaf
decoction is applied externally to relieve intercostal pain and constipation.
Anthonotha acuminata (De Wild.) J.Léonard is
usually a shrub or small tree, but occasionally
grows as tall as 28 m with a bole diameter of
70 cm. It is recorded from Cameroon, Gabon,
Congo and DR Congo, where its woodis probably used occasionally. Sap of young leaves is
used to treat eye infections and oedema.
Anthonotha gilletii (De Wild.) J.Léonard is a
small to medium-sized tree up to 25(-30) m
tall, with a bole diameter up to 40(—70) cm. It
is recorded only from Congo and DR Congo,
where its wood is probably used occasionally.
Bark decoctions have diuretic properties and
are taken to cure oedema.
Ecology Anthonotha macrophylla is often
common in the understorey of rainforest, including secondary forest, up to 1200 m altitude.
ManagementAfter forest clearing Anthonotha macrophylla often regenerates abundantly
and can becomelocally dominant in secondary

vegetation. There are about 60 seeds per kg.
The seeds start germinating 1-2 monthsafter
sowing. The germination rate is low. The seedlings show little mycorrhiza dependency, but
still inoculation may increase growth and nutrient uptake. In fallow land in Sierra Leone,
the tree survives coppicing and re-sprouts,
resulting in several boles.
Anthonotha macrophylla is suitable for alley
cropping, but for highly acidic soils and soils
with high concentrations of aluminium other
species are better adapted. In commercial forestry in Sierra Leone it is considered a weed; it
proved quite resistant to poisoning by hormonesand sodium arsenite.
Genetic resources and breeding Anthonotha macrophylla is not threatened because it
is widespread and often common, and regenerates abundantly. Several accessions of Anthonotha macrophylla have been preserved in the
gene bank of IITA andin the botanical gardens
of Onne and Ibadanin Nigeria, and Mbalmayo
in Cameroon.
Prospects Research is needed to confirm
that Anthonotha macrophylla could play an
important role in silvo-pastoral systems. As a
timber tree it does not have a bright future as
the bole sizes are too small.
Major references Altieri & Koohafkan,
2004; Bolza & Keating, 1972; Breteler, 2010b;

Burkill, 1995; Raponda-Walker & Sillans,
1961.
Other references Breteler, 2008b; Diédhiou
et al., 2005; Durunna, 2006; Hawthorne & Jong-

kind, 2006; Kanmegne et al., 2000; Lebbie &
Guries, 1995; Nyerges, 1989; Orji & Uzoagba,
2008; Thompson,

1965; Zirihi Guédé et al.,

2010.
Authors C.H. Bosch

ANTHOSTEMA MADAGASCARIENSEBaill.
Protologue Etude Euphorb.: 59-60, 544, t.
5(4-7) (1858).
Family Euphorbiaceae
Origin and geographic distribution Anthostema

madagascariense

occurs

in

Comoros,

Mayotte and eastern Madagascar.
Uses The wood, called ‘mandravoky in Madagascar, is not durable and is used only when
a wood is needed that is easily worked with
hand tools to make small utensils. Because of
its ample availability, it may be a suitable substitute for poplar and is probably suitable for
light carpentry, boxes, crates, rotary veneer,
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maycause eye problems. The seeds are toxic.
Botany Evergreen, monoecious shrub to
medium-sized tree up to 30 m tall, with abundant white latex in all parts; bole branchless
for up to 12 m or more, generally straight and
regular, up to 70 cm in diameter; bark surface
densely fissured, reddish to blackish. Leaves
alternate, simple and entire; stipules small,
soon falling; petiole up to 1.5 cm long, grooved;
blade elliptical to obovate, 5-13 cm x 2.5—5 cm,
cuneate at base, acuminate to obtuse at apex,

Anthostema madagascariense — wild

leathery, glabrous, pinnately veined with 1015 pairs of lateral veins. Inflorescence an axillary cyme with at apex of each cyme-branch a
common involucre composed of 4 small partly
fused bracts with glandular margins, enclosing
a female flower surrounded by involucres, each
containing several male flowers. Flowers unisexual; male flowers with short pedicel, 3—4-

and as a component in blockboard and fibre
board.
The latex is used as glue. In traditional medicine a piece of sugarcane dippedinto the latex
of Anthostema madagascariense is sucked as a
very strong purgative. Smoke from the woodis
reportedly used to drive away animals.
Properties The heartwood is white when
freshly cut, turning pinkish beige upon exposure, and indistinctly demarcated from the
sapwood. The textureis fine and even.
The wood is medium-weight, with a density of
520-610 kg/m? at 12% moisture content. It is
easy to dry with only little deformation. The
rates of shrinkage are moderate, from green to
oven dry 3.1-6.2% radial and 6.7—8.0% tangential. Boards of 2.5 cm thick take 2-3 monthsto
air dry. After drying, the woodis stable in service. At 12% moisture content, the modulus of

rupture is 121-138 N/mm2, modulusofelasticity 9400-11,280 N/mm2, compression parallel to
grain 47-54 N/mm, cleavage 10-17 N/mm and
Chalais-Meudonside hardness 1.6—2.4.
The wood is extremely abrasive in sawing and
should be sawn before drying with a coarsely
toothed, slow-moving blade and with a high
transition speed. In addition the latex sticks to
the blade, requiring continuous watering. The
woodis very difficult to work. It is easy to nail;
it holds nails and screws well. It is easy to glue,
paint, varnish and wax. It may be suitable for
veneer production by peelingif its abrasiveness
does not prove to be excessive. The wood is not
durable, with little resistance against fungi
and insects, and requires preservative treatmentat all stages of processing. It is very easy
to impregnate with preservatives. The latex

toothed perianth and a single stamen; female
flowers short, stout pedicel, 3-4-lobed perianth,
ovary superior, glabrous, 3-celled, styles short,
spreading. Fruit a deeply 3-lobed capsule c. 2
cm in diameter, green, turning brown at dehiscence, with persistent style, 3-seeded. Seeds
ovoid, c. 12 mm long, laterally compressed,
brownish, shiny.
Anthostema is a small genus of 3 species, 2 in
continental Africa and 1 in Madagascar.It is
related to Dichostemma. The whitish wood of
Anthostema senegalense A.Juss. is used in
West Africa for local building purposes, poles
for temporary fences, light carpentry work and
boxes, but the primaryuse of this species is in
local medicine (latex and bark).
Anthostema aubryanum Baill. is a small to
medium-sized tree up to 25 m tall with a bole
branchless for up to 15 m and up to 50 cm in
diameter, occurring from Côte d'Ivoire to Gabon and Congo. Its wood is similar to that of
the other Anthostema spp. and undoubtedly
used for similar purposes, and additionally as
firewood. The latex is used as a drastic purgative, and is applied externally to sores. The
bark is used as a fish poison.
Ecology Anthostema madagascariense occurs
in humid evergreen forest from sea-level up to
900(-1700) m altitude, sometimes in swamps.
It is locally abundant below 500 m altitude.
ManagementThe woodis susceptible to blue
stain attack, and should be converted immedi-

ately after felling or treated with fungicides.
Genetic resources and breeding Anthostema madagascariense is widespread and locally common. There are no indications that it
is in danger of genetic erosion, in spite of the
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fragmentation of the humid evergreen forest in
eastern Madagascar.
Prospects The bole of Anthostema madagascariense rarely has a large diameter and the
wood is difficult to saw and lacks durability.
Therefore, it is likely to remain of limited and
occasionallocal use, mainly for small utensils.
Major references Capuron, 1966d; Guéneau,
Bedel & Thiel, 1970-1975; Rakotovao et al., en
préparation; Sallenave, 1971; Takahashi, 1978.
Other references Boiteau & Allorge-Boiteau,
1993; Burkill, 1994; Neuwinger, 2000; Prenner
& Rudall, 2007; Radcliffe-Smith, 2001; Raponda-Walker & Sillans, 1961; Schatz, 2001;
Schmelzer, 2008; Steinmann & Porter, 2002.

Authors L.P.A. Oyen & D. Louppe

ANTROCARYON KLAINEANUMPierre
Protologue Bull. Mens. Soc. Linn. Paris, n.s.
2: 24 (1898).
Family Anacardiaceae
Vernacular names White mahogany (En).
Bouton d’antilope (Fr). Mongongo(Po).
Origin and geographic distribution Antrocaryon klaineanum occurs from south-eastern
Nigeria east to the Central African Republic and
south to Gabon and DR Congo (Bas-Congo).
Uses The wood, traded from Cameroon and
Gabon as ‘onzabili’, is used for poles in construction, interior joinery, carpentry, moulding,
furniture, boxes, crates, blockboard, veneer and
plywood. It is suitable for light flooring, ship
building, toys, novelties, carvings, hardboard,
particle board and pulpwood.
Theflesh of the fruit is edible with a taste like
sour pears; althoughit is reportedly refreshing,

it is not commonly consumed. The oily seeds
are edible, but difficult to collect from the hard
stone. In Cameroon the bark is used in traditional medicine to treat wounds, chlamydiae
and female sterility, and in Congo as an emetie. In Gabon powdered bark is used to treat
liver complaints and as galactagogue. Roots are
used to treat abdominal and liver complaints.
Production and international trade In
1996/1997 Cameroon exported 15,000 m? of
Antrocaryon logs, but in 1998/1999 only 2200
mè. In 2006 the average price of plywood made
from Antrocaryon klaineanum was US$ 760/m3;

however, the amounts exported were small. In
local markets in Cameroon the price of the
wood is about FCFA 55,000/m:.
Bark is sold in local markets in Cameroon for
medicinal purposes. In 2000 in Yaoundé the
price of 1 kg was about 4000 FCFA.Thefruits
are sold in local markets in Cameroon for about
10 FCFA each. Theyare sold on local markets
in Congo for medicinal purposes.
Properties The heartwood is pinkish white
with darker streaks, darkening to pale brown
upon exposure, and not distinctly demarcated
from the narrow sapwood. The grain is usually
straight, sometimes interlocked, texture medium to rather coarse, even. A brownish mottle

figure is often present at quarter-sawn surfaces.
The wood is medium-weight to heavy with a
density of (550—)620-850 kg/m? at 12% moisture content. It usually air dries rapidly and
with a slight risk of distortion and checking.
The rates of shrinkage are rather high, from
green to oven dry 5.6—5.8% radial and 8.5-8.6%
tangential. Once dry, it is moderately stable in
service.
At 12% moisture content, the modulus of rupture is 122-173 N/mm2, modulus of elasticity
10,780—13,450 N/mm2, compression parallel to

grain 45-63 N/mm2, compression perpendicular to grain 5 N/mm2, shear 6.5 N/mm2, cleav-

age 19-26 N/mm and Monnin side hardness
1.7-4.3.

Antrocaryon klaineanum — wild

The wood saws and workswell, with only slight
blunting effect on sawteeth and cutting edges.
It planes well, but the grain may tear at surfaces. It finishes well, but the use ofa filler is
necessary. The nailing, screwing and gluing
properties are all satisfactory. The wood peels
and slices well. It is not durable, and susceptible to attacks by fungi, termites and Lyctus
beetles. The heartwood is moderately resistant
to treatment with preservatives, the sapwood
is permeable.
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Pulping tests gave satisfactory results for paper production. The wood contains about 45%
cellulose, 21% lignin, 18% pentosan and 1.8%
starch. The solubility is 3.0% in alcohol
benzene, 10.2% in hot water and 19.9% in a 1%
NaOH solution.
Adulterations and substitutes The wood
of Antrocaryon spp. resembles that of okoumé
(Aucoumea klaineana Pierre) and ilomba (Pycnanthus angolensis (Welw.) Warb.), which are
both commonly used for veneer and plywood.
Description Evergreen orbriefly deciduous,
dioecious, medium-sized tree up to 35(—45) m
tall; bole branchless for up to 30 m, straight
and cylindrical, up to 150(-180) cm in diameter, usually without buttresses; bark surface
pale grey to dark grey, longitudinally fissured
and with rectangular scales, with lenticels,

inner bark brittle, fibrous, orange-yellow to
pinkish, with a smell of turpentine; crown hemispherical; twigs thick, angular. Leaves arranged spirally, clustered near ends of branches, imparipinnately compound with 5-8 pairs
of leaflets; stipules absent; petiole and rachis
together 20—40(-50) cm long, reddish, hairy;

Antrocaryon klaineanum — 1, base of bole; 2, part
of flowering branch; 3, fruits; 4, fruit stones.
Redrawn and adapted by Isaac Ossei Agyekumhene

petiolules 2-3 mm long, grooved; leaflets opposite, narrowly ovate to oblong-lanceolate or
oblong-elliptical, 6-16 cm x 2.5—4.5 cm, rounded to slightly cordate and asymmetrical at
base, acuminate at apex, papery, glabrous except sometimes the veins beneath, pinnately
veined with 10-14 pairs of lateral veins. Inflorescence an axillary lax panicle up to 30 cm
long with branches up to 13 cm long, hairy.
Flowers unisexual, regular, 5-merous; pedicel
1—3 mm long,jointed; calyx with lobes c. 1 mm
long, slightly fused at base, short-hairy; petals
free, oblong-ovate, 1.5-2 mm long, reflexed,
short-hairy, yellowish white; stamens 10, c. 1.5
mm long; disk thick and slightly lobed; ovary
superior, depressed-globose, 1-2 mm in diameter, glabrous, 5-celled, styles 5, short; male
flowers with rudimentary ovary, female flowers
slightly larger and with rudimentary stamens.
Fruit a depressed-globose drupe 1.5-2 cm x
2.5-3.5 cm, yellow when ripe; stone slightly 5(—
6)-lobed, 1-1.5 cm Xx 2-2.5 cm, with 5 apical
cavities, 3—4-seeded. Seeds flattened and
curved, c. 1 cm long. Seedling with epigeal
germination; cotyledons oblong, thick and
fleshy; first 2 leaves opposite, imparipinnately
compound.
Other botanical information Antrocaryon
comprises 3 species and occurs from Sierra
Leone east to Uganda.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
27: intervessel pits large (= 10 um); 31: vesselray pits with much reduced borders to apparently simple: pits rounded or angular; 42: mean
tangential diameter of vessel lumina 100-200
um; (43: mean tangential diameter of vessel
lumina > 200 um); 46: < 5 vessels per square
millimetre; 47: 5-20 vessels per square millimetre; 56: tyloses common. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 65: septate fibres present; (68: fibres very thin-walled); 69: fibres thin- to thickwalled. Axial parenchyma: (75: axial parenchyma absent or extremely rare); 78: axial parenchyma scanty paratracheal; 92: four (3-4)
cells per parenchyma strand; 93: eight (5-8)
cells per parenchyma strand; (94: over eight
cells per parenchyma strand). Rays: 97: ray
width 1-3 cells; (100: rays with multiseriate
portion(s) as wide as uniseriate portions); 106:
body ray cells procumbent with one row of up-
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right and/or square marginal cells: 107: body
ray cells procumbent with mostly 2-4 rows of
upright and/or square marginal cells; 115: 4-12
rays per mm. Secretory elements and cambial
variants: 130: radial canals. Mineral inclusions: (136: prismatic crystals present); (137:
prismatic crystals in upright and/or square ray
cells).
(N.P. Mollel, H. Beeckman & P. Baas)
Growth and development Seedlings prefer
full sunlight. In tests in Gabon, seedlings
reached a height of 25-40 cm one year after
germination, 65-85 cm after two years and
110-125 cm after three years. However, seedlings may reach 120 cm tall 16 months after
germination. In Gabon the fruits are ripe from
March to August. Trees may fruit each year.
The fruits are eaten by monkeys, chimpanzees,
gorillas, antelopes and rodents. They are an
important food for all these animal species
because they are usually available by the middle of the dry season when few other fruits are
found. Larger animals serve as dispersers of
the stones because they swallow whole fruits.
Antelopes have been suggested as main dispersers. The base of the bole is often damaged
by elephants, which eat the bark.
Ecology Antrocaryon klaineanum occurs in

ameter produces about 11 m3of timber.
Handling after harvest Logs should be
removed from the forest immediately after
felling for processing, or they should be treated
with preservatives, because they are susceptible to blue stain attack.
Genetic resources In general, larger trees
of Antrocaryon klaineanum occur scattered in
the forest and are uncommon. The dispersal of
the seeds is dependent on large mammals such
as antelopes, chimpanzees and gorillas, and
research in Cameroon showed that intense
hunting pressure in the forest seriously reduces the dissemination of Antrocaryon klaineanum. The species is often found in secondary
forest and does not seem to be threatened at
present, but some monitoring of populations is
needed, especially in Cameroon where it seems
to be most widespread.
Prospects Although Antrocaryon klaineanum has been classified in Cameroon as a
promising timber species (second category),
little information is available. Research on
growth rates and propagation methodsis needed before it can be seriously considered as a
commercial timber producer on a sustainable
basis.
Major references ATIBT, 1986; Bolza &

lowland rainforest below 1000 m altitude, most

Keating,

commonly in humid evergreen forest in regions
with a mean annual rainfall of approximately
1500 mm. It is commonly found in secondary
forest. It has been reported to grow on sandy
and sandy-clay soils, sometimes on ferralitic
soils.
Propagation and planting Stones normally germinate within one month, rarely after 2

CIRAD Forestry Department, 2008; de Saint-

months. However, germination after 1-2 years

has also been reported. The germination rate is
about 25%. Up to 3 seedlings maydevelop from
one stone. In experiments in Gabon, seedlings
did not survive transplanting and propagation
by cuttings was not successful with only one of
283 cuttings developing new shoots.
Management In forest in south-western Cameroon, the average number of Antrocaryon
boles over 60 cm in diameter is 0.08 per ha,
with an average wood volume of 0.6 per ha.
Antrocaryon klaineanum is not cultivated, but
in agroforestry systems with cacao in southern
Cameroon, an average density of 0.4 tree per
ha can be found. In Cameroon the minimum
bole diameter for harvesting is 50 cm.
Harvesting Thefruits are usually collected
from the ground.
Yield A bole of 20 m long and 100 cm in di-

1972;

Bourobou-Bourobou,

1994;

Aubin, 1963; Takahashi, 1978; van der Veken,
1960; Vivien & Faure, 1985; Wang etal., 2007.

Other references Adjanohoun et al. (Editors), 1988; Betti, 2002; Burkill, 1985; Chaudron, 2000; Fougerousse, 1970; Gassita et al.

(Editors), 1982; Keay, 1989; Neuwinger, 2000;
Nkeoua

&

Boundzanga,

1999;

Normand

&

Paquis, 1976; Raponda-Walker & Sillans, 1961;
Tailfer, 1989; Vivien & Faure, 1996; White &
Abernethy, 1997; Wilks & Issembé, 2000.
Sources of illustration Adjanohounet al.
(Editors), 1988; Wilks & Issembé, 2000.
Authors V.A. Kémeuzé & B.A. Nkongmeneck

ANTROCARYONMICRASTERA.Chev. & Guill.
Protologue Bull. Soc. Bot. France 58, Mém.

8: 152 (1912).

Family Anacardiaceae
Chromosome number2n = 24
Origin and geographic distribution Antrocaryon micraster is widespread, occurring from
Guinea and Sierra Leone east to Uganda, and
south to Gabon.
Uses The wood, traded from Céte d’Ivoire as
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7.4-8.0% tangential. Once dry, the wood is
moderately stable in service. At 12% moisture
content, the modulus of rupture is 71-116
N/mm2, modulus of elasticity 10,580 N/mm2,
compression parallel to grain 31-44 N/mm?,
shear 8 N/mm?, cleavage 13 N/mm and
Chalais-Meudon side hardness 1.8.
The wood works and saws well with both hand
and machine tools, with only slight blunting
effect on cutting tools. The nailing and screwing properties are satisfactory. The wood has
good gluing characteristics and takes a fine
polish. It has a low durability and is liable to
fungal, Lyctus and termite attacks. The wood is
easily treated with preservatives. It has high
contents of cellulose, pentosan and starch, but

Antrocaryon micraster — wild
‘akoua’, from Ghana as ‘aprokuma’ and on the
international timber market as ‘onzabili’, is
locally used, mainly for general carpentry,
planks in house building, and furniture. It is
suitable

for

joinery,

interior

trim,

beams,

frames, boxes, crates, light pallets, coffins, veneer and plywood.It is also used as firewood
and for charcoal production.
The flesh of the fruits is locally eaten, and
sometimes it is fermented to prepare an alcoholic drink. The seeds, which are rich in oil, are
also edible and consumedlocally. In traditional
medicine the fruits are taken to relieve pains
in chest and stomach, and to treat toothache
and cough; the fruit juice is applied externally
against lice. The bark is used as an enemato
treat impotence, and in mixtures to treat
threatened abortion.
Production and international trade The
wood of Antrocaryon micraster is mainly used
locally and occasionally traded on the international market. Information on production and
trade statistics indicates that it is only occasionally exported. In 1996 plywood was exported from Ghana at an average price of US$
400/m°.

Properties The heartwood is greyish pink,
becoming reddish brown upon exposure, and
not distinctly demarcated from the greenish to
yellowish white sapwood. The grainis straight,
texture medium. The wood is lustrous, odour-

less and tasteless when dry.
The wood is medium-weight, with a density of
about 520 kg/m? at 12% moisture content. It air
dries rapidly and well with only slight distortion. The rates of shrinkage are rather high,
from green to oven dry 4.8-6.0% radial and

has a low lignin content.
The composition of the seeds per 100 g is: water 3.7 g, protein 10.8 g, fat 70 g, carbohydrate
14.6 g, fibre 2.5 g, ash 0.9 g, Ca 67 mg and P
558 mg. The seeds contain about 70% edible
oil. The main componentsof the oil are linoleic
acid (about 40%), oleic acid (about 30%) and
stearic acid (about 18%). An exceptionally high
content of ascorbic acid (327 mg per 100 g edible portion) has been reportedfor the seeds.
Adulterations and substitutes The wood
of Antrocaryon spp. resembles that of okoumé
(Aucoumea klaineana Pierre) and ilomba (Pycnanthus angolensis (Welw.) Warb.), which are
both commonly used for veneer and plywood.
Description Deciduous, dioecious, medium-

sized to large tree up to 45(-50) m tall; bole
branchless for up to 30 m, straight and cylindrical but often twisted in upper part, up to
130 cm in diameter, usually slightly thickened
at base or with small buttresses; bark surface
grey, fissured and scaly, with lenticels, inner
bark thick, fibrous, reddish with white streaks,

with turpentine smell and exuding a translucent resin; crown spreading; twigs thick, slightly angular. Leaves arranged spirally, clustered
near ends of branches, imparipinnately compound with (4-)5-10 pairs of leaflets; stipules
absent; petiole and rachis together 20-50 cm
long, hairy; petiolules 1-5 mm long, grooved;
leaflets opposite, narrowly ovate to oblonglanceolate or oblong-elliptical, 5-11 cm x 1.5—4
cm, rounded and asymmetrical at base, acuminate at apex, papery, short-hairy on both
surfaces, pinnately veined with 20-30 pairs of
parallel lateral veins. Inflorescence an axillary
lax panicle up to 25 cm long with long branches,
hairy. Flowers unisexual, regular, 5-merous;

pedicel short, jointed; calyx with lobes c. 1 mm
long, slightly fused at base, short-hairy; petals
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Antrocaryon micraster — 1, flowering twig; 2,
leaflet; 8, fruit; 4, fruit stone.

Redrawn and adapted by Achmad Satiri Nurhaman
free, oblong-ovate, 1.5-2 mm long, reflexed,
short-hairy, yellowish white or greenish white;
stamens 10, c. 1.5 mm long; disk thick and
slightly lobed; ovary superior, depressed-globose,
1-2 mm in diameter, glabrous, 5-celled, styles

5, short; male flowers with rudimentary ovary,
female flowers slightly larger and with rudimentary stamens. Fruit a depressed-globose
drupe c. 3.5 cm X 5 cm, yellow whenripe; stone
depressed-globose, slightly 5-lobed, c. 2.6 cm x
4 cm, with 5 apical cavities, 3—4-seeded. Seeds

flattened and curved. Seedling with epigeal
germination; hypocotyl 7-12 cm long, glabrous,
pinkish, epicotyl 10—20 cm long, hairy, whitish;

cotyledons linear-oblong, thick and fleshy; first
2 leaves opposite, imparipinnately compound.
Other botanical information Antrocaryon
comprises 3 species and occurs from Sierra
Leone east to Uganda.
Antrocaryon nannanii De Wild. closely resembles Antrocaryon micraster, apparently differing in its obovoid to globose fruit stone. It occurs in eastern Gabon, Congo, DR Congo and
Cabinda (Angola). The wood, with a density of
510-695 kg/m3 at 12% moisture content, is also

similar and used for joinery, furniture and veneer. It is suitable for fibreboard and particle
board, and for paper production. The oily seeds
are edible. Leaves and bark are used to treat
complaints of liver and digestive organs, and
against cough. Fruit stones are sold in local
markets for medicinal and magical applications.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 27: intervessel pits large (= 10 um); 31:
vessel-ray pits with much reduced borders to
apparently simple: pits rounded or angular; 42:
mean tangential diameter of vessel lumina
100-200 um; 43: mean tangential diameter of
vessel lumina > 200 um; 47: 5-20 vessels per
square millimetre. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
65: septate fibres present; (66: non-septate
fibres present); 68: fibres very thin-walled.
Axial parenchyma: 75: axial parenchyma absent or extremely rare; 78: axial parenchyma
scanty paratracheal; (92: four (8-4) cells per
parenchymastrand); 93: eight (5-8) cells per
parenchyma strand; 94: over eight cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 106: body ray cells procumbent with one
row of upright and/or square marginal cells;
107: body ray cells procumbent with mostly 2—4
rows of upright and/or square marginal cells;
115: 4-12 rays per mm. Secretory elements and
cambial variants: (130: radial canals). Mineral
inclusions: (136: prismatic crystals present);
(187: prismatic crystals in upright and/or
squareraycells).
(N.P. Mollel, H. Beeckman & P. Baas)
Growth and development Antrocaryon micraster is a light demanding species with rapid
seedling growth. Seedlings can reach a height
of 30 cm in 6 weeks and 1.5 m in one year. The
tree is often deciduous from the end of November to the end of January, but flushes of new
leaves appear gradually and continuously until
March. Young leaves are reddish. Flowering of
trees has been recorded from Novemberto July, but in Côte d'Ivoire the main flowering period is March-April. In Ghanafruiting is usually
from April to June, in Nigeria from September
to October, but in Côte d'Ivoire it has been re-

ported that ripe fruits can be found in both
periods. Generally the tree produces fruits profusely and natural regeneration occurs near
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the mother tree. In Guinea fruits are reported
to be abundant once every 3 years. The fruits
are eaten by mammals such as monkeys and
elephants, which may serve as dispersers of
the stones. Chimpanzees may use stones to
break the fruit stones, after which they eat the
seeds.
Ecology Antrocaryon micraster occurs mostly in semi-deciduous forest. In Uganda it is
found in rainforest at 1000-1500 m altitude. It
is susceptible to forestfires.
Propagation and planting Antrocaryon
micraster regenerates well in forest clearings
and canopy gaps. However, seedlings do not
compete well with weeds. There are about 45
stones per kg. Seeds are very difficult to extract from the stones. Seeds may start germinating 2 weeks after sowing, but the start of
germination of stones can take as long as 3
years. The germination rate is often low; in
Cote d'Ivoire it has been reported as 20-30%,

but also as 50-80%. More than one seedling
per stone is common. Propagation can be done
with stumped saplings. Wildlings have been
successfully transplanted to the nursery. They

large bole size. More research is needed on
appropriate management systems to ensure

sustainable exploitation from the natural forest
and to find out its potential as a plantation
species. A biosystematic study is needed to
confirm the claimed differences between Antrocaryon micraster and Antrocaryon nannanii.
Major references Burkill, 1985; Hansen &
Treue, 2008; Hawthorne, 1995; Hawthorne &

Jongkind, 2006; Irvine, 1961; Keay, 1989; Kokwaro, 1986; Oteng-Amoako (Editor), 2006;
Savill & Fox, 1967; Taylor, 1960.

Other references Agyeman et al, 2003;
Aké Assi et al., 1985; Asato et al., 1995; ATIBT,

1986; Ayensu & Bentum, 1974; Busson, 1965;
CIRAD Forestry Department, 2008; de Koning,
1983; de la Mensbruge, 1966; Fernandes, 1975;
Fouarge & Gérard, 1964; Hall & Swaine, 1981;
Hawthorne, 1998; Keay, 1958a; Leung, Busson

& Jardin, 1968; Neuwinger, 2000; Normand &
Paquis, 1976; Takahashi, 1978; UNEP-WCMC,
2006; Vivien & Faure, 1985.

Sources of illustration Aké Assi et al.,
1985: Kokwaro, 1986.

Authors J. Ayarkwa

can reach about 40 cm tall after 3-4 months,

and can be transplanted to thefield in full sun.
Management In general, Antrocaryon micraster occurs scattered in the forest. In forests
in Ghana, an average stocking of 0.5 m%/ha of
boles above 30 cm diameter was reported in
2001. The standing stock was estimated at
402,800 m3, out of which 342,000 m? were in

the exploitable diameter classes above 50 cm;
the annual allowable cut was estimated at
8500 m3.
Harvesting The minimum bole diameter for
harvesting Antrocaryon micraster is 50 cm in
Ghana.
Yield A bole without serious defects may yield
12-18 m3of usable wood.
Handling after harvest Freshly harvested
boles sink in water and thus cannot be transported by river. Logs should be removed from
the forest immediately after felling, or treated
with preservatives, because they are susceptible to blue stain attack.
Genetic resources Although Antrocaryon
micraster is locally not uncommon andits exploitation seems to be moderate, it is included
as vulnerable in the IUCN Red List of threatened species. The status of the species should
be reviewed.
Prospects Antrocaryon micraster is currently not exploited on a large scale, but it has potential commercial value due to its relatively

APHANOCALYX HEITZII (Pellegr.) Wieringa
Protologue Wageningen Agric. Univ. Pap.
99(4): 179 (1999).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Monopetalanthus heitzii Pellegr.
(1938).
Vernacular names Andoung de Heitz, andoungrouge(Fr).
Origin and geographic distribution Apha-

Aphanocalyx heitzii — wild
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nocalyx heitzii has a small area of distribution,
being endemic to southern Equatorial Guinea
and western and central Gabon.
Uses Thewood,traded from Gabon as ‘andoung’
together with other Aphanocalyx spp., Bikinia
spp. and species of some other Caesalpiniaceae
genera, is used for light construction, joinery,
furniture, vehicle bodies, ladders, sporting
goods, toys, novelties, tool handles, boxes,
crates, matches, veneer, plywood and pulp-

wood. It is also suitable for light flooring, interior trim, ship building and railwaysleepers.
In Europe the wood is in demand for the manufacture of xylophone-type percussion instruments. In Gabon the bark has been used to
make boxes for ritual purposes and beehives,
and also to make bath tubs to treat yaws. A
bark maceration is taken to treat whooping
cough.
Production and international trade The export of ‘andoung’ logs from Gabon increased
from 2700 m3 in 1991 to 36,000 m3 in 1997 and
47,000 m?® in 1999. The contribution of
Aphanocalyx heitzii was probably moderate. At
present, the export of ‘andoung’ timber from
Gabon seemsinsignificant.
Properties The heartwoodis pinkish white
whenfreshly cut, darkening slightly to pinkish
brown with glints of copper upon exposure, and
not distinctly demarcated from the up to 15 cm
wide sapwood. The grain is usually interlocked,
texture moderately fine to fine and even.
The wood is lightweight to medium-weight,
with a density of 460—600(-690) kg/m? at 12%
moisture content, and rather soft to moderately
hard. It air dries fairly well with little degrade,
but some care is needed. The rates of shrinkage
are moderate, from green to oven dry 3.0—4.5%
radial and 6.3-8.2% tangential. Once dry, the
wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 87-135 N/mm2, modulus of elasticity
7740—9800(—14,700) N/mm2, compression parallel to grain 28-50 N/mm?, shear 3.5-10
N/mm?, cleavage 11-24 N/mm and Chalais-

with preservatives, but the sapwood is permeable.
The wood contains 45% cellulose, 26.5% lignin,
20% pentosan, 0.5% ash and traces of silica.
The solubility is 3.7% in alcohol-benzene, 0.2%
in hot water and 15.5% in a 1% NaOH solution.
Adulterations and substitutes The wood
of Aphanocalyx heitzii is easily confused with
that of Bikinia spp. and Tetraberlinia bifoliolata (Harms) Hauman.

Description Medium-sized to large tree up
to 45 m tall; bole straight, cylindrical, branch-

less for up to 25 m, up to 180(-200) cm in diameter, with thick plank buttresses up to 4 m
high; bark surface smooth, finally becoming
rough and scaly, greyish brown to reddish
brown, with vertical lines of lenticels, inner

bark fibrous, purplish to brownish red, with
little purplish exudate; crown hemispherical;
twigs dark greyish brown with red-brownlenticels, hairy. Leaves arranged spirally, paripinnately compound with 20-32 pairs of leaflets; stipules fused, obovate to spatulate, up to
3 cm long, early caducous leaving annular
scars on twigs; petiole 0.5-1 cm long, rachis up
to 24(-28) cm long, flattened above; leaflets

Meudonside hardness 1.3—2.9(—4.1).

The wood saws and works well with both machine and hand tools. In planing operations
woolly surfaces may occur due to the interlocked grain. The wood holds screws and nails
well. Gluing properties are good and the wood
paints well and takes a satisfactory finish. Boring and peeling characteristics are good. The
wood is moderately durable, being susceptible
to fungal, pinhole borer and Lyctus attacks.
The heartwood is resistant to impregnation

Aphanocalyx heitzii — 1, base of bole; 2, part of
flowering twig; 3, flower; 4, fruit.
Redrawn and adapted by Iskak Syamsudin
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opposite, sessile, half-obovate to rectangular,
0.5-3.5(—5.5) cm x 0.1-1 cm, papery to leathery, distal side of leaflet completely absent and
midrib at margin, glabrous. Inflorescence an
axillary compound raceme 3.5—12(—19) cm long,
greyish browntosilvery short-hairy, with up to
8 lateral branches up to 7 cm long; bracts up to
0.5 cm long. Flowers bisexual or male, zygomorphic, scented, at base with 2 thick, hairy
bracteoles up to 17 mm long; pedicel (0.5—)1—
1.5 cm long, hairy; sepals 5, up to 6 mm long, 2
partly fused, rounded at apex; petals 5, yellowish, one spatulate and up to 1.5 cm long, inrolled at base, others linear and up to 3.5 mm
long; stamens 9, fused at base, anthers greenish to brownish yellow; ovary superior, up to 6
mm long, with 2—3.5 mm longstipe, hairy, 1celled, style up to 13 mm long, glabrous; male
flowers with reduced ovary. Fruit an oblongelliptical, flat pod 10-19 cm x 3.5—5.5 cm, with
1—1.5 cm long stipe, short-pointed at apex, with
a longitudinal vein on the lateral sides close to
the upper suture, 1—6-seeded. Seeds _lensshaped,

1.5-2.5

cm

long,

with

fairly thin,

glossy dark brown seed coat. Seedling with
epigeal germination; hypocotyl 6-12 cm long,
epicotyl 1.5-3.5 cm long; first two leaves opposite, with 8-15 pairs of leaflets, subsequent
leaves alternate.
Other botanical information Aphanocalyx
comprises 14 species and occurs from Sierra
Leone to western Céte d’Ivoire and from Cameroon to western Tanzania, northern Angola
and northern Zambia. It is most closely related
to Bikinia and Tetraberlinia.
Aphanocalyx microphyllus (Harms) Wieringais
a small to large tree up to 45 m tall with often
contorted bole up to 100(—160) cm in diameter.
It comprises 2 subspecies, subsp. microphyllus
(synonym: Monopetalanthus microphyllus Harms)
occurring from Cameroon east to eastern DR
Congo and south southern DR Congo and northern Angola, and subsp. compactus (Hutch. ex

ter, occurring in Sierra Leone and Liberia. The
boles are used to make canoes, whereas the

seeds are reported to be edible and pulverized
bark is applied to the skin to treat onchocerciasis.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or

absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shapeof alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); (27: intervessel
pits large (=> 10 um)); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 42: mean tangential diameter of
vessel lumina 100-200 um; 48: mean tangential diameter of vessel lumina = 200 um; 46: <5
vessels per square millimetre; (47: 5-20 vessels

per square millimetre); 58: gums and other
deposits in heartwood vessels. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
79: axial parenchyma vasicentric; 80: axial
parenchyma aliform; (81: axial parenchyma
lozenge-aliform); 83: axial parenchyma confluent; 89: axial parenchyma in marginal or in
seemingly marginal bands; 92: four (3—4) cells
per parenchymastrand; 93: eight (5-8) cells
per parenchyma strand. Rays: 96: rays exclusively uniseriate; (97: ray width 1-3 cells); 104:
all ray cells procumbent; 106: body ray cells
procumbent with one row of upright and/or
square marginal cells; 115: 4-12 rays per mm;
116: > 12 rays per mm. Secretory elements and
cambial variants: (131: intercellular canals of
traumatic origin). Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells.
(C. Essien, P. Baas & H. Beeckman)

Lane-Poole) Wieringa (synonym: Monopetalan-

Growth and development An average an-

thus compactus Hutch. ex Lane-Poole) occurring

and axe-handles, and as firewood. No uses

nual growth rate of 1.1 cm in bole diameter has
been estimated for a tree with a bole diameter
of 96 cm in Gabon based on growth ring analysis.
The main peak in flowering is in February—
March. Pollination is probably by insects such

have been recorded for subsp. compactus, but
its wood hasbeenclassified as promising.
Aphanocalyx pteridophyllus (Harms) Wieringa (synonym: Monopetalanthus pteridophyllus
Harms) is a small to medium-sized tree up to
30 m tall with bole up to 45(—75) cm in diame-

haps also by sunbirds. Fruits take about 10
months to mature, and seed fall is usually in
January. Seedlings probably need ectomycorrhizal fungi for proper growth.
Ecology Aphanocalyx heitzii occurs in dry-

in Sierra Leone, Liberia and south-western

Cote d'Ivoire. The comparatively heavy wood of
subsp. microphyllus is used in DR Congo for
house construction, joinery, railway sleepers

as bees, flies, butterflies and moths, and per-
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land rainforest up to 200 m altitude. It usually
occurs in small clusters of about 5 mature
trees.

Harvesting The minimum bole diameter allowed for harvesting in Gabon is 70 cm.
Handling after harvest Logs are susceptible to insect and fungal attacks after felling;
they should be removed from the forest as soon
as possible or treated with preservatives. However, they have not shown evidence of attacks
by longhorn beetles. Fresh logs float in water
and thus can be transportedbyriver.
Genetic resources Although Aphanocalyx
heitzii has a small distribution area, it does not
seem to be threatened by genetic erosion at
present because it is not logged intensively at
present. However, more intensified logging
operations in the future might easily endanger
this species, and therefore monitoring of populations is important.
Prospects Aphanocalyx heitzii provides wood
of good quality, and, like some other Aphanocalyx spp. and Bikinia spp., it may have good
prospects for planting in timber plantations
because it seems to grow quite rapidly into
large, straight and cylindrical boles, even on
poor soils. However, much research is still
needed, especially on propagation and growth
in relation to mycorrhizal relationships.
Major references Aubréville, 1968; Bodinga-bwa-Bodinga & Van der Veen, 1993; Bolza
& Keating, 1972; CTFT, 1953a; de Saint-Aubin,
1963; Détienne, 2001; Sallenave, 1955; Sallenave, 1971; Takahashi, 1978; Wieringa, 1999.

Other references Brancheriauet al., 2006;
Burkill,

1995; CIRAD Forestry Department,

2008; CIRAD-CTFT, 1990; CTFT, 1961b; Fortin
& Poliquin, 1976; Hawthorne & Jongkind,
2006; Normand & Paquis, 1976; Voorhoeve,
1979; Wilks & Issembé, 2000.
Sources of illustration Wieringa,

1999;

Wilks & Issembé, 2000.
Authors C.H. Bosch

APODOCEPHALA PAUCIFLORA Baker
Protologue Journ. Linn. Soc., Bot. 21: 417
(1885).
Family Asteraceae (Compositae)
Origin and geographic distribution Apodocephala pauciflora is endemic to the northern
and eastern parts of central Madagascar.
Uses The wood, known as ‘tsiramiramy’ in
Madagascar, is suitable for light construction,
light flooring, joinery, ship building, furniture,

Apodocephala pauciflora — wild
cabinet work, turnery, hardboard and particle
board. It is also used as fuelwood.
Properties The heartwoodis yellowish when
freshly cut, changing to pale brown or yellowish brown upon exposure, and indistinctly demarcated from the 5—7.5 cm wide sapwood. The
grain is usually straight, occasionally interlocked, texture moderately fine. Quarter-sawn
surfaces show stripefigure.
The wood is medium-weight, with a density of
about 610 kg/m3 at 12% moisture content, and

rather soft. The rates of shrinkage during drying are quite high. At 12% moisture content,
the modulus of rupture is about 109 N/mm,
compression parallel to grain 51 N/mm?, cleavage 16 N/mm and Chalais-Meudon side hardness 2.4. The wood works well with both hand
and machine tools, and smooth surfaces can be

produced except when interlocked grain is present. The nailing properties are satisfactory.
The woodis fairly durable and rarely attacked
by termites and Lyctus borers, butit is liable to
marine borer attack. The wood is resistant to
impregnation with preservatives.
Botany Evergreen, small to medium-sized
tree up to 20(—30) m tall; bole up to 60 cm in
diameter; bark with a whitish, sweet-smelling

exudate; twigs thick, densely reddish brown
short-hairy. Leaves alternate, simple; stipules
absent; petiole up to 5 cm long, grooved above;
blade elliptical to oblong or sometimesobovate,
10-20 cm X 4—8 cm, cuneate at base, acute or

short-acuminate at apex, margins entire, sometimesslightly toothed near apex, leathery, reddish brown short-hairy below, pinnately veined
with 10-12 pairs of lateral veins. Inflorescence
a head c. 5 mm X 1.5 mm, manytogether in a
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terminal, much-branched corymb; involucral
bracts 10-12, ovate to oblong, unequal, arranged in several series, thick. Flowers in the
axils of bracts, 3-4 per head, bisexual, all tubular, scented; corolla white, with cylindrical tube
slightly inflated at base and 5 spreading lobes;
stamens 5, with fused purplish brown anthers;
ovary inferior, 1-celled, style white, ending in 2
recurved stigma branches. Fruit an obconical
achene c. 4 mm long, crowned by the hardened,
persistent base of the corolla.
Trees usually flower in August to December.
Apodocephala comprises about 9 species and is
endemic to Madagascar. The whitish wood of
Apodocephala begueana Humbert, a small to
medium-sized tree up to 20 m tall occurring in
central-eastern Madagascar, is used for construction. Apodocephala begueana differs from
Apodocephala pauciflora in its glabrous twigs
andleaves, and in fewer and thinnerinvolucral
bracts.
Ecology Apodocephala pauciflora occurs in
humid evergreen forest at 700—2000 m altitude.
Genetic resources and breeding Apodocephala pauciflora is widespread in Madagascar and there are no indications that it is
threatened.
Prospects Apodocephala pauciflora will remainof limited andlocal importance.
Major references Bolza & Keating, 1972;
Humbert, 1960; Sallenave, 1955; Takahashi,
1978.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Schatz, 2001.
Authors R.H.M.J. Lemmens

APODYTES DIMIDIATA E.Mey. ex Arn.
Protologue London Journ. Bot. 3: 155 (1840).
Family Icacinaceae
Chromosome number n = 12
Vernacular names White pear, pear wood
(En). Bois bleu, bois Marie, peau gris (Fr).
Mlambusi, mbage (Sw).
Origin and geographic distribution Apodytes dimidiata is extremely widespread, occurring in many tropical and subtropical regions
of Africa and Asia, and also in Queensland
(Australia). In tropical Africa its area of distribution extends from Nigeria eastward to Eritrea and Ethiopia, and southward through
eastern Central Africa and East Africa to Angola and South Africa; also on the islands of
the Indian Ocean.

Apodytes dimidiata — wild
Uses The wood of Apodytes dimidiata, named
‘white pear’ in trade, is used for construction in
house building, flooring, furniture, agricultural
implements, carving and turnery, and formerly
for wagons. It is suitable for interior trim, ship
building, vehicle bodies, musical instruments,
toys, novelties and precision equipment. It is
also used as firewood.
In tropical Africa Apodytes dimidiata is widely
used in traditional medicine. In southern Africa, Zulu people apply an enema prepared from
the root bark against intestinal parasites. In
Madagascar a preparation from the bark is
taken as a stimulant tonic. In Kenya the bark
enters into medicines against stomach problems. Sap of the leaves is dropped in the ear to
treat purulent ear-ache. A leaf decoction is
taken against menorrhagia and madness. The
tree is grownfor its attractive display of white
blossom and red and black fruit, and as ornamental shade tree and hedge plant. The flowers are muchvisited by honey bees.
Production and international trade The
wood of Apodytes dimidiata is mainly used and
traded locally, but small amounts are also
traded on the international market. No data on
sources, destinations and quantities of traded
timber are available.
Properties The heartwood is pale grey to
brownish grey or nearly white, with brownish
patches, darker near the centre of the log; it is
not clearly demarcated from the thin sapwood.
The grain is straight, texture fine and even.
The wood is fairly heavy, with a density of
720-900 kg/m3 at 12% moisture content, hard
and tough. It is recommended to discard darkcoloured core wood before drying to avoid dam-
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N/mm?, shear 13 N/mm?, Janka side hardness

9200 N and Janka end hardness 11,500 N.
The wood works well with hand and machine
tools, but in boring and mortising it tends to
become rough. It polishes to a very smooth
surface. The wood nails, screws and glues well.
It is not durable; it is susceptible to fungal and
borer attacks. It is fairly easy to treat with
preservatives.
The leaves of Apodytes dimidiata have shown
antiprotozoal activity against leishmaniasis.
Glycosides, named apodytine A-F, are at least
partly responsible for the effect. The bark contains the iridoid genipin and a 10-monoacetate
derivative. At low concentrations these compounds are active against the snail Bulinus
africanus which transmits bilharzia, and at
these concentrations their use was shownto be
safe for mammals including humans. Eudesmanetype glycosides have also been associated
with the molluscicidal properties.
The leaves contain small amounts of camptothecin and related compounds, which are important antineoplastic agents. Endophytic strains
of the fungus Fusarium solani isolated from
Apodytes dimidiata also produce these compounds, and can beusedfor in-vitro production
of anticancer drugs.
Description Much-branched shrub or small
to medium-sized tree up to 25 m tall; bole
branchless for up to 15 m, fluted in large trees,
up to 70 cm in diameter; bark surface smooth,
grey, flaking off in patches, inner bark thin;
twigs purplish green, glabrous to sparsely pale
brown hairy, becoming grey-brown with pale
lenticels. Leaves alternate, simple; stipules
absent; petiole 1-3 cm long, channelled above,
pinkish; blade ovate-elliptical to broadly elliptical or oblong, 2-15 cm x 1.5-8 cm, base
broadly cuneate, apex notched to obtuse, acute

or short-acuminate, margin entire or sometimes wavy and_ slightly recurved, thinleathery, glabrous, pinnately veined with inconspicuous lateral veins. Inflorescence a terminal panicle, sometimes axillary, manyflowered. Flowers bisexual, regular, 5-merous,
sweet-scented, sessile or with short pedicel;
calyx cup-shaped, up to 0.5 mm long, with del-

{5

age due to differential shrinkage rates. Boards
of 2.5 cm thick can be kiln dried in 20 days, but
a mild drying schedule is needed. The shrinkage rates are high, from green to oven dry
about 6.0% radial and 9.2% tangential. At 12%
moisture content, the modulus of rupture is
about 133 N/mm2, modulusofelasticity 15,370
N/mm?, compression parallel to grain 75

Wy WZ
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Apodytes dimidiata — 1, flowering twig; 2, flower; 8, fruits.
Redrawn and adapted by W. Wessel-Brand
toid lobes; petals free, linear, c. 5 mm X 1 mm,

white; stamens alternating with petals; ovary
superior, ovoid, c. 0.5 mm long, glabrous or
hairy, with a fleshy lateral lobe, 1-celled, style
eccentric, persistent. Fruit an obliquely oblongobovoid to nearly round, laterally compressed
drupe 0.5-1 cm long, glabrous or sparsely
short-hairy, when ripe black with large red
lobe, with a persistent style; stone 1-seeded.
Other botanical information Apodytes
has been included in the family Icacinaceae,
but its place is uncertain since that family was
split. It comprises about 8 species and seemsto
be most closely related to Raphiostylis. Additional to the widespread Apodytes dimidiata, 2
other species have been described from southern Africa, 3 from Madagascar, 1 from northern Australia and 1 from New Caledonia, but

opinions about the exact number of species
vary widely. Apodytes dimidiata is variable
and has been subdivided into 2 subspecies or
varieties based on leaf shape and hairiness of
the ovary, but these seem to be poorly segregated.
Anatomy Wood-anatomical description (AWA
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hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
14: scalariform perforation plates; (15: scalariform perforation plates with < 10 bars); 16:
scalariform perforation plates with 10—20 bars;
17: scalariform perforation plates with 20-40
bars; (18: scalariform perforation plates with >
40 bars); 21: intervessel pits opposite; 25: intervessel pits small (4-7 um); 26: intervessel
pits medium (7—10 um); 30: vessel-ray pits with

distinct borders; similar to intervessel pits in
size and shape throughout the ray cell; 41:
mean tangential diameter of vessel lumina 50—
100 um; 42: mean tangential diameterof vessel
lumina 100-200 um; 48: 20-40 vessels per
square millimetre; (58: gums and other deposits in heartwood vessels). Tracheids and fibres:
62: fibres with distinctly bordered pits; 63: fibre pits commonin both radial and tangential
walls; 66: non-septate fibres present; (69: fibres
thin- to thick-walled); 70: fibres very thickwalled. Axial parenchyma: 76: axial parenchyma diffuse; 77: axial parenchyma diffuse-inaggregates; 78: axial parenchymascanty paratracheal; 93: eight (5-8) cells per parenchyma
strand; 94: over eight cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; (98: larger rays commonly 4- to 10-seriate); (102: ray

height > 1 mm); 107: body ray cells procumbent
with mostly 2—4 rows of upright and/or square
marginalcells; 108: body ray cells procumbent
with over 4 rowsof upright and/or square marginal cells; 115: 4-12 rays per mm. Mineral
inclusions: (136: prismatic crystals present);
(188: prismatic crystals in procumbent ray
cells); (139: prismatic crystals in radial alignment in procumbentraycells).
(L. Awoyemi, P.E. Gasson & P. Baas)
Growth and development In the evergreen forest in the Cape region of South Africa,
Apodytes dimidiata is considered a pioneer
species, with relatively weak competitive abil-

ity against species characteristic of later successional stages, such as Podocarpus latifolius
(Thunb.) R.Br. ex Mirb. and Pterocelastrus
tricuspidatus (Lam.) Walp. In South Africa
flowering occurs in October—April, and fruits
ripen in December—June. Germinating seeds
have been found in excrements of wild pigs,
which serve as seed disperser, probably together with other mammals.
Ecology In Ethiopia Apodytes dimidiata occurs in upland forest with Podocarpus, Olea
and Syzygium spp. at 1700-2600 m altitude,

often remaining scattered in grassland after
forest clearing; it also occurs in fringing forest
and secondary forest and in Acacia—Combretum woodland. In East Africa it grows mainly
in dry upland forest and forest remnants, less
often in humid forest and evergreen bushland,
up to 2400 m altitude; in coastal areas it occurs
in woodland or dry open forest. In southern
Africa it is widespread in coastal evergreen
shrub vegetation, riverine forest, Brachystegia—
Julbernardia woodland and mountain grassland. In South-East Asia it is rare, occurring in
primary rainforest on slopes and in ravines,
and in fringing forest. Apodytes dimidiata is
frost hardy.
Propagation and planting Propagation by
fruit stones is easy, but they take 4-12 months
to germinate. They are placed in a seed tray 3—
5 mm deep in a mixture of river sand and compost (1:1 ratio) and shallowly covered with fine
sand or fine compost. They should be dipped in
a fungicide before sowing. The seed tray should
be kept moist. The fruit stones are easily attacked by insects, and the germination rate
varies greatly, between 10% and 70%. Early
growth is slow and young plants have to be
kept in the nursery for another year. Once established the plants are hardy.
Management In the Knysna forest in the
Cape region of South Africa, Apodytes dimidiata is the fourth most commontree after Olea
capensis L., Podocarpus latifolius (Thunb.)
R.Br. ex Mirb. and Platylophustrifoliatus (L.f.)
D.Don, accounting for about 6.3% of the trees
10-30 cm in bole diameter, and 7.5% of the
trees with a bole diameter of more than 30 cm.
The standing volumeof trees with a bole diameter of more than 30 cm is nearly 10 m?/ha,
their annual increment 0.06 m?/ha, whereas

the mortality rate of such trees is about 6.6%
per 10 years. In the management system
adopted, which aims at optimal sustainable
utilization by effective mortality pre-emption
and minimalinterference, a 10-year harvesting
cycle is used in which about 7% of the Apodytes
dimidiata trees with a bole diameter of more
than 30 cm are harvested everycycle.
Apodytes dimidiata is well suited for home
gardens because it usually does not disturb
foundations of buildings or paved areas.
Handling after harvest Logs should not be
left in the forest for long periods because they
may split badly. In the core of the bole, the
heartwood is often darker due to starting decay.
Genetic resources Apodytes dimidiata is
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widespread and locally common. There are no
indications that it is in danger of genetic erosion.
Breeding No selection programmes are
known to exist.
Prospects The wood of Apodytes dimidiata
is likely to remain important for various purposes, including more special applications such
as precision equipment. Apodytes dimidiata is
an attractive garden and amenity tree that
deserves more attention outside South Africa,
where it has already some reputation. Its possible role in snail control for the prevention of
bilharzia needs further research, as well as its
antileishmanial activity. Also its role in the
production of anti-cancer drug precursors by
Fusarium solani warrants investigation. The
taxonomyof Apodytes needsclarification.
Major references Bekele-Tesemma, 2007;
Bolza & Keating, 1972; Coates Palgrave, 2002;
Lucas, 1968a; Mbambezeli, 2003; Neuwinger,

2000; Seydack et al., 1995; Shweta et al., 2009;
Takahashi, 1978; Vollesen, 1989a.
Other references Beentje, 1994; BekeleTesemma, Birnie & Tengnäs, 1993; Boiteau,
Boiteau & Allorge-Boiteau, 1999; Boutique,
1960; Brackenbury, Appleton & Thurman,
1997; Clark & Appleton, 1997; Clark, Appleton

Aptandra zenkeri — wild
Properties The wood is pale pink to reddish, hard andresistant to decay.
Botany Dioecious shrub or small tree up to
15 m tall; bole branching low, up to 25 cm in
diameter; bark surface reddish, with lenticels;

twigs green, glabrous. Leaves alternate, simple
and entire; stipules absent; petiole 0.5-1 cm
long, grooved above; blade lanceolate to elliptical, 5-13(-17) cm x 2-6 cm, cuneate at base,

Labat, Rabevohitra & El-Achkar, 2006; Maun-

acute to short-acuminate at apex, leathery,
glabrous, pinnately veined with 5-7 pairs of
lateral veins. Inflorescence a short axillary
raceme, glabrous, 10—30-flowered. Flowers uni-

du & Tengnäs (Editors), 2005; Mendes, 1963;

sexual, regular, 4-merous, small; pedicel up to

Peng & Howard, 2008; Potgieter & van Wyk,
1994a; Potgieter & van Wyk, 1994b; Seydack,

1(-1.5) cm long, elongating in fruit; calyx cupshaped, minute, toothed; petals free, c. 4 mm x
1 mm, fleshy, glabrous, greenish white, with
thick glandular lobes opposite petals; stamens
fused into a tube 1.5—3.5 mm long, pink; ovary
superior, c. 1 mm long, glabrous, style c. 2 mm
long; male flowers with non-functional ovary;
female flowers with sterile stamens. Fruit an
ellipsoid-ovoid drupe 1.5—2.5(—3) cm long, blueblack when ripe, with an annular orange-red

& Drewes, 1997; Drewes et al., 1996; Foubert
et al., 2011; Harinantenaina, Mananjarasoa &
Yamasaki, 2006; Keay, 1958e; Kokwaro, 1993;

2004; van Daalen, 1993.

Sources of illustration Lucas, 1968a.
Authors L.P.A. Oyen

APTANDRA ZENKERI Engl.
Protologue Engl. & Prantl, Nat. Pflanzenfam., I-IV Nachtr. 1: 147 (1897).
Family Olacaceae
Origin and geographic distribution Aptandra zenkeri occurs from Liberia east to DR
Congo, and south to Angola.
Uses The wood, if available in sufficiently
large pieces, is used for joinery. It is also used
for charcoal production. Powdered burnt wood
mixed with palm oil is applied to treat liver
problems. Powdered seeds are used as a hair
dressing.
Production and international trade The
wood of Aptandrazenkeriis only usedlocally.

disk at base, subtended by the much enlarged,

up to 10 cm wide, pink calyx, 1-seeded. Seed
oily.
Aptandra comprises about 5 species, all in
tropical America except Aptandra zenkeri. It is
most closely related to Ongokea.
Ecology Aptandra zenkeri growsin rainforest
on valley bottoms, in undergrowth of deciduous
forest in damp sites, in upland mixed forest

and on river banksor in regularly floodedlocalities, up to 850 m altitude.
Genetic resources and breeding Aptandra zenkeri is widespread and there are no
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indications that it is in danger of genetic erosion.
Prospects Aptandra zenkeri is likely to remainof limited local use.
Major references Aubréville, 1959b; Burkill, 1997; Louis & Léonard, 1948; Neuwinger,
2000; Villiers, 1973a.
Other references Hawthorne, 1995; Hawthorne & Jongkind, 2006; Irvine, 1961; Malécot
& Nickrent, 2008; Normand & Paquis, 1976;
Villiers, 1973b.

Authors L.P.A. Oyen

ASTERANTHE ASTERIAS (S.Moore) Engl. &
Diels
Protologue Engl., Monogr. afrik. PflanzenFam. 6: 30, t. 8B (1901).
Family Annonaceae
Vernacular names Msaluti (Sw).
Origin and geographic distribution The
distribution of Asteranthe asterias is limited to
coastal regions of Kenya and Tanzania.
Uses The stems are used as building poles.
In Kenya the aromatic bark and leaves are
used locally for flavouring food. A paste made
of poundedroots is applied to swellings.
Properties The bark of stems and roots
showed in-vitro activity against Plasmodium
falciparum and Trypanosoma brucei rhodesiense, the parasites that cause malaria and sleeping sickness, respectively. Two diprenylated
indoles,

2’,3’-epoxyasteranthine

and

2’,3’-di-

hydroxyasteranthine, were isolated from the
stem bark and root bark. These compounds exhibited remarkable antifungal activity against
Saprolegnia and Rhizoctonia spp., comparable

with that of the standard antimycotic agent
naftifine.
Botany Evergreen shrub or small tree up to
8 m tall; bole up to 20 cm in diameter; bark

surface finely striped, grey-brown to blackish;
twigs with lenticels, velvety hairy. Leaves alternate, simple and entire; stipules absent;
petiole 2-7 mm long; blade obovate to oblong,
(1-)4-18 cm x (0.5—-)2-6 cm,roundedto slightly
cordate at base, acuminate at apex, papery,
glabrous or hairy below, pinnately veined.
Flowers 1-2 together outside the leaf axils,
bisexual, regular, 3-merous, pendulous, scented; pedicel 3-8 mm long; sepals free, triangular, 0.5-1 cm long, densely hairy; petals 6,
united at base,
linear-oblong to linear-

lanceolate, 2.5—6 cm long, finely hairy, creamy
white with red-purple marking, base thickened
and yellowish; stamens numerous, 1.5—2.5 mm

long, with very short filaments; carpels 10—22,
free, 2-2.5 mm long, densely hairy. Fruit consisting of up to 6 indehiscentfollicles 2-4 cm x
c. 1 cm, velvety brown hairy, slightly constricted between the seeds, each follicle 3-10-seeded.

Seeds ellipsoid, 7-8 mm x 4—5 mm, yellowbrown, with ruminate endosperm.
It has been suggested that the flowers are pollinated by beetles. In Kenya fruits can be found
in October-November. African civet (Civettictis
civetta) may dispersethe seeds.
Asteranthe comprises only 2 species. It is related to Hexalobus and Uvariastrum. Asteranthe
lutea Vollesen is a shrub or small tree up to 10
m tall from eastern Tanzania. It differs from
Asteranthe asterias in its large bracteoles and
in its flowers having yellowish, fleshy petals
with a darkred, not thickened base.
Two subspecies have been distinguished in
Asteranthe asterias. Subsp. triangularis Verdc.
differs from subsp. asterias in its usually
smaller leaves persistently hairy below and its
narrowly triangular, often slightly shorter petals; it is endemic to north-eastern Tanzania.

Ecology Asteranthe asterias occurs in lowland evergreen forest and bushland up to 650
m altitude. It is locally common, and some-

Asteranthe asterias — wild

times dominant in the shrub layer. It is commonly found along streams and on limestone
soils.
Genetic resources and breeding Although
both Asteranthe species have limited distribution areas and occur in habitat types that are
under much pressure by human activities,
there are no signs that they are threatened vet.
Exploitation for timber or medicinal purposes
seems to be on a small scale only, but some
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monitoring of the populations is recommended.
Prospects The use of the wood for construction of local houses will remain of limited importance. The medicinal properties of the bark
deserve more attention, particularly the antimalarial, antitripanosomal and antifungal activities.
Major references Beentje, 1994; Nkunya et
al., 1996; Verdcourt, 1971.
Other references Couvreur, 2008; Engel,
2000; Freiburghaus et al., 1997; Kokwaro,
1993; Vollesen, 1980.

Authors R.H.M.J. Lemmens

ASTEROPEIA RHOPALOIDES(Baker) Baill.
Protologue Bull. Mens. Soc. Linn. Paris 1:
561 (1886).
Family Asteropeiaceae
Synonyms Rhodoclada rhopaloides Baker
(1884).
Vernacular names Manokajaune(Fr).
Origin and geographic distribution Asteropeia rhopaloides occurs in northern and eastern Madagascar, as far south as the surround-

ings of Andasibe.
Uses The wood is known as ‘manoka’, and
used for house and bridge construction, especially as poles, and for joinery, railway sleepers
and carvings. It is suitable for heavy flooring,
interior trim, mineprops, ship building, vehicle
bodies, sporting goods, agricultural implements
and turning.
Properties The heartwood is pale yellowish
brown and usually distinctly demarcated from
the paler sapwood. The grain is straight or
interlocked, texture fine and even. The wood is

heavy, with a density of 900-1020 kg/m? at
12% moisture content. Air drying is slow but
usually with little degrade, although the rates
of shrinkage are rather high, from green to
oven dry about 6% radial and 11.5% tangential.
At 12% moisture content, the modulusof rupture is 169-226 N/mm2, modulusof elasticity
15,800—18,000 N/mm?, compression parallel to
grain 85-89 N/mm?, shear about 8.5 N/mm?,
cleavage 7.5-18 N/mm and Chalais-Meudon
side hardness 7.8-12.4.
The wood is fairly easy to saw whenstellitetipped saw teeth are used. It takes an excellent
polish, but picking up of grain may occur in
planing wheninterlocked grain is present. Preboring is needed for nailing; the woodis liable
to splitting. The wood glues with somedifficulty, but varnishes and waxes well. It is very
durable, being resistant to fungal and termite
attacks. The heartwoodis resistant to impregnation by preservatives, but the sapwood is
only moderately resistant.
Botany Evergreen small to medium-sized
tree up to 25(—30) m tall; bole up to 75 cm in
diameter; bark surface dark grey to blackish,

inner bark granular; young twigs rusty brown
short-hairy. Leaves arranged spirally, simple
and entire; stipules absent; petiole 5-7 mm
long, thick; blade obovate to oblong, 4.5—9 cm X
2.5-5 cm, cuneate at base, roundedor notched,
sometimes slightly acuminate at apex, leathery, glabrous, pinnately veined. Inflorescence a
terminal, deltoid panicle up to 9 cm long, rusty
brown short-hairy. Flowers bisexual, regular,
5-merous; pedicel 1-3 mm long, jointed; sepals
free, ovate-oblong, 2-2.5 mm long but enlarging up to 6 mm in fruit; petals free, oblong, c. 4
mm long, caducous; stamens 10, free, up to 4

mm long; ovary superior, incompletely 3-celled,
style cylindrical, with 3 stigmas. Fruit a globose capsule c. 4 mm long, finely warty, glabrous, irregularly dehiscent, 1-seeded.
Asteropeia rhopaloides flowers from October to
December. The flowers are probably pollinated
by insects.
Asteropeia comprises 8 species and is endemic
to Madagascar. The wood of someother species
reaching the size of a medium-sized tree, such

Asteropeia rhopaloides — wild

as Asteropeia mcphersonii G.E.Schatz, Lowry &
A.-E.Wolf and Asteropeia multiflora Thouars,
is known as ‘andrampotsy’ or ‘manoka fotsy’
and used for similar purposes as that of Asteropeia rhopaloides, and it seemsto be easier
to work. The bark of Asteropeia mcphersonii is
additionally used in traditional medicine as a
tonic.
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Ecology Asteropeia rhopaloides is found in
evergreen humid forest at 800-1400 m altitude.
ManagementTheboles are often submerged
in water for considerable time before they are
used in construction; this reportedly makes the
wood more durable.
Genetic resources and breeding Asteropeia rhopaloidesis classified in the IUCN Red
List as endangered because of habitat loss by
shifting cultivation and because of selective
felling for timber. The number of individual
trees in populations are decreasing and populations become more and more scattered and
isolated. Asteropeia mcphersonti and Asteropeia
multiflora are also included in the IUCN Red
List, but are considered to be less immediately
threatened, being classified as ‘vulnerable’ and
‘of least concern’, respectively.
Prospects Asteropeia rhopaloides and some
other Asteropeia spp. yield valuable timber that
is in high demand for local applications and
certainly also on the international market.
However, being species restricted to vulnerable
forest types in Madagascar and with a long
history of exploitation, it seems unwise to promote them for increased utilization. Protection
should be the primary consideration, and research should focus on propagation and planting methods as well as growth and development before the possibilities for future use in
timber plantations can be judged.
Major references Bolza & Keating, 1972;
Guéneau, Bedel & Thiel, 1970-1975; Perrier de
la Bathie, 1950b; Schatz, Lowry & Wolf, 1999;
Takahashi, 1978.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Carlquist, 2006: Fenoradosoa, 2003; Rakotovao et al., en préparation; Randriantafika, 2000; Sallenave, 1964.

Authors R.H.M.J. Lemmens

AULACOCALYX JASMINIFLORA Hook.f.
ProtologueIcon. pl. 12(2): t. 1126 (1878).
Family Rubiaceae
Origin and geographic distribution Aulacocalyx jasminiflora is distributed from Sierra
Leone, Liberia and eastern Guinea through
West and Central Africa to Zambia and Angola.
Uses The stems, which are often curved, are
used as boat-ribs and fence posts. Twigs are
used as chew-sticks. In Liberia small saplings
are often used for making spring-traps.
Properties The woodis hard. The stems are

Aulacocalyx jasminiflora — wild
strong, flexible andresilient.
Botany Evergreen shrub or small tree up to
12(-15) m tall; bole slender, up to 20 cm in
diameter, fluted, without buttresses; inner
bark orange-cream, with yellow streaks, with

bitter scent and taste; twigs silky orangebrown hairy, becoming glabrous. Leaves opposite, simple and entire; stipules fused, triangular, 3-10 mm long, bristly hairy, caducous;

petiole 2-8(-9) mm long, hairy; bladeelliptical
to oblong to oblanceolate, (6.5—)8—16(—19) cm x
1.5-6(-9) cm, base cuneate to rounded, apex
acuminate, thinly leathery, thinly hairy on
veins below, pinnately veined with 2-6 pairs of
lateral veins and many conspicuous parallel
small veins. Inflorescence a terminal fascicle
on short branchlets subtended by 1 leaf, up to
20-flowered, hairy; peduncle 0.5-3(-5) mm
long. Flowers bisexual, regular, 5(-6)-merous,

sweetly fragrant, nearly sessile; calyx with 2-7
mm long tube, usually distinctly grooved, lobes
triangular to deltate,

1-5 mm long; corolla

white or greenish white, densely covered with
silvery white or yellowish hairs, with 1—2.5(-3)
cm long tube, lobes elliptical to oblong, (0.5—)1—
1.5(-2) cm long, spreading or reflexed; stamens
without

filaments,

anthers

attached

below

their midpoint to the top of the corolla tube, 7—
20 mm long; ovary inferior, 2-celled, style
thread-shaped or narrowly club-shaped, about
as long as corolla, stigma 2-lobed. Fruit a nearly globose berry 8-12 mm in diameter, yellowhairy, green, with persistent calyx at apex, 2—
4-seeded. Seeds nearly globose, 8-9 mm x 5-8
mm, black when dry.

In West Africa Aulacocalyx jasminiflora flowers in November—February and bearsfruits in
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February—April.
Aulacocalyx comprises 8 species, distributed in
tropical Africa. It seems most closely related to
Heinsenia.
Ecology Aulacocalyx jasminiflora occurs from
sea-level up to 1500 m altitude in the understorey of primary forest, secondary forest and
gallery forest.
Genetic resources and breeding As Aulacocalyx jasminiflora has a wide distribution
andis locally common, it is not threatened with
genetic erosion.
Prospects Little is knownof the usesof the
wood of Aulacocalyx jasminiflora, and quantitative information on the wood properties is
lacking altogether. In view of the small size of
the tree and its limited actual use, the im-

portance of the wood of Aulacocalyx jasminiflora is unlikely to increase.
Major references Bridson & Verdcourt,
2003; Burkill, 1997; Figueiredo, 1997; Hallé,
1970.
Other references Hawthorne, 1990; Hawthorne, 1995; Hawthorne & Jongkind, 2006;

Hepper & Keay, 1963; Irvine, 1961.
Authors M. Brink

BAIKIAEAINSIGNIS Benth.
Protologue Trans. Linn. Soc. London 24:
314 (1866).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Baikiaea insignis occurs from southern Nigeria
eastward to Uganda and western Tanzania,
and southward to DR Congo and northern An-

gola. It has been introduced in someothertropical regions as an ornamentaltree, e.g. in India, Sri Lanka and the Caribbeanislands.
Uses The wood is used for construction,

flooring, carpentry, furniture, shelves, tool
handles and grain mortars. It is suitable for
interior trim, ship building, railway sleepers,
agricultural implements, carvings, veneer and
plywood. The woodis also used as firewood and
for charcoal production.
The leaves are occasionally eaten as a vegetable. Roasted and poundedseeds are also eaten,
mainly in times of famine. Baikiaea insignis is
sometimes planted as ornamental tree because
of its large flowers.
Production and international trade The
wood is used locally and usually not available
on the international timber market.
Properties The heartwood, which is rarely
more than 20 cm in diameter, is dark brown
and often distinctly demarcated from the very
wide, pinkish brown or greyish brown sapwood,
turning pale greyish brown with darker patches and streaks upon exposure. The grain is
usually straight, sometimes slightly interlocked, texture medium. Gum deposits are present in the wood.
The wood is heavy, with a density of about
750-980 kg/mat 12% moisture content. It air
dries fairly well with moderate degrade, but it
is liable to borer attack during drying and
therefore kiln drying is recommended. End
splitting may occur and there is a tendency to
distortion in thicker boards, especially if
heartwood is present. The rates of shrinkage
are moderate, from green to oven dry 3.5-3.8%
radial and 6.4—6.7% tangential. Once dry, the
wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 117 N/mm?, modulus of elasticity 18,350
N/mm?, compression parallel to grain 65

N/mm?, shear 12 N/mm?, Janka side hardness
7870 N and Janka end hardness 9340 N.
The gummy sawdust may cause overheating in
sawing operations of green wood. Because ofits
density, the wood is difficult to rip saw; a cut-

Baikiaea insignis — wild

ting angle of 15° is recommended. The wood
works fairly well with machine tools, but more
difficult with hand tools. It planes well, but the
presence of interlocked grain may cause picking up of grain. It moulds, drills and mortises
well, but with a tendency to split at the exits.
Pre-boring is needed for nailing. The wood
takes paint and varnish well. It peels well after
steaming at 100°C during 72 hours, but woolly
zones mayoccur.It slices satisfactorily, produc-
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ing good-quality veneer. The turning properties
are good. The wood is not durable, being liable
to termite and borer attacks. The sapwood is
moderately resistant to impregnation with
preservatives, the heartwood is resistant.
Resin may exude in small quantities from the
tree; it hardens upon exposure, resembling
copal from Guibourtia spp. Bark and roots contain tannin, saponins, steroids and terpenes.
Description Evergreen, small to mediumsized tree up to 25(—35) m tall; bole branchless
for up to 15(—20) m, up to 60(—100) cm in diameter, often fluted at base but usually without
buttresses; bark surface smooth or slightly
fissured, grey to greyish brown, inner bark
thin, slightly fibrous, pinkish brown to redbrown; crown usually dense, with spreading
branches; twigs glabrous, with numerous lenti-

cels. Leaves arranged spirally, imparipinnately
compound with (2-)3-8(-10) leaflets; stipules
minute; petiole and rachis together up to 30 cm
long; petiolules 0.5—2 cm long; leaflets usually
alternate, ovate to elliptical or oblong-lanceolate,
7-40 cm x 3-17 cm, obtuse to short-acuminate
at apex, with slightly recurved margins, leathery, glabrous, pinnately veined with up to 12

pairs of lateral veins. Inflorescence a terminal
or axillary raceme up to 8.5(—12) cm long,
densely brownish hairy; bracts up to 4 mm
long. Flowers bisexual, slightly zygomorphic,
large and showy, scented; pedicel 2—5 cm long;

sepals 4, oblong to linear, 7—12(—15) cm long, 1
broader than other 3, densely brownish shorthairy; petals 5, free, obovate, 10-20 cm x 5-10
cm, crinkled near margins, 4 white or cream-

coloured, 1 slightly narrower and pale yellow;
stamens 10, 9 fused at base and 1 free, up to 18

cm long; ovary superior, 2.5—4 cm long, flattened, with stipe 2—2.5 cm long, 1-celled, style
5-9(-11) cm long. Fruit a flattened, woody pod
17-40(-60)

cm

x

5-12 cm,

stiped,

densely

brown hairy, dehiscing with 2 spirally twisting
valves, several-seeded. Seeds ellipsoid, 3-4.5
cm X 1.5-8 cm, flattened, dark red. Seedling
with epigeal germination; hypocotyl 0.5—7 cm
long, epicotyl 18-25 cm long, glabrous; first
leaves alternate, with 2—4 leaflets.
Other botanical information Baikiaea comprises about 4 species andis restricted to mainland Africa. It is related to Copaifera, Detarium, Sindora and Tessmannia.
Two subspecies have been distinguished in Baikiaea insignis; subsp. minor (Oliv.) J.Léonard
(synonym: Baikiaea minor Oliv.) differs from
subsp. insignis in its usually smaller leaves,
flowers andfruits.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 47: 5—
20 vessels per square millimetre; (48: 20—40

Baikiaea insignis — 1, flowering twig; 2, dehisced
fruit with one valve remaining;8, seed.
Redrawn and adapted by J.M. de Vries

vessels per square millimetre); 58: gums and
other deposits in heartwood vessels. Tracheids
andfibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 79: axial parenchyma vasicentric; 80:
axial parenchymaaliform; 81: axial parenchymalozenge-aliform; 83: axial parenchyma confluent; 91: two cells per parenchyma strand;
92: four (8-4) cells per parenchyma strand.
Rays: 97: ray width 1-3 cells; 104: all ray cells
procumbent; 106: body ray cells procumbent
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with one row of upright and/or square marginal

al., 1952.

cells; 115: 4-12 rays per mm; 116: > 12 rays per

Other references Aubréville, 1968; Aubréville, 1970; Burkill, 1995; Eggeling & Dale,

mm. Storied structure: 120: axial parenchyma
and/or vessel elements storied; 122: rays and/or
axial elements irregularly storied. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchymacells; (156: crystals in enlargedcells).
(N.P. Mollel, P. Détienne & E.A. Wheeler)
Growth and development Trees grow
slowly. The fruits open explosively on the tree
and the seeds are dispersed over short distances. The seeds are eaten by monkeys such as
mangabeys and black colobus, which sometimes open unripefruits.
Ecology Baikiaea insignis usually occurs in
swampyor periodically inundated forest along
rivers and lakes, occasionally in well-drained
localities in the forest. In Ugandait is found up
to 1250 m altitude.
Propagation and planting Collecting the
seeds is difficult because the fruits open while
still on the tree scattering the seeds, which
should be collected from the ground. Seeds can
be stored for several years in sealed containers
in a cool locality. Ash can be added to reduce
damagebyinsects; the seeds are susceptible to
attack by weevils. Soaking the seed in cold
water for 12-24 hoursaccelerates germination.
Seeds are usually sown in pots. Wildlings are
sometimesalso collected for planting.
Management Thetrees can be managed by
coppicing and pollarding.
Handling after harvest After felling, logs
should not be left in the forest for longer periods because they contain much sapwood, which
is liable to borer attack.
Genetic resources There are no indications
that Baikiaea insignis is threatened by genetic
erosion. It is widespread and seemsto be locally fairly common, and it is rarely selectively
felled for timber.
Prospects The prospects for Baikiaea insignis as a timber tree of commercial importance
are limited by the usually moderatesize of the
bole, by its preferred habitat in swampy and
riverine forest, and by lack of information on
growth rates, regeneration and suitable management practices. Baikiaea insignis may be
an alternative for Baikiaea plurijuga Harms

1951; Keay, 1989; Lewis et al., 2005; Normand

& Paquis, 1976; Pauwels, 1993; RapondaWalker & Sillans, 1961; Tailfer, 1989; van
Vuuren, Banks & Stohr, 1978; White & Abernethy, 1997.
Sources of illustration Brenan, 1967;
Wilczek et al., 1952.

Authors W. Mojeremane

BAIKIAEA PLURIJUGA Harms
Protologue Warb., Kunene-Sambesi Exped.:

248 (1903).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 24
Vernacular names Zambezi teak, Zambezi
redwood, Rhodesian teak (En). Teck de Rhodésie
(Fr).
Origin and geographic distribution Baikiaea plurijuga occurs in Zambia, southern
Angola, northern Namibia, northern Botswana

and Zimbabwe. It has been introduced in Burundi and Madagascar, but with little success.
Uses The wood, also knownin trade as ‘umgust’, is widely used for poles in house building,
doors, mine props, vehicle bodies, railway
sleepers, furniture, drums, toys, implements,
tool handles and dug-out canoes. Its high resistance to abrasion, low shrinkage rates and
attractive appearance make it particularly
suitable for heavy flooring. Furthermore,it is
suitable for interior trim, vats, food containers,
carvings, turnery, veneer and plywood.

from southern Africa, which is well known as a

producerof high-quality timber.
Major references Bolza & Keating, 1972;
Brenan,

1967; Bryce,

1967; Chudnoff,

1980;

Katende, Birnie & Tengnas, 1995; Lovett, Ruffo & Gereau, 2003; Takahashi, 1978; Wilczek et

Baikiaea plurijuga — wild
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In Zambia Baikiaea plurijuga is a preferred
tree for firewood, and also in Namibia it is valued for firewood, giving a long-lasting fire producing little ash. It is also used for charcoal
production. The bark and wood extracts have
been used for tanning to produce reddish
brown leather. Bark decoctions and infusions
are taken as tonic and to treat eye diseases,
syphilis and toothache. Sap is used to treat
stomach-ache, gum to treat rabies. The seeds
are used as beads in strings.
Production and international trade Selective harvesting of Baikiaea plurijuga has been
practised for more than a century. It was not
commonly exploited by the indigenous people
because the hard wood makes it not easy to
fell. In the first half of the 20t century,
Baikiaea plurijuga was the most important
timber used in southern Africa for railway
sleepers and it was the only timber that was
exported in any quantity from Zambia. Until
the 1980s, the main products in Zambia were
railway sleepers for local consumption, mining
timber for local consumption and export, and
parquet flooring for export. The production of
the largest sawmill in Zambia peaked at 4000
m/year of Zambezi teak in the 1930s and again
in 1964. Sales values in Zambia in the 1980s

13,500 N and Janka end hardness 16,000 N.
The wood is difficult to saw and work by both
hand and machine tools, blunting saw teeth
and cutting edges severely; stellite-tipped saw
teeth and tungsten-carbide tipped cutting edges are recommended. Gum may clog up saw
teeth, especially when green wood is sawn:
water spraying may be practised during sawing to remove the gum. The wood planes well,
but a cutting angle of 20° is recommended. It
polishes well. Pre-boring is needed for nailing
to avoid splitting. Painting and gluing give no
problems. The wood has some tendency to char
upon boring. The turning properties are good,
but bending properties are moderate. In contact with iron, the wood is prone to stain. The
heartwood is durable, being resistant to fungi
and termites, but the sapwood is susceptible to
powder-post beetle and longhorn beetle attack.
The heartwood is very resistant to impregnation with preservatives, the sapwood moderately resistant.
The bark contains tannin, reportedly up to
40%. The presence of phlobatannins (phlobaphene condensed tannins) has been demonstrated in the heartwood.
Botany Semi-deciduous, small to medium-

were around US$

for up to 5 m, up to 100-120) em in diameter,

1 million per year, with

about 80% traded in the domestic market and
20% for export. The main export market was
South Africa. Baikiaea plurijuga still produces
the most important and most highly valued
timber of Zambia. The utilization of the woodlands of northern Botswana has focused on
selective harvesting of Baikiaea plurijuga and
Pterocarpus spp., both of which have been
marketed at too low prices.
Properties The heartwood is brown with
irregular dark markings when freshly cut,
turning dark red to dark red-brown upon exposure, and taking a yellow tinge with time. It is
distinctly demarcated from the pale pinkish
brown, 2.5—5 cm wide sapwood. The grain is
straight to interlocked, texture fine and even.

The wood is heavy, with a density of 815-955
(-1000) kg/m3 at 12% moisture content, hard

andstrong. It air dries with little degrade, but
should be dried slowly to avoid surface checking. The rates of shrinkage from green to 12%
moisture content are about 1.5% radial and
2.6% tangential. Once dry, it is stable in ser-

sized tree up to 17(—25) m tall; bole branchless
sometimes swollen at base; bark surface verti-

cally fissured and cracked, pale grey to brown:
crown large and dense, with spreading branches; twigs rusty-brown short-hairy, soon becoming glabrous. Leaves arranged spirally, paripinnately compound with (8—)4—5(-6) pairs of
leaflets; stipules linear-triangular, 0.5—-1 cm

long, caducous; petiole and rachis together up
to 11(-13) em long, short-hairy; petiolules 1-3

mm long; leaflets opposite, ovate to elliptical or
oblong-lanceolate, 3-9 cm Xx 1-4 cm, usually
rounded at apex, with slightly recurved margins, nearly glabrous, pinnately veined with up
to 12 pairs of lateral veins. Inflorescence a
terminal or axillary raceme up to 35 cm long,
densely brownish hairy; bracts up to 5 mm
long, caducous. Flowers bisexual, slightly zygomorphic, scented; pedicel 1—1.5 cm long; sepals 4, ovate to elliptical, 1.5-2 cm long, unequal, brownish short-hairy; petals 5, free, obovate to spatulate, 2-3.5 cm long, crinkled near
margins, hairy towards midrib, pale mauve to
bluish purple; stamens 10, 9 fused at base and

rupture is 84 N/mm?2, modulus of elasticity
8500 N/mm?, compression parallel to grain 66

1 free, up to 3.5 cm long; ovary superior, 1—1.5
cm long, brown hairy, with short stipe, 1-celled,
style slightly longer than stamens. Fruit a flat-

N/mm?, shear 16 N/mm?, Janka side hardness

tened, woody, oblanceolate pod 8-14 cm x 3.5—

vice. At 12% moisture content, the modulus of
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5 cm, stiped, brown hairy, dehiscing with 2
spirally twisting valves, few-seeded. Seeds ellipsoid-rounded, 2-2.5 cm x 1.5-2 cm, flattened, dark reddish brown.
Baikiaea plurijuga has a very deep root system. Taproots of seedlings rapidly grow down
to reach soil layers which are moist throughout
the dry season. The rooting depth of trees has
been estimated to reach 6-9 m. Saplings and
trees have a pronounced developmentoflateral
roots. The roots develop endomycorrhizal associations. Under natural conditions, seedlings
require some shade for optimal growth and
survival. The stems of seedlings grow very
slowly for the first 3 years, when the taproot
rapidly penetrates the soil. They often reach no
more than 15 cm for several years, but the taproot may reach 1.5 m long in oneyear. Later,
annual growth rates of 50-70 cm can be
reached for youngtrees.
In regularly weeded plantation trials in Zambia at a spacing of 3 m X 3 m, survival of seedlings was 33% after 8 years, and at a spacing of
3m X 1 m 50-65%. After 18 years, the average
height of trees originally planted at a spacing
of 3 m X 3 m was 6.7 m and 4.6 m at an original spacing of 3 m X 1 m; the mean diameter of
the 200 largest trees was 11 cm. However, in
Zimbabwe a mean annual bole diameter incrementof 1.5 mm only has been recorded.
Some trees flower already when 7 years old
and fruiting may start when 11 years old.
Baikiaea plurijuga has protracted asynchronous flowering periods. It can be found flowering from November to May, and ripe seeds develop 5-9 months later. The flowers are pollinated by insects such as bees. The fruits open
explosively on the tree and the seeds are dispersed over short distances. The seeds take 1—
3.5 weeks to germinate, but often they stay
dormant for several months until sufficient
rainfall starts germination. Ripening fruits are
commonly eaten by monkeys and baboons.
Baikiaea comprises about 4 species andis restricted to mainland Africa. It is related to Copaifera, Detarium, Sindora and Tessmannia.
Ecology Baikiaea plurijuga is characteristic
for dry deciduous forest on Kalahari and Karroo sands, up to 1200 m altitude. It is well
adapted to dry sites on free-draining sandy
soils with a pH of 5—-5.5. The mean annual
rainfall in the area of distribution is (850-)
600-1100 mm,with a dry season of 6-8 months,
and the temperature variation can be extreme,

from a mean minimum temperature of 10—13°C
in the cold season to a mean maximum tem-

perature of 32-35°C in the warm season. Frost
mayoccurin the cold season. Baikiaea plurijuga is often found in association with Pterocarpus lucens Lepr., Guibourtia coleosperma
(Benth.) J.Léonard, Schinziophyton rautanenit
(Schinz) Radcl.-Sm., and Acacia, Combretum
and Terminalia spp., but occasionally it occurs
in pure or almost pure stands. The area covered by Zambezi teak forest, in which Baikiaea
plurijuga dominates, has been estimated in the
mid-1980s at 700,000 ha.

ManagementNatural regeneration is often
poor and hamperedbyerratic seed production,
long periods of drought, damage to the seedlings by wild animals, competition with dense
undergrowth, and fires. Seeds retain their viability for at least one year when stored at room
temperature; in cold storage they are still viable after 3 years. Pre-treatment of seeds by
soaking in cold water for 24 hours is recommended, or soaking in hot water for 2 minutes
and then staying overnight in the cooled-down
water. In general, seeds germinate easily.
Germination is best (85-90%) they are sown at
a depth of 4 cm; there is no germinationatall
whenthe seeds are sown deeper than 15 cm. In
a nursery in Namibia, a germination rate of
96% has been recorded. Seeds can be sown in a
2:1 mixture of river sand and compost. When
seedlings have developed two leaves they can
be transplanted in nurserybags.
In Zambia it was concluded in 1976 that the
lowerfelling limit for Baikiaea plurijuga boles
should be raised from 35 cm to 50 cm diameter.
The rotation cycle has been estimated to be 80—
100 years for trees naturally regenerated.
Fire has a detrimental effect on the structure
of Baikiaea plurijuga woodland, with a reduction in stocking, especially in small-diameter
classes. However, protecting sites from fire is
expensive and results in the accumulation of
litter, which contributes to the destructiveness

of fires. Controlled burningin the early part of
the dry season has been recommended to reduce the danger of damage caused by fires in
the late dry season. Another method to reduce
fire damage is by minimizing grass fuel loads
through grazing of the woodland in the mid or
late-growing season.
Baikiaea plurijuga seems to be almost free of
diseases. In Zambia severe problems have been
reported for natural regeneration of Baikiaea
plurijuga caused by various rodents and duikers (small antelopes). The foliage of trees is
often browsed by elephants, which mayseriously damagethe trees, but which on the other
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hand may promote natural regeneration. Sawn
timber is easily infested with wood-boring beetles in the course of seasoning; the most harmful are Lyctidae and Bostrichidae beetles, especially Heterobostrychus brunneus.
Natural forest can yield 5 m3/ha of Baikiaea
plurijuga timber, although 0.5-1 m3 is much
more common. A log of 4.9 m long and 35 cm in
diameter felled in Zambia yielded 0.35 m3 of
wood, and one of 4.9 m long and 50 cm in diameter 0.7 m®.
Genetic resources and breeding In Zambia two reserves have been established already
in the early 1980s for the conservation of Zambezi teak. In the same country, a conservation
plan for the genetic resources of Baikiaea plurijuga has been presented in 2002; a numberof
populations were suggested as gene conservation stands, representingall ecological zones in
order to maintain the genetic variation to the
best possible extent.
In Zimbabwein the 1980s, Baikiaea plurijuga
has also been reported to be in dangerof genetic impoverishment or even extinction. In Namibia Baikiaea plurijuga is protected by the
Forestry Ordinance, becauseit is threatened by
over-exploitation for the timber and byforest
clearing for agricultural purposes. Populations
of older individuals have now disappeared in
many regions throughout the distribution area
of Baikiaea plurijuga. However, populations in
fallow fields and national parks are regenerating locally well, and thickets with Baikiaea
plurijuga are fairly widespread.
Baikiaea plurijuga is included in the IUCN
Red List of threatened species, althoughclassified as lower risk / near threatened and with
the note that updating is needed.
Prospects Baikiaea plurijuga is regarded
one of the most valuable timbertrees in drier
parts of tropical Africa. It has been tested in
plantation trials in Zambia and Zimbabwe in
the 1960s, but the high costs of protection and
maintenance made widespread plantation establishment prohibitive. Therefore, timber production is still dependent on natural forest, for
which very long cutting cycles are needed because of the low growth rates. Sustainable economic production seems unrealizable, and
probably the wood will stay a luxury product
for special applications. Baikiaea plurijuga has
prospects as ornamental tree for larger gardens
and parks.
Major references CAB International, 2010;
Piearce, 1986; Piearce & Gumbo (Editors),
1993; SEPASAL, 2011; Theiladeet al., 2002.

Other references Bingham, 1990; Bolza &
Keating, 1972; Coates Palgrave, 2002; Leger,
2011; Martin, 1940; Neuwinger, 2000; Palmer

& Pitman, 1972-1974; van Wyk & Gericke,
2000; World Conservation Monitoring Centre,
1998; World Conservation Monitoring Centre,

2007.
Authors R.H.M.J. Lemmens

BAPHIOPSIS PARVIFLORA Benth. ex Baker
Protologue Oliv., FI. trop. Afr. 2: 256
(1871).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Baphiopsis stuhlmannii Taub.
(1895).
Origin and geographic distribution Baphiopsis parviflora occurs from Cameroon and
Gabon, through the Central African Republic
and DR Congo, east to Uganda and northwestern Tanzania.
Uses In Ugandathe woodis used for handles
of implements andtools such as hoes, axes and
saws.
Properties The non-protein aminoacid trihydroxypipecolic acid has been isolated from
the leaves; this compound was only known
from the genus Baphia.
Botany Shrub or small tree up to 15 m tall,
often leaning or sprawling; bark smooth, reddish brown; twigs short-hairy to glabrous.
Leaves arranged spirally, simple and entire;
stipules very small and soon falling off; petiole
0.5-4 cm long, thickened at both ends; blade

usually elliptical, (8-)4—20(-25) cm x 1.5-11
cm, obtuse to rounded at base, acuminate at

Baphiopsis parviflora — wild
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apex, leathery, glabrous, pinnately veined with
5-8 pairs of lateral veins. Inflorescence an axillary raceme or fascicle up to 3.5 cm long, shorthairy. Flowers bisexual, regular; pedicel 0.5-2
cm long; calyx ellipsoid and entire, opening by
a single slit or becoming 2-—3-lobed, with 2
small caducous bracteoles at base; petals 6,

free, nearly equal, elliptical to obovate, 0.51
cm long, white; stamens 13—18(40), free; ovary
superior, sessile, hairy to glabrous, 1-celled,
style slender, slightly curved. Fruit an oblong
pod 3—4(-6) cm long, with short beak, reticulately veined, black, 1(—2)-seeded. Seed oblong,
2.5—4 cm long, thin-walled.
The fruits are eaten by monkeys such as guenons, mangabeys and colobus monkeys, which
mayserveas seed dispersers.
Baphiopsis comprisesa single species. Its affinity is still uncertain, but in recent classifications it is usually placed in the tribes Swartzieae or Sophoreae of the family Papilionaceae
(Leguminosae - Papilionoideae), and it may be
related to Baphia. Its flowers, with their 6
nearly equal petals and more than 10 free stamens, do not have the characteristic papilionaceous structure, and therefore Baphiopsis was
until recently usually classified within Caesalpiniaceae.
Ecology Baphiopsis parviflora occurs in the
understorey of lowland rainforest or riverine
forest up to 1300 m altitude. It usually occurs
scattered in the forest, but is locally abundant
as in western Uganda.
Genetic resources and breeding There
are no indications that Baphiopsis parviflora is
threatened. It is widespread andis not particularly soughtafter.
Prospects The tree is too small and poorly
shaped to be of any future importance for its
timber.
Major references Brenan, 1967; Burkill,
1995.
Other references Aubréville, 1968; Aubré-

ville, 1970; Eggeling & Dale, 1951; Kite, 2003;
Lewis et al., 2005; Wilczek et al., 1952.

Authors R.H.M.J. Lemmens

Baudouinia fluggeiformis — wild
ern and central parts of the island.
Uses The wood is considered valuable, but is

generally used for posts and poles in house
building, and for cattle enclosures. Leaf decoctions and the gum from the bark are used in
traditional medicine to treat pharyngitis and
bronchitis.
Properties The wood is very hard andresilient.
Botany Deciduous small tree up to 15(—20)
m tall; bole fluted, up to 50(—70) cm in diameter; bark surface initially smooth and whitish

to pale grey, but becoming brownish and rather
rough; twigs usually short-hairy when young,
but soon becoming glabrous, with lenticels.
Leaves alternate, simple and entire; stipules

narrowly ovate, 2-3 mm long, caducous; petiole
38-6 mm long, swollen and wrinkled; blade elliptical to obovate, 1-5 cm x 1—4.5 cm, cuneate

to obtuse at base, obtuse
thinly leathery, nearly
veined with 5-6 pairs of
rescence an axillary cyme

to notched at apex,
glabrous, pinnately
lateral veins. Inflo2—4 cm long, many-

flowered. Flowers bisexual, regular, 5-merous,

yellow, scented; pedicel 5-12 mm long; sepals
free, narrowly ovate, 4-9 mm long, slightly
hairy; petals free, oblong-elliptical, 5-7 mm
long, glabrous; stamens 8-10, filaments 1-2

mm long, anthers 1.5—6 mm long; ovary supeBAUDOUINIA FLUGGEIFORMIS Baill.
Protologue Adansonia 8: 201 (1868).

Family Caesalpiniaceae (Leguminosae- Caesalpinioideae)
Origin and geographic distribution Baudouinia fluggeiformis is endemic to Madagascar, where it is quite widespread in the west-

rior, spindle-shaped, 1.5—4 mm long, with short

stipe, densely hairy, style 1.5-3 mm long. Fruit
a drupe-like, ellipsoid to nearly globose pod 1—
2(—2.5) cm long, short-hairy, indehiscent, 1—2(—
4)-seeded. Seeds oblong-ellipsoid to nearly globose, 5-7 mm long, pale brick red.
Baudouinia comprises 6 species and is endemic
to Madagascar. It belongs to the tribe Cassieae
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subtribe Dialiinae, and it has been suggested
that it is related to the genera Eligmocarpus
and Mendoravia from Madagascar and Poeppigia from tropical America.
The wood of Baudouinia louvelii R.Vig., an
evergreen small tree up to 15 m tall with a
limited distribution in the central part of eastern Madagascar, is used for carpentry, flooring
and outdoor joinery. The woodis heavy, with a
density of about 950 kg/m? at 12% moisture
content, and very hard. It has high shrinkage
rates during drying, but is stable in service. It
is very resistant to fungi and moderately resistant to termites and dry-woodborers.
The wood of Baudouinia rouxevillei H.Perrier,
a small tree up to 15 m tall restricted to a
small area in south-western Madagascar, is

much sought after. The bole and branches of
this species are deeply folded and channelled,
with dark brown woodexcept for the outermost
edges of the folds where it is whitish. This
gives a very decorative effect and the wood is in
high demand for making ornaments, lamp
stands and walking-sticks. It is also used for
charcoal production. Baudouinia rouxevillei
has become endangered due to over-exploitation, possibly being even close to extinction.
Ecology Baudouinia fluggeiformis occurs in
deciduous forest and woodland, also in dry
woodland and scrubland, up to 500(—700) m
altitude. It is said to prefer sandy andalluvial
soils, but in the dry forest near Morondavait is
mainly found on slopes and is more rare on
clayey soils in valleys.
Genetic resources and breeding Baudouinia fluggeiformis is widespread in Madagascar in a wide variety of habitats and not
endangered by genetic erosion. However, it is
locally threatened byselective exploitation, e.g.
in Bongolava forest, where it suffers also from
uncontrolled burning. Other species of Baudouinia all have very limited areas of distribution where they are moreor less confined to a
specific habitat, and could easily become endangered.
Prospects Baudouinia fluggeiformis will
remain of local importance for its very hard
and probably durable wood that is in demand
for posts and poles. It deserves more attention
in research because little is known on nearly
all aspects. Research on other Baudouinia spp.
should focus more on protection than on exploitation.

Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Lewis et al., 2005; Neuwinger, 2000.
Authors R.H.M.J. Lemmens

BAUHINIA PODOPETALA Baker

Protologue Journ. Linn. Soc., Bot. 25: 318
(1890).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Bauhinia podopetala is endemic to northern and
western Madagascar, from Antsiranana in the
north, south to Morondava.
Uses The wood is used for house construction, especially for poles, and for fences. It is
suitable for joinery, interior trim, boxes and
crates. It is also used as firewood.
Properties The wood of Bauhinia spp. from
Madagascar is medium-weight, with a density
of about 680 kg/m? at 12% moisture content,
and moderately hard. It is easy to dry with
moderate shrinkagerates. It is fairly stable in
service. It is easy to work and not durable, but
moderately easy to treat with preservatives.
Botany Deciduous shrub or small tree up to
15 m tall; bole up to 20 cm in diameter; bark
surface smooth and reddish brown, slightly
peeling; twigs glabrous, with lenticels. Leaves
alternate, simple; stipules triangular, c. 2 mm
long; petiole slender, (1.5—)2—4(—4.5) cm long;
blade 2-lobed to about the middle, 5.5—9.5(—12)
cm X 5—9(—-12) cm, truncate to rounded at base,

lobes acute to acuminate at apex, nearly glabrous, 7(-9)-veined from the base. Inflorescence a terminal raceme 2-7 cm long, often

Major references du Puy et al., 2002; Ra-

kotovao et al., en préparation; Razafimahaleo,
1992.
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branched and panicle-like, many-flowered, the
flowers opening sequentially. Flowers bisexual,
zygomorphic, 5-merous; pedicel 0.5-1.5 cm
long; calyx spathe-like, 3.5-4.5 cm long, with
beak or teeth at apex, glabrous; petals free, 5-8
cm long, with long greenish claw and ovate to
elliptical, pale salmon-pink blade, upper petal
slightly longer and narrower than other ones
and with a large pale yellow blotch at base;
stamens 5, 4—7 cm long, staminodes 5, 1-2 cm

long; ovary superior, elongated, c. 1.5 cm long,
glabrous, style c. 2.5 cm long, with headshaped stigma. Fruit a linear-oblong, flattened
pod 20-25 cm long, with stipe c. 2 cm long at
base and beaked at apex, glabrous, dehiscent

with 2 valves, 10-20-seeded. Seeds disk-shaped
to oblong, 10-11 mm long, blackish brown.
Bauhinia is a widespread tropical genus with
150-250 species, depending on the demarcation
of the genus. It is well known for its ornamental shrubs andtrees, planted in parks andgardens, and as roadside tree. In Madagascar

leys, up to 300 m altitude. It is found on sandy
and alluvialsoils.
Genetic resources and breeding Bauhinia podopetala is quite widespread in Madagascar and does not seem to be liable to genetic
erosion at present.
Prospects Bauhinia podopetala and other
Bauhinia spp. from Madagascar do not have
prospects as commercial timber trees because
their boles are too small and too poorly shaped.
They will remain of limited importance for
local house building and for firewood production as long as they occur in sufficient quantities. With their often large and conspicuous
flowers, they may be interesting ornamental
shrubs and trees like several other Bauhinia
spp., but research is needed on propagation
and planting.
Major references du Puyet al., 2002; Rakotovaoet al., en préparation; Schatz, 2001.
Other references Lewis et al., 2005.
Authors R.H.M.J. Lemmens

about 15 species are found, all but one endem-

ic. The wood of someof these is used for similar
purposesas that of Bauhinia podopetala.
Bauhinia grandidieri Baill. is a shrub up to 3
m tall, occurring in dry woodland and scrubland in southern Madagascar. The stems are
used as poles in house construction, and as
firewood. Plants of Bauhinia grandidieri with
their lilac-blue to whitish flowers are occasionally traded as ornamental, also as bonsaitree.
Bauhinia hildebrandtii Vatke is a shrub or
small tree up to 10 m tall, with bole up to 30
cm in diameter, found in more humid deciduous woodland in northern and north-western
Madagascar, and also in Comoros. The bole
and branches are used as posts and poles in
house construction, and for fences and cattle
enclosures.

BEGUEA APETALA Capuron
Protologue Mém. Mus. natl. Hist. nat., sér.
B, Bot. 19: 105 (1969).
Family Sapindaceae
Origin and geographic distribution Beguea
apetala is endemic to Madagascar, whereit is
found in the northern and eastern parts of the
island.
Uses The wood of Beguea apetala is primarily used for boat building, as is the case for several other Sapindaceaespecies.
Botany Dioecious medium-sized tree up to
25 m tall; bole up to 50 cm in diameter; young

Bauhinia madagascariensis Desv. is a shrub or

small tree up to 6(-10) m tall from southwestern and southern Madagascar, occurring
in more humid to dry deciduous woodland and
scrubland. Its stems are used as posts in house
construction, whereas the barkis used as rope.
Seeds are occasionally offered for sale, to grow
the plants with their reddish flowers.
Bauhinia morondavensis Du Puy & R.Rabev.is
a shrub or small tree up to 7 m tall, also occurring in deciduous woodland and scrubland in
south-western and southern Madagascar. Its
stems are used as poles in house construction
and as firewood; the barkis used as rope.
Ecology Bauhinia podopetala occurs in deciduous woodland, often along rivers or in val-
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twigs yellowish brown to reddish brown hairy,
soon becoming glabrous. Leaves alternate, paripinnately compound with 3-7 pairsofleaflets;
stipules absent; petiole 2.6-7 cm long, rachis
3-17 cm long; petiolules 2-5 mm long; leaflets
opposite to alternate, elliptical to lanceolate, 3—
16 cm X 1.5—4.5 cm, cuneate at base, usually
acuminate at apex, margins entire, glabrous,

pinnately veined with manylateral veins. Inflorescence a slender, axillary raceme up to 25
cm long, densely short-hairy. Flowers unisexual, regular; pedicel 2-5 mm long; calyx 1.5-3
mm in diameter, with 5-8 short lobes, shorthairy outside; petals absent; stamens 6-8, up
to 8.5 mm long,filaments pink, anthers purple;
disk thick, cushion-shaped; ovary superior, c. 2
mm long, 3-celled, style c. 2.5 mm long; male
flowers with rudimentary ovary, female flowers
with reduced stamens. Fruit a globose to obovoid berry up to 2 cm long, indehiscent, 1seeded. Seed globose to obovoid, c. 12 mm long,
brown, enclosed byfleshy, translucentaril.
Beguea comprises about 7 species and is endemic to Madagascar.
Ecology Beguea apetala occurs in subhumid and humid evergreen forest from sealevel up to 1000 m altitude.
Genetic resources and breeding Beguea
apetala is fairly widespread and there are no
indications that it is threatened, but monitoring its populations will be meaningful in view
of the reduction of natural forest areas in eastern Madagascar.
Prospects As is the case for other Sapindaceae species with similar use and wood quality, proper management of populations of
Beguea apetala is needed to ensure sustainable
use, but data are lacking to do adequate recommendations.
Major references Boiteau, Boiteau & Allorge-Boiteau,

1999;

Capuron,

1969;

Schatz,

2001.
Other references Buerki et al., 2009; Buerki et al., 2010; TransMad, 2004.

Authors C.H. Bosch

BERLINIA BRACTEOSA Benth.
Protologue Trans. Linn. Soc. London 25:
309 (1866).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Macroberlinia bracteosa (Benth.)
Hauman (1952).

Origin and geographic distribution Berli-

Berlinia bracteosa — wild
nia bracteosa occurs from south-eastern Nigeria east to the Central African Republic and
western DR Congo, and south to Cabinda (Angola).
Uses The wood, often traded together with
other Berlinia spp. as ‘ebiara’, is commonly
used for construction, flooring, joinery, interior
trim, panelling, furniture, vehicle bodies, agricultural implements, railway sleepers, draining boards and turnery.It is suitable for boat
building, veneer, plywood and pulpwood. It is
also used as firewood.
In traditional medicine, bark decoctions are
used as purgative and to treat oedema, jaundice, toothache and caries. In Central Africa
they are administered as an enemato treat
diarrhoea and vomiting in children. Berlinia
bracteosa is occasionally planted as ornamental
village shadetree.
Production and international trade The
wood of Berlinia bracteosa and other Berlinia
spp. is currently traded in small amounts only
on the international market. In Gabon the export of ‘ebiara’ (Berlinia spp.) logs increased
from 200 m3 in 1991 to 6400 m3 in 1999 and to
12,200 m3 in 2005. The export from Cameroon
was 500 m3 in 1998, but only 15 m3 in 1999.
Properties The heartwood is pinkish brown
to reddish brown, often with darker streaks,

anddistinctly demarcated from the up to 10 cm
wide, greyish white or pinkish sapwood. The
grain is straight to slightly interlocked, texture
medium to coarse. The wood has a distinct
odour when freshly cut, and gum ducts are
often present.
The wood is medium-weight, with a density of
610-720 kg/m* at 12% moisture content. It air
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dries slowly with a slight risk of distortion. The
rates of shrinkage are moderate, from green to
oven dry about 2.8% radial and 7.4% tangential. Quarter-sawing of logs before drying is
recommended. Once dry, the woodis stable in
service.
At 12% moisture content, the modulus of rupture is 95-159 N/mm?, modulus of elasticity
8820 N/mm2, compression parallel to grain 48—
73 N/mm2, shear 8-12 N/mm?, cleavage 11-16
N/mm, Janka side hardness 6310 N, Janka end

hardness 7645 N and Chalais-Meudon side
hardness 2.5-4.6.
The wood generally works and sawsfairly easily with ordinary hand and machine tools. The
blunting effect on saw teeth and cutting edges
is moderate. The wood surfaces take an excellent polish, but picking up of interlocked grain
mayoccur in planing. The wood holdsnails and
screws well, but pre-boring is needed. The gluing, slicing, peeling and bendingproperties are
all satisfactory. The heartwoodis durable. It is
fairly resistant to fungi, dry wood borers and
termites. The heartwood is resistant to impregnation with preservatives, but the sapwood is permeable.
Adulterations and substitutes The wood
of Berlinia bracteosa closely resembles that of
Berlinia confusa Hoyle and has similar uses.
The woodof these two species is often mixed in
trade under the name‘ebiara’.
Description Small to medium-sized tree up
to 30(-35) m tall; bole usually short, branchless

for up to 15 m, often irregular, up to 100 cm in
diameter, often with low buttresses, sometimes

slightly fluted at base; bark surface smooth to
scaly, greyish to yellowish, inner bark fibrous,
creamy to pale brown, strongly scented; crown
spherical, dense; twigs angular, glabrous.
Leaves alternate, paripinnately compound with
(8-)4-5(-6)

pairs of leaflets;

stipules large,

silvery hairy, caducous; petiole 2-7 cm long,
rachis up to 30 cm long; petiolules stout, 0.5—
1.5 cm long; leaflets opposite or nearly so, oblong-elliptical to oblong-obovate, 10-28(-44) cm
x 4-9(-12.5) cm, obtuse to cuneate at base,

short-acuminate at apex, leathery, minutely
hairy below, pinnately veined with 10-15 pairs
of lateral veins. Inflorescence a solitary stout
terminal raceme up to 30 cm long, densely
golden brown short-hairy, many-flowered;
bracts 5-10 cm long. Flowers bisexual, zygomorphic, 5-merous, scented, with 2 bracteoles

up to 7.5 cm X 2 cm at base; pedicel 1-3 cm
long; hypanthium c. 1 cm long, nearly glabrous;
sepals linear, 2.5-4 cm long; petals free, 5-9

Berlinia bracteosa — 1, base of bole; 2, part of
leaf; 3, inflorescence; 4, fruit.

Redrawn and adapted by Iskak Syamsudin
cm long, 1 much broader than other 4, with
long claw at base, 2-lobed at apex, white; stamens 10, 4—7.5 cm long, 9 fused at base, 1 free;
ovary superior, stiped, densely short-hairy,
style slender, about as long as stamens. Fruit a
large, woody, oblong, flattened pod up to 40 cm
x 10 cm, with stipe c. 2 cm long, glabrous,
slightly shiny brownish to black, with indistinct diagonal veins, dehiscing with 2 valves,c.
4-seeded. Seeds flat, rounded, c. 6 cm in diameter. Seedling with epigeal germination; hypocotyl very short; cotyledons thick, dark green,
spreading just above groundlevel.
Other botanical information Berlinia comprises about 20 species andis confinedto tropical Africa with nearly all species occurring in
West and Central Africa. Manyspecies closely
resemble each other, and identification may be
problematic. Berlinia bracteosa belongs to section Macroberlinia, characterized by petals of
nearly similar length andlarge bracts.
Berlinia occidentalis Keay also belongs in this
section. It is a small to medium-sized tree up to
25(—40) m tall with often irregular bole up to
80 cm in diameter, and occurs from Sierra Le-
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one to Ghana. The wood is used for house construction, joinery and furniture. The bark is
used in traditional medicine in Côte d'Ivoire to
treat fever and haematuria, and as a tonic.
Berlinia occidentalis is included in the IUCN
Red List as vulnerable.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct; (2: growth ring boundaries indistinct or

absent). Vessels: 5: wood diffuse-porous: 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:

vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the raycell; (42: mean tangential diameter of vessel lumina 100—200 um);
43: mean tangential diameter of vessel lumina
= 200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:
gums and other deposits in heartwoodvessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchymaaliform; 81:
axial parenchyma lozenge-aliform; 82: axial
parenchyma winged-aliform; 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; (91:
two cells per parenchymastrand); 92: four (3—
4) cells per parenchymastrand. Rays: (96: rays
exclusively uniseriate); 97: ray width 1-3 cells;
104: all ray cells procumbent; 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 115: 4-12 rays
per mm. Secretory elements and cambial variants: 131: intercellular canals of traumatic
origin. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells.
(C. Essien, A.A. Oteng-Amoako & P. Baas)
Growth and development In Congo the
annual growth rate of young trees has been
reported to be less than 1 m. In Gabon leaves
fall in May—July and subsequently vivid coppery-red new foliage develops. The young
leaves, flowers and seeds are eaten by monkeys
such as colobus. The presence of ectomycorrhizae has been demonstrated for the roots.
Ecology Berlinia bracteosa grows in moist
forest types, and is particularly characteristic
of lowland evergreen forest, where it may also
occur in secondaryformations. It is often found
along rivers, and occasionally occurs in gallery
forest in savannaareas.

Propagation and planting The germination
rate of seeds has been recorded to be over 75%.
Management Berlinia bracteosa occurs locally frequently, e.g. in western Gabon, where
the average volumeof bole woodis 1.5 m3/ha.
Harvesting In Gabon the minimum bole
diameter for harvesting has been set at 50 cm.
Yield A tree with a bole of 12 m long and 70
cm in diameter yielded 2.8 m3 of wood.
Handling after harvest The often poor
shape of the bole and the thick sapwood frequently cause much waste in sawing operations.
Genetic resources Berlinia bracteosa is
fairly widespread and there are noindications
of current overexploitation in its range of distribution. It is therefore not threatened by genetic erosion.
Prospects Little information is available on
Berlinia bracteosa, especially concerning its
growth rates, propagation and planting and
suitable management measures. Research is
needed to be able to determinepossibilities for
larger-scale commercial exploitation on a sustainable basis. However, the often poor shape
of the bole is a serious drawback, which might
be overcome by selecting superior tree types
and developing proper methods of vegetative
propagation.
Major references ATIBT, 1986; Aubréville,
1970; Bolza & Keating, 1972; Christy et al.,
2003; CIRAD Forestry Department, 2008; de
Saint-Aubin, 1963; Keay, Onochie & Stanfield,
1964; Mackinder & Harris, 2006; Takahashi,
1978; Vivien & Faure, 1985.
Other references Aubréville, 1968; Bibani,
Jonkers & Essama, 1986; Burkill, 1995; Chuyong,

Newbery & Songwe, 2002; Holmgren et al.,
2004; Maisonneuve & Manfredini (Editors),
1988a; Neuwinger, 2000; Raponda-Walker &
Sillans, 1961; Sallenave, 1955; Sallenave, 1964;

Tailfer, 1989; Teillier, 1994; White & Abernethy, 1997; Wilczek et al., 1952; Wilks & Issembé, 2000.
Sources of illustration Aubréville, 1968;
Wilks & Issembé, 2000.
AuthorsR.B. Jiofack Tafokou

BERLINIA CONFUSA Hoyle
Protologue Bull. Misc. Inform. Kew 1934(5):

184 (1934).

Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome numbern = 12
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Vernacular names Red oak (En). Melegba
(Fr).
Origin and geographic distribution Berlinia confusa occurs from Sierra Leone east to
Cameroon and south to Gabon.
Uses The wood, often traded with other Berlinia spp. as ‘ebiara’, ‘berlinia’ or ‘melegba’, is
used for construction, flooring, interior trim,
joinery, ship building, vehicle bodies, canoes,
furniture, cabinet making, mortars, agricultural implements, precision equipment and turnery. It is suitable for railway sleepers, draining
boards, veneer and plywood.
In Sierra Leone leaves are used in sauce preparation, and fruits for making soap. In Liberia
bark sap is applied in traditional medicine as
ear drops, and the seeds are used as bait for

rodents. In Cote d'Ivoire leaf preparations are
administered to promote childbirth and to improve blood circulation, and as tonic, and in
Ghana to treat intestinal complaints and as an
enemato treat constipation. Berlinia confusa is
sometimes planted as a shade tree in coffee
plantations.
Production and international trade In Gabon the export of ‘ebiara’ timber (Berlinia spp.)
as logs increased from 200 m3 in 1991 to 6400
m3 in 1999 and to 12,200 m3 in 2005. In Cameroon the export was 500 m? in 1998, but only
15 m3 in 1999. The wood of Berlinia confusa
and other Berlinia spp. is currently traded in
small amounts only on the international market.
Properties The heartwoodis reddish brown,
and distinctly demarcated from the wide, whitish to greyish sapwood. The grain is usually
interlocked, texture rather coarse.

The wood is medium-weight with a density of

690-720 kg/m* at 12% moisture content. It air
dries slowly, but usually with little degrade.
The rates of shrinkage are high, from green to
oven dry about 4.5% radial and 9.7% tangential. At 12% moisture content, the modulus of
rupture is 105-150 N/mm2, modulusofelasticity 10,780-11,760 N/mm?, compression parallel
to grain 53-55 N/mm?, shear 9-15 N/mm?,
cleavage 18-20 N/mm, Janka side hardness
6050 N and Chalais-Meudonside hardness 3.5.
The wood is moderately easy to saw and work,
but has a tendencyto split. It can be polished
to a good finish, but picking up of interlocked
grain may occur in planing, which should be
done with care. The wood has moderate nailing
properties. The slicing and peeling properties
are satisfactory, as well as the gluing properties. The wood is moderately durable, being
susceptible to pinhole borer and marine borer
attacks, but slightly resistant to termite attack. The heartwood is moderately resistant to
preservative treatment, but the sapwood is
permeable. The wood is liable to staining in
contact with iron.
Leaf extracts contain saponins, tannins, anthraquinonesand glycosides.
Adulterations and substitutes The wood
of Berlinia confusa is often mixed with that of
other Berlinia spp. with similar properties and
uses, especially Berlinia bracteosa Benth.
Description Evergreen medium-sized to fairly large tree up to 35(-40) m tall; bole branchless for up to 25 m, often irregular, sometimes
straight and cylindrical, up to 100 cm in diameter, often with low buttresses, sometimesfluted at base; bark surface smooth to scaly, pale
grey to yellowish brown, inner bark fibrous,
yellowish to pale pinkish brown,slightly sticky,
strongly scented; crown obconical, dense; twigs
whitish to greyish, glabrous. Leaves alternate,
paripinnately compound with 3—5 pairsofleaflets; stipules large, caducous; petiole 1.5-5 cm
long, rachis up to 15 cm long; petiolules 0.5—1
cm long; leaflets opposite or nearly so, ovateelliptical to obovate, asymmetrical, 5—15(—17)
cm xX 2.5—7(-9) cm, rounded to cuneate at base,

acute to acuminate at apex, papery to thinleathery, minutely hairy below, pinnately
veined with 4-9 pairs of lateral veins. Inflorescence an axillary or terminal few-branched
panicle or raceme up to 16 cm long, densely
reddish brown short-hairy, many-flowered;
bracts small, caducous. Flowers bisexual, zygomorphic, 5-merous, scented, with 2 bracte-

Berlinia confusa — wild

oles up to 3.5(-4.5) cm X 1.5 cm at base; pedicel
1.5-3 cm long; hypanthium up to 1.5 cm long,
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Berlinia confusa — 1, base of bole; 2, flowering
twig; 8, fruit.
Redrawn and adapted by Iskak Syamsudin
usually glabrous; sepals linear, c. 1.5 cm long;
petals free, 1 large, 4-6 cm long, with long claw
at base, slightly notched at apex, other 4 c. 1.5
cm long, white; stamens 10, 5-6.5 cm long, 9

fused at base, 1 free; ovary superior, stiped,
densely short-hairy, style slender, about as
long as stamens. Fruit a large, woody, oblong,
flattened pod up to 35 cm x 11 cm, with short
stipe, glabrous, dull brownish to black, with
indistinct diagonal veins, dehiscing with 2
valves, c. 4-seeded. Seeds flat, roundedtoellipsoid, up to 5 cm in diameter, brown. Seedling
with epigeal germination; hypocotyl very short,
epicotyl 15-30 cm long; cotyledons thick,
spreading just above ground level.
Other botanical information Berlinia comprises about 20 species and is confined to tropical Africa with nearly all species occurring in
West and Central Africa. Many species closely
resemble each other, and identification may be
problematic. Berlinia confusa belongs to section Berlinia, characterized by petals that are
very unequal in length and small bracts. It has
been confused with several other species from
this section, especially Berlinia auriculata
Benth., Berlinia congolensis (Baker f.) Keay,

Berlinia coriacea Keay and Berlinia grandiflora (J.Vahl) Hutch. & Dalziel. The wood ofall
these species, and probably some other, is
mixedin trade.
Berlinia auriculata Benth. is a shrub or small
to medium-sized tree up to 20/30) m tall, with
a bole diameter up to 75 cm. It is found in Nigeria, Cameroon, Gabon and Congo. Its wood is
probably used for similar purposes as that of
Berlinia confusa.
Berlinia congolensis (Baker f.) Keay is a small
to medium-sized tree up to 20(-30) m tall, with
a bole diameter up to 65(—120) cm. It is found
in Nigeria, Cameroon, Equatorial Guinea, Gabon, Congo, DR Congo and northern Angola.
Its reddish brown wood can be used for similar
purposes as that of Berlinia confusa, especially
for joinery, furniture, vehicle bodies, railway
sleepers, veneer and plywood. The wood is medium-weight with a density of 620-710 kg/m3
at 12% moisture content. In Congo the bark is
used in traditional medicine to treat skin complaints.
Berlinia coriacea Keay is a small to mediumsized tree up to 25 m tall, with a bole diameter
up to 30 cm. It is confined to Nigeria and Cameroon. Its wood is probably used for similar
purposes as that of Berlinia confusa, and Berlinia coriacea may have value as an ornamental tree.
Berlinia craibiana Bakerf. is a shrub or small
to medium-sized tree up to 30(—40) m tall, with
a bole diameter up to 40(—80) cm. It is found in
Nigeria, Cameroon and Gabon. Its wood is
probably used for similar purposes as that of
Berlinia confusa.
Berlinia giorgii De Wild. is a small tree up to
15(—20) m tall, with a bole diameter up to 50
cm, occurring in DR Congo, Burundi, Zambia

and Angola. The woodis occasionally used, e.g.
to make drums.
Berlinia viridicans Bakerf. is a small tree up
to 10 m tall, occurring in Gabon, Congo, southwestern DR Congo and Cabinda (Angola). The
wood, with a density of about 670 kg/m3 at 12%
moisture content, is similar to that of Berlinia
confusa and used for similar purposes.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 27:
intervessel pits large (> 10 um); 29: vestured
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pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwoodvessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma:80: axial parenchymaaliform; 81:
axial parenchyma lozenge-aliform; (82: axial
parenchyma winged-aliform); 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; (91:
two cells per parenchyma strand); 92: four (3—
4) cells per parenchymastrand; (98: eight (5-8)
cells per parenchyma strand). Rays: (96: rays
exclusively uniseriate); 97: ray width 1-3 cells;
(104: all ray cells procumbent); 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 115: 4-12 rays
per mm. Secretory elements and cambial variants: (131: intercellular canals of traumatic
origin). Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells; (148: prismatic
crystals in fibres).
(C. Essien, H. Beeckman & P. Baas)
Growth and development In a sample plot
in Sierra Leone, the mean annual diameter
increment of trees with a bole diameter of
about 30 cm was only 2 mm. In West Africa old
leaves often fall around November, followed by
newflushesof leaves about one week later. The
young leaves are initially orange-red, changing
to purplish and then pale green. In Sierra Leone and Ghanaflowering trees have been mainly recorded in March—May,in Liberia and Cote
d'Ivoire in January—April; ripe fruits are found
in Liberia in July-September, in Cote d'Ivoire
in February and August-September, in Ghana
in September—December. Fruits open explosively, scattering the seeds over somedistance.
Ecology Berlinia confusa occurs in a variety
of lowland forest types, from wet evergreen
forest to dry semideciduous forest, including
secondary forest. It seems to prefer welldrained sites, but has often been recorded in

valleys and along watercourses.
Propagation and planting Seeds are normally shed gregariously around mother trees,
and they often germinate abundantly but soon
die off. In Liberia it has been reported that
saplings are most common in secondary forest

close to mature forest. There are about 130
seeds per kg. Germination takes 8-21 days,
and the germination rate is high.
Management Larger trees are usually found
scattered in the forest. In Gabon an average
wood volume of 0.6 m3/ha has been recorded,
but this may include also some other Berlinia
spp. Trees normally sprout well from stumps.
Genetic resources Berlinia confusa is widespread and althoughit usually occurs scattered
in the forest and regenerates rather poorly, it
does not seem to be threatened by genetic erosion at present.
Prospects As is the case for many other
Berlinia spp., little information is available on
Berlinia confusa, especially concerning its
growth rates, propagation and planting and
suitable management measures. Research is
needed to be able to determinepossibilities for
larger-scale commercial exploitation on a sustainable basis. However, the irregular shape of
the bole is a serious drawback, which might be
overcome by selecting superior tree types and
developing proper methods of vegetative propagation.
Major references ATIBT, 1986; Aubréville,
1970; Bolza & Keating, 1972; Burkill, 1995;
Irvine, 1961; Keay, Onochie & Stanfield, 1964;

Mackinder & Harris, 2006; Siepel, Poorter &
Hawthorne, 2004; Takahashi, 1978; Voorhoeve,

1979.
Other references Aubréville, 1959b; Aubréville, 1968; Bouquet & Debray, 1974; Christy et
al., 2003; CIRAD Forestry Department, 2008;

Cooper & Record, 1931; de Koning, 1988; de la
Mensbruge, 1966; de Saint-Aubin, 1963; Fouarge

& Gérard, 1964; Hawthorne, 1995; Keay, 1954f;
Onangaet al., 1999; Savill & Fox, 1967; Sonde,

2002; Taylor, 1960; Vivien & Faure, 1985;
Wilks & Issembé, 2000.
Sources of illustration Voorhoeve, 1979;

Wilks & Issembé, 2000.
Authors E.A. Obeng

BERLINIA GRANDIFLORA (Vahl) Hutch. &
Dalziel
Protologue Bull. Misc. Inform. Kew
1928(10): 398 (1928).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome numbern = 12
SynonymsBerlinia acuminata Sol. ex Hook.f.
(1849), Berlinia heudelotiana Baill. (1865).
Vernacular names Melegba des galeries
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(Fr).
Origin and geographic distribution Berlinia grandiflora is widespread from Guinea and
Mali east to the Central African Republic, and
south to DR Congo.
Uses The wood is used for construction in
house building, planks, flooring, joinery and
food containers. It is suitable for interior trim,
ship building, vehicle bodies, furniture, cabinet
making, railway sleepers, stakes, draining
boards, turnery, veneer and plywood.
Bark sap is applied to sores and wounds, and
bark decoctions are administered to treat
haemorrhoids and liver complaints, and as a
vermifuge. A decoction of leafy twigs is used as
febrifuge, cholagogue and anti-emetic; however, it is also reported to be used as emetic and
purgative. Leaf decoctions are taken as a tonic.
Berlinia grandiflora is sometimes planted as
ornamental tree and shadetree in villages, and
as a shadetree in coffee plantations. It is occasionally browsed bylivestock, especially sheep
andgoats.
Production and international trade The
wood of Berlinia grandiflora is mainly used
locally and rarely traded on the international
market as ‘melegba’.
Properties The heartwood is pinkish brown
to reddish brown with purplish streaks, and
distinctly demarcated from the pinkish white,
wide sapwood. Thegrain is interlocked, texture
medium to coarse. The wood is odourless and
tasteless whendry.
The wood is medium-weight to moderately
heavy, with a density of 690-820 kg/m* at 12%
moisture content. It air dries rather slowly but
well, with occasionally slight distortion. The
rates of shrinkage are rather high, from green

to oven dry 5.9-6.0% radial and 8.5—10.4%
tangential. At 12% moisture content, the modulus of rupture is 110-180 N/mm?, modulus of
elasticity 10,780—12,350 N/mm2, compression
parallel to grain 51-73 N/mm?, shear 11-15
N/mm?, cleavage 12-18 N/mm, Janka side
hardness 6050 N and Chalais-Meudon side
hardness 3.6-6.7.
The wood works and saws moderately well, but
occasionally rapid blunting of saw teeth and
cutting edges may occur. Picking-up of grain at
planed surfaces can be problematic. The nailing and screwingproperties are satisfactory, as
well as gluing and bendingcharacteristics. The
staining and polishing properties are reportedly variable. The wood is moderately durable,
being moderately resistant to termite attacks,
but liable to pinhole and marine borerattacks.
The sapwood is easily treated with preservatives, but the heartwood is resistant.

In bark extracts, the presence of alkaloids,
tannins, flavonoids, triterpenes and glycosides
has been demonstrated. Methanolic bark extracts showed acute toxicity in mice, with a
LD50 of 37 mg/kg using intraperitonial injection. They significantly increased pentobarbitone-induced sleeping time in mice and showed
analgesic effect. They induced a_ dosedependent contraction of isolated guinea-pig
ileum. Bark extracts showed anthelmintic activity in rats infected with Nippostrongylus
brasiliensis and against the free-living soil
nematode Caenorhabditis elegans. Betulinic
acid wasidentified as active component.
Description Small to medium-sized tree up
to 25(—30) m tall; bole often short, often irregu-

lar, sometimes straight and cylindrical, up to
50(-70) cm in diameter, without buttresses;
bark surface scaly, dark grey to brown, inner
bark pale brown to reddish brown, sometimes
exuding a yellowish resin; crown rounded,
dense, with spreading branches; twigs brown,
glabrous. Leaves alternate, paripinnately compound with (2—)3—4(—5) pairs of leaflets; stipules large, caducous; petiole 2—4(—6.5) cm long;
petiolules stout, 0.5-1 cm long; leaflets opposite or nearly so, oblong-elliptical to obovate,
asymmetrical, 7-22 cm X 3—-11.5 cm, obtuse to

rounded at base, usually short-acuminate at
apex, papery to thin-leathery, glabrous to
short-hairy below, pinnately veined with 7-12
pairs of lateral veins. Inflorescence a terminal
much-branched panicle, densely reddish brown
short-hairy, many-flowered; bracts small, caducous. Flowers bisexual, zygomorphic, 5Berlinia grandiflora — wild

merous, scented, with 2 bracteoles up to 3.5(—
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linia auriculata Benth., Berlinia congolensis
(Baker f.) Keay, Berlinia confusa Hoyle and
Berlinia coriacea Keay.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); (27:
intervessel pits large (© 10 um)); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; (42: mean tangential
diameter of vessel lumina 100-200 um); 43:

Berlinia grandiflora — 1, flowering twig; 2, flower; 8, fruit.
Redrawn and adapted by Iskak Syamsudin
6.5) cm X 2 cm at base, silvery hairy inside;
pedicel 2-5 cm long; hypanthium up to 1.5 cm
long, usually glabrous; sepals linear, c. 1 cm
long; petals free, 1 large, 3.5-6.5 cm long, with
long claw at base, slightly notched at apex,
other 4 c. 1 cm long, white; stamens 10, 5-6 cm
long, 9 fused at base, 1 free; ovary superior,
stiped, densely short-hairy, style slender, about
as long as stamens. Fruit a large, woody, oblong, flattened pod up to 30 cm Xx 7 cm, with

short stipe, densely golden short-hairy, yellowish brown to brown, with indistinct diagonal
veins, dehiscing with 2 valves, c. 4-seeded.

Seeds flat, roundedto ellipsoid, up to 4 cm in
diameter, dark brown.
Other botanical information Berlinia
comprises about 20 species and is confined to
tropical Africa with nearly all species occurring
in West and Central Africa. Many species
closely resemble each other, and identification
may be problematic. Berlinia grandiflora belongs to section Berlinia, characterized by petals that are very unequal in length and by
small bracts. It has been confused with several
other species from this section, especially Ber-

mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchymaaliform; 81:
axial parenchyma lozenge-aliform; (82: axial
parenchyma winged-aliform); 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; 91:
two cells per parenchymastrand; 92: four (3—4)
cells per parenchyma strand. Rays: 96: rays
exclusively uniseriate; (97: ray width 1—3 cells);
104: all ray cells procumbent; (106: body ray
cells procumbent with one row of upright
and/or square marginal cells); 116: > 12 rays
per mm. Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchymacells.
(C. Essien, H. Beeckman & P. Baas)
Growth and development Trees often
flower at the end of the dry season. In Côte
d'Ivoire flowering of trees has been recorded in
January—May and in Ghana in January—July.
Fruits ripen about 6 monthslater.
Ecology Berlinia grandiflora occurs mostly
in gallery forest in savanna areas, up to 700 m
altitude. It can also be found in edges of semideciduous forest patches in savanna regions. It
prefers deep and well-drainedsoils.
Genetic resources Berlinia grandiflora is
widespread and moderately commonlocally. It
is unlikely to be threatened by genetic erosion.
Prospects Berlinia grandiflora will remain
of local importance for its wood and medicine.
Very little is known about its growth and development, propagation and planting and
proper

management

measures.

It

deserves

more attention as a multipurpose species that
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Other references Adjanohoun etal., 1979;
Asuzu, Nwelle & Anaga, 1993; Aubréville,
1959b; CIRAD Forestry Department, 2008; de
la Estrella et al., 2006; de Saint-Aubin, 1968;
Enwerem et al., 2001; Keay, 1954f; Kerharo &

toys, novelties, tool handles, boxes, crates,
matches, veneer, plywood and pulpwood. It is
also suitable for light flooring, interior trim,
ship building and railwaysleepers.
Production and international trade The
export of ‘andoung’ logs from Gabon increased
from 2700 m3 in 1991 to 47,000 m3 in 1999.
However, the contribution of Bikinia coriacea
was probably small because of its limited area
of distribution. At present, the export of
‘andoung’ timber from Gabon seems insignifi-

Bouquet, 1950; Lawal et al., 2010; Neuwinger,

cant.

2000; Oliver, 1871; Oteng-Amoako (Editor),

Properties The heartwood is pale pinkish
brown with small stripes, darkening upon exposure, and not distinctly demarcated from the
up to 12.5 cm wide sapwood. Thegrainis inter-

could be useful in agroforestry systems.
Major references Arbonnier, 2004; ATIBT,
1986; Aubréville, 1970; Bolza & Keating, 1972;
Burkill, 1995; Irvine, 1961; Keay, 1989; Mackinder & Harris, 2006; Takahashi, 1978; Taylor, 1960.

2006; Sallenave, 1955; Sallenave, 1964; Taita,

2000; Vivien & Faure, 1985.
Sources ofillustration Aubréville, 1970.
Authors R.B. Jiofack Tafokou

BIKINIA CORIACEA (J.Morel ex Aubrév.)
Wieringa
Protologue Wageningen Agric. Univ. Pap.
99(4): 204 (1999).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Monopetalanthus coriaceus J.Morel
ex Aubrév.(1968).
Vernacular names Andoungde Morel(Fr).
Origin and geographic distribution Bikinia
coriacea has a very small area of distribution,
being endemic to north-western Gabon and
possibly also occurring in central Gabon.
Uses The wood, traded from Gabon as
‘andoung’ together with other Bikinia spp.,
Aphanocalyx spp. and some other Caesalpiniaceae, is used for light construction, joinery, furniture, vehicle bodies, ladders, sporting goods,

locked, texture fine and even.

The wood is medium-weight, with a density of
530-670 kg/m? at 12% moisture content, and
rather soft but tough. It air dries fairly well
with little degrade, but some care is needed.
The rates of shrinkage are moderate to rather
high, from green to oven dry 3.7—4.5% radial
and 7.1—9.5% tangential. Once dry, the wood is
stable in service.
At 12% moisture content, the modulus of rupture is 109-163 N/mm2, modulus of elasticity
8240-13,630 N/mm?, compression parallel to
grain

48-55

N/mm2,

shear

5-10.5

N/mm?,

cleavage 13-20 N/mm and Chalais-Meudon
side hardness 2.1—4.1.
The wood works well with both machine and
handtools. In planing operations rough patches may occur due to the interlocked grain. The
wood holds screws and nails well. Gluing properties are good and the wood paints well and
takes a satisfactory finish. Boring and peeling
characteristics are good. The wood is moderately durable, being quite resistant to termite
attack, but susceptible to pinhole borer and
Lyctus attacks. The heartwood is resistant to
impregnation with preservatives, but the sapwood is permeable.
Description Large tree up to 53 m tall; bole
straight, cylindrical, branchless for up to 26 m,
up to 100(-120) cm in diameter, with buttress-

es up to 2 m high; bark surface smoothto fissured, greyish brown with reddish brownlenticels, inner bark fibrous, orange-brown; crown
hemispherical; twigs greyish brown with brown
lenticels, yellowish brown hairy. Leaves arranged spirally, paripinnately compound with
19-86 pairs of leaflets; stipules free, obovate,

Bikinia coriacea — wild

up to 7 cm long, early caducous leaving annular scars on twigs; petiole 2-7 mm long,rachis
up to 20 cm long, slightly grooved above; leaf-
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Other botanical information Bikinia comprises 10 species and is confined to rainforest
and gallery forest of western Central Africa. It
is most closely related to Aphanocalyx and
Tetraberlinia.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: (1: growth ring boundaries distinct); 2: growth ring boundaries indistinct or
absent. Vessels:

Bikinia coriacea — 1, base of bole; 2, twig with
flower buds; 3, fruit.
Redrawn and adapted by Iskak Syamsudin
lets opposite, sessile, narrowly oblongto linear,
asymmetrical, 0.5-5 cm x 0.1—0.8 cm, leathery,

glabrous. Inflorescence an axillary compound
raceme 3-8 cm long, brown short-hairy, with
up to 6 lateral branches up to 1.5 cm long;
bracts up to 1 cm long. Flowers bisexual or
male, zygomorphic, scented, at base with 2
ovate bracteoles up to 8 mm long; pedicel 0.5—4
mm long, hairy; sepals 5, small, up to 1 mm
long, 2 fused into a 2-lobed band; petals 3—5,
white, one up to 6 mm long, others up to 1 mm
long; stamens 10, 9 fused at base, 1 free, an-

thers purplish; ovary superior, with c. 2 mm
long stipe, hairy, 1-celled, style c. 5 mm long,
hairy at base; male flowers with reduced ovary.
Fruit an obovate, flat pod 10-14 cm x 4-6 cm,

with 0.5—1 cm longstipe, short-pointed at apex,
narrowly winged at upper suture, with a longitudinal vein near the middle of the lateral
sides, 1-2-seeded. Seeds lens-shaped, c. 3 cm
long, with very thin seed coat. Seedling with
epigeal germination; hypocotyl 6—8.5 cm long,
epicotyl 15-19 cm long; first two leaves opposite, with 14-16 pairs of leaflets, subsequent

leaves alternate.

5: wood diffuse-porous;

13:

simple perforation plates; 22: intervessel pits
alternate; 23: shapeof alternate pits polygonal;
(25: intervessel pits small (4—7 um)); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 46: < 5
vessels per square millimetre; 47: 5-20 vessels
per square millimetre; 58: gums and other deposits in heartwood vessels. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
79: axial parenchyma vasicentric; 80: axial
parenchyma aliform; 81: axial parenchyma
lozenge-aliform; (83: axial parenchymaconfluent); (89: axial parenchyma in marginal or in
seemingly marginal bands); (91: two cells per
parenchyma strand); 92: four (3-4) cells per
parenchyma strand. Rays: 96: rays exclusively
uniseriate; (97: ray width 1-3 cells); 104: all
ray cells procumbent; 106: body ray cells procumbent with one row of upright and/or square
marginal cells; 113: disjunctive ray parenchymacell walls present; 115: 4-12 rays per mm.
Mineral inclusions: 136: prismatic crystals
present; 142: prismatic crystals in chambered
axial parenchymacells.
(E. Ebanyenle, P. Baas & H. Beeckman)
Growth and development An average
annual growth rate of 2 cm in bole diameter
has been estimated for a 47-years-old tree with
a bole diameter of 105 cm in an arboretum in
Gabon.
Flowering trees have been recorded in July
and October. Pollination is probably by insects
such as bees, flies, butterflies and moths, and

perhaps also by sunbirds. The seeds, having a
very thin seed coat, are susceptible to desiccation, which necessitates immediate germination after seed shedding. Seedlings probably need ectomycorrhizal fungi for proper
growth.
Ecology Bikinia coriacea occurs in dryland
rainforest up to 300 m altitude. It usually oc-
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curs scattered in the forest, but important
stands have been reported in some regions in
north-western Gabon.
Handling after harvest Logs are susceptible to insect and fungal attacks after felling;
they should be removed from the forest as soon
as possible or treated with preservatives. Fresh
logs float in water and thus can be transported
by river.
Genetic resources Bikinia coriacea may
become threatened by genetic erosion because
it has a small distribution area. It does not
seem to be logged much at present, but more
intensified logging operations in the future
might easily endanger this species.
Prospects Bikinia coriacea provides wood of
good quality, and, like some other Bikinia spp,
it may have good prospects for planting in timber plantations because it seems to grow quite
rapidly into large, straight and cylindrical
boles, even on poor soils. However, much re-

search is still needed, especially on propagation
and growth in relation to mycorrhizal relationships.
Major references Aubréville, 1968; Bolza &
Keating, 1972; de Saint-Aubin, 1963; Détienne,

2001; Sallenave, 1964; Sallenave, 1971; Takahashi, 1978; Wieringa, 1999.

Other references CIRAD Forestry Department, 2008; Normand & Paquis, 1976.
Sources of illustration Aubréville, 1968;
de Saint-Aubin, 1963.

Authors E.A. Obeng & S. Britwum Acquah

BIKINIA DURANDII(F.Hallé & Normand)
Wieringa
Protologue Wageningen Agric. Univ. Pap.
99(4): 207 (1999).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Monopetalanthus durandii F.Hallé
& Normand (1960).

Vernacular names Andoung de Durand(Fr).
Origin and geographic distribution Bikinia
durandii has a small area of distribution, being
endemic to Gabon.
Uses The wood, traded from Gabon as ‘andoung’ together with other Bikinia spp.
Aphanocalyx spp. and some other Caesalpiniaceae, is used for light construction, joinery,
furniture,

vehicle

bodies,

ladders,

sporting

goods, toys, novelties, tool handles, boxes,
crates, matches, veneer, plywood and pulpwood. It is also suitable for light flooring, in-

Bikinia durandii — wild
terior trim, ship building and railway sleepers.
Production and international trade The
export of ‘andoung’ logs from Gabon increased
from 2700 m3 in 1991 to 47,000 m3 in 1999 and
then decreased to 10,300 m® in 2009. The con-

tribution of Bikinia durandii was_ probably
moderate.
Properties The heartwood is pinkish brown,
slightly darkening upon exposure, and rather
indistinctly demarcated from the sapwood. The
grain is usually interlocked, texture fine and
even.
The wood is medium-weight, with a density of
520-710 kg/m*® at 12% moisture content, and
only moderately hard. It air dries fairly well
with little degrade, but some care is needed.
The rates of shrinkage are moderate to rather
high, from green to oven dry 3.2-6.2% radial
and 6.7—11.0% tangential.
At 12% moisture content, the modulus of rupture is 82-159 N/mm?, modulus of elasticity
10,200—16,180 N/mm2, compression parallel to
grain 39-66 N/mm?, shear 5.5-8 N/mm?, cleav-

age 10.5-22 N/mm and Chalais-Meudon side
hardness 2.3—4.4.
The wood works well with both machine and
hand tools. In planing operations woolly surfaces may occur due to the interlocked grain;
cutting edges should be kept sharp. The wood
holds screws and nails well. Gluing properties
are good and the woodtakes a satisfactory finish. Boring and peeling characteristics are
good. The wood is moderately durable, being
quite resistant to termite attack, but susceptible to pinhole borer, longhorn beetle and Lyctus
attacks. The heartwood is resistant to impreg-
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nation with preservatives, but the sapwood is
permeable.
Description Large to very large tree up to

to 7.5 mm long, others up to 2 mm long; stamens 10, 9 fused at base, 1 free, anthers purplish; ovary superior, up to 5 mm long, with 3—
5 mm longstipe, hairy, 1-celled, style 9-11 mm
long, hairy except at apex; male flowers with
reduced ovary. Fruit an obovate, flat pod 9-21
cm X 3.5-8.5 cm, with 1—2 cm longstipe, shortpointed at apex, very narrowly winged at upper suture, with a longitudinal vein near the
middle of the lateral sides, 1—2-seeded. Seeds

25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders:
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 46: < 5
vessels per square millimetre; 47: 5-20 vessels
per square millimetre; (58: gums and other
deposits in heartwood vessels). Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
79: axial parenchyma vasicentric; 80: axial
parenchyma aliform; 81: axial parenchyma
lozenge-aliform; (83: axial parenchyma confluent); (89: axial parenchyma in marginal or in
seemingly marginal bands); 91: two cells per
parenchyma strand; 92: four (3-4) cells per
parenchyma strand; (93: eight (5-8) cells per
parenchymastrand). Rays: 96: rays exclusively
uniseriate; (97: ray width 1-3 cells); 104: all
ray cells procumbent; 106: body ray cells procumbent with one row of upright and/or square
marginal cells; (113: disjunctive ray parenchymacell walls present); 115: 4-12 rays per mm.
Secretory elements and cambial variants: 131:
intercellular canals of traumatic origin. Mineral inclusions: 136: prismatic crystals present;
142: prismatic crystals in chambered axial parenchymacells.
(E. Ebanyenle, P. Baas & H. Beeckman)
Growth and developmentFlowering trees
have been recorded in September. Pollination
is by insects such as bees (honey-bees and carpenter bees have been recorded to visit the
flowers), but probably also by sunbirds. Fruits
take about 5 months to mature. The seeds,
having a very thin seed coat, are susceptible to

lens-shaped, 3—4 cm long, with very thin, dark

desiccation,

brown seed coat. Seedling with epigeal germination; hypocotyl 8-11 cm long, epicotyl 21—
30 cm long; first two leaves opposite, with 4-6
pairs of leaflets, subsequent leaves alter-

germination after seed shedding. Seedlings
probably need ectomycorrhizal fungi for proper
growth.
Ecology Bikinia durandii occurs in dry-land
rainforest up to 600 m altitude. It usually occurs in small groups of about 10 mature trees
in the forest, but nearly pure stands of trees
with variable bole diameter have also been
reported.
Handling after harvest Logs are susceptible to insect and fungal attacks after felling;
they should be removed from the forest as
soon as possible or treated with preservatives.
Large numbers of longhorn beetles have been
recorded on freshly felled boles. Fresh logs
float in water and thus can be transported by
river.

60 m tall; bole straight, cylindrical, branchless

for up to 30 m, up to 130(-150) cm in diameter,
with buttresses up to 2.5 m high; bark surface
smooth to rough, greyish brown to reddish
brown, with reddish lenticels, inner bark fi-

brous, brownish yellow becoming purplish upon exposure, with a dark red exudate; crown

rather narrow, irregular; twigs greyish brown
with few pale brownlenticels, yellowish brown
hairy to glabrous. Leaves arranged spirally,
paripinnately compound with (6—)9-16 pairs of
leaflets; stipules free, narrowly obovate, up to 6
cm long, early caducous leaving annular scars
on twigs; petiole 7-24 mm long,rachis up to 23
cm long, slightly grooved above; leaflets opposite, sessile, oblong, asymmetrical, (0.5—)1.5—
10.5 cm X 0.5—3.5 cm, leathery, glabrous. Inflorescence an axillary compound raceme 5-22 cm
long, pale brown short-hairy, with up to 12
lateral branches up to 4.5 cm long; bracts up to
1 cm long. Flowers bisexual or male, zygomorphic, scented, at base with 2 ovate bracteoles

up to 13 mm long; pedicel 4-8 mm long, hairy;
sepals 3(—5), small, up to 3 mm long, 2 fused
into a 2-lobed band; petals 1-3, white, one up

nate.

Other botanical information Bikinia comprises 10 species and is confined to rainforest
andgallery forest of western Central Africa. It
is most closely related to Aphanocalyx and
Tetraberlinia.
Anatomy Wood-anatomical description (LAWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;

which

necessitates

immediate
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Genetic resources Bikinia durandii may
become threatened by genetic erosion because
it has a small distribution area. It does not
seem to be logged much at present, but more
intensified logging operations in the future
might easily endanger this species. Bikinia
durandii is included in the IUCN Red List of
threatened species as vulnerable, but its status
needs updating.
Prospects Bikinia durandii provides wood
of good quality, and, like some other Bikinia
spp., it may have good prospects for planting in
timber plantations because it seems to grow
quite rapidly into large, straight and cylindrical boles, even on poor soils. However, much
research is still needed, especially on propagation and growth,also in relation to mycorrhizal
relationships.
Major references Aubréville, 1968; Bolza &
Keating, 1972; de Saint-Aubin, 1963; Détienne,

2001; Sallenave, 1964; Sallenave, 1971; Takahashi, 1978; Wieringa, 1999; World Conservation Monitoring Centre, 1998.
Other references CIRAD Forestry Department, 2008; Normand & Paquis, 1976.
Sources of illustration de Saint-Aubin,

1963; Hallé & Normand, 1960.
Authors E.A. Obeng

BIKINIA LE-TESTUI (Pellegr.) Wieringa
Protologue Wageningen Agric. Univ. Pap.
99(4): 222 (1999).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Monopetalanthus le-testui Pellegr. (1942).
Vernacular names Andoung de Le Testu
(Fr).
Origin and geographic distribution Bikinia
le-testui occurs in western Cameroon, Equatorial Guinea, Gabon and south-western Congo.
Uses The wood, traded from Cameroon as

‘ekop’ or ‘mayo’ and from Gabon as ‘andoung’
together with other Bikinia spp., Aphanocalyx
spp. and some other Caesalpiniaceae, is used
for light construction, joinery, furniture, vehi-

cle bodies, ladders, sporting goods, toys, novelties, tool handles, boxes, crates, matches, ve-

neer, plywood and pulpwood. It is also suitable
for light flooring, interior trim, ship building
and railwaysleepers.
Production and international trade Bikinia
le-testui timber is exported from Cameroon in
small quantities, mixed with the timberof oth-

Bikinia le-testui — wild
er species classified as ‘ekop’ or ‘mayo’, but
statistics are not available. The export of
‘andoung’ logs from Gabon increased from 2700
m3 in 1991 to 47,000 m3 in 1999 and then decreased to 10,300 m3 in 2009. The contribution
of Bikinia le-testui was probably moderate becausethis species is usually not found in large
numbers in Gabon. The export from Cameroon
was 3600 m3 in 2009.
Properties The heartwood is pale pinkish
brownto pale brown, darkening upon exposure
to reddish brown, and notdistinctly demarcated from the up to 12 cm wide sapwood. The
grain is usually interlocked, texture moderately fine and even.
The wood is medium-weight, with a density of
550-750 kg/m? at 12% moisture content, and
rather soft to moderately hard. It air dries fairly well with little degrade when propercare is
taken; slow drying is recommended,especially
in kiln drying. The rates of shrinkage are moderate to rather high, from green to oven dry
3.5-6.0% radial and 7.8-11.5% tangential.
Oncedry, the wood is only moderately stable in
service.
At 12% moisture content, the modulus of rupture is 101-170 N/mm2, modulus ofelasticity
9500-13,340 N/mm?, compression parallel to
grain 41-56 N/mm?, shear 4.5-9.5 N/mm?,
cleavage 11-28 N/mm and Chalais-Meudon
side hardness 2.0—4.1.
The wood saws and works well with both machine and hand tools. In planing operations
woolly surfaces may occur due to the interlocked grain; cutting edges should be kept
sharp and a cutting angle of 15° is reeommended. The wood takes a nice polish upon finish-
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ing. It holds screws and nails well. Gluing
properties are good and the wood takes paint,
varnish and waxwell. Boring, slicing and peeling characteristics are good. The results of rotary peeling are usually satisfactory for fresh
logs, but for logs of about 60 cm in diameter
steaming at 80°C is recommended. The quality
of the resulting veneer may be influenced by
exudate production and rough surfaces because
of interlocked grain. Careful drying of the veneer is needed to avoid splitting and deformation. The wood is moderately durable, being
susceptible to fungal and insect attacks. The
heartwood is resistant to impregnation with
preservatives, but the sapwoodis permeable.
The wood contains 44—48% cellulose, 27-28%

lignin, 16.5—19.5% pentosan, 0.5-0.7% ash and
traces of silica. The solubility is 2.7-6.3% in
alcohol-benzene,

low to yellowish brown; crown hemispherical;
twigs greyish brown to greyish green with
brown lenticels, glabrous to slightly hairy.
Leaves arranged spirally, paripinnately compound with (9-)13-24(-28) pairs of leaflets;
stipules free, ovate to obovate, up to 5.5 cm
long, early caducous leaving annular scars on
twigs; petiole 2-7 mm long, rachis up to 15(—
21) cm long,flattened above; leaflets opposite,
sessile, oblong, asymmetrical, 0.5—3.5(—5.5) cm
x 0.2-1(-1.5) cm, leathery, glabrous to sparsely
hairy. Inflorescence an axillary compound raceme 2—9 cm long, brown hairy, with up to 10
lateral branches up to 3 cm long; bracts up to 6
mm long. Flowers bisexual or male, zygomorphic, scented, at base with 2 obovate bracteoles
up to 1 cm long; pedicel 1.5-7 mm long,hairy;
sepals 3(—5), small, up to 3 mm long, 2 fused

1.2-1.7% in hot water and

into a 2-lobed band; petals 1(—5), white, one up

12.7-14.4% in a 1% NaOH solution.
Description Large tree up to 55 m tall; bole
straight, cylindrical, branchless for up to 30 m,
up to 200(-260) cm in diameter, with buttresses up to 2 m high; bark surface smooth to
slightly rough, greyish red to reddish brown
with reddish lenticels, inner bark fibrous, yel-

to 9.5 mm long, others, if present, up to 1 mm
long; stamens 10, 9 fused at base, 1 free, anthers purplish; ovary superior, up to 5.5 mm
long, with 1-3 mm longstipe, hairy, 1-celled,
style 6-11 mm long, hairy at base; male flowers with reduced ovary. Fruit an oblong-

Bikinia le-testui — 1, base of bole; 2, part of twig

obovate, flat pod 7-14 cm x 3-6 cm, with 0.5-1

cm long stipe, short-pointed at apex, usually
densely hairy, broadly winged at upper suture,
with a longitudinal vein near the middle of the
lateral sides, 1-2-seeded. Seeds lens-shaped,
2.5-3.5 cm long, with thin, glossy brown seed
coat. Seedling with epigeal germination; hypocotyl 2.5-8 cm long, epicotyl 6-17 cm long;first
two leaves opposite, with 9-14(-16) pairs of
leaflets, subsequent leaves alternate.
Other botanical information Bikinia comprises 10 species andis confined to rainforest
and gallery forest of western Central Africa. It
is most closely related to Aphanocalyx and
Tetraberlinia.
Two subspecies of Bikinia le-testui have been
distinguished: subsp. le-testui and subsp. mayumbensis Wieringa, the latter restricted to
south-western Congo.
Bikinia pellegrinii (A.Chev.) Wieringa (synonym: Monopetalanthus pellegrinii A.Chev.), also
a large tree up to 50 m tall with bole up to 200
cm in diameter, closely resembles Bikinia letestui, mainly differing in slightly smaller leaflets, flowers and fruits, narrower petals, and
less hairy fruits with narrowly winged upper
suture. Its distribution area is nearly similar,
although it seems to avoid coastal regions. The
two species are much confused, and their tim-

with flower buds; 8, flower; 4, fruit.

ber, which is indistinguishable, has similar

Redrawn and adapted by Iskak Syamsudin

properties and is used for similar purposes, is
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traded in mixed consignments, especially from
southern Cameroon, often called collectively
‘ekop rouge’. Intermediates have been reported,
which may be hybrids.
The wood of Bikinia breynei (Bamps) Wieringa
(synonym: Monopetalanthus breynei Bamps), a
medium-sized to large tree up to 45 m tall with
a bole diameter up to 200 cm,is occasionally
used in western DR Congo in house construction and for charcoal production.
The wood of Bikinia congensis Wieringa, a medium-sized tree up to 30 m tall with a bole diameter up to 100 cm, is occasionally used in
western DR Congofor joinery. The bark is used
in traditional medicine as vermifuge.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 46: < 5
vessels per square millimetre; 47: 5—20 vessels
per square millimetre; (58: gums and other
deposits in heartwood vessels). Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
79: axial parenchyma vasicentric; 80: axial
parenchyma aliform; 81: axial parenchyma
lozenge-aliform; 89: axial parenchyma in marginal or in seemingly marginal bands; 91: two
cells per parenchyma strand; 92: four (3-4)
cells per parenchyma strand. Rays: 96: rays
exclusively uniseriate; (97: ray width 1-3 cells);
104: all ray cells procumbent; 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 116: > 12 rays per
mm. Secretory elements and cambial variants:
(128: axial canals in short tangential lines);

(131: intercellular canals of traumatic origin).
Mineral inclusions: 136: prismatic crystals
present; 142: prismatic crystals in chambered
axial parenchymacells; 1438: prismatic crystals
in fibres.
(E. Ebanyenle, P. Baas & H. Beeckman)
Growth and development An average
annual growth rate of 1.3 cm in bole diameter
has been estimated for a tree with a bole diameter of 180 cm in Gabon. However, from Came-

roon an average annualgrowthrate of only 0.5
cm in bole diameter has been recorded.
Flowering trees have been recorded in Cameroon and northern Gabon in March and April,
in southern Gabon in August—October. Pollination is probably by insects such asbees, flies,
longhorn beetles, butterflies and moths, and
perhaps also by sunbirds. Fruits ripen in 5—10
months. The seeds, having a very thin seed
coat, are susceptible to desiccation, which necessitates immediate germination after seed
shedding. Seedlings need ectomycorrhizal fungi
for proper growth.
Ecology Bikinia le-testui occurs in dry-land
rainforest up to 900 m altitude, often on hill

crests and hill sides, in regions with a mean
annual rainfall of 1500-3000 mm and mean
annual temperature of 23—25°C. It usually occurs on sandy soils, in small clusters of less
than 10 mature treesin the forest.
Management In southern Cameroon the
average density of trees with a bole diameterof
more than 15 cm has been reported as 0.14 per
ha, with an average wood volume of 0.63
m/ha.
Harvesting In Cameroon the minimum bole
diameter for harvesting is 60-90 cm depending
on the density of stands, and in Gabon 60 cm.

In Cameroon the felling cycle in natural forest
where Bikinia le-testui occurs is 30 years.
Handling after harvest Logs are susceptible to insect and fungal attacks after felling;
they should be removed from the forest as soon
as possible or treated with preservatives. A
large log of 7 m long and 260 cm in diameter,
comprising 40 m3 of wood, harvested in Gabon
was recorded to sink in water.
Genetic resources Bikinia le-testui is fairly
widespread and not uncommon in many regions within its distribution area. There is no
reason to considerit as threatened. It does not
seem to be logged much at present, and mostly
in coastal areas, from where the logs can be
easily transported.

Prospects Bikinia le-testui provides wood of
good quality, and, like some other Bikinia spp.,
it may have good prospects for planting in timber plantations, even on poor soils. However,
much research is still needed, especially on
propagation and growth in relation to mycorrhizal relationships.
Major references Aubréville, 1968; Bolza &
Keating, 1972; CTFT, 1961c; de Saint-Aubin,
1963; Détienne, 2001; Sallenave,

1964; Sal-

lenave,

Vivien

1971;

Takahashi,

Faure, 1985; Wieringa, 1999.

1978;

&
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Other references Aubréville, 1970; CIRAD
Forestry Department, 2008; CIRAD-CTFT,
1990; Gérard et al., 1998; Normand & Paquis,
1976.
Sources of illustration Aubréville, 1968;
de Saint-Aubin, 1963.
Authors V.A. Kémeuzé & M.G. Meikeu Kamdem

BISCHOFIA JAVANICA Blume
Protologue Bijdr. fl. Ned. Ind. 17: 1168
(1827).
Family Euphorbiaceae (APG: Phyllanthaceae)
Chromosome number 2n = 98
Vernacular names Bishopwood, Java cedar, Javanese bishopwood, toog tree, koka (En).
Origin and geographic distribution The
natural occurrence of Bischofia javanica extends from India and the lower Himalayas
through China, southern Japan and tropical
Asia to north-eastern Australia and the Pacific.
It is locally planted in its natural area of distribution and elsewhere, including East Africa
and South Africa. In Kenya it is planted as a
plantation species, e.g. in the Kakamega area.
Locally it has become naturalized in evergreen
forest.
Uses Bishopwoodis used in construction for
beams, posts, docks, bridges and decking, and
also for flooring, joinery, interior finish, mine
props, railway sleepers, furniture, lining, agricultural implements, carving, pencils and billiard cue butts. It is a potential source of long
fibres for pulp and paper production, and is
also suitable for the production of veneer and
plywood. It is not a good firewood, but suitable

for making charcoal.
In Polynesia a red dye is extracted from the
bark. The bark also contains tannin, used for

toughening nets and ropes. The young soft
leaves are cooked and eaten as a vegetable. In
southern Laos the leaves are eaten after dipping into chilli sauce. The seed oil is used as
lubricant. In India and the Pacific Bischofia
javanica is considered an excellent shade tree,
e.g. in coffee and cardamomplantations. It has
been widely planted as a roadside tree and for
landscaping, but its superficial roots may lift
sidewalks and in some areas this use is now
discouraged. In China the roots are used as a
medicine against rheumatic pain and malaria.
In India the bark is used for the treatment of
tuberculosis, body ache, stomach ulcers, mouth
ulcers and inflammatory conditions.
Production and international trade Bishopwood is mostly consumedlocally, but is a commercial hardwood in Papua New Guinea. No
information is available on international trade.
Properties The heartwood is purplish brown
to reddish brown, darkening upon exposure; it
is sharply demarcated from the narrow, pale
brown to pale reddish brown sapwood. The
grain is generally interlocked, texture moderately fine to rather coarse and even. The wood
surface is rather dull to slightly glossy. Fresh
wood smells of vinegar.
Bishopwood is medium-weight to moderately
heavy and moderately hard to hard. The density is (550-)670-845 kg/m? at 12% moisture
content. The woodis difficult to air dry because
of its tendency to check, split and warp, especially in back-sawn boards. Defects may be
diminished by quarter sawing. The rates of
shrinkage are moderate, from green to oven
dry 3.1-3.9% radial and 7.5—7.9% tangential.
Air drying of 2 cm thick boards from green to
30% moisture content takes 2 months. Kiln
drying requires a mild schedule.
At 12% moisture content, the modulusof rupture is 102-111 N/mm2, modulusof elasticity
10,500—11,455 N/mm2, compression parallel to

grain 46-60 N/mm?, shear 17-21 N/mm?,
Janka side hardness 7450-8200 N and Janka
end hardness 9600—11,300 N.

Bischofia javanica — planted and naturalized

The woodis rather difficult to saw when dry,
but more easy before drying. Planing, shaping,
mortising, boring, turning and sanding give
good to very good results. Good veneer can be
produced at a peeling angle of 92° without pretreatment, but the veneer is wavy after drying.
Gluing the veneer with urea-formaldehyde
produces a plywoodoffair quality.
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Bishopwood is classified as moderately durable. It is susceptible to Lyctus and termite attacks, whereas its susceptibility to woodrotting fungi varies from not resistant to resistant. Longhorn and ambrosia beetles have
also been recorded. The heartwood is difficult
to treat with copper-chrome-arsenic preservative by the vacuum-pressure process, but the
sapwood canbe easily penetrated by preservatives.
The wood contains 49-51% cellulose, 23-42%

lignin, 9.7-14.4% pentosan, 0.4—1.1% ash and
0.4-1.7% silica. The solubility is 1.4-8.0% in
alcohol-benzene, 4.1% in cold water, 5.0-5.8%

in hot water and 11.1-29.4% in a 1% NaOH
solution. Sulphate pulping yields a pulp witha
high overall strength; hence a strong paper can
be manufactured from bishopwood.
The bark contains about 16% tannin. Bischofia
javanica has been shown to have anti-ulcer,
anthelmintic and antidysenteric activities. The
seed contains about 20% oil with an approximate fatty acid composition of: linolenic acid
51%, linoleic acid 12%, oleic acid 23% and saturated acids 14%.
Botany Evergreen or deciduous, dioecious,
medium-sized to fairly large tree up to 35(—50)
m tall; bole straight or poorly shaped, branchless part usually short but sometimes up to 20
m long, up to 80(-170) cm in diameter, sometimes with steep buttresses up to 3 m high;
bark surface fissured and scaly with small
thick shaggy scales, reddish brown to purplish
brown, innerbark fibrous, spongy, pink, exuding a red sap; crown dense and rounded.
Leaves arranged spirally, compound with 3
leaflets, glabrous; stipules oblong-triangular,
7-22 mm long, papery, falling early; petiole 8—
20 cm long; petiolules long and slender, longest
in terminal leaflet; leaflets elliptical to ovate,
6-16 cm Xx 3-10 cm, base rounded to broadly
cuneate, apex acuminate, margin finely
toothed, pinnately veined. Inflorescence an
axillary panicle up to 27 cm long. Flowers unisexual,

regular,

5-merous,

small,

greenish,

corolla and disk absent; male flowers with sepals fused at base, hooded, stamens free, opposite to the calyx lobes, ovary rudimentary;female flowers with sepals falling early, stamens
strongly rudimentary, ovary superior, globose,
3(—-4)-celled, style short, with 3 long stigmas.
Fruit a globose drupe 1—1.5 cm in diameter,
bluish black, with a horny to leathery skin and
fleshy pulp, 3-6-seeded. Seeds oblong to obovoid, c. 5 mm long, brown. Seedling with epigeal germination; cotyledonsleafy, petiolate; first

Bischofia javanica — 1, tree habit; 2, male flower; 8, female flower with calyx removed; 4, fruiting twig.
Source: PROSEA
few leaves simple, subsequent ones with 1 leaflet, and from about the 10t» leaf with 3 leaflets.

The seedlings show fast root growth. The taproot is tuberous for a short length and then
tapers quickly. Thin but long secondary roots
are present below the collar region. Growthis
comparatively slow during the first 3 years,
becoming fairly rapid in subsequent years. In
India, 7-months-old seedlings attained a height
of 50-80 cm. Under normal conditions, an av-

erage annual diameterincrementof 1.0 cm and
an average annual height incrementof 1 m can
be obtained. Exceptions have been reported,
e.g. a diameter at breast height of 41 cm for 18year-old trees and a height of 7.5 m for 3-yearold trees and of 10 m for 6-year-old trees. The
tree flowers every year from an age of about 8
years onward.

Bischofia comprises 2 species, one of which
only occurs in China.
Ecology Bischofia javanica prefers areas
with a humid climate with a more orless distinct dry season. Its altitudinal range is from
sea-level to 1800 m. In its natural area of distribution it is fairly common, but usually found
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scattered in primary and old secondary forest,
from dry and deciduous to evergreen forest. It
is most frequent on river banks, shady ravines
and prefers deep, loose soils with sufficient
water content. In Kenya it has become naturalized locally as an understorey tree in evergreen
forest at 1500-1800 m altitude.
Management Bischofia javanica is well suited for large-scale plantations. It can be propagated by seed, wildlings and stem cuttings.
One kg contains 60,000—90,000 dry seeds. Seed
maybecollected in large quantities and can be
stored for up to 6 months. It is tolerant of drying, but not of freezing. Seed may be sown under shade orin full sunlight, provided watering
is adequate. Germination starts 1-3 weeks
after sowing and after 5-6 weeks about 70% of
the seed has germinated. Young plants need
plenty of water; therefore, direct sowing in the
field is not appropriate. Containerized and
bare-rooted seedlings planted under shade in
the field showed 90% and 50-70% survival,
respectively.
Stumps should be robust and at least 2.5 cm in
diameter, to give a survival of close to 100%.
Recommendedshoot and root length are 20 cm
and 30 cm, respectively. The survival rate
drops sharply when thinner stumpsare used.
In Java bishopwood has been planted in pure
stands at 2 m X 3 m, and in mixed plantations

in alternating rows with Calophyllum inophyllum L. and Bombax ceiba L. at 1 m X 3 m, and

with Acacia mearnsii De Wild. at 2.5 m X 5 m.
Self-pruning of thick branches is good once the
canopy closes, which takes at least 5 years at a
spacing of 2 m X 3 m. Planting at a closer spacing is recommended to reduce this period.
Pruning wounds heal very well; the tree may
survive girdling involving the removal of a
strip of bark 30 cm wide.
Bischofia javanica has become a weedin Florida. Roots spread superficially and the tree resprouts vigorously after cutting, makingit difficult to eradicate.
In Java youngtrees are heavily attacked by top
andtwig borers, causing forked stems and even
failure of plantations in less suitable locations.
On favourable sites, the trees can grow rapidly
and survive attack. Several fungi and insects
attack the tree in its natural habitat, but little
is known about diseases and pests in Africa. In
China Pseudocercospora bischofiae is hostspecific to bishopwood and appears to be a candidate agent for biological control for Bischofia
javanica.
In Java an 8-year-old pure plantation on a

moderately fertile soil and with a planting
space of 2 m X 3 m yielded 12 m?2/ha of clearbole wood.
Genetic resources and breeding Bischofia javanica has a large area of distribution
and is planted in trial plantations, so it does
not seem to be endangered. No conservation of
genetic material, nor any activities related to
selection or breeding have been reported.
Prospects Because it frequently contains
defects and has interlocked grain, bishopwood
is less suitable for sawn wood applications.
However, it is useful for bridge building and for
other outdoor applications. Good-quality plywood and paper can be manufactured from it
and bishopwood shows several positive features for the establishment of plantations, in
pure or mixed stands. Selection or breeding of
borer-resistant trees would make it more
worthwhile to plant Bischofia javanica on less
favourable soils. More research is needed into
silvicultural aspects. For landscaping, better
alternatives are generally available. Some caution is needed in using Bischofia javanica for
timber plantations because it may behave as a
weed that is difficult to eradicate.
Major references CAB International, 2005;
Carter & Radcliffe-Smith, 1988; Kiefer &
Bussmann, 2008; Sunarno, Martawijaya &
Wheeler, 1995; World Agroforestry Centre,
undated.
Other references Bolza & Kloot, 1972;
Burgess, 1966; Eddowes, 1977; Kathriarachchi
et al., 2005; Martawijaya et al., 1992; Tanaka

et al., 1995; Whitmore, 1983; WHO, 2009;
Yang, Lin & Kuo, 2006; Zhenget al., 2004.
Sources of illustration Sunarno, Martawijaya & Wheeler, 1995.
Authors L.P.A. Oyen
Based on PROSEA 5(2): Timber trees: Minor
commercial timbers.

BIVINIA JALBERTITul.
Protologue Ann.Sci. Nat., Bot., sér. 4, 8: 78
(1857).
Family Flacourtiaceae (APG: Salicaceae)
Vernacular names Cobwebtree (En).
Origin and geographic distribution Bivinia
jalbertii occurs in restricted, dispersed localities from Kenya to Mozambique and in Madagascar, often in coastal regions.
Uses The wood is used in construction for
poles, bridges and hydraulic works, and for
heavy-duty flooring, indoor and outdoor join-
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glabrous, reddish below, pinnately veined with
7-8 pairs of lateral veins. Inflorescence a cylindrical, densely flowered raceme 5—12 cm long,
short-hairy. Flowers bisexual, regular, greenish yellow; pedicel slender, 2—3(—4) mm long,
jointed near the middle; sepals 4—6, ovate-

deltoid, 2-3 mm long, short-hairy, with a gland
at the base of each sepal; petals absent; stamens many, in fascicles of c. 10 alternating
with the sepals, 3-4 mm long; ovary superior,
globose, white hairy, styles 4—6. Fruit a globose
capsule c. 3 mm in diameter, short-hairy, with
persistent styles, dehiscing with 4—6 valves,
few-seeded. Seeds almost cylindrical, c. 2 mm x
1 mm, dark brown, covered with white hairs up

Bivinia jalbertii — wild
ery, interior trim and vehicle bodies. It is suitable for ship building, ladders, sporting goods,
railway sleepers, toys, novelties, tool handles,
boxes and crates. The tree has ornamental
value.
Properties The heartwood is yellowish
white and indistinctly demarcated from the up
to 5 cm wide sapwood. Wood from Madagascar
is medium-weight, with a density of 700-810
kg/m3 at 12% moisture content, and rather
hard. It air dries fairly well with little degrade.
The rates of shrinkage are moderate, from
green to oven dry 3.6—4.1% radial and 7.9-8.6%
tangential. Once dry, the woodis stable in service. At 12% moisture content, the modulus of
rupture is 156-165 N/mm?, modulus of elasticity 9900-—10,100 N/mm?, compression parallel to
grain 57-62 N/mm2, and Chalais-Meudon side
hardness 5.6-6.3.
The wood saws and works well with both machine and handtools. It holds nails and screws
well. The gluing properties are good and the
wood paints well and takes a nice finish. It is
reported to be resistant to borers and moderately resistant to termites.

Botany Deciduous shrub or small to medium-sized tree up to 30 m tall; bole branchless
for up to 16 m, straight and cylindrical, up to
80(—100) cm in diameter; bark surface smooth,
pale grey; branchlets greyish brown, with pale
lenticels, short-hairy when young. Leaves alternate, simple; stipules absent; petiole up to
1.5 cm long, bright red; blade ovate to elliptical
or slightly obovate, 4.5-10(-13) cm x 2.5—4(-6)
cm, base broadly cuneate,

apex acuminate,

toothed, thinly papery, slightly hairy particularly at the midrib and veins but becoming

to 4 mm long.
Bivinia jalbertii grows moderately fast. In
Zimbabwe it starts flowering when about 10
years old. In Madagascarit flowers in October—
December; in Zimbabwefruits ripen in November—May.
Bivinia comprises a single species; it closely
resembles Calantica, which mainly differs in
the presence of petals.
Ecology Bivinia jalbertii occurs in deciduous and semi-deciduous forest and coastal
bushland, locally also in evergreen forest on
rocky hills, up to 300 m altitude. In Zimbabwe
it grows on hills with high rainfall and some
dry-season mists north of the Limpopo River.
Management Bivinia jalbertii has been
planted in Zimbabweona trial basis as a forestry species and as garden ornamental. It is
easily propagated by seed. Young plants require ample water, but no special care. Trees
coppice well.
Genetic resources and breeding Bivinia
jalbertii has long been protected in Zimbabwe
and is listed in the IUCN Red List as lower
risk/near threatened, but its status needsrevision. It is known from restricted localities in
Zimbabwe and Mozambique, but is a little
more widespread in Kenya, Tanzania and
Madagascar. The relationship between the
mainland African and Madagascan populations
should be investigated as they could be genetically different.
Prospects The remaining stands of Bivinia
jalbertii need protection. Controlled felling for
timber seemsjustified only in locations wereit
is more common. Toolittle is known to assess
its value as a plantation species.
Major references Coates Palgrave, 2002;
Parant, Chichignoud & Rakotovao, 1985; Rakotovao et al., en préparation; Wild, 1960; World
Conservation Monitoring Centre, 1998.
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Other references Perrier de la Bâthie,
1946c; Schatz, 2001; Sleumer, 1975; Timberlake, 1996; Wild & Vidigal, 1973.
Authors D. Louppe & L.P.A. Oyen

BLIGHIA SAPIDA K.D.Koenig
Protologue Ann. Bot. 2: 571, t. 16-17 (1806).
Family Sapindaceae
Chromosome number 2n = 32
Vernacular names Ackee, akee, akee apple,
savory akee tree (En). Aki, fisanier, blighia
savoureuse, fausse anacarde, pommier d’aki,
arbre fricassé (Fr). Castanheiro de Africa, castanha de Africa, huevo vegetal castanha (Po).
Origin and geographic distribution Blighia
sapida occurs naturally from Senegal to Cameroon and Equatorial Guinea, and possibly also
in Gabon. It is commonly planted in its natural
area of distribution, as fruit tree and ornamental shade tree. It has been introduced in many
other tropical countries and in some subtropical regions such as Florida (United States) and
is widely cultivated as fruit and ornamental
tree in India and tropical America. It had already been introduced in tropical America by
the end of the 18th century, and has since become locally naturalized.
Uses Wood of Blighia sapida, known as ‘achin’
or ‘tsana’, is mainly used for light construction
and furniture, but sometimes also for casks,

boxes, crates, food containers, packing cases,
tool handles, paddles, pestles, mortars, handicrafts, carving and turnery. It is suitable for
interior trim, joinery and railway sleepers. In
Ghana, it is used as a substitute for niangon

(Heritiera utilis (Sprague) Sprague). The wood

is also used as firewood and for charcoal production.
Blighia sapida is commonly planted as ornamental shade tree. It is considered useful for
soil improvement anderosion control. In traditional medicine, sap from terminal budsis instilled in the eyes to treat ophthalmia and conjunctivites. Bark and leaf decoctions are administered to treat oedema, intercostal pain,
dysentery and diarrhoea. In Ghana, bark
ground-up with capsicum pepper (Capsicum
annuum L.) is rubbed on the body as stimulant
and pulp of groundleafy twigs is rubbed on the
forehead to treat migraine. In Côte d'Ivoire and
Nigeria, ground leaves are applied as a paste
together with plant salts to treat yaws and
ulcers. In traditional medicine in Côte d'Ivoire,

Blighia sapida is widely used for the treatment
of yellow fever, epilepsy and oedema, and as a
laxative and diuretic. The seeds are taken in
Ghana to control nausea and vomiting. In Benin, leaves are used in the treatment of fever

and vertigo, and twigs to treat hepatitis, cirrhosis and amygdalitis. In Togo, decoctions of
bark or fruit walls are applied to wounds, and
the fruit pulp to treat whitlow. Pounded bark is
administered as an antidote to snake and scorpion bites, and poundedseedsto treat stomach
complaints. Aqueous seed extracts are administered to expel parasites in Brazil. The pounded fruit is used as fish poison. Green fruits
lather in water and are used by the Krobopeople of Ghana as soap for washing and as a
mordant for dyeing. Dried fruit husks are rich
in potash and the ashes are used in making
soap. Seeds of Blighia sapida yield a yellowish
oil, believed to be edible. In Nigeria the seeds
are used in makingtraditional soap.
Mature seed arils are eaten. They are not
largely consumed in Africa, but considered a
delicacy in someother parts of the world where
Blighia sapida has been introduced. Ackee is
also the national fruit of Jamaica. Boiled arils
are an ingredient of a popular traditional dish
in Jamaica, together with salt fish. In West
Africa arils are sometimes eaten raw, fried or
roasted. However, the arils of unripe seeds are
toxic, as well as the seeds. An ink for tattoos is

madefrom theseeds.
Production and international trade Blighia
sapida timber has no importanceon theinternational market, and even local importance
seems to be limited because in many areas
within its distribution area it occurs in low
densities.

Blighia sapida — wild and planted

However,

in

a

study

in

south-

western Nigeria, Blighia sapida was found to
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be one of the most commonly logged and processed timber species.
The arils are commercially traded, mainly from
Jamaica to American and European markets.
Canned arils form the major product, in 2001
about 1.7 million kg, with frozen arils much
less important with 13,000 kg. Orchards of
Blighia sapida have also been established in
Florida (United States), Mexico and Costa Ri-

ca. In 2005 total production of arils was valued
at US$ 400 million. In Africa, the trade is local.
In 1992 in northern Côte d'Ivoire, the price of 3
arils was about 10 FCFA.
Properties The heartwood of Blighia sapida
is orange-brown or reddish brown, and distinctly demarcated from the whitish sapwood. The
texture is moderately coarse. The wood has
little lustre. It is moderately heavy and hard. It
is easy to work with both machine and hand
tools. The wood moulds and sands well and
takes an attractive finish. It is suitable for
turnery. It is moderately durable and is quite
resistant to termite attack.
The composition of 100 g of raw aril is approximately: water 58 g, protein 9 g, fat 19 g, carbohydrate 10 g, fibre 3.5 g, Ca 83 mg, P 98 mg,
Fe 5.5 mg, thiamin 0.1 mg, riboflavin 0.2 mg,
niacin 3.7 mg and ascorbic acid 65 mg.
A water-soluble and heat-stable toxic compound, hypoglycin A, is present in the aril of
unripe seeds, as well as in the seed and in the
pinkish to reddish tissue at the base of the aril.
The Jamaican vomiting sickness is associated
with this compound and is characterized by
vomiting, generalized weakness, altered consciousness and sometimes even death. Hypoglycemia and depression of the central nervous
system are common. Thearil of fully ripe seeds
after natural dehiscence of the fruit is nearly
free of the toxic compound. The consumption of
unripe seed arils has probably caused many
cases of encephalopathy in children in Burkina
Faso and other West African countries. The
seeds contain about 26% of oil which is suitable
for industrial applications.
Extracts of unripe fruits produced neutropenia
and thrombocytopenia in mice, suggesting that
they may beuseful in the treatmentof diseases
such as chronic myeloid leukaemia, essential
thrombocythaemia and polycythaemia.
Description Usually evergreen, dioecious,
small to medium-sized tree up to 25(-30) m
tall; bole branchless for up to 15 m andstraight
and cylindrical, but often much shorter and
crooked or twisted, up to 80(-120) cm in diameter, often with small buttresses: bark surface

Blighia sapida — 1, part of twig with leaf and
inflorescence; 2, male flower; 8, female flower;
4, dehisced fruit showing seeds.
Source: Flore analytique du Bénin
usually smooth but with lenticels in horizontal
lines, grey to pale brown, inner bark granular,
yellow to brown or pinkish, often mottled orange; crown dense and rounded; young twigs
grooved, yellow-orange hairy, becoming glabrous. Leaves alternate, paripinnately compound with 3-5 pairs of leaflets; stipules absent; petiole 0.5-2.5 cm long, slightly winged,
rachis up to 20 cm long; petiolules stout, up to
6 mm long; leaflets opposite, elliptical to obovate, 5-15 cm X 3.5-8 cm, lowest pair smallest,

cuneate to rounded at base, rounded to shortacuminate at apex, margins entire or slightly
wavy, papery or thinly leathery, dark green,
slightly hairy below, pinnately veined with 8—
14 pairs of lateral veins. Inflorescence an axillary, slender false raceme up to 20 cm long,
hairy. Flowers probably functionally unisexual,
regular, 5-merous, greenish white to greenish
yellow, sweet-scented; pedicel up to 6 mm long,
elongating up to 10 mm infruit; calyx with
tube about as long as lobes, 2-3 mm long;petals free, rhomboid, 3-4 mm long,hairy, with a
2-lobed scale on the inner face; stamens 6-10,
free, filaments up to 6 mm long, hairy in lower
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part; ovary superior, hairy, usually 3-lobed and
3-celled, style short; male flowers with rudi-

mentary ovary, female flowers with reduced
stamens. Fruit an obovoid to pear-shaped capsule 3.5-10 cm x 3-5 cm, slightly 3-lobed, vellow to red when ripe, glabrous, dehiscing with
3 woody valves hairy inside, usually 3-seeded.
Seeds ovoid, 2—2.5 cm long, glossy black, with
cream-coloured to yellow cup-shaped aril up to
2 cm long at base. Seedling with hypogeal germination; epicotyl c. 15 cm long, hairy; first 2
leaves opposite, with 3 elliptical or obovate
leaflets up to 10 cm X 3.5 cm.
Other botanical information Blighia comprises 3 species and originates from tropical
Africa. Blighia sapida can be distinguished
from the other two species by its large fruits
with roundedlobes.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; (36: helical thickenings in vessel
elements present); (37: helical thickenings
throughout body of vessel element); (38: helical
thickenings only in vessel element tails); 42:
mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; (47: 5-20 vessels per square millimetre);
58: gums and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres with simple to minutely borderedpits; 65: septate fibres
present; (66: non-septate fibres present); 69:

fibres thin- to thick-walled; (70: fibres very
thick-walled). Axial parenchyma: 75: axial parenchyma absent or extremely rare; 78: axial
parenchyma scanty paratracheal; 92: four (3-4)

cells per parenchyma strand. Rays: 97: ray
width 1-3 cells; 104: all ray cells procumbent;
116: > 12 rays per mm. Mineralinclusions: 136:
prismatic crystals present; 138: prismatic crystals in procumbentraycells.
(S. N’Danikou, P.E. Gasson & E.A. Wheeler)
Growth and development Initial growth
of Blighia sapida is fast on moderately fertile
soils. Seedlings grow best in gaps in the forest
canopy, with a mean annual height increment
of 70 cm. Blighia sapida is classified as a nonpioneer light demander. It has an extensive
rooting system. In pure stands at a spacing of
3.5 m X 3.5 m in northern Côte d'Ivoire, the

fastest growing trees reached 4 m tall 3 years
after planting and the canopy was closed after
4.5 years. In Cameroon, young trees raised
from seed started flowering after 5 years and
first fruits developed after 7 years. In Florida,
trees raised from seedlings start producing
fruit after 3-6 years, while grafted trees produce fruit in 1-2 years.
Blighia sapida has been recorded to flower
twice a year, first at the end of the dry season
and a second time at the end of the rainy season. Fruits mature about 6 months after flowering, but in orchards fruit development may
take only 2 months. It has been recorded that
only about 4% of female or apparently bisexual
flowers develop into a mature fruit. All-yearround flowering and fruiting have been recorded in tropical America. The flowers are pollinated by insects such as bees. Although trees
in the natural area of distribution seem to be
dioecious (male and female flowers on different
trees), it has been reported in Jamaica that
they are andro-monoecious (with male and
bisexual flowers produced on the same tree).
The seeds are probably dispersed by animals
such as large birds and monkeys.
Ecology Blighia sapida occurs most commonly in semi-deciduous forest, but can also be
found in evergreen forest as well as in forest
outliers in savanna regions. In Côte d'Ivoire, it
is most common in the transition zone between
dry and moister forest and in gallery forest. It
has been planted successfully in villages in
much drier zones in Mali and Burkina Faso.
The natural habitat of the species is obscured
by the common planting around villages and
further spread from there into the forest. It
prefers well-drained deep fertile soils, but occurs also on non-fertile sandy soils and limestone. In drier regions it is often found on termite mounds. It does not tolerate waterlogged
soils and cannot withstand flooding. It shows
someresistancetofire.
Propagation and planting Generally, Blighia sapida regenerates fairly well naturally.
The weight of a seed is about 3 g. Seeds are
sensitive to desiccation and are considered
short-lived. It is recommended to sow them
within a few days after extraction from the
fruit. However, seeds can be kept for 3 months
in moist storage at 21°C. Germination starts
after 2-4 weeks, with a germination rate of
80%. In Florida, seeds are sown in germination
boxes and germination is said to take normally
2-3 months. Seedlings should be watered regularly in the nursery before transplanting. It is
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recommended to transplant in full sunlight and
at a spacing of 4 m for timber production and
6-9 m for fruit production.
For planting, Blighia sapida is usually propagated by seed, but cuttings can also be used;
these readily develop roots under proper conditions. Propagation by grafting and air layering
wasalso successful.
ManagementIn areas with occasionalflooding, mounds of 60-90 cm high are made before
transplanting of seedlings to ensure plant survival. In Florida and other regions where
Blighia sapida is planted for commercial fruit
production, youngtrees are fertilized every 1-2
months during the first year. Topping the main
shoot at a height of about 5 m is recommended
to facilitate fruit harvesting. It is reeommended
to control tree form by pruning several times
when the tree is grown for timber production.
Trees often sprout vigorously from stumps.
In Benin, the most common management practices to improve fruit production are pruning,
protection against livestock, fire protection,
mulching of seedlings and saplings, and association with annual crops. In northern Côte
d'Ivoire, trees have generally a private owner,
whereas most other trees are collective property.

Diseases and pests In Florida, an attack by
Verticillium dahliae has been recorded, causing wilt and dieback. In Jamaica, stem galls
are common.
Harvesting Arils for fresh consumption
should be picked from dehisced fruits, which

ensures that the seeds and arils are fully ripe
and that arils do not contain serious amounts
of toxin. Another appropriate methodis to collect unopened but ripe fruits from the tree and
lay them on racks in the sun. Arils can be harvested from the fruits when they have opened
after about 3 days.
Yield In Florida, a tree may produce 45-68
kg of fruits per year.
Genetic resources There seems to be no
reason to consider Blighia sapida to be under
threat of genetic erosion. It is quite widespread
and is commonly planted. Research in Benin
showed that Blighia sapida has moderate levels of genetic diversity in Benin andlittle differentiation among populations and climatic
zones. Ninedistinct criteria, mostly related to
fruit characteristics, have been used to differentiate between types.
Breeding In Jamaica, some different fruit
types of Blighia sapida have been developed,
mainly differing in the aril, which may be soft

andyellow or firm and cream-coloured.
Prospects Woodof Blighia sapidais currently not commercially important, but it is a multipurpose tree, being a source of edible fruits
(arils) and traditional medicine, and being
popular for planting as ornamental shade tree.
Blighia sapida is a nice ornamental tree, especially when decorated with the brightly coloured fruits. It is also considered useful for
planting to improvesoil fertility and to reduce
erosion through its large rooting system. In
2003 Blighia sapida emerged as a high-priority
species for domestication in Benin after a national survey.
Extensive research has been carried out on the
toxicity of different parts of the fruit. The edible arils certainly offer possibilities for economic development in tropical Africa, but lessons
learnt from tropical America and Burkina Faso
regarding the toxicity of compounds should be
taken into serious consideration. Educational
campaigns are needed to prevent fatalities.
More pharmacological studies are recommended in view of the wide applications of different
plant parts in traditional medicine. The seed
oil is promising for industrial use, especially as
lubricant and speciality surfactant.
Major references Akintayo, Adebayo &
Arogundade, 2002; Aubréville, 1959c; Burkill,

2000; Ekué et al., 2009; Janick & Paull (Editors), 2006; Meda et al., 1999; Omobuwajo,
Sanni & Olajide, 2000; Oteng-Amoako(Editor),

2006; Vivien & Faure, 1985; World Agroforestry Centre, undated.
Other references Akoégninou, van der
Burg & van der Maesen (Editors), 2006; Arbonnier, 2004; Barceloux, 2009; Crane & Balerdi, 2008; Fouilloy & Hallé, 1973a; Gardner et

al., 1996; Goldson, 2005; Hawthorne, 1995;
Hawthorne & Jongkind, 2006; Irvine, 1961;
Keay, 1958); Keay, 1989; Kennedy, 1936; Kyari,
2008; Liu et al., 2008a; McMillan, Graves &

Wood, 2003; Morton, 1987; Neuwinger, 2000;
Oke & Oyedare, 2008; Vivien & Faure, 1996.

Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.
Authors A. Asamoah, C. Antwi-Bosiako, K.
Frimpong-Mensah, A. Atta-Boateng, C.S. Montes & D. Louppe

BLIGHIA UNIJUGATA Baker
ProtologueOliv., Fl. trop. Afr. 1: 427 (1868).
Family Sapindaceae
Chromosome number 2n = 32
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Blighia unijugata — wild
Vernacular names Triangle tops (En).
Mwakamwatu, mkivule (Sw).
Origin and geographic distribution Blighia
unijugata is widespread in tropical Africa, extending from Guinea Bissau eastwards to
Ethiopia and Kenya, and through DR Congo
southwards to Angola, Zimbabwe and Mozambique. It is also found in South Africa.
Uses The woodof Blighia unijugata is commonly used for light construction, light flooring,

interior

trim,

joinery,

furniture,

mine

props, toys, novelties, agricultural implements,
musical instruments,

boxes,

crates,

turnery

and carving. It is suitable for ship building,
veneer, plywood and pulpwood.It is also used
as firewood and for charcoal production.
The leaves are eaten as a vegetable in Nigeria.
Various parts of the tree are considered to have
sedative and analgesic properties. They are
used in traditional medicine for the treatment
of rheumatism, kidney pain and stiffness, and
they are reputed to have oxytocic action in
childbirth. Bark pulp is applied as an enemaor
a bark decoction is taken to treat fever, and as

purgative. In Côte d'Ivoire leaf pulp is administered as an embrocation to serve as rejuvenant
and relaxant. In Congo the leaves are used in
vapour baths for the treatment of fever in children, and as tonic. Fruits have been used in

Nigeria for the treatment of nausea and vomiting. In the Central African Republic seed oil is
used in medicinal ointments and a leaf decoction to treat vertigo. Macerated twigs, leaves,
flowers and fruits are used as fish poison. In
Sierra Leone the seeds are reported to be edible. In South Africa the pleasantly scented
flowers are sometimes soaked in water to make

a fragrant cosmetic lotion.
Blighia unijugata is commonly planted as a
village shade tree. In Kenya and Ethiopia, the
trees are often left after land clearance or
sometimes planted to provide shade in coffee
plantations. The flowers provide nectar and
pollen for honey bees.
Production and international trade The
wood of Blighia unijugata is used locally and
only occasionally traded on the international
market.
Properties The heartwood is pale reddish
brown and indistinctly demarcated from the
yellowish white sapwood. The grain is fairly
straight, texture medium tofine.
The wood is medium-weight, with a density of
560-640 kg/m? at 12% moisture content, and
fairly hard. It air dries slowly but usually well
with little degrade. However, the shrinkage
rates are quite high, from green to oven dry
5.1% radial and 8.1% tangential. At 12% moisture content, the modulus of rupture is 92
N/mm2, modulus of elasticity 11,170 N/mmz2,

compression parallel to grain 49 N/mm? and
shear 15.5 N/mm?.
The wood works well with machine tools, but
blunting of tools is rather rapid. It is difficult to
work by hand, but takes a good finish and polishes well. Splitting is common during nailing
and pre-boring is recommended. It is also recommended to give good support at the exit face
on mortising and boring. The wood is somewhat difficult to glue. The heartwood is moderately durable, but the sapwood is susceptible to
Lyctus attack. The heartwood is moderately
resistant to preservative treatment, the sapwood is permeable.
Tests in Nigeria showed an oil yield of 51% in
the aril and 14% in the seed. The composition
of the aril is: water 3.3%, protein 20%, fat 51%,

carbohydrate 9% and fibre 11%; and of the
seed: water 6.1%, protein 14%, fat 14%, carbo-

hydrate 54% and fibre 6%. The oils from arils
and seeds were found to be rich in macronutrients and appear to be a good source of minerals. Triacylglycerol is the dominant lipid compound in the oils, with 88% and 91% respectively for aril and seed.
Ethanol extracts of roots, bark and leaves

showed antibacterial activity, with pronounced
activity against Staphylococcus aureus. In all
the extracts the presence of steroids, saponins

and tannins has been demonstrated.
Description Dioecious, small to mediumsized tree up to 30(—35) m tall; bole often quite
short, usually straight, up to 180(-200) cm in
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lobes, c. 2 mm long; petals free, rhomboid, c. 2

mm X 2 mn,hairy, with a 2-lobed scale on the
inner face; stamens 6—10, free, filaments c. 4
mm long, hairy in lower part; ovary superior,
golden-hairy, usually 3-lobed and 3-celled, style
short; male flowers with rudimentary ovary,
female flowers with reduced stamens. Fruit a
top-shaped, usually 3-gonous capsule 2—3 cm x
2.5-3 cm, pointed at apex, red when ripe,
slightly hairy, dehiscing with 3 woody recurving valves pink inside with yellow margins,
usually 3-seeded. Seeds ovoid, 1-2 cm long,

glossy dark brown to black, with yellow cupshaped aril up to 1 cm long at base. Seedling
with hypogeal germination; epicotyl c. 6 cm
long, hairy; first 2 leaves opposite, with 3 obo-

Blighia unijugata — 1, tree habit; 2, part of twig
with leaf and inflorescence; 3, male flower; 4,
fruits; 5, dehisced fruit showing seed.
Redrawn and adapted by Iskak Syamsudin
diameter, slightly fluted at base; bark surface
fairly smooth, but often with horizontal ridges
and warts, grey to dark green, inner bark thin,
brittle, granular, white to pale red or brown
with white streaks; crown dense and rounded;

young twigs finely orange-brown hairy, becoming glabrous. Leaves alternate, paripinnately
compound with (1—)2-4(-5) pairs of leaflets;
stipules absent; petiole up to 4 cm long, flattened above, rachis up to 10 cm long; petiolules
up to 2 mm long; leaflets opposite, elliptical to
oblong or obovate, up to 30 cm X 13 cm but
often small in lowest pair, cuneate to obtuse at
base, acuminate at apex, margins entire or
slightly wavy, glabrous except for tufts in the
axils of lateral veins, pinkish red or whitish
when young, later becoming glossy dark green
above and dull green below, pinnately veined
with 6—-10(-12) pairs of prominent lateral
veins. Inflorescence an axillary false raceme up
to 10 cm long. Flowers unisexual, regular, 5merous, whitish or yellowish, sweet-scented;

pedicel up to 5 mm long, elongating up to 10
mm in fruit; calyx with tube about as long as

vate leaflets up to 4 cm X 2 cm.
Other botanical information Blighia comprises 3 species and is restricted to tropical
Africa. Blighia unijugata can be distinguished
from the other two species by its leaflets having tufts of hairs in the axils of lateral veins
and its fruits which are up to 3 cm long (at
least 4 em long in the other species).
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; (23: shape of alternate pits polygonal);
25: intervessel pits small (4—7 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 42: mean tangential diameter of vessel
lumina 100-200 um; 46: < 5 vessels per square
millimetre; 47: 5-20 vessels per square millimetre; 58: gums and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres
with simple to minutely bordered pits; 65: septate fibres present; (66: non-septate fibres present); 69: fibres thin- to thick-walled. Axial
parenchyma: 75: axial parenchyma absent or
extremely rare; 78: axial parenchyma scanty
paratracheal; (92: four (3-4) cells per parenchyma strand); 93: eight (5-8) cells per parenchyma strand. Rays: 96: rays exclusively uniseriate; (97: ray width 1-3 cells); (100: rays with
multiseriate portion(s) as wide as uniseriate
portions); 104: all ray cells procumbent; 115: 4—
12 rays per mm; 116: > 12 rays per mm. Mineral inclusions: 136: prismatic crystals present;
138: prismatic crystals in procumbentraycells.
(S. N’Danikou, A.A. Oteng-Amoako & P. Baas)
Growth and development In general, Blighia unijugata is considered to grow rapidly.
The tree is attractive, with its decoratively
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coloured new leaves and red fruits. In Ghana
and Nigeria, flowering is from December to
April and ripe fruit is found around March. In
Côte d'Ivoire trees have been reported to flower
twice a year, January—April and September—
October; ripe fruits have been recorded in
March and October. In southern Africa flowering occurs from September to October and
fruits are found from September to February.
The flowers attract large numbers of flies,
which probably serve as pollinators. The seeds
with their yellow aril are eaten by birds, duikers, monkeys such as mangabeys, and chimpanzees, which may be important seed dispersers.
Ecology Blighia unijugata occurs mostly in
moist evergreen forest, but also in semideciduousforest, in more dry areas in riverine
forest, and in wooded grassland and then often
associated with termite mounds, up to 1900 m
altitude.
Propagation and planting Natural regeneration of Blighia unijugata usually occurs in
disturbed forest. For planting, it is propagated
by seeds and wildlings. Seeds germinate readily. It is recommended to sow in pots before
transplanting. Pretreatment of seeds before
sowing is not necessary. Dried seeds can be
stored for considerable time in sealed containers in a cool and dryplace. Thin stem cuttings
may root in sand and can also be used for
propagation.
Management Blighia unijugata can be managed by coppicing and pollarding.
Diseases and pests The larvae of the butterfly gold-banded forester (Euphaedra neophron) are reported to feed on leaves of Blighia
unijugata in Mozambique. In Tanzania infestation by the parasitic plant Tapinanthus bangwensis (Engl. & K.Krause) Danser has been

tials of the seeds, which could be considered for
use as feed supplements andin the food industry.

Major references Ayodele, Ajayi & Adewuyi, 2008; Bekele-Tesemma, 2007; Bolza &
Keating, 1972; Burkill, 2000; Chikamaiet al.,

undated; Davies & Verdcourt, 1998; Katende,
Birnie & Tengnäs, 1995; Maundu & Tengnäs
(Editors), 2005; Neuwinger, 2000; Takahashi,
1978.

Other references Aubréville, 1959c; Coates
Palgrave, 1983; Exell, 1966; Fowden et al.,
1972; Hauman, 1960; Hyde & Wursten, 2009;
Tlesanmi, 2006; Irvine, 1961; Keay, 1958j; Keay,
Onochie & Stanfield, 1964; Krief, Hladik &
Haxaire, 2005; Lekunze & Hassan, 2001; Liu et
al., 2008b; Masette, 2006; Muoghalu, 2006;
Oderinde, Ajayi & Adewuyi, 2009; Okafor &
Fernandes, 1987; Starratt & Caveney, 1995;

White, 1962; Wieczkowski & Kinnaird, 2008.
Sources of illustration Exell, 1966; Katende, Birnie & Tengnäs, 1995.
Authors E.A. Obeng

BLIGHIA WELWITSCHII (Hiern) Radlk.
Protologue Engl., Pflanzenr. IV 165: 1146
(1933).
Family Sapindaceae
Chromosome number2n = 32
Origin and geographic distribution Blighia
welwitschii occurs from Sierra Leone eastward
to Uganda and south to DR Congo and northern Angola. It is only occasionally planted, for
instance in botanical gardens.
Uses The wood, traded as ‘tsana’, is commonly used for light construction, light flooring,

recorded as locally problematic in plantations

of Blighia unijugata mixed with other tree
species.
Genetic resources Blighia unijugata is
widespread and in many regions within its
geographical range common. It is unlikely that
it suffers from genetic erosion. However, in
several countries in southern Africa, e.g. Zambia and South Africa, it is uncommon.
Prospects Blighia unijugata is a useful local source of wood and traditional medicine.
Although little is known about growth rates, it
seems to be a fast growing tree andis considered suitable for commercial plantations. It is
promising for planting in agroforestry systems.
Further research is warranted on the poten-

Blighia welwitschii — wild
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joinery, interior trim, furniture, poles, piles,
mine props, toys, novelties, boxes, crates, pestles, mortars, agricultural implements, oars
and turnery. It is suitable for ship building,
railway sleepers, veneer, plywood and pulpwood.
In DR Congo the bark is used as a revulsive on
the skin to relieve kidney, costal and lumbago
pain. A bark decoction is taken as a purgative
and to treat cough. Powdered leaves are eaten
with ripe banana as an aphrodisiac. In Côte
d'Ivoire and Nigeria, leaf decoctions are taken
as cholagogue. In Congo leaf sap is applied to
treat ear inflammations. In Sierra Leone the
bark, young leaves, fruits and seeds are used
as fish poison.
In Liberia the fragrant young leaves are used
for flavouring soup. Mature seed arils are eaten, but the arils of unripe seeds may be toxic,
as well as the seeds.
Production and international trade The
wood is locally used and rarely traded on the
international market.
Properties The heartwood is pale brown to
reddish brown, often with white specks, and
usually distinctly demarcated from the white to
pinkish yellow, about 10 cm wide sapwood. The
grain is straight or interlocked, texture usually
moderately fine. Quarter-sawn material usually shows a ribbon stripe of narrow vertical
bands alternately yellow and brown. The wood
is moderately lustrous.
The wood is moderately heavy to heavy with a
density of 730-950 kg/m? at 12% moisture content, and very strong, tough and quite hard.
The rates of shrinkage are high, from green to
oven dry 6.5-7.0% radial and 10.3-11.5% tangential. It is recommended to quarter-saw logs
immediately after felling to prevent checking
during drying. Once dry, the wood is rather
unstable in service.
At 12% moisture content, the modulus of rupture is 112-205 N/mm?, modulus of elasticity
15,000 N/mm?, compression parallel to grain
69-84 N/mm?, cleavage 25-36 N/mm and
Chalais-Meudon side hardness 6.4—7.4.
The wood saws well but slowly, and works easily with both machine and handtools despite its
high density. It polishes and sands to an attractive finish. It has good nailing and screwing properties and hold nails firmly, and glues
moderately well. The wood is moderately durable and quite resistant to insect attacks, but it
is susceptible to Lyctus attack. It is difficult to
treat with preservatives.
Several saponins have been isolated from the

fruits, some of which showed insecticidal activity against Spodoptera frugiperda and toxicity
in the brine shrimptest.
Description Evergreen, dioecious, mediumsized to fairly large tree up to 40(-50) m tall;
bole branchless for up to 30 m, cylindrical,
usually straight, up to 100(-180) cm in diameter, slightly fluted at base or sometimes with
small, thick buttresses; bark surface smooth to
slightly fissured or flaky, grey to brown, inner
bark hard, granular, yellow to orange, often
yellow-brown mottled; crown often dense, with
ascending branches, dark green; young twigs
orange-hairy, soon becoming glabrous and dark
brown. Leaves alternate, paripinnately compound with 2-4 pairs of leaflets; stipules absent; petiole up to 8(-16) cm long, narrowly
winged, rachis up to 15 cm long; petiolules up
to 1 cm long; leaflets opposite, narrowlyelliptical to oblong-elliptical, up to 25(—40) cm x 8.5(—
10) cm but often much smaller in lowest pair,
cuneate to obtuse and sometimes asymmetrical
at base, short-acuminate at apex, margins en-

tire or slightly wavy, leathery, nearly glabrous,

Blighia welwitschii — 1, base of bole; 2, part of
twig with leaf and inflorescence; 8, leaf and
fruits; 4, seed.
Redrawn and adapted by Isaac Ossei Agyekumhene
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pale brown when young, later becoming olive
green, pinnately veined with 7—14(—20) pairs of
lateral veins. Inflorescence an axillary false
raceme up to 12(—15) cm long. Flowers unisexual,

regular,

5-merous,

white

or

greenish

white, sweet-scented; pedicel up to 8 mm long,
elongating up to 10 mm infruit; calyx with
tube much shorter than lobes, c. 2 mm long;

petals free, rhomboid, up to 5 mm xX 3 mm,
hairy, with a large scale on the inner face;
stamens 7-8, free, filaments c. 5 mm long,

hairy; ovary superior, hairy, usually 3-lobed
and 3-celled, style about as long as ovary; male
flowers with rudimentary ovary, female flowers
with reduced stamens. Fruit a top-shaped or
pear-shaped, usually 3-gonous capsule 3.5-8
cm X 2.5—4.5 cm, pointed at apex, orange to red
when ripe, glabrous, dehiscing with 3 woody
recurving valves hairy inside, up to 3-seeded.
Seeds ovoid to ellipsoid, 2-3 cm long, glossy
dark brownto purplish black, with yellow cupshaped aril up to 2 cm long at base. Seedling
with hypogeal germination; epicotyl 10-15 cm
long, hairy; first 2 leaves opposite, with 3 obovate leaflets up to 12 cm X 4 cm.
Other botanical information Blighia comprises 3 species and is restricted to tropical
Africa. Blighia welwitschii can be distinguished
from the other two species by its fairly large
fruits with sharp-edged lobes. Var. bancoensis
Aubrév. & Pellegr. has been described from
Côte d'Ivoire and is characterized by comparatively small fruits (3.5—4 cm long).
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; (7: vessels in diagonal and/or radial pattern); 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
(24: intervessel pits minute (< 4 um)); 25: intervessel pits small (4-7 um); 30: vessel-ray
pits with distinct borders; similar to intervessel

pits in size and shape throughout the ray cell;
42: mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; 47: 5-20 vessels per square millimetre;
58: gums and other deposits in heartwood vessels. Tracheids andfibres: 61: fibres with simple to minutely bordered pits; 65: septate fibres
present; (66: non-septate fibres present); 69:
fibres thin- to thick-walled; 70: fibres very
thick-walled. Axial parenchyma: 75: axial parenchyma absent or extremely rare; 78: axial
parenchyma scanty paratracheal; (79: axial

parenchyma vasicentric); (89: axial parenchyma in marginal or in seemingly marginal
bands); 92: four (8-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; 104: all
ray cells procumbent; (106: body ray cells procumbent with one row of upright and/or square
marginalcells); 116: > 12 rays per mm. Mineral
inclusions: 186: prismatic crystals present;
(137: prismatic crystals in upright and/or
square ray cells); 138: prismatic crystals in
procumbentraycells.
(S. N’Danikou, A.A. Oteng-Amoako & P. Baas)
Growth and development In Côte d'Ivoire
Blighia welwitschii trees have been recorded to
flower between August and May, but most
commonly in November. They develop ripe
fruits about 6 months after flowering; in Côte
d'Ivoire and Gabon fruits mature most commonly in December to February. The seeds
with their yellow aril are probably dispersed by
animals such as large birds and monkeys. In
Gabon they are a favorite food of the African
grey parrot.

Ecology Blighia welwitschii occurs mostly
in moist evergreen forest, in primary as well as
secondary forest, but it can also be found in
semi-deciduousforest. In Ugandait is found up
to 1150 m altitude.
ManagementIn general Blighia welwitschii
occurs at low density in the forest. Locally in
Cameroon, an average density of 2.7 trees of
more than 15 cm in bole diameter per ha has
been recorded, with an average wood volume of
2.1 m3/ha.
Diseases and pests In Côte d'Ivoire Blighia
welwitschii has been reported to be a host of
okra mosaic virus. Blighia welwitschii showed
symptoms that were similar to that of the infected vegetables, i.e. leaves with chlorosis
near the veins, and was considered to pose a

risk whenplantedclose to okrafields.
Genetic resources Blighia welwitschii is
widespread and not extensively logged. Therefore, it does not seem to be liable to genetic
erosion at present.

Prospects Blighia welwitschii is a useful
local source of wood and traditional medicine.
Research is warranted on growth rates, regeneration and propagation, as well as management requirements for sustainable production,
before any judgement can be made about its
potential role in commercial timber production.
Investigations on the possible toxicity of young
leaves and seed arils are needed to guarantee
safe consumption by humans.
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Major references Aubréville, 1959a; Bolza
& Keating, 1972; Burkill, 2000; Davies & Verdcourt, 1998; de Koning, 1983; Hauman, 1960;

Savill & Fox, 1967; Takahashi, 1978; Vivien &
Faure, 1985; Wilks & Issembé, 2000.
Other references Fouarge & Gérard, 1964;
Fouilloy & Hallé, 1973a; Fouilloy & Hallé,
1973b; Givord, 1978; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Hubrecht et al.,
1989; Irvine, 1961; Keay, 1958); Keay, Onochie
& Stanfield, 1964; Neuwinger, 2000; OtengAmoako (Editor), 2006; Penders & Delaude,
1994; Penders et al., 1989; Sallenave, 1955;

White & Abernethy, 1997.
Sources of illustration Aubréville, 1959a;
Vivien & Faure, 1985; White & Abernethy,
1997; Wilks & Issembé, 2000.
Authors E.A. Obeng

BOBGUNNIA FISTULOIDES (Harms)
J.H.Kirkbr. & Wiersema
Protologue Brittonia 49(1): 3 (1997).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 16
SynonymsSwarizia fistuloides Harms (1910).
Origin and geographic distribution Bobgunnia fistuloides occurs in Cote d’Ivoire and
Ghana and from Nigeria and Cameroon southward to Cabinda (Angola).
Uses The wood of Bobgunnia fistuloides,
named ‘pau rosa’ or ‘boto’ in trade, is traditionally used for house posts, percussion instruments, mortars, pestles and carvings. It is also
used for cabinet work and for barrels and containers for acid products. It is suitable for

heavy flooring, interior trim, mine props, ship
building, furniture, sporting goods, toys, novelties, musical instruments, boxes, crates, agricultural implements, tool handles, turnery and
veneer. It is a good firewood.
The bark is used as fish poison. In traditional
medicine in Gabon and Congo, young children
are bathed in a warm decoction of the bark to
treat fever. In Congo a bark macerate is used
as a bath to treat skin diseases andfilariasis of
the eye. A decoction of the bark mixed with
sweet peppers is taken by nursing mothers to
stimulate milk production. In Congo a bark
extract is taken by men against gonorrhoea
and by women against various menstrual problems. In Gabon bark decoctions are drunk
against diarrhoea.
Production and international trade The
wood of Bobgunnia fistuloides has been traded
internationally as ‘pau rosa’, sometimes as a
substitute of rosewood (Dalbergia spp.), but
trade is insignificant since the species has become more rare. Gabon exported on average
1600 m3of logs per year from 1994 to 1999 and
3150 m?/year in 2000-2003.
Properties The heartwood is pale red, turning purplish upon exposure, with yellowish or
reddish brown stripes on quarter-sawn surfaces, and clearly demarcated from the 1-2 cm
thick, whitish or yellowish sapwood. The grain
is wavyor slightly interlocked, texture fine to
coarse and even.
The woodis very heavy, with a density of about
1020 kg/m3 at 12% moisture content, and very
hard. It dries slowly but fairly well, with little
risk of distortion but a high risk of surface
checking and some end checking. The shrinkage rates are moderate, from green to oven dry
3.8-4.8% radial and 5.7-6.2% tangential. Once
dry the wood is moderately stable to unstable
in service. At 12% moisture content, the modu-

lus of rupture is (149-)166—223 N/mm2, modulus of elasticity 16,475—17,840(—21,290) N/mm?,
compression parallel to grain 90-95 N/mm’,
shear 11-12 N/mm?, cleavage 20-40 N/mm and

Bobgunniafistuloides — wild

Chalais-Meudonside hardness 8.7—9.5.
Considerable force is required for sawing; saw
blades may vibrate or overheat. The wood
workswell with machinetools. For such a hard
and dense wood, the blunting effect on cutting
edges is only average and specialalloy tools are
not required. The wood planes and finishes
fairly well, but sometimes surfaces are slightly
woolly. The nailing and screwingproperties are
good, but pre-boring is required. The wood has
a tendency to char upon boring.It glues satis-
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factorily. The slicing properties are good but
the wood is not suitable for rotary peeling. It is
durable, being resistant to fungal, dry-wood
borer and termite attacks, but damage by pinhole borers in the sapwood has been reported.
The wood is suitable for use in contact with the
ground or fresh water. The heartwood is resistant to impregnation with preservatives.
Sawdust may be irritating to mucous membranes in wood workers.
The wood is resistant to some acid products. It
contains

32-35%

cellulose,

26-28%

lignin,

12.5-16.5% pentosan, 0.1—0.4% ash andlittle
silica. The solubility is 16.0—25.5% in alcoholbenzene, 1.8—2.3% in hot water and 13.2—18.1%

in a 1% NaOH solution.
Description Medium-sized tree up to 25(—40)
m tall; bole often slightly sinuous or twisted,
up to 80(-120) cm in diameter, base slightly
swollen and fluted; bark surface slightly fissured, scaly leaving large irregular patches,
greenish yellow to whitish grey, inner bark
fibrous, creamy to yellowish with yellowish
brown streaks, with watery exudate; crown

often large, with sinuous branches; twigs glabrous. Leaves alternate, imparipinnately com-

pound with (5—)8—20 leaflets; stipules minute,
persistent; petiole 2-6.5 cm long, rachis 14—27
cm long, nearly glabrous; petiolules c. 0.5 cm
long, wrinkled, slightly hairy; leaflets alternate, elliptical to ovate, 5-12.5 cm x 3-6.5 cm,
usually increasing in size towards leaf apex,
base obtuse, apex acuminate, nearly glabrous,
pinnately veined. Inflorescence an axillary
false raceme up to 30 cm long, many-flowered,
glabrous to slightly hairy, with flowers in
groups of 1—4. Flowers bisexual, zygomorphic,
sweet scented; pedicel 1-2 cm long; calyx irregularly 2—4(—7)-lobed; petal 1, nearly round
to broadly obovate, 2-3 cm x 1.5—2 cm, pinkish
white with yellow patch at base inside, crinkled, short-hairy outside, with short claw at
base; stamens numerous, unequal, up to 2.5 cm
long, bright orange; ovary superior, c. 1 cm
long, glabrous, on up to 1 cm long stipe, style
short. Fruit a woody, cylindrical pod up to 30(—
80) cm X 1.5-3 cm, straight or curved, shiny
reddish brown to dark brown or black when
ripe, indehiscent, many-seeded. Seeds oblong to
kidney-shaped,flattened, c. 1 cm X 1 cm, shiny
brown or greyish. Seedling with epigeal germination; hypocotyl 3—4(-7) cm long,epicotyl c. 2
cm long, hairy; cotyledons leafy, rounded, c. 3
cm long; first leaves alternate, simple.

Other botanical information Bobgunnia
comprises 2 species and is confined to mainland tropical Africa. It has been separated from
Swartzia, a genus of over 100 species in tropical America, mainly on the basis of seed characteristics, but flower structure is similar and
molecular studies also point to inclusion in
Swartzia.
Traditionally, Bobgunnia and Swartzia are
placed in Caesalpiniaceae (Leguminosae - Caesalpinioideae), but chemistry, cytology, palynology and wood anatomy support the inclusion in Papilionaceae (Leguminosae - Papilio-

noideae), and this is also supported by molecular studies.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

Bobgunnia fistuloides — 1, base of bole; 2, part
of flowering twig;3, fruit.
Redrawn and adapted by G.W.E. van den Berg

13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
47: 5-20 vessels per square millimetre; 58:
gumsand other deposits in heartwood vessels.
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Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 80: axial parenchyma aliform; (81:
axial parenchyma lozenge-aliform); 82: axial
parenchyma winged-aliform; 83: axial parenchyma confluent; 85: axial parenchyma bands
more than three cells wide; 89: axial parenchyma in marginal or in seemingly marginal
bands; 91: two cells per parenchyma strand;
92: four (3-4) cells per parenchyma strand.
Rays: 97: ray width 1-3 cells; 104: all ray cells
procumbent; 115: 4-12 rays per mm; 116: > 12
rays per mm. Storied structure: 118: all rays
storied; 120: axial parenchyma and/or vessel
elements storied. Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells; (143:
prismatic crystals in fibres).
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Growth and development Floweringis reported in May in Cote d'Ivoire and in July in
Ghana, but in Gabon flowering andfruiting are
asynchronous throughout the year. Fruits have
a strong yeasty smell and are eaten by elephants, which serve as the main seed dispersers. Seedlings are commonly found in elephant
dung.
Ecology Bobgunnia fistuloides is usually a
tree of the second storey of rainforest and semideciduous forest, up to 500 m altitude.
Propagation and planting Good natural
regeneration has been observed in logged-over
forest in Gabon. There are 3000-5000 seeds
per kg. The seeds start germinating 5—10(—20)
days after sowing, and the germination rate is
high. In Congo seeds are extracted from the
fruits and dried in the sun for 2—4 days; germination started after 7-8 days and the germination rate was up to 96%.
Management Larger trees of Bobgunnia
fistuloides occur scattered in the forest and are
generally uncommon. In forest in Cameroon an
average density of 0.01 tree with a bole diameter of more than 60 cm has been recorded per
ha, with an average wood volume of 0.1 m?/ha.
In Gabon a mean wood volume of 0.4 m?/ha has
been reported.
Harvesting The minimum bole diameter for
harvesting is 50 cm in Cameroon, 60 cm in
Gabon and 70 cm in the Central African Republic.
Handling after harvest Logs do not float
in water and cannotbe transportedbyriver.
Genetic resources Bobgunniafistuloides is
classified as endangered in the IUCN Redlist.

Although widespread in West and Central Africa, it only occurs in closed forest and is exploited at a moderately high level for its decorative timber, and its population is estimated
to have been reduced by 80% duringthelast 3
generations. Its natural regeneration may be
hampered locally by the absence of its main
seed disperser, the forest elephant.
Prospects Bobgunnia fistuloides yields an
excellent decorative timber, but due to exploitation, loss of habitat and poor regeneration it
is classified as endangered. Regulation of the
trade of its wood under CITES regulations is
recommended. It deserves more research attention, especially on propagation methods and
silvicultural managementto judge its prospects
for sustainable production of its valuable timber. Of its traditional uses, the medicinal ones
may remain most important.

Major references African Regional Workshop, 1998; Aubréville, 1968; Bolza & Keating,
1972; Burkill, 1995; CIRAD Forestry Department, 2008; de la Mensbruge, 1966; de Saint-

Aubin, 1963; Kirkbride & Wiersema, 1997;
Takahashi, 1978; Vivien & Faure, 1985.
Other references Aubréville, 1959b; Aubréville, 1970; Hawthorne, 1995; Hawthorne &
Jongkind, 2006; Hepper, 1958; Irvine, 1961;

Keay, 1989; Neuwinger, 2000; Normand &
Paquis, 1976; Sallenave, 1955; Savard, Besson
& Morize, 1954; Tailfer, 1989; White & Abernethy, 1997; Wilczek et al., 1952; Wilks & Issembé, 2000.
Sources of illustration Aubréville, 1970;
Wilks & Issembé, 2000.
Authors L.P.A. Oyen

BOBGUNNIA MADAGASCARIENSIS (Desv.)

J.H.Kirkbr. & Wiersema
Protologue Brittonia 49(1): 7 (1997).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 16
Synonyms Swartzia madagascariensis Desv.
(1826).
Vernacular names Snake bean tree (En).
Pauferro, pau rosa (Po). Msekeseke (Sw).
Origin and geographic distribution Bobgunnia madagascariensis is widely distributed
in semi-arid tropical Africa, from Senegal and
Gambia eastward to the Central African Republic, and south of the rainforest belt from DR
Congo to Tanzania and southward to the
Caprivi strip in Namibia, northern Botswana
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Bobgunnia madagascariensis — wild
and Mozambique. It is occasionally cultivated
in South Africa. In spite of its scientific name,
it does not occur in Madagascar.
Uses The wood,traded as ‘pau ferro’, ‘kasanda’, or ‘msekeseke’, is used traditionally for
poles and posts for houses, fences and kraals,
and is sought after for cabinet work, musical
instruments, novelties, tool handles and for
carving utensils such as pestles. It is suitable
for heavy construction and flooring, joinery,
mine props, ship building, railway sleepers,
furniture, sporting goods, toys, vats, agricultural implements, turnery and veneer. For
carving it is used as a substitute for African
blackwood (Dalbergia melanoxylon Guill. &
Perr.). The wood is an excellent slow-burning
firewood, and it is so popular for charcoal making that it is called ‘charcoal tree’ in parts of
coastal Tanzania and Mozambique. Powdered
heartwood soaked in hot water produces a reddish dye.
In Malawi the bark was formerly used to make
bark-cloth and it provides fibre used for various purposes. When flowering the plants provide nectar for honey bees. The fruits yield a
glue usedto fix axe and hoe handles.
The powdered fruits,

seeds

and sometimes

roots are widely used as poison to stupefy fish
and make them easy to catch; leaves have a
similar but weaker effect on fish. Powdered
fruits and leaves can be used as an insecticide
and insect repellent. Powdered fruits are applied in grain storage bins to protect the grain
from termites and weevils. The potency of the
powderon insects has also been shown on mosquito larvae. A hot-water extract can be used
as insecticide for spraying around seedlings to

protect them from termites. Powdered fruits
and leaves are used to control slugs and snails
that damage crops. Powdered fruits have been
used to kill rodent pests. Bushmen people mix
powdered fruits with larvae of the Bushman
arrow-poison beetle (Diamphidia) to make an
arrow poison. However, when fruit powder was
injected subcutaneously into a cat, it produced
no effect. Leaves are also used for control of
bilharzia snails. The fruits are a nitrogen-rich
livestock feed and cattle have been seen butting the boles of the trees to shake down the
fruits, but the milk and butter from cows which
have eaten the fruits is tainted. In several areas the fruits are believed to be poisonous to
cattle, and Fula herdsmen prevent their cows
from eating them.
Various parts of the tree are used in traditional
medicine. A decoction of the fruits has been
used to induce vomiting to remove poison from
the stomach,andto treat bilharzia, leprosy and
ear-ache. Roots are used to induce abortion,

counteract venomous stings and bites, kill or
expel intestinal worms and treat leprosy. A
warm root infusion is used to treat venereal
diseases and dysentery. Chopped roots are
shaken in water which is then used to treat
cataract of the eye. Roots can be taken raw as
sexual stimulant. Leaves are chewed to relieve
headache and used as cough medicine. A bark
decoction is drunk to slow down heart palpitations in cases of extreme fatigue and to treat
leprosy. A warm infusion of bark along with
that of Diospyros lycioides Desf. is used to
clean cuts. The bark has been used to treat
diarrhoea, dysentery andasfebrifuge.
Production and international trade The
wood of Bobgunnia madagascariensis is mainly
traded locally and only occasionally enters the
international market. In 2003 about 2800 m3 of
wood was exported from Tanzania, as short
logs of 1-2 m long. The export of logs from
Tanzania was permitted until mid-2004, but
still 880 m3 were exportedin the second half of
2005, mostof it to China, at an averageprice of
US$ 590/m3.
Properties The heartwood is dark reddish
brownor purplish with bands varyingin colour
from yellow to dark brown, and clearly demarcated from the yellow, 2-3 cm wide sapwood.
Growth rings form variable bands in a zigzag
arrangement that makes the heartwood very
decorative. The grain is wavy or interlocked,
texture medium to fine and even.
The woodis very heavy, with a density of 960—
1110 kg/m3 at 12% moisture content, and very

BOBGUNNIA 1385

hard. It dries slowly, but with only slight surface checking and endsplitting. The shrinkage
rates are low to moderate, from green to oven
dry about 3.5% radial and 5.8% tangential.
Once dry, the wood is unstable in service. Because of its extreme density and hardness, the
woodis difficult to saw. It planes satisfactorily.
The wood works to a fine finish and takes a
high polish. Pre-boring is necessary for nailing
and screwing. The wood glues and turns well.
It takes vanish well, but stains do not always
penetrate sufficiently. The resonance characteristics make it suitable for various musical
instruments. The heartwood is very durable,
being resistant to fungal, termite and borer
attacks. The heartwood contains pterocarpans,
a group of flavonoid phytoalexins, with powerful fungicidal properties. The compounds are
related to the dyes found in the woodof Pterocarpus spp.
Several quinone-methide cassane-type diterpenes with powerful fungicidal activity, e.g.
against Candida albida, have been discovered
in the roots. In an assay of medicinal plants of
Mali, an extract of the root bark has shown
significant activity in mice against leishmaniasis. In Burkina Faso extracts of the root bark
have shown some antimalarial activity. Powdered fruits contain saponinsthat are lethal to
the freshwater snails that transmit bilharzia
(schistosomiasis), and also to Cyclops, which is
a host for guinea worm larvae. The saponins
can be water-extracted from fruits without
need for expensive equipmentor highly skilled
personnel. Powdered bark and chloroform or
methanol extracts of the bark are effective
against red flour beetle (Tribolium castaneum)
in stored grain.
Description Semi-deciduous shrub or small
tree up to 10(-15) m tall, multi-stemmed or
with a single bole up to 40(—60) cm in diameter;
bark surface deeply furrowed andridged, flaking off in irregular pieces, grey-black, inner
bark yellowish white, exuding a crimson-black
mucilage; crown dense and rounded, with often

twisted and contorted branches; twigs densely,
brownish hairy. Leaves alternate, imparipinnately compound with (3—)5—9(—18) leaflets;
stipules linear to narrowly ovate, 2-7 mm x
0.5-1.5 mm, persistent; petiole 2-4 cm long,
rachis 5-15.5 cm long, short-hairy; petiolules
3-5 mm long; leaflets alternate, elliptical, 2-10
cm X 1—5.5 cm, increasing in size towardsleaf
apex, rounded at both ends, apex often slightly
notched, usually hairy beneath, pinnately
veined. Inflorescence a terminal or axillary

Bobgunnia madagascariensis — 1, flowering
twig; 2, fruit; 3, seed.
Redrawn and adapted by W. Wessel-Brand
raceme or fascicle up to 5(-8) cm long, 2—14flowered, densely hairy; peduncle up to 7 cm
long. Flowers bisexual, zygomorphic, sweetscented; pedicel 0.5—5(—7) cm long; calyx irregularly 2-4-lobed; petal 1, broadly elliptical,
1.5-3.5 cm X 2-3 cm, white with grey margin
andyellow patch at baseinside, crinkled, with
c. 0.5 cm long claw at base; stamens numerous,

unequal, up to 2.5 cm long, orange-yellow; ovary superior, c. 1 cm long, glabrous, on ac. 1 cm
long stipe, style short. Fruit a woody, cylindrical pod up to 20(-30) cm x 2 cm, often curved,
shiny dark brown to black when ripe, indehiscent, 10-15-seeded. Seeds oblong to kidneyshaped, flattened, 7-8 mm X 5-7 mm, shiny
brown or greyish. Seedling with epigeal germination.
Other botanical information Bobgunnia
comprises 2 species and is confined to mainland tropical Africa. It has been separated from
Swartzia, a genus of over 100 species in tropical America, mainly on the basis of seed characteristics, but flower structure is similar and
molecular studies also point to inclusion in
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Swartzia.
Traditionally, Bobgunnia and Swartzia are
placed in Caesalpiniaceae (Leguminosae - Caesalpinioideae), but chemistry, cytology, palynology and wood anatomy support the inclusion in Papilionaceae (Leguminosae - Papilionoideae), and this is also supported by molecular studies.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4-7 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and

shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
47: 5-20 vessels per square millimetre; 58:
gumsand other deposits in heartwoodvessels.
Tracheids and fibres: 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 78: axial parenchyma scanty paratracheal; 80: axial parenchyma aliform; (81:
axial parenchyma lozenge-aliform); 82: axial
parenchyma winged-aliform; 83: axial parenchyma confluent; 85: axial parenchyma bands
more than three cells wide; 91: two cells per
parenchyma strand; 92: four (3-4) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 104: all ray cells procumbent; 115: 4-12
rays per mm. Storied structure: 118: all rays
storied; 120: axial parenchyma and/or vessel
elements storied. Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells; (143:
prismatic crystals in fibres).
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)

Growth and development Seedlings grow
slowly; they are only 2.55 cm tall after 4
months. They reportedly often die when they
have reached a height of about 30 cm. In
southern Burkina Faso seedlings reached on
average 53 cm tall after 30 months, and in
northern Côte d'Ivoire 109 cm tall after 5.5
years with a survival rate of only 22%. In
southern Africa flowering occurs together with
the appearance of young leaves in September—
November, sometimes continuing till January
and occasionally in March—May. In Ghana
flowering occurs in April—May, in Cameroon in
February—April. In southern Africa, fruits mature in March—August. Seeds are released from
the gummyyellow tissue inside the fruits when
these have fallen to the groundandrot.

Ecology Bobgunnia madagascariensis occurs
widely scattered, but rarely abundant, in open
deciduous woodland and grassland in the Sudano-Guinean savannazone andis a characteristic tree of Brachystegia woodland in southern
Africa. It is found at 150-1750 m altitude, often on sandy or clay-loam soils in valleys and
flood plains.
Propagation and planting Propagation of
Bobgunnia madagascariensis by seed is quite
difficult. The weight of 1000 seeds is about 400
g. Seeds can be stored for several years with
little loss of viability provided they are kept
dry and insect free. Seeds germinate in 3-4
weeks. To promote germination they are best
soaked in hot water for 10 minutes and allowed
to cool for 24 hours. Reports on germination
rates are variable. In Tanzania a germination
rate of 70% in 3 weeks was reported. In Céte
d'Ivoire seeds were soaked in concentrated
sulphuric acid for 45 minutes and subsequently
in waterfor 72 hours; the germination rate was
77% in 19 days. Regular cutting of the roots in
the nursery increases the survival rate after
transplanting, but mortalityis still high.
Experiments showed that propagation by stem
cuttings is possible; a concentration of 300 ppm
indole-3-butyric acid showed best rooting results of the cuttings. Bobgunnia madagascariensis can also be propagated by root suckers.
Management Bobgunnia madagascariensis
responds well to coppicing and pruning.
Genetic resources There are noindications
that Bobgunnia madagascariensis is in danger
of genetic erosion, because it is widespread and
common throughout large parts of semi-arid
tropical Africa. However, harvesting the trees
for timber, firewood and charcoal, and roots
andfruits for medicinal purposes is widespread
throughout its range and this may make it
locally vulnerable. The demandfor these products is likely to increase further. The situation
may be aggravatedby the facts that the species
grows very slowly andis difficult to cultivate,
whereas proceduresfor its wide-scale propagation are lacking.
Prospects Bobgunnia madagascariensis is
an important tree with multiple uses widespread in Africa. Despite its importance, there
is little information on its technical wood properties and silvicultural characteristics. Therefore, research into the potential of the wood
and appropriate silvicultural management systems, and the developmentof appropriate ways
to propagate and cultivate this species are
needed. The insecticidal, molluscicidal and me-
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dicinal properties of the various parts of the
tree deserve further investigation.
Major references Amri, 2011; Aubréville,
1970; Bolza & Keating, 1972; Brenan, 1967;
Brummitt et al., 2007a; Burkill, 1995; Coates
Palgrave, 2002; Fanshawe, 1972; Kirkbride &
Wiersema, 1997; Palmer & Pitman, 1972-1974.

Other references Aubréville, 1959b; Borel &
Hostettmann, 1987; Cunningham, 1997; Fanshawe, 1962; Hepper, 1958; Irvine, 1961; Jiménez-Gonzalez et al., 2008; Keay, 1989; Koné

et al., 2004; Lungu, undated; Mbuya et al.,
1994; Minjas & Sarda, 1986; Neuwinger, 2000;
Ross, 1977; Sarda, Chhabra & Minjas, 1986;
Schaller et al., 2000; Schaller et al., 2001; Stevenson, Nyirenda & Veitch, 2010; Suter etal.,
1986; Thokozaniet al., 2011.
Sources of illustration Brenan, 1967.
Authors W. Mojeremane

BRACHYLAENA HUILLENSIS O.Hoffm
Protologue Bot. Jahrb. Syst. 32: 149 (1902).
Family Asteraceae (Compositae)
Synonyms Brachylaena hutchinsii Hutch.

(1910).
Vernacular names Lowveldsilver oak, silver
oak (En). Muhuhu, mkarambati, mvumo(Sw).
Origin and geographicdistribution Brachylaena huillensis occurs from Kenya and Uganda south to north-eastern South Africa, and

also in Angola.
Uses The wood, commonly traded as ‘muhuhw’ is mainly used for construction, first-grade
flooring, joinery, interior trim, furniture, fence
posts, toys, novelties, boxes, crates, tool han-

dles, carving and turnery. In Kenyait is one of

the most highly favoured woods for carving, in
Tanzania also for fence posts. In South Africa
it is popular for main posts of local houses. It is
also suitable for bridges, hydraulic works,
poles, piles, cabinet work and railway sleepers.
It is considered an excellent firewood and is
used for charcoal production.
In traditional medicine, root decoctions are

used to treat schistosomiasis and leaves to
treat diabetes. The aromatic oil extracted from
the wood is used for perfumery. In Kenya
Brachylaena huillensis is planted as ornamental and boundary tree around dwellings. Male
flowering trees are a source of pollen for honey
bees.
Production and international trade Brachylaena huillensis wood has been exported as
short logs from Kenya to India for use as a
substitute of sandalwood (from Santalum album L.). It is currently traded locally and
across borders, especially between Kenya and
Tanzania, but the trade is mainly illegal and
consists of billets for wood carving. The annual
volume of wood consumed in Kenya by the
carving industry has been estimated in 2001 at
15,000 m3, of which 57% was contributed by
Brachylaena huillensis.
Properties The heartwood is greyish yellow
to yellowish brownor greenish brown anddistinctly demarcated from the 1.5—-4 cm wide,
creamy white to greyish white sapwood. The
grain is straight to interlocked, texture fine
and even. The wood has a persistent spicy
odour. Quarter-sawn surfaces have a faint
stripe figure.
The wood is heavy with a density of 830-990
kg/m? at 12% moisture content. In small dimensions it air dries rapidly and well with
little or no degrade, although serious checking
may occur in boards of over 25 mm thick; mild
drying conditions are recommended for thick
material. The rates of shrinkage are low to
moderate, from green to oven dry about 3.3%
radial and 4.7% tangential. Once dry, the wood

is very stable in service.
At 12% moisture content, the modulusof rupture is 100-112 N/mm2, modulus of elasticity
10,100 N/mm2, compression parallel to grain
51-70 N/mm2, shear 23 N/mm2, cleavage 18
N/mm, Janka side hardness 9740—11,100 N

Brachylaena huillensis — wild

and Janka end hardness 12,900 N.
The wood is difficult to saw and work with
hand tools, but works well with machines. It
has moderate blunting effect on cutting edges
and saw teeth, but teeth tend to collect gum. A
15° cutting angle is recommended in planing
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operations. The wood sandseasily and takes a
fine polish and smooth surface. Boring and
mortising properties are less favourable with a
tendencyof splitting at exits. The wood moulds
and turnswell, but is difficult to nail and glue.
It is not suitable for veneer and plywood. The
steam bending properties are moderate to poor.
The wood is very durable with an expected
outdoor service life of 25-50 years. It is highly
resistant to all insect and fungal attacks and is
also durable in sea water, where it is resistant
to marine borers. The heartwood is extremely
resistant to impregnation by preservatives.
Fresh leaves have 5% essential oil that can be
isolated by hydrodistillation. The main components of the oil are the sesquiterpene hydrocarbons caryophyllene
(19%),
B-cubebene
(15.5%), cis-calamenene (10.5%) and o-copaene
(9%). The oil exhibited antibacterial activity
against Proteus mirabilis comparable that of
the widely used antibiotic gentamicin. It has
also shown someactivity against Bacillus cereus, Staphylococcus aureus, Staphylococcus epidermidis, Micrococcus luteus and Enterococcus
faecalis.
The methanol extract from the bark yielded
ketoaldehyde sesquiterpenes and corresponding ketoalcohols. The ketoaldehyde sesquiterpenes showed some antibacterial activity
against gram-positive bacteria, particularly
Streptococcus mutans and Brevibacterium ammoniagenes.
Adulterations and substitutes The wood
of Androstachys johnsonii Prain is quite similar to that of Brachylaena huillensis and used
for similar purposes. The wood of Brachylaena
huillensis has often been traded to India as an
inferior substitute of sandalwood for use in
funeral ceremonies.
Description Evergreen or deciduous, dioecious shrub or small to medium-sized tree up to
30(-40) m tall; bole usually slender, often lowbranching, up to 60(—80) cm in diameter, often
curved, fluted, eventually developing thin buttresses; bark surface rough, longitudinally fissured, flaking in long narrowstrips, grey, inner
bark fibrous, pale brown, rapidly becoming
dirty grey upon exposure; crown narrow, with
steeply ascending branches; young twigs densely whitish short-hairy. Leaves arranged spirally, crowded at the ends of twigs, simple; stipules absent; petiole 0.5-1(-1.5) cm long; blade
oblanceolate to obovate orelliptical, 3-12(—15)
cm X 1-3(-5.5) cm, usually cuneate at base,
short-acuminate at apex, margins usually entire,

sometimes

remotely

toothed,

leathery,

Brachylaena huillensis — 1, tree habit; 2, flowering branch; 8, male flowering head; 4, female

flowering head; 5, fruit without pappus.
Redrawn and adapted by Achmad Satiri Nurhaman
glabrous and shiny green above, densely shorthairy and silvery whitish or greyish below,
pinnately veined with up to 16 pairs of lateral
veins. Inflorescence a small, cylindrical head
2-6 mm long, 3—9-flowered, clustered on short

side-branchesor in axillary panicles; involucral
bracts in several series, densely whitish shorthairy.

Florets

unisexual,

5-merous;

corolla

white, with cylindrical tube and slightly unequal, recurved lobes; male florets with exserted
stamens having fused anthers, and rudimentary ovary; female flowers with inferior ovary
and long slender style 2-branched at apex.
Fruit a cylindrical achene 3-4 mm long, 5—8ribbed, densely hairy and glandular, crowned
by pappus of numerouspale brown bristles 4—
6.5 mm long, 1-seeded.
Other botanical information Brachylaena
comprises about 11 species and occurs in eastern and southern mainland Africa (6 species)
and in Madagascar(5 species).
The distribution area of Brachylaena discolor
DC. (synonym: Brachylaena rotundata S.Moore)
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partly overlaps with that of Brachylaena huillensis. It is a shrub or small to medium-sized
tree up to 20(-30) m tall with bole up to 45(—
90) em in diameter found in evergreen forest,
deciduous bushland, secondary vegetation and
dune forest in Botswana, Zimbabwe, Mozambique, South Africa and Swaziland, up to 1800
m altitude. Its wood is locally used for boat
building, fence posts, axles and spokes of
wheels, handles, bows and carving. Branches
are used as fire-sticks. In traditional medicine
leaf infusions are administered to treat diabetes and kidney complaints, as emetic and tonic,

and against intestinal parasites. A root maceration is applied as an enema to treat gastric
bleeding, whereasroot infusions and decoctions
are applied to treat syphilis, dysmenorrhoea
and abdominal pain. Brachylaena discolor has
been used for afforestation of dunes and is a
decorative ornamental tree and hedge plant,

andis additionally popular with bee keepers.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 7: vessels
in diagonal and/or radial pattern; 10: vessels in
radial multiples of 4 or more common; 13: simple perforation plates; 22: intervessel pits alternate; (23: shape of alternate pits polygonal);
24: intervessel pits minute (< 4 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 40: mean tangential diameter of vessel
lumina < 50 um; 50: > 100 vessels per square
milllimetre; 58: gums and other deposits in

heartwood vessels. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; (69: fibres thinto thick-walled); 70: fibres very thick-walled.
Axial parenchyma: 76: axial parenchymadiffuse; 78: axial parenchyma scanty paratracheal; 91: two cells per parenchyma strand; 92:
four (8-4) cells per parenchyma strand. Rays:
(96: rays exclusively uniseriate); 97: ray width

1-3 cells; 104: all ray cells procumbent; (106:
body ray cells procumbent with one row of upright and/or square marginal cells); 116: > 12
rays per mm. Storied structure: 118: all rays
storied; 120: axial parenchyma and/or vessel
elementsstoried.
(C. Essien, H. Beeckman & P. Baas)
Growth and development The growth of
Brachylaena huillensis is slow, with an average
diameter growth rate of 0.5-2.3 mm/year in
natural stands in dry areas in Tanzania. In
plantations in a region with an annualrainfall

of 760 mm, trees reached up to 4.5 m tall with
a bole diameter of 4.6 cm 5.5 years after planting, but in a region with an annualrainfall of
1780 mm they reached up to 9 m tall with a
bole diameter of 8.5 cm 5 years after planting,
with a very straight bole.
Usually the tree flowers and produces seeds
profusely twice every year. Flowering heads
appear between March and June and between
October and January. Flowers open at the beginning of the rainy season. Beesandflies visit
the male flower heads for the pollen and may
serve as pollinators when they visit subsequently trees with female flower heads, which
do not produce pollen but are visually similar.
Fruit development after flowering is very rapid. The fruits with their pappushairs are dispersed by wind. However, a study in Kenya
showed that 98% of the fruits fell within 14 m
of the mother tree and that nearly all seedlings
are found within that distance.
Ecology Brachylaena huillensis can be found
in diverse forest types, in dry evergreen and
semi-deciduous forest, but also in scrub vegetation, from sea-level up to 2000 m altitude. The
tree grows in a wide range of rainfall zones,
with an average annual rainfall of 500-1600
mm. The mean annual temperature in the area
of distribution ranges from 15°C to 32°C.
Brachylaena huillensis prefers light, freedraining sandy soils, well-developed volcanic
clayey loams, and red soils of coastal belts, but
it is also found on rocky soils and stony hill
sides, where it reaches only small dimensions.
Propagation and planting Brachylaena
huillensis is normally propagated by seed.
However, the fruits are difficult to collect because of their relatively small size. There are
330,000—500,000 seeds per kg. Mixingoffruits
with sand is recommended before sowing to
prevent spreading by wind. The germination
rate is usually low, although under laboratory
conditions 25-50% of the seeds may germinate.
In natural forest germination rates are not
more than 6%. Up to 80% of the massive fruit
produce is subject to predispersal predation by
insects and soil organisms may further decrease viability of the seeds on the ground.
Complete loss of viability of seed occurs within
4 months in the forest. The fruits do not store
well; viability is lost within 6 months in open
storage at room temperature, although under
laboratory conditions seed remained viable for
over a year.
In a test seedlings remained healthy but
showed poor growth under conditions of 2-14%
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of full sunlight, and remained healthy and
showed good growth under conditions of 45% of
full sunlight. Under full light seedlings grew
fast in the nursery but developed a poor stem
form. Therefore, partial shading in the nursery
is recommended.
In Tanzania stump planting was not successful, but plants raised in polythene tubes were
planted into the field when 12 monthsold and
30—40 cm tall with a survival rate of 80% after
2 years.

Management In general, larger trees of
Brachylaena huillensis occur scattered and in
low densities in the forest because of heavy
exploitation. In Dindili catchment forest reserve in Tanzania, the average density of
Brachylaena huillensis was 15 stems of more
than 4 cm diameter per ha, and the average

density of seedlings 400 per ha.
Information regarding plantation development
and silvicultural management is limited, as
only small trial plantations have been established in Kenya and Tanzania. However, the
trees are easy to raise in plantations and
growth seems to be fair on good soils. They
have self-pruning ability. Re-sprouting of coppice stumps is reported to be poor.
Diseases and pests Various insects feed on
fruits, which is a major cause of the low viability of seeds.
Handling after harvest Logs do not float
in water. The bole of old trees is often hollow.
In storage logs are not subject to any degrade.
Genetic resources The population of Brachylaena huillensis has rapidly declined due to
selective logging for its valuable timber for the
local wood carving industries in Kenya and
Tanzania. In 2001 most wood consumed by the
wood carving industry in Kenya wasin the log
diameterclass of 10-16 cm, indicating resource
scarcity with a shift towards younger trees. In
2002 it was estimated that with the current
illegal and unsustainable extraction of Brachylaena huillensis wood in Kenya the resource
would be depleted in 2-3 decades. In Tanzania
Brachylaena huillensis is still locally common,
but the high demand from Kenya has led to
massive illegal importation of logs from Tanzania. In southern Africa it is one of the favoured woodsfor poles for hut and house construction and this may have serious local effects on populations of the species, the more so
as young trees can already serve this purpose.
In South Africa populations partly occur in
protected areas and are therefore moresecure.
Brachylaena huillensis is included in the IUCN

Red list of threatened species, whereit is still

considered to be at lower risk although near
threatened. However, updating of the status of
the species is needed.
Prospects Brachylaena huillensis is a highly valued source of wood for the local carving
industry and for local construction, but the
slow growth is a serious limitation for sustainable exploitation of natural populations. It has
been estimated that under natural conditions a
tree will take at least 100 years to reach a bole
diameter of 40 cm. Very little information is
available on planted trees, but research is rec-

ommended because growth rates seem to be
more acceptable under favourable conditions
and with appropriate management.
The results of phytochemical investigations on
the essential oil should stimulate further research as a basis for drug development and for
use in the perfume industry.
Major references ATIBT, 1986; Beentje,
2000a; Beentje, 2000b; Bolza & Keating, 1972;
Chikamaiet al., undated; Choge, 2001; Kigo-

mo, 1994; Maundu & Tengnäs (Editors), 2005;
Mrema, 2006; World Agroforestry Centre, undated.
Other references Beentje, 1994; CAB International, 2005; Chudnoff, 1980; Coates Palgrave, 1983; Dale & Greenway, 1961; Dharani,

2002; Gaugris et al., 2007; Kigomo, Savill &
Woodell, 1992; Kigomo, Woodell & Savill, 1994;
Lovett et al., 2007; Mbuya et al., 1994; Msangi,
1991; Neuwinger,

2000;

Oliva et al.,

2008;

Palmer & Pitman, 1972-1974; Pope, 1992; Takahashi, 1978; Viera, Himejima & Kubo, 1991;

World Conservation Monitoring Centre, 1998;
Zdero, Bohlmann & Wasshausen, 1991.
Sources of illustration Beentje, 2000a; Teel,
1984.

Authors N. Nyunai

BRACHYLAENA RAMIFLORA (DC.) Humbert
Protologue Mém. Soc. Linn. Normandie 25:
54 (1923).
Family Asteraceae (Compositae)
Origin and geographic distribution Brachylaena ramiflora occurs in Comoros andin eastern and central Madagascar.
Uses The wood, known in Madagascar as
‘hazotokana’ and in Comoros as ‘m’gou’,, is
mainly used for poles in house construction,
piles for bridges, exterior carpentry, railway
sleepers, fence posts, axles of carts, mortars
and handles. It is suitable for ship building,
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fissile. At 12% moisture content, the modulus
of rupture is 110—189(—245) N/mm2, modulusof
elasticity 14,500—-18,630 N/mm2, compression
parallel to grain 70-95 N/mm?, shear 5.5-10.5
N/mm?, cleavage 13-20 N/mm and Chalais-

Brachylaena ramiflora — wild
vehicle bodies, sporting goods and musical instruments. It can be used for flooring, carving
and turnery, but its tendency to splitting and
the high shrinkage rates makeit less suitable
for these purposes. In Comoros the wood is
used for carpentry and furniture.
In traditional medicine, decoctions of leaves
and sometimes bark are applied against malaria, stomach-ache, blennorrhoea, constipation
and other intestinal complaints, arterial diseases, coughs and colds, as vermifuge, and in
mixtures with other plants to treat diabetes.
Leaf decoctions are considered to have stimulant and aphrodisiac properties. The wood is
used in the treatment of epilepsy.
Production and international trade Brachylaena ramiflora wood is used locally in
Comoros and Madagascar and rarely traded on
the international timber market.
Properties The heartwood is golden-yellow
to pale greenish brown, darkening upon exposure to yellowish brown, and distinctly demarcated from the 4-6 cm wide, whitish sapwood.
The grain is straight to interlocked, texture
fine and even.
The wood is heavy with a density of 890-1060
kg/m? at 12% moisture content. In small dimensions it air dries fairly rapidly and with
little degrade. Boards of 2.5 cm thick take 3-4
months to air dry to 25% moisture content;
boards of 4 cm thick take 10-11 months. Logs
and quarter-sawn logs may split during drying.
The rates of shrinkage are high, from green to
oven dry 5.2-7.7% radial and 7.3-11.3% tangential. Once dry, the wood often shows considerable movementin service.
The wood is hard but somewhat brittle and

Meudonside hardness 6.0—11.5.
The woodis difficult to saw and work; considerable power is needed, but the wood has only
moderate blunting effect on cutting edges and
saw teeth. A 10-15° cutting angle is recommended in planing operations. The wood takes
a fine polish and smooth surface, and the use of
a filler is unnecessary. Pre-boring is needed for
serewing and nailing is difficult because the
wood splits easily. It has appropriate waxing
and varnishing properties, but is difficult to
glue and paint. The wood is very durable with
an expected outdoor service life of 25-50 years.
It is highly resistant to all insect and fungal
attacks. The heartwood is extremely resistant
to impregnation with preservatives.
Leaf extracts showed pronounced in-vitro activity against Plasmodium falciparum. Onopordopicrine 3 has been isolated as active compound. This compound also showed cytotoxic,
antibacterial and antifungal activities. An ethanol extract also showed anti-ulcer activity. In
tests the extracts were not distinctly toxic.
Several triterpenoids and 2 triterpene esters
have been isolated from small twigs. All these
compounds showed weak cytotoxicity against
humanovarian cancercell lines.
Description Semi-deciduous, dioecious, small

to medium-sized tree up to 20 m tall; bole
branchless for up to 10 m, up to 60(—-140) cm in
diameter, without buttresses; bark surface
deeply longitudinally fissured, corky, pale grey,
inner bark thin, brown; young twigs densely
greyish short-hairy. Leaves arranged spirally,
simple and entire; stipules absent; petiole 0.5—
3 cm long; blade elliptical to ovate or obovate,
3-20 cm X 2—7 cm, cuneate to rounded at base,

short-acuminate to rounded or acute at apex,
papery to slightly leathery, glabrous above,
more or less whitish to greyish or yellowish
short-hairy and glandular below, pinnately
veined with 5-11 pairs of lateral veins. Inflorescence an obconical head 5-12 mm long, 14—
28-flowered, usually clustered in axils of fallen
leaves; involucral bracts in several series, gla-

brous to short-hairy, green. Florets unisexual,
5-merous; corolla whitish yellow to greenish
yellow, with cylindrical tube; male florets with
recurved corolla lobes up to 2.5 mm long, exserted stamens having fused whitish anthers,
and rudimentary ovary; female flowers with
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Brachylaena ramiflora — 1, part of branch with
male flowering heads; 2, male flowering head;
8, branch with female flowering heads; 4, female flowering head; 5, fruit without pappus.
Redrawn and adapted by Achmad Satiri Nurhaman
corolla lobes up to 0.5 mm long, inferior ovary
and long slender style 2-branched at apex.
Fruit a cylindrical achene 1.5—2.5 mm long,
glandular, crowned by pappus of numerous
bristles 3—-8.5 mm long, 1-seeded.
Other botanical information Brachylaena
comprises about 11 species and occurs in eastern and southern mainland Africa and in Madagascar. Madagascar has 5 species, all endemic
except Brachylaena ramiflora that is also
found in Comoros. The wood of some other
Brachylaena spp. is used for similar purposes
as that of Brachylaena ramiflora.
Brachylaena merana (Baker) Humbert is a
small to medium-sized tree up to 25(—40) m tall
with bole up to 60(—100) cm in diameter, occurring widely in Madagascarin rainforest as well
as deciduous and riverine forest up to 2000 m
altitude. The wood is valued for construction,
carpentry and railway sleepers. It has been
used for traditional tombs. Leaf decoctions are
used in traditional medicine to treat pulmonary and stomach complaints, as a tonic, and

to stimulate the appetite.
Brachylaena microphylla Humbert is a small
tree up to 12 m tall with bole up to 35 cm in
diameter, occurring in southern Madagascar in
dry forest and bushland up to 1600 m altitude.
The wood is sometimesusedfor construction. It
has been exported to India as a substitute of
sandalwood (from Santalum album L.) for use
in ritual cremation ceremonies.
Brachylaena perrieri (Drake) Humbert is a
small tree up to 10 m tall with bole up to 30 cm
in diameter, occurring in western and central
Madagascar in deciduous forest up to 1000 m
altitude. The woodis used for fence posts. Leaf
decoctions are used in traditional medicine to
treat liver complaints, as a tonic, and to stimulate the appetite.
Brachylaena stellulifera Humbert is a small
tree up to 15 m tall with bole up to 30 cm in
diameter, occurring in western Madagascar in
deciduousforest. It has no documented uses.
Three varieties have been distinguished in
Brachylaena ramiflora: var. ramiflora which is
widely distributed above 500 m altitude in
Madagascar, var. bernieri (Baill.) Humbert
which is characterized by slightly larger female
flowers andoccurs in humid forest below 200 m
altitude in eastern Madagascar, and var. comorensis Humbert which is characterized by
leaves narrowing into a comparatively long
apex andis restricted to humid forest in Comoros.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 24: intervessel pits minute (< 4 um);
30: vessel-ray pits with distinct borders; similar

to

intervessel

pits

in

size

and

shape

throughout the raycell; (386: helical thickenings
in vessel elements present); (37: helical thickenings throughout body of vessel element); 41:
mean tangential diameter of vessel lumina 50—
100 um; (42: mean tangential diameter of vessel lumina 100-200 um); 49: 40-100 vessels per

square millimetre; 58: gums and other deposits
in heartwood vessels. Tracheids andfibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 70: fibres very
thick-walled. Axial parenchyma: 76: axial parenchymadiffuse; 78: axial parenchyma scanty
paratracheal; 79: axial parenchyma vasicentric; (80: axial parenchymaaliform); (82: axial
parenchyma winged-aliform); 83: axial paren-
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chyma confluent; 85: axial parenchyma bands
more than three cells wide; 90: fusiform parenchyma cells; 91: two cells per parenchyma
strand; 92: four (3-4) cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; 104: all
ray cells procumbent; (106: body ray cells procumbent with one row of upright and/or square
marginalcells); 115: 4-12 rays per mm. Storied
structure: 118: all rays storied; 120: axial parenchyma and/or vessel elements storied; 122:
rays and/or axial elements irregularly storied.
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Growth and development Leaves usually
fall towards the end of the dry season or beginning of the rainy season, at the same time
when new leaves develop. Flowering heads
start developing at the end of the rainy season
in May-June. Usually they open in September—October. Bees andflies probably visit the
male flower heads for the pollen and may serve
as pollinators whentheyvisit trees with female
flowers, which do not produce pollen but are
visually similar. Fruit development after flowering is very rapid. The fruits with their pappus hairs are dispersed by wind.
Ecology Brachylaena ramiflora usually occurs in rainforest up to 2000 m altitude. It may
persist as isolated individuals in secondary
vegetation because its corky bark gives it some
resistance to fire and because after cutting
coppice shoots may develop.
Management In general, larger trees of
Brachylaena ramiflora occur scattered in the
forest. In the 1950s, an average of 2-3 exploitable trees per ha were recorded in forests in
Madagascar.
Harvesting Traditionally, felling of trees to
be used for construction purposes is done before the flowering season.
Yield Usually a tree produces only about 1
m3of usable wood.
Handling after harvest The wood is immersed in water for a period of about one year
before it is traditionally used for cart axles.
Genetic resources There are no indications
that Brachylaena ramiflora is threatened at
present, although with the ongoing forest destruction in many regions in Madagascar and
its selective exploitation it may become endangered in the near future. Evaluation of the
present statusof the species is needed.
Prospects Brachylaena ramiflora is a locally valued source of durable wood for construction. Under natural conditions, growth is probably slow as is the case in other Brachylaena
spp., and this is a serious limitation for sus-

tainable exploitation of natural populations. No
information is available on planted trees, but
research is recommendedbecause growth rates
may be more acceptable under favourable conditions and with appropriate management.
The preliminary results of pharmacological
investigations are promising and warrant further research as a basis for drug development.
Major references Beentje, 2000b; Bolza &
Keating, 1972; CTFT, 1955b; Guéneau, Bedel
& Thiel, 1970-1975; Parant, Chichignoud &
Rakotovao, 1985; Rakotovao et al., en préparation; Sallenave, 1955; Sallenave, 1971; Takahashi, 1978.

Other references Boiteau, 1986; Boiteau,
Boiteau & Allorge-Boiteau, 1999; Chaturvedula
et al., 2002; Debray, Jacquemin & Razafindrambao, 1971; Humbert, 1962; Neuwinger,
2000; Rafidiarison, 2002; Rakotoarizah, 2003;

Rasoanaivoet al., 1999; Sallenave, 1964; Schatz,
2001.
Sources of illustration Beentje, 2000b;
Humbert, 1962.

AuthorsS. Rakotonandrasana & V. Rasamison

BRACHYSTEGIA CYNOMETROIDES Harms

Protologue Bot. Jahrb. Syst. 26: 267 (1899).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Brachystegia cynometroides has a small area ofdistribution, in western Cameroon and Equatorial
Guinea (Bioko), possibly also in the southwestern part of the Central African Republic
andin northern Gabon.
Uses The wood of Brachystegia cynometroi-

Brachystegia cynometroides — wild
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des, called ‘naga’ or ‘okwen’ in trade, is used for
flooring, interior carpentry, joinery, panelling,
stairs, wooden frames, furniture, cabinet work,
veneer and plywood. It is suitable for construction, interior trim, ship building, vehicle bodies, boxes, crates and fibre board.

Production and international trade In Cameroon, where production of the wood of Bra-

chystegia cynometroides is officially promoted,
production in 1995 amounted to 1.9% of the
timber produced, or about 51,300 m®. Most of

the wood is used within the country; between
1998 and 1999, about 7500 m3 was exported
from Cameroon to Europe and the United
States. Statistics on trade are not available
because the timber of Brachystegia cynometroides is often sold in mixed consignments
together with the timber of other Brachystegia
spp. and of several other genera such as
Aphanocalyx and Bikinia.
Properties The heartwood of Brachystegia
cynometroides is yellowish brown or reddish
brown, often with a purplish or coppery hue; it
is clearly demarcated from the white, very pale
brownor yellowish, up to 15 cm thick sapwood.
The grain is straight to interlocked, texture
medium to coarse. The wood is often finely
streaked on quarter-sawn surfaces.
The wood is medium-weight, with a density of
(530—)600-730 kg/m? at 12% moisture content,
and moderately hard. It air dries fairly rapidly
and well, but some sources report that its drying rate is slow to normal with a tendency of
distortion and checking. The rates of shrinkage

occasional presence of wet pockets may cause
difficulties. It takes paint and varnish well.
The peeling andslicing properties are satisfactory, although the common presence of interlocked grain and the coarse texture maylead to
rough or woolly surfaces. The turning andcarving properties are variable. The wood is not
durable to moderately durable, being liable to
attack by fungi, termites, pinhole borers and
marine borers. The heartwood is resistant to
impregnation with preservatives, the sapwood
is easily impregnated.
The wood contains 39.5—45% cellulose, 32-35%
lignine, 15.5-18% pentosan, 0.7—1.2% ash and

very little silica. The solubility is 1.7-2.5% in
alcohol-benzene, 1.5-3.0% in hot water and
13.7-17.6% in a 1% NaOHsolution.
Adulterations and substitutes The wood
of Brachystegia cynometroides can be replaced
by the woods of Brachystegia eurycoma Harms
or Brachystegia leonensis Burtt Davy & Hutch.,
which have similar properties and are also
traded as ‘naga’ or ‘okwen’.
Description Deciduous, medium-sized to
fairly large tree up to 35(—40) m tall; bole

are moderate, from green to oven dry 4.2—5.4%

radial and 6.5—7.9% tangential. Once dry, the
wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 98-144 N/mm?, modulus of elasticity
8920-11,860 N/mm?, compression parallel to
grain 43-63 N/mm?, shear 7—8.5 N/mm’, cleav-

age 10-18 N/mm and Chalais-Meudon side
hardness(1.7—)2.4—5.1.
The wood is fairly easy to saw and work with
both hand and machine tools. Although the
silica content is low (less than 0.05%), the wood
may have a blunting effect on saws and cutting
tools due to the presence of crystals. It is recommended to saw boles as soon as possible
after felling, as green wood is muchless abrasive and has less tendency to carbonize on sawing. For planing, a low cutting angle (15°) is
required. The use of a filler is recommended to
get a smoothfinish. Nailing and screwing tend
to cause splitting, and pre-boring is recommended. The wood glues well, although the

Brachystegia cynometroides — 1, base of bole; 2,
leaf; 3, flower;4, fruit.
Redrawn and adapted by J.M. de Vries
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branchless for up to 15 m, often bent, twisted
or sinuous, but sometimes straight and cylindrical, up to 180 cm in diameter, with buttress-

es up to 4(—5) m high or with rounded thickenings at base; bark surface smooth to rough,

peeling in scales leaving sinuous grooves especially towards base of the bole, orange-red or
brownish, inner bark c. 1.5 em thick, fibrous,

reddish, turning brown on exposure, exuding a
sticky, white gum; crown broadly spreading,
open, with thick, twisted branches; twigs glabrous. Leaves alternate, paripinnately compound with (2-)3 pairs of leaflets; stipules persistent as hard scales; petiole swollen at the
base, rachis 10-15 cm long; petiolules c. 5 mm
long; leaflets opposite, obliquely oblongtoelliptical, 6-8 cm < 3-4 cm, cuneate to obtuse at
base, short-acuminate at apex, leathery, glabrous, pinnately veined with 6-9 pairs of lateral veins. Inflorescence a terminal or axillary,
short panicle 3-4 cm long, with hairy branches.
Flowers bisexual, regular, small, at base with 2
obovate bracteoles c. 5mm xX 3 mm; pedicel 2-3
mm long, hairy; sepals 5, 1-1.5 mm long, with
hairy margins; petals absent; stamens 10, free,
c. 7 mm long; ovary superior, ellipsoid, with

short stipe, hairy, style slender, coiled. Fruit
an oblanceolate to obovate, flattened pod 20-25
cm X 8-10 cm, at a right angle to the stipe,
smooth but slightly wrinkled, dehiscent with 2
woody valves, 2—4-seeded. Seeds large, diskshaped.
Other botanical information Brachystegia
is a taxonomically difficult genus comprising
about 30 species, distributed in mainland tropical Africa and South Africa, the majority of
species occurring in southern tropical Africa,
where they are characteristic of miombo woodland.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits al-

ternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; (42: mean tangential diameter of vessel lumina 100-200 um);
43: mean tangential diameter of vessel lumina
> 200 um; 46: < 5 vessels per square millimetre;

(47: 5-20 vessels per square millimetre); 58:
gumsand other deposits in heartwood vessels.
Tracheids andfibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres

present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchyma aliform; 81:
axial parenchyma lozenge-aliform; 83: axial
parenchyma confluent; 89: axial parenchyma
in marginal or in seemingly marginal bands;
91: two cells per parenchyma strand; 92: four
(38-4) cells per parenchyma strand. Rays: 96:
rays exclusively uniseriate; (97: ray width 1-3
cells); 104: all ray cells procumbent; 116: > 12
rays per mm. Storied structure: 118: all rays
storied; 121: fibres storied. Secretory elements
and cambialvariants: (131: intercellular canals
of traumatic origin). Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chamberedaxial parenchymacells.
(E.E. Mwakalukwa, H. Beeckman & P. Baas)
Growth and development Brachystegia
cynometroides flowers in April and fruits ripen
in July. The roots are associated with ectomycorrhizae. N-fixing nodules have not been
found.
Ecology Brachystegia cynometroides usually
grows in groups in primary and old secondary,
humid evergreen forest and riverine forest, up
to 200 m altitude, in regions with an annual
rainfall of 1500-3000 mm and mean temperatures of 23.5-25°C and 1-2 dry months. It is
less common in semi-evergreen forest. It can be
found on various typesof ferralitic soils and on
sedimentary sandyor sandyclaysoils.
Management In forest in south-western
Cameroon, trees with a bole diameter of more
than 60 cm have been found at an average density of 0.13 trees/ha, and trees with a bole diameter of more than 15 cm at 0.33 trees/ha.
Harvesting The minimum bole diameter for
felling in Cameroonis 60 cm.
Genetic resources In Cameroon Brachystegia cynometroides is classified as a timber
resource of secondary importance, but it is
promoted. Its limited export volume does not
seem to cause a threat of genetic erosion, but
Brachystegia cynometroides has a small area of
distribution and therefore monitoring of the
populations is recommended.
Prospects The wood of Brachystegia cynometroides will remain of mainly local importance for indoor construction and joinery. It
was exported from Cameroon for a few years,
but exports declined rapidly, and its prospects
on the international timber market are therefore less certain. Information is needed on its
growth rates, natural regeneration, appropriate managementandpotential yield.
Major references Aubréville, 1970; Bolza &
Keating, 1972; CTFT, 1953b; Gérard et al.,
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1998; Letouzey & Mouranche, 1952; Sallenave,

1964; Savard, Besson & Morize, 1954; Takahashi, 1978; Thirakul, 1983; Vivien & Faure,
1985.
Other references Bisbyet al. (Editors), 2007;
CIRAD Forestry Department, 2008; Karsenty
et al., 2006; Letouzey, 1985b; ONADEF, 1991;
Onguene & Kuyper, 2002; Verbelen, 1999.

Sources of illustration Aubréville, 1970;
Letouzey & Mouranche, 1952; Vivien & Faure,
1985.
Authors V.A. Kémeuzé & M.G. Meikeu Kamdem

BRACHYSTEGIA EURYCOMA Harms

Protologue Bot. Jahrb. Syst. 49: 424 (1918).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Brachystegia eurycoma has restricted area of distribution, occurring in southern Nigeria and
western Cameroon, possibly also in Gabon.
Uses The wood of Brachystegia eurycoma,
knownas ‘naga’ or ‘okwen’ in trade, is used for
construction, joinery and furniture. It is suitable for flooring,

interior trim,

interior car-

pentry, stairs, veneer and plywood.
Traditionally, the bark has been used to make
a coarse cloth used as protection against rain
and as a shield against arrows. It is used to
make containers. The seeds are spicy and consumed as condiment, and are used to prepare a
flour, named ‘achi’, used to thicken soups. Igbo
people in Nigeria use the plant as anthelmintic.
Production and international trade The

wood of Brachystegia eurycoma is mainly used
and traded locally. It may occasionally be exported in mixed consignments.
Properties The heartwood of Brachystegia
eurycoma is pinkish brown with vague bands
and rather distant fine streaks, clearly demarcated from the whitish sapwood. The grain is
usually interlocked, texture medium.
There is no detailed information on physical
and mechanical wood properties of Brachystegia eurycoma, but these are probably comparable to those of Brachystegia cynometroides
Harms. The wood should be dried slowly and
carefully to avoid defects; end splitting is common. It is hard to work with hand tools and has
a blunting effect on saw teeth and cutting edges. To obtain a smooth surface, careful sanding
and the use of a filler are required. The nailing
and screwing properties are good, but preboring is needed to avoid splitting. Reports on
the durability of the wood are contradictory; it
is mostly considered non-durable, although
wood extracts showed insecticidal and fungicidal activities. The heartwood is resistant to
treatment with preservatives.
The seed flour used for thickening contains per
100 g: water 10-12 g, fat 13-14 g, protein 10—
13 g, dietary fibre 1-2 g, carbohydrate 59-61 g
and ash 1.5—4 g. As a thickening agent, 4-20 g
of seed flour per litre water is used. Toasting
the flour and addition of palm oil increases the
viscosity of the solution, while salt has an opposite effect. Several commercial samples of
‘achi’ from Nigeria were found to contain aflatoxin Bl-producing strains of the fungi Aspergillus flavus, Aspergillus parasiticus and Aspergillus niger. In a test in Nigeria, the seed
mucilage was shown to be suitable as a tablet
binder. The fatty acid composition of the seed
oil is approximately: palmitic acid 26%, stearic
acid 7%, lignoceric acid 13%, linoleic acid 6%,
oleic acid 32% (total saturated fatty acids 59%,

total unsaturated fatty acids 41%).
Ethanol extracts of the wood, and to a lesser
extent aqueous extracts, have shown an insec-

ticidal effect against the termite Amitermes
evuncifer and a fungicidal effect against Fomes
heterobasidium, Polyporus coridus and Daedalea daedaleopsis; aqueous extracts inhibited
the growth and cellulolytic activity of Bacillus
subtilis. Aqueous extracts of the bark, and to a
lesser extent ethanol extracts, inhibited the

Brachystegia eurycoma — wild

growth of several fungi. The root has been tested for its effect on the snail Bulinus globulus,
but showed noeffect.
Pollen counts in honey samples have indicated
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that Brachystegia eurycoma is an important
bee plant. The yellow or reddish gum exuding
from the bark hardens into a gutta-percha-like
substance.
Botany Medium-sized to fairly large tree up
to 35 m tall; bole often low-branched and irregular, up to 200(-250) cm in diameter, often
with small buttresses; bark surface rough, grey
to brown, flaking off in large patches, inner
bark hard, fibrous, red, ripple-marked, darkening on exposure, exuding a reddish or yellowish
gum; crown widely spreading and flattened,
with spreading, twisted branches; twigs hairy
but soon becoming glabrous. Leaves paripinnately compound with (4—)5(—6) pairs of leaflets; stipules early caducous; petiole 1.5—2.5 cm
long, swollen at base, rachis 7-15 cm long;leaflets opposite, sessile, oblong-elliptical, up to 12
cm X 6 cm, basal leaflets smallest, upper ones
largest, truncate to rounded and very asymmetrical at base, rounded or slightly notched at
apex, thin-leathery, glabrous, pinnately veined
with 6-8 pairs of lateral veins. Inflorescence a
mostly terminal, up to 15 cm long panicle,
short-branched, densely brown hairy, manyflowered. Flowers bisexual, slightly zygomorphic, small, at base with 2 oblong-obovate bracteoles c. 7 mm long; pedicel very short; sepals
5, c. 3 mm long, slightly unequal, with hairy

chystegia eurycoma is fairly common, of high
local value for its seed andlittle exploited as an
export timber, it is probably not in danger of
genetic erosion, except where its habitat is
destructed. Measures to protect the tree as a
source of edible seeds and to control its cutting
for timber have been proposed.
Prospects The wood of Brachystegia eurycoma is likely to remain of local importance,
but it will remain of little importance for export. The insecticidal and fungicidal activities
of the wood deserve more attention. As the
seeds are a source of thickener for soups, commercially traded in cities in Nigeria, they will
increase in importance. The presence of several
aflatoxin-producing Aspergillus species in commercial samples of ‘achi’ warrants further research attention.
Major references Agom & Ogar, 1994; Aubréville, 1970; Bhat & Karim, 2009; Keay,
1989; Keay, Hoyle & Duvigneaud, 1958.
Other references Adekunle, 2000; Ajayi et
al., 2006; CIRAD Forestry Department, 2008;
Femi-Ola & Odukoya, 2008; Ikegwu, Okechukwu & Ekumankana, 2010; Ikegwu et al.,

2009; Ikojo, Olajide & Uwadinma, 2005;
Ndukwu, 2009; Okwu, Achar & Sharma, 2010;
Olubunmi & Oremeyi J., 2011.

Authors L.P.A. Oyen

margins; petals absent; stamens (8—)10, free, c.

9 mm long; ovary superior, ellipsoid, with short
stipe, hairy, style slender, coiled. Fruit an oblong to oblanceolate or obovate, flattened pod,

12-22 cm X 3.5-6 cm, at a right angle to the
stipe, smooth but slightly wrinkled, dehiscent
with 2 woody valves, 4-6-seeded. Seeds diskshaped, c. 2 cm in diameter, shiny brown.

Brachystegia eurycoma flowers in April—May;
fruits ripen in September—January. The fruits
open explosively, throwing out the seeds. A
trial in Nigeria showed that seedlings of Brachystegia eurycoma grow best on a fertile mixture of top-soil and river sand with watering
intervals of up to 3 days.
Brachystegia is a taxonomically difficult genus
comprising about 30 species, distributed in
mainland tropical Africa and South Africa, the
majority of species occurring in southern tropical Africa, where they are characteristic of miombo woodland.
Ecology Brachystegia eurycoma is most
commonin riverine forest, up to 1150 m altitude. It is locally quite abundant.
Management In Cameroon the minimum
bole diameter allowed for harvesting is 60 cm.
Genetic resources and breeding As Bra-

BRACHYSTEGIA LAURENTII (De Wild.) Louis
ex Hoyle
Protologue Fl. Congo Belge 3: 461 (1952).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
SynonymsBrachystegia zenkeri Harms(1910).
Origin and geographic distribution Brachystegia laurentii occurs from western Cameroon south to Gabon and east to DR Congo.
Uses The wood, known as ‘bomanga’ or ‘1éké’,

is locally used, mainly for construction and
furniture. It is suitable for joinery, interior
trim, panelling, ship building, vehicle bodies,
toys, novelties, boxes, crates, vats, carvings,

turnery, veneer and plywood. It is also used for
charcoal production.
In DR Congo beaten stripped bark is used to
make clothes, baskets, ropes, grain sacks and
gamenets. The bark is also used as a soap substitute. Among the Ngandu people in central
DR Congo, powdered bark is blown into the
nose to treat serious cough, especially in children. Bark decoctions are used to treat gonorrhoea. Soaked bark is rubbed onto scarifica-
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The wood contains 40-43% cellulose, 26.5—33.5%
lignin, 15.5-16.5% pentosan, 0.5-1.2% ash and
little silica. The solubility is 3.3-10.5% in alcohol-benzene, 0.8-5.1% in hot water and 15.5—
17.6% in a 1% NaOHsolution.
Description Deciduousor nearly evergreen,
medium-sized to large tree up to 45 m tall; bole
branchless for up to 25 m, straight and cylindrical, up to 150(—200) cm in diameter, without
buttresses, sometimes slightly thickened and
fluted at base; bark smooth, becoming rough
and flaking off in irregular patches, silvery
yellowish grey to dark grey, inner bark thick,
hard, fibrous, orange-red, turning brown upon
exposure; crown umbrella-shaped, dense, with

Brachystegia laurentii — wild
tions around the snout of hunting dogs to increase their aggressiveness.
Production and international trade The
wood of Brachystegia laurentii is mainly used
and tradedlocally, but it may occasionally be
included in mixed consignments of timber for

ascending branches; twigs drooping, glabrous
to slightly hairy, with numerous lenticels.
Leaves alternate, paripinnately compound with
3-7 pairs of leaflets; stipules deltoid, early caducous; petiole 0.5-1 cm long, thickened at
base, rachis (3-)8-15 cm long, angular,
grooved;

leaflets

opposite,

nearly

sessile,

obliquely oblong-lanceolate to obovate, 3—10(—
15) cm x 1-5 cm, but basal pairof leaflets very
small and often early caducous, cuneate to

export.

Properties The heartwood is pale brown to
yellowish brown, occasionally with coppery
streaks, and indistinctly demarcated from up
to 20 em thick, whitish or yellowish sapwood.
The grain is straight or interlocked, texture
medium.
The wood is medium-weight, with a density of
520-610 kg/m? at 12% moisture content. It
should be air dried with care as it has a tendency to twist and check. The rates of shrinkage are moderate, from green to oven dry 3.0—
4.4% radial and 5.0—7.0% tangential. Once dry,
the wood is moderately stable to stable in service.
At 12% moisture content, the modulus of rupture is (89—)111-143 N/mm?, modulus of elasticity 9020-13,530 N/mm2, compression parallel to grain 41-54 N/mm?, shear 5.5-7.5
N/mm2, cleavage 10.5—21.5 N/mm and ChalaisMeudon side hardness 2.1-3.3.
The wood is fairly easy to saw and work with
both hand and machine tools. It polishes well
to a good finish. The wood holds nails and
screws well. It has good gluing and peeling
characteristics. The bending properties are
moderate. The wood has a low durability, being
liable to termite and marine borer attacks. The
heartwood is resistant to preservative treatment, but the sapwood is permeable to moderately resistant.

Brachystegia laurentii — 1, base of bole; 2, leaf;
3, valve of dehisced fruit.
Redrawn and adapted by J.M. de Vries
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more or less rounded at base, obtuse to slightly
notched or short-acuminate at apex, papery to
slightly leathery, glabrous, pinnately veined
with up to 14 pairs of lateral veins. Inflorescence a terminal or axillary rounded panicle, strongly branched; peduncle thick, up to 2
em long, densely hairy, many-flowered. Flowers bisexual, nearly regular, small, fragrant, at
base with 2 ovate bracteoles c. 9 mm long; pedicel 1-2.5 mm long; sepals (3-)5, elliptical to
ovate, 2-3(—4) mm long, nearly glabrous; petals
2-5, thread-like, 1-4 mm long; stamens 10,
free, c. 1.5 em long; ovary superior, ellipsoid, c.

4 mm long, with c. 4 mm long stipe, nearly
glabrous, style slender, coiled. Fruit an oblong
to oblanceolate or obovate, flattened pod 15—

25(-30) cm X 5-10 cm, at a right angle to the
stipe, smooth but slightly wrinkled, reddish
brown to nearly black when ripe, dehiscent
with 2 woody valves, 2-3-seeded. Seeds diskshaped, c. 3.5 cm in diameter, dark brown.

Other botanical information Brachystegia
is a taxonomically difficult genus comprising
about 30 species, distributed in mainland tropical Africa and South Africa, the majority of
species occurring in southern tropical Africa,
where they are characteristic of miombo woodland.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 27:
intervessel pits large (© 10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:
gums and other deposits in heartwood vessels.

Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchymaaliform; 81:
axial parenchyma lozenge-aliform; 83: axial
parenchyma confluent; 89: axial parenchyma
in marginal or in seemingly marginal bands;
91: two cells per parenchyma strand; 92: four
(3-4) cells per parenchyma strand; (93: eight
(5-8) cells per parenchyma strand). Rays: 96:
rays exclusively uniseriate; (97: ray width 1-3
cells); 104: all ray cells procumbent; (106: body

ray cells procumbent with one row of upright
and/or square marginal cells); 116: > 12 rays
per mm. Storied structure: (120: axial parenchyma and/or vessel elements storied); (121:
fibres storied); 122: rays and/or axial elements
irregularly storied. Secretory elements and
cambial variants: (131: intercellular canals of
traumatic origin). Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells.
(E.E. Mwakalukwa, P. Baas & H. Beeckman)
Growth and development Brachystegia
laurentii usually sheds its leaves for a short
period. Young leaves are bright red. When new
leaves have appeared, the crown is characteristically brownish red from shining old leaves
still present and falling. In DR Congo trees
have been reported to flower in February—
March. Fruits ripen about 4 monthslater. They
open explosively, throwing out the seeds.
Ecology Brachystegia laurentii is commonly
found in dense evergreen rainforest and semideciduous forest, where it often occurs along
rivers. Where it occurs in the forest, it often

grows gregariously, sometimes dominant. It is
a shade bearer, represented in all size classes
and often forming a large proportion of the
highest storey. In DR Congo it is commonly
found in association with Gilbertiodendron dewevrei (De Wild.) J.Léonard, Pyenanthus angolensis (Welw.) Warb. and Fagara macrophylla
(Oliv.) Engl.
Propagation and planting Seedlings and
saplings of Brachystegia laurentii are usually
abundantnear the mothertree.
Management In Cameroon Brachystegia
laurentii is locally common and gregarious. In
forest in south-western Cameroon, the average
density of trees with a bole diameter of more
than 60 cm is 0.3 tree/ha, with an average
wood volume of 3.2 m%ha. In Gabon Brachystegia laurentii is less common, but locally
it is dominant with up to 20 trees per ha with a
bole diameter of more than 35 cm. The average
wood volume in Gabon is 0.7 m3/ha. In DR
Congo Brachystegia laurentii usually grows
either individually or in small clusters occupying not more than a few hectares, but also
there it is locally dominant. It is one of the
dominant species in the climax forest in the
Yangambi Biosphere Reserve.
Harvesting The minimum diameterlimit of
the bole allowed for felling is 70 cm in Gabon
and 60 cm in Cameroon.
Genetic resources Brachystegia zenkeri is
included as vulnerable in the IUCN Redlist of
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threatened species as a result of habitat loss
and scattered occurrence in Cameroon, but this

name is considered a synonym of Brachystegia
laurentii. It seems unlikely that Brachystegia
laurentii suffers from genetic erosion becauseit
is locally common and fairly widespread. However, populations in Cameroon and Gabon
seem to have a limited and local scope and may
easily become threatened because of habitat
destruction andselectivefelling.
Prospects Brachystegia laurentii will continue to remain locally useful as a source of
timber and fibre. With its straight and cylindrical bole reaching large dimensions, it is of
interest for further commercialization, but its
scattered occurrence limits the possibilities for
commercial exploitation. Further research is
needed on appropriate management systems in

the natural forest to ensure sustainable exploitation.
Major references ATIBT, 1986; Aubréville,
1970; Bolza & Keating, 1972; CIRAD Forestry
Department, 2008; de Saint-Aubin, 1963; Letouzey & Mouranche, 1952; Tailfer, 1989; Ta-

kahashi, 1978; Vivien & Faure, 1985; Wilczek
et al., 1952.
Other references Aubréville, 1968; Burkill,

1995; Christy et al., 2003; Davy & Hutchinson,
1923; Fouarge, Quoilin & Roosen, 1970:
Frankham, Ballou & Briscoe, 1996: Germain &
Evrard, 1956; Keay, Hoyle & Duvigneaud,
1958; Normand & Paquis, 1976; Sallenave,
1955; Sallenave, 1964; Sallenave, 1971; Savard, Besson & Morize, 1954; World Conservation Monitoring Centre, 1998.
Sources of illustration Aubréville, 1968;
de Saint-Aubin, 1963.
Authors E.A. Obeng

BRACHYSTEGIA LEONENSIS Burtt Davy &
Hutch.
Protologue Bull. Misc. Inform. Kew 1923(4):

156 (1923).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Bush mahogany (En).
Méblo (Fr).
Origin and geographic distribution Brachystegia leonensis occurs from Sierra Leone eastwards to western Côte d'Ivoire.
Uses The wood, traded as ‘okwen’ or ‘naga’, is
used for construction, flooring and furniture. It
is suitable for interior joinery, interior trim,
ship building, vehicle bodies, boxes, crates,

Brachystegia leonensis — wild
carvings, veneer and plywood. It is also used as
fuelwood.
A decoction of the leaves is rubbed onto the
gumsto treat toothache.
Production and international trade The
wood of Brachystegia leonensis is mainly used
and traded locally, but may occasionally be
traded internationally in mixed consignments.
Properties The heartwood is pale yellowish
brown to copper brown, with purplish tinge
and darker streaks; it is fairly distinctly demarcated from the yellowish or whitish, up to
15 cm wide sapwood. The grain is interlocked
or wavy, sometimes straight, texture medium.

Quarter-sawn surfaces
striped or roe figure.

sometimes

show

a

The wood is medium-weight, with a density of

490-560 kg/m? at 12% moisture content, and
moderately hard. It air dries rather slowly,
with a highrisk of distortion, end splitting and
checking. The rates of shrinkage are moderately high, from green to oven dry 4.7—4.9% radial
and 7.5—7.6% tangential. Once dry, the wood is
moderately stable to stable in service.
At 12% moisture content, the modulusof rupture is 116-138 N/mm2, modulusof elasticity
8500-10,800 N/mm2, compression parallel to
grain 42-56 N/mm?, shear 7.5-8 N/mm?, cleav-

age 13.5 N/mm and Chalais-Meudon side
hardness 2.2—2.8.
The woodis fairly easy to work with both hand
and machine tools. It has low to moderate
blunting effect on saw teeth and cutting edges.
In planing and moulding, the wood has a tendency of tearing due to the interlocked grain,
and a reduced cutting angle of 10-13° is recommended. Drilling and mortising properties
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are satisfactory. A smooth surface is difficult to
obtain, and therefore ample filler is needed for
a good finish. The woodis liable to splitting
upon nailing and pre-boringis therefore necessary; it holds nails and screwswell. Gluing and
veneering properties are good. The heartwood
is moderately durable, being quite resistant to
termite attack but susceptible to blue stain,
pinhole borer and marine borer attacks. The
sapwood is liable to Lyctus. The heartwoodis
resistant to preservative treatment, but the
sapwood is permeable.
Adulterations and substitutes Several
Brachystegia species have wood that is similar
to that of Brachystegia leonensis and is also
traded as ‘naga’, including Brachystegia cynometroides Harms, Brachystegia eurycoma
Harms and Brachystegia nigerica Hoyle &
A.P.D.Jones.
Description Evergreen, large tree up to 45
(—50) m tall; bole branchless for up to 30 m,
straight and cylindrical, up to 200(—250) cm in
diameter, thickened at base or with winged
buttresses up to 2 m high; bark surface smooth,

becoming rough and flaking off in irregular
patches, grey to dark grey-brown, inner bark
thick, hard, fibrous, reddish brown to dark red
with whitish, yellowish or orange streaks, with
some reddish exudate; crown with ascending
branches; twigs drooping, slightly hairy.
Leaves alternate, paripinnately compound with
(3-)6-12(-13) pairs of leaflets, drooping; stipules narrowly oblong, caducous but base persistent; petiole 1-3 cm long, rachis 15-28 cm
long, reddish hairy; leaflets opposite, nearly
sessile, elliptical to lanceolate, 1.5-12 cm x

0.5—4.5 cm, rounded but strongly asymmetrical
at base, obtuse to slightly notched or shortacuminate at apex, leathery, densely brownish
hairy when young, but becoming nearly glabrous, with 2-3 nearly basal veins on oneside
of the leaflet and 4—6 pairs of lateral veins.
Inflorescence a dense terminalor axillary panicle up to 20 cm long, densely brown shorthairy, many-flowered. Flowers bisexual, nearly
regular, small, fragrant, greenish yellow, ses-

sile, at base with 2 ovate bracteoles c. 10 mm
long; sepals (4-)5(-6), broadly ovate, 2—2.5 mm
long, nearly glabrous; petals absent; stamens
10, nearly free, c. 1.5 cm long; ovary superior,
flattened ellipsoid, c. 4 mm long, with c. 3 mm
long stipe, hairy on the edges, style slender.
Fruit an oblong, flattened pod 12-30 cm x 4-8
cm, at a right angle to the stipe, smooth but
slightly wrinkled, purplish brown, dehiscent
with 2 woody valves, 2—6-seeded. Seeds diskshaped, c. 2 cm in diameter, smooth, brown.
Seedling with epigeal germination; hypocotyl
5-7.5 cm long, epicotyl 6-9 cm long, brown
hairy; cotyledons round, c. 1.5 cm in diameter,

Brachystegia leonensis — 1, base of bole; 2, twig
with flower buds; 8, flower; 4, valve of dehisced

fruit with seeds.
Redrawn and adapted by J.M. de Vries

pressed against the epicotyl; first 2 leaves opposite, with 2-3 pairs of leaflets, subsequent
leaves alternate, gradually with morepairs of
leaflets.
Other botanical information Brachystegia
is a taxonomically difficult genus comprising
about 30 species, distributed in mainland tropical Africa and South Africa, the majority of
species occurring in southern tropical Africa,
where they are characteristic of miombo woodland.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: inter-

vessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
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similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchymaaliform; 81:
axial parenchyma lozenge-aliform; 83: axial
parenchyma confluent; 89: axial parenchyma
in marginal or in seemingly marginal bands;
91: two cells per parenchymastrand; 92: four
(34) cells per parenchyma strand. Rays: 96:
rays exclusively uniseriate; 97: ray width 1-3
cells; 104: all ray cells procumbent; 115: 4-12
rays per mm; 116: > 12 rays per mm. Storied
structure: 122: rays and/or axial elements irregularly storied. Secretory elements and cambial variants: (131: intercellular canals of
traumatic origin). Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells; 143:
prismatic crystals in fibres.
(E.E. Mwakalukwa, H. Beeckman & P. Baas)
Growth and development The bole diameter increment in Sierra Leone was found to be
variable; at a bole diameter around 20 cm the
annual increment in diameter was 5 mm,

around 30 cm it was 1.5 mm and around a bole
diameter of 50 cm it was 9 mm. Brachystegia
leonensis is amongthelargest trees in its area
of

distribution,

second

in

size

only

to

Tieghemella heckelii (A.Chev.) Roberty. Trees
flower from January to April, young fruits become conspicuous in June—October and seed
dispersal peaks in December—February. Old
leaves are usually shed between September
and mid November. Flushes of reddish brown
new leaves appear around the same time.
Ecology Brachystegia leonensis is locally
common in lowland humid evergreen forest,
where it prefers well-drained localities. It is
often associated with Lophira alata Banks ex
C.F.Gaertn. and Heritiera utilis (Sprague)
Sprague.
Propagation and planting Natural regeneration is generally fair close to mothertrees;
seedlings and saplings are often common in
gaps in the forest where there has been disturbance of the soil. There are about 700 seeds
per kg. The germinationrateis fair if the seeds
are sown soon after collection, and germination

usually starts after 7-20 days. Seedlings grow

rather slowly, reaching a height of 30 cm in 1
year.
ManagementIn some forests in Sierra Leone, an average density of 0.8 trees with a bole
diameter of more than 80 cm hasbeen recorded
per ha. Brachystegia leonensis can be managed
by coppicing. Coppice shoots may grow to 4.5 m
tall in 3 years.
Handling after harvest After felling, logs
should be rapidly removed from the forest because the woodis liable to blue stain and borer
attacks.
Genetic resources Brachystegia leonensis
has a limited area ofdistribution and, although
it is locally common, may be easily liable to
genetic erosion with continuing deforestation
in WestAfrica.
Prospects Brachystegia leonensis will continue to be valued as a locally useful timber
tree, but its prospects as a commercial timber
for international trade seem to be meagre because its wood has moderate finishing properties and moderate durability.
Major references ATIBT, 1986; Bolza &
Keating, 1972; Burkill, 1995; CIRAD Forestry
Department, 2008; CTFT, 1962; Kryn & Fobes,
1959; Sallenave, 1964; Savill & Fox, 1967;
Takahashi, 1978; Voorhoeve, 1979.
Other references Aubréville, 1959b; de la
Mensbruge, 1966; Hawthorne & Jongkind, 2006;
Kunkel, 1965; Neuwinger, 2000; Normand,
1950a; Normand & Paquis, 1976; Poorteret al.,

2004.
Sources ofillustration Savill & Fox, 1967;
Voorhoeve, 1979.
Authors E.A. Obeng & A.A. Oteng-Amoako

BRACHYSTEGIA MILDBRAEDII Harms
Protologue

Notizbl.

Bot.

Gart.

Berlin-

Dahlem 8: 151 (1922).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
SynonymsBrachystegia nzangPellegr. (1937).
Origin and geographic distribution Brachystegia mildbraedii occurs in western Cameroon, Equatorial Guinea and Gabon.
Uses The wood of Brachystegia mildbraedii,
known as ‘bomanga’ or ‘ekop événe’, is used
indoors in construction and for furniture and
cabinet work. It is suitable for joinery, interior
trim, ship building, vehicle bodies, toys, novel-

ties, boxes, crates, veneer and plywood. The
bark is used to make grain sacks, game nets,
snares, clothes and water baskets.
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Brachystegia mildbraedii — wild
Production and international trade The
wood of Brachystegia mildbraedii is locally
important, but it is only traded internationally
in mixed consignments.
Properties The heartwood is medium brown
and not distinctly demarcated from the yellowish white, up to 15 cm wide sapwood. The grain
is usually wavy or interlocked, texture coarse.
The wood often showsa roe figure andis lustrous. It is medium-weight, with a density is
500-620 kg/m3 at 12% moisture content. The

Description Evergreen, medium-sized to
large tree up to 40(—50) m tall; bole branchless
for up to 20 m, straight and cylindrical, up to
150(-200) cm in diameter, slightly thickened
and fluted at base or with small buttresses;
bark smooth, becoming rough andflakingoff in
irregular patches, pinkish grey to dark grey,
often with greenish patches, inner bark thick,
hard, fibrous, dirty pink to orange-red, turning
brown upon exposure; crown rounded, rather
open, with ascending branches; twigs glabrous
to slightly hairy, blackish, with scars of bud
scales at base and with numerous lenticels.
Leaves alternate, paripinnately compound with
(5-)9-16(-20) pairs of leaflets; stipules early
caducous; petiole 0.5—1 cm long, thickened at
base, rachis 10-25 cm long, rusty hairy; leaflets opposite, sessile, obliquely oblong, 1.5—5(—
10) cm X 0.5-1.5(-4) cm, rounded at base,
slightly notched to short-acuminate at apex,
papery to slightly leathery, nearly glabrous,
pinnately veined with up to 14 pairs oflateral
veins. Inflorescence a terminal or axillary,
rounded, short panicle, strongly branched,
densely hairy, many-flowered. Flowers bisexual, nearly regular, small, fragrant, at base with

wood air dries with some difficulty, but kiln

dries well if carefully and closely stacked. Kiln
drying of 2.5 cm thick boards from green to
12% moisture content takes about 7 days. The
rates of shrinkage are moderate, from green to
oven dry 3.3-5.2% radial and 6.5-8.0% tangential. Once dry, the wood is moderately stable to
stable in service.
At 12% moisture content, the modulusof rupture is 90-163 N/mm?2, modulusof elasticity
7940-10,790 N/mm?, compression parallel to
grain 39-59 N/mm? shear 5.5-9.0 N/mm2,
cleavage 10-18 N/mm and Chalais-Meudon
side hardness 1.7—4.1.
The wood is moderately easy to work, with a

moderate blunting effect on saw teeth and cutting edges. It has some tendency to pick up on
planing; a cutting angle of 10° usually gives a
good finish. The wood glues fairly well and
finishes, stains and polishes fairly well if a
filler is applied. The woodis not durable, being
moderately susceptible to attacks by termites,
powder-post beetles, marine borers and Lyctus
borers. It is vulnerable to blue stain fungal
attack. It is moderately permeable to preservatives.

Brachystegia mildbraedii — 1, base of bole; 2,
leaf; 3, fruit.
Redrawn and adapted by J.M. de Vries
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2 ovate bracteoles c. 6 mm long; pedicel 2-3

es. As a result, seedlings and saplings are most

mm long; sepals (3—)5, slightly unequal, 1-2

commonclose to the parent tree.

mm long, nearly glabrous; petals absent; sta-

Ecology Brachystegia mildbraedii occurs in
evergreen forest, often on slopes, up to 1000 m
altitude. It grows on shallow soils derived from
shale or quartzite, which are poorin nutrients.
Management Brachystegia mildbraedii occurs scattered in the forest or in small groups.
In forest in south-western Cameroon, the average density of trees with a bole diameter of

mens 10, free, c. 1 cm long; ovary superior,

ellipsoid, c. 3 mm long, with stipe, hairy, style
slender. Fruit an oblong to obovoid, flattened
pod 20-30 cm x 6-10 cm,at a right angle to the
stipe, smooth but slightly wrinkled, reddish
brown to dark brown or nearly black when
ripe,

dehiscent with

2

woody valves,

2-4-

seeded. Seeds disk-shaped, c. 3 cm in diameter,
dark brown.
Other botanical information Brachystegia
is a taxonomically difficult genus comprising
about 30 species, distributed in mainland tropical Africa and South Africa, the majority of
species occurring in southern tropical Africa,
where they are characteristic of miombo woodland.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or

absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and

shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100—200 um;
46: < 5 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial

parenchyma: 80: axial parenchyma aliform;
(81: axial parenchyma lozenge-aliform); (82:
axial parenchyma winged-aliform); 83: axial
parenchyma confluent; 85: axial parenchyma
bands more than three cells wide; 89: axial

parenchyma in marginal or in seemingly marginal bands; 92: four (8-4) cells per parenchyma strand: 93: eight (5-8) cells per parenchyma strand. Rays: 96: rays exclusively uniseriate; (97: ray width 1-8 cells); 104: all ray cells

procumbent; 116: > 12 rays per mm. Storied
structure: 122: rays and/or axial elements irregularly storied. Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells.
(E.A. Obeng, P. Baas & H. Beeckman)
Growth and development Brachystegia
mildbraedii is evergreen, but sheds its leaves
briefly in the dry season. The fruits open explosively, dispersing the seeds over short distanc-

more than 60 cm is 0.3 tree/ha, with an aver-

age wood volume of 3.2 m?/ha, but Brachystegia
mildbraedii is not distinguished from Brachystegia laurentii (De Wild.) Louis ex Hoyle,
which probably provides the largest share in
these figures.
Harvesting In Gabon the minimum bole
diameterallowed for harvesting is 70 cm.
Handling after harvest Freshly felled logs
should be treated with preservatives or processed soon after felling to avoid blue stain
attack.
Genetic resources It is unlikely that Brachystegia mildbraedii is in immediate risk of
genetic erosion because it is locally common
and not much traded internationally. However,
some care is needed because it has a limited
area of distribution and may become endangered in regions subject to forest degradation
and selectivefelling.
Prospects Brachystegia mildbraedii will
continue to provide a useful timber of local
importance, but it should be managed properly
to ensure its sustainable use. It is unlikely that
it will become important on the international
market due to its scattered occurrence.
Major references ATIBT, 1986; Aubréville,
1970; Bolza & Keating, 1972; CIRAD Forestry

Department, 2008; de Saint-Aubin, 1963;
Letouzey & Mouranche, 1952; Sallenave, 1964;
Tailfer, 1989; Vivien & Faure, 1985; Wilks &
Issembé, 2000.

Other references Aubréville, 1968; Davy &
Hutchinson, 1923; Normand & Paquis, 1976;

Raponda-Walker & Sillans, 1961; Takahashi,
1978.
Sources of illustration Letouzey & Mouranche, 1952; Wilks & Issembé, 2000.
Authors J.K. Mensah

BRACHYSTEGIA NIGERICA Hoyle &
A.P.D.Jones
Protologue Kew Bull. 1947(1): 68 (1947).

Family Caesalpiniaceae (Leguminosae - Cae-
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salpinioideae)
Origin and geographic distribution Brachystegia nigerica is endemic to southern Nigeria.
Uses The wood, traded together with some
other Brachystegia species as ‘okwen’or ‘naga’,
is used for low-quality furniture and tool handles. It is suitable for light construction, flooring, joinery, interior trim, ship building, vehicle bodies, boxes, crates, food containers, toys,

novelties, veneer and plywood.
Flour made from the seeds is used as thickening and flavouring agent in soup preparation.
In traditional medicine, leaf and bark extracts
are used in the treatment of stomach disorders,

fever, urinary infections and gonorrhoea.
Production and international trade The
wood of Brachystegia nigerica is mainly used
and tradedlocally. It is probably occasionally
exported in mixed consignments.
Properties The heartwood is pale brown to
dark brown anddistinctly demarcated from the
whitish to pale yellowish brown, up to 15 cm
wide sapwood. The grain is often wavyor interlocked, texture moderately coarse to coarse.
Quarter-sawn surfaces often show a stripe or
roe figure.
The wood is medium-weight, with a density of
675-705 kg/m? at 12% moisture content, and
moderately hard. It air dries slowly but fairly
well. Kiln drying should be done slowly and
carefully becausethere is a risk of deep surface
checks. End splitting can be minimized by applying a bituminouscoating to cross-cut endsof
boards. Small splits tend to enlarge as drying
progresses. Collapse is common in tension
wood. The wood hasa tendency to bow, cup and
spring. The rates of shrinkage are moderate.
At 12% moisture content, the modulusof rup-

ture is 75-105 N/mm?2, modulus of elasticity
8800-11,300 N/mm2, compression parallel to
grain 38-57 N/mm2, shear 10.5-18.5 N/mm?,

cleavage 18 N/mm and Janka side hardness
5420-6360 N.
The wood worksfairly well with machinetools,
but with serious blunting effect on saw teeth
and cutting edges and a risk of overheating
during sawing.It is difficult to work with hand
tools. During planing, there is a tendency of
tearing when interlocked grain is present; a
reduced cutting angle of 10-13° should be used
for best results. The wood is liable to splitting
upon nailing, and pre-boring is recommended.
The wood is moderately durable, being susceptible to blue stain and insect attacks.
Seed of Brachystegia nigerica yields about 7.3%
of a fixed oil on dry weight basis. Per 100 g, the
oil contained 84 g of mixed fatty acids; the iodine number is 10.82 and the saponification
equivalent 342.5. The essential oil from the
leaves is reported to contain o-pinene (17.7%),
B-selinene (12.5%) and a-gurjunene (8.8%).
Botany Evergreen medium-sized to large
tree up to 40(—45) m tall; bole branchless for up
to 15 m, straight and cylindrical, up to 120 cm
in diameter, with or without buttresses; bark

surface smooth in young trees, becoming rough
and scaly, flaking off in large scales, brown
with reddish patches, inner barkfibrous, hard,
pinkish, turning brown on exposure; crown

spreading, dense; twigs glabrous. Leaves alternate, paripinnately compound with (3-)5-9
pairs of leaflets; stipules 1-2 cm long, caducous; petiole c. 0.5 cm long, swollen at the base,
grooved above, rachis 3.5—11 cm long, narrowly
winged; leaflets opposite, obliquely elliptical to
obovate or oblong, 0.5—7.5 cm X 0.3-3.5 cm,
becoming larger towards the apex of rachis,
nearly glabrous, pinnately veined with up to 14
pairs of lateral veins. Inflorescence a terminal
panicle up to 3.5 cm long, short-hairy, densely
flowered. Flowers bisexual, nearly regular,
small, fragrant, at base with 2 ovate bracteoles

c. 6 mm long; pedicel 3-5 mm long; sepals (3—
)5, slightly unequal, 2-2.5 mm long, nearly
glabrous; petals absent; stamens 10, nearly
free, c. 1 cm long; ovary superior, ellipsoid, c. 3
mm long, with c. 3 mm longstipe, hairy, style
slender, c. 1 cm long. Fruit an oblong to obovoid, flattened pod 9-15(-17) cm x 3.5—5 cm,at
a right angle to the stipe, smooth but slightly
wrinkled, dark purplish brown or nearly black
whenripe, dehiscent with 2 woody valves, usu-

ally 4-seeded. Seeds disk-shaped, c. 2 cm in
Brachystegia nigerica — wild

diameter, dark brown.
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Brachystegia nigerica, especially mature trees,
may be recognized by its small leaflets diminishing in size from the apex downwards. In
young trees, the grooved and narrowly winged
petiole distinguishes it from the other Brachystegia species in its range. Trees usually
flower in December. Fruits ripen in October—
December, but have also been recorded in
June. They open explosively, dispersing the
seeds over short distances.
Brachystegia is a taxonomically difficult genus
comprising about 30 species, distributed in
mainland tropical Africa and South Africa, the
majority of species occurring in southern tropical Africa, where they are characteristic of miombo woodland.
Brachystegia kennedyi Hoyle is a medium-sized
to large tree up to 45(—50) m tall with bole up
to 220 cm in diameter and often large buttresses. It occurs, sometimes gregariously, in evergreen forest in Nigeria and western Cameroon,
and differs from Brachystegia nigerica mainly
in its leaves which have generally larger leaflets with apical leaflets slightly smaller than
middle ones. The brownish wood, also traded

as ‘okwen’ or ‘naga’, is moderately tough and
durable, and suitable for construction work and

joinery, having fairly good machining properties.
Ecology Brachystegia nigerica occurs in lowland rainforest, especially in wetter parts along
watercourses, where it may grow gregariously.
It is also reported from deciduous woodland
and hill slopes.
Management Brachystegia nigerica can be
managed by coppicing. Logs may havebrittle
heart, requiring caution during harvesting. It
is necessary to treat freshly felled logs with
preservatives or to process them immediately
to prevent blue stain attack. Freshly harvested
logs do not float in water and cannot be transported byriver.
Genetic resources and breeding Brachystegia nigerica has a limited distribution area
and occurs in small populations. It is not commonandislikely to suffer from genetic erosion,
requiring conservation measures. It is classified as vulnerable in the IUCN Red List of
threatenedspecies.
Prospects Brachystegia nigerica will only
remain useful tree for domestic use of the edible seeds andin traditional medicine. Its prospects as a timber tree seem small, even for the
local market, due to its limited occurrence. The
focus of research should be towards its conservation and sustainable management.

Major references Bolza & Keating, 1972;
Burkill,

1995; Keay,

1989; Obasi & Ndelle,

1991; Takahashi, 1978.
Other references Davy & Hutchinson, 1923;

Federal Department of Forest Research, 1966a;
Federal Departmentof Forest Research, 1966b;
Keay, Hoyle & Duvigneaud, 1958; Ogunwande
et al., 2008; World Conservation Monitoring
Centre, 1998.
Authors E.A. Obeng

BRACHYSTEGIA SPICIFORMIS Benth.
Protologue Trans. Linn. Soc. London 25:
312 (1866).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 24
SynonymsBrachystegia lujae De Wild. (1920).
Vernacular names Bean-pod tree (En).
Messasa (Po). Myombo, mriti, mrihi (Sw).

Origin and geographicdistribution Brachystegia spiciformis is distributed from southern
and eastern DR Congo, south-eastern Kenya,
Tanzania and Angola southward to Zimbabwe,
Mozambique and northernmost South Africa.
Uses The woodof Brachystegia spiciformis is
used for construction,

door frames,

canoes,

cheap furniture, railway sleepers (if treated),
utensils and beehives. It is suitable for flooring,
joinery, interior trim, mine props, vehicle bodies, boxes, crates, food containers, veneer, plywood and pulp for paper. It is equally important as a source of firewood and charcoal,

being amongthe preferred species for charcoal
making throughout southern Africa.
The bark is used to make beehives, the inner
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bark to make rope for roof ties, sacks, cloth and
grain bins. In Tanzania thread is made from
the roots. The bark is astringent, containing
about 13% tannin, and an extract of it is used
traditionally as a final dressing in tanning
hides. It imparts a reddish colour to the finished product. In traditional medicine, root
infusions provide treatment for dysentery and
diarrhoea, and a decoction is applied as an
eyewash to treat conjunctivitis. The bark is
chewed as a treatment of snake bites.
The tree is a source of nectar for bees and the
leaves are used as fodder. The trees are famous
for the attractive pink, wine red, copper and
bronze colours of their new foliage and are
suitable for amenity planting; their crowns provide fine shade.
Production and international trade The
wood and charcoal of Brachystegia spiciformis
is mainly used and traded locally, and is only
traded internationally in mixed consignments.
Properties The heartwood is variable in
colour, from pale brown to reddish brown,
darkening on exposure, sometimes striped, and
clearly demarcated from the pale cream to
white, 5-12 cm thick sapwood. The grain is
interlocked, texture coarse.
The wood is fairly heavy, with a density of
680-915 kg/m? at 12% moisture content. It air
and kiln dries slowly with some tendency to
warping, surface checking and splitting at ends
and knots, but more serious drying defects
have also been reported. It takes about 18
weeks to air dry 2.5 cm thick boards from 60%
to 13% moisture content and about 4 weeks for
kiln drying. The rates of shrinkage from green
to oven dry are 2.9-4.1% radial and 4.3—5.8%
tangential. Once dry, the wood is moderately
stable in service.
At 12% moisture content, the modulusof rupture is 88-125 N/mm?, modulus ofelasticity
11,100—14,400 N/mm2, compression parallel to

grain 60-69

N/mm?,

shear

11-16

N/mm?,

cleavage 15-16 N/mm, Janka side hardness

6620-8140 N and Janka end hardness 6850—
7920 N.
Because of its hardness and interlocked grain,
the woodis difficult to saw and work with both
hand and machine tools, with a moderate to
severe blunting effect on saw teeth and cutting
edges. The interlocked grain makesit liable to
tear on planing, and a reduced cutting angle of
10°, a slow feeding speed and the useofa filler
are recommended to obtain a smooth surface.
Moulding properties are poor. Mortising is difficult with hand tools but easy with a chain

mortiser; drilling is easy, but breaking may
occur at unsupported ends. The wood sands to
a good finish and polishes well. It has a strong
tendency to split on nailing, making pre-boring
necessary. The bending properties are poor.
The wood not durable andisliable to attack by
termites, pinhole borers and marine borers;

especially the sapwood is susceptible to staining fungi. The heartwoodis difficult to impregnate with preservatives even by pressure, the
sapwood can be satisfactorily impregnated
when a prolonged pressure treatment is used.
The wood is not well suited for paper making
because it is difficult to chip and the yield of
pulp by the sulphate process is low, whereas
the yield of bleached pulp is very low.
The wood contains 50-57% cellulose, 27.5-31%
lignin, 16.5-18% pentosan and 0.9-1.3% ash.
The solubility is 2.2-5.1% in alcohol-benzene,
2.2-4.0% in hot water and 14-18% in a 1%
NaOH solution.
In traditional charcoal making in Tanzania,

the average yield of marketable charcoal from
Brachystegia spiciformis wood with 40-50%
moisture content was about 90 kg per m3. The
foliage is of intermediate value as forage. The
rumen degradability is 0.4-0.5. Young leaves
contain per 100 g dry matter approximately:
digestible dry matter 52 g, crude protein 18 g
and energy 760 kJ; for old leaves: digestible
dry matter 60 g, crude protein 11 g and energy
870 kJ.
Botany Deciduous or semi-evergreen, small
to fairly large tree up to 35(—40) m tall; bole
branchless for up to 15 m, straight and cylindrical or poorly formed, up to 120 cm in diameter, without buttresses but sometimesfluted at
base; bark surface smooth, grey to greyish
brown, often flaking off in thick scales, in older
trees becoming shallowly fissured, inner bark
reddish; crown rounded but becomingflattened
in older trees, with spreading branches; twigs
glabrous or slightly hairy. Leaves alternate,
paripinnately compound with 2-8pairsofleaflets; stipules 1-4 cm long, usually caducous;
petiole 1-5 cm long, thickened at base, rachis
(3-)5-15(-18) cm long, grooved and slightly
winged; leaflets opposite, ovate to elliptical,
oblong or lanceolate, 1.5-20 cm x 0.5-8 cm,

basal pair of leaflets smallest, obliquely rounded, truncate or cordate at base, acute to round-

ed or notched at apex, glabrous or slightly
hairy, pinnately veined but with 3—5 basal
veins. Inflorescence a terminal or axillary panicle up to 8 cm long, glabrous to short-hairy.
Flowers bisexual, nearly regular, small, fra-
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grant, at base with 2 obovate to roundedbracteoles 0.5—1 cm long; pedicel 2-8 mm long;sepals 0-4, slightly unequal, 0.5-3 mm long, nearly glabrous; petals absent; stamens 10, fused at
base, 1-2 cm long; ovary superior, ellipsoid, 2—
5 mm long, with stipe up to 6 mm long,hairy,
style slender, up to 1.5(-2) cm long, coiled.

Fruit an oblong to obovoid, flattened pod 8—
15(-20) cm x 3-5 cm, at a right angle to the
stipe, smooth but slightly wrinkled, slightly
winged along one suture, dark brown to purplish brown, dehiscent with 2 woody valves, up
to 6-seeded. Seeds oblong to ovoid, 1.5—2.5 em
long, dark brown.
Brachystegia is a taxonomically difficult genus
comprising about 30 species, distributed in
mainland tropical Africa and South Africa, the
majority of species occurring in southern tropical Africa, where they are characteristic of miombo woodland.
Brachystegia spiciformis is extremely variable
in leaf and inflorescence characters. It is slow
growing, and may becomea fairly large tree in
wetter savanna and woodland, but remains a
small stunted tree in dry areas. The taproot
can reach a depth of more than 5 m andlaterally the root system can extend over more than
25 m. Flowering and fruiting do not always
occur every year and depend on the climatic
conditions. In southern Africa, flowering usually occurs in August—November.Theflowers are
muchvisited by bees, which probably pollinate
them. After pollination, fruit development
takes 7-8 months. At the end of the dry season
seeds are scattered when dryfruits split open
explosively.
Ecology Brachystegia spiciformis occurs in
coastal and upland deciduous woodland and
open forest, up to 2000(-2350) m altitude. It is
characteristic of miombo woodland, where it is
often dominant in higher rainfall areas. It can
be found on hill slopes and river banks, but
also on intensely drained and very poor and
shallow soils. The annual rainfall in the area of
distribution ranges from 500 mm to 1200 mm.
Brachystegia spiciformis is frost and fire tender.
Management At the end of the dry season
seeds are scattered when dry pods split open
explosively. The weight of 1000 seeds is 375—
670 g. Under favourable conditions, germination takes 3-4 weeks with a germination rate
of about 80%. No seed treatment is needed, but
germination is better when seeds are nicked.
Seed can be stored for one year if kept free
from insects. Under natural conditions, root

suckers play a minor role and recruitment under large trees is almost exclusively due to
seedlings.
In previously cultivated rangeland in Zimbabwe, regeneration of Brachystegia spiciformis
was mainly from coppices and less vigorous
than that of Julbernardia globiflora (Benth.)
Troupin, a co-dominant tree in the original
miombo vegetation. Trees produced less coppice shoots when cut at 5 cm above the ground
than whencut at a higher level. Under regular
cultivation, Brachystegia spiciformisis likely to
become less common. Its growth is strongly
affected by heavy browsing by goats, but grazing cattle have a less pronouncedeffect. Although many insects have been found feeding
on Brachystegia spiciformis and trees may occasionally be defoliated, no serious pests or
diseases have been described.
Care should be taken in harvesting old boles
because heart rot may be present and ring
shakes frequently arise immediately after
felling, sometimes for the whole length of the
log. To avoid blue stain andinsect attacks logs
should be treated with preservatives or converted soon after felling.
Genetic resources and breeding Brachystegia spiciformis is widespread and in many
localities dominant. Its genetic diversity is considered to be at low risk, althoughit is locally
heavily exploited for timber, charcoal and
fuelwood.
Prospects Brachystegia spiciformis is likely
to remain a general-purpose timber of local
importance, althoughit is difficult to work and
not durable. More attention has to be given to
its role as a source of fuel and charcoal in view
of its economic importance and conservation
needs.
Major references Brummitt et al., 2007a;
Coates Palgrave, 2002; Lovett et al., 2007;

Mbuyaet al., 1994; Orwaet al., 2009.
Other references Campbell (Editor), 1996;
Chinuwoet al., 2010; Dale & Greenway, 1961;
Ernst, 1998; Grundy, Campbell & Frost, 1994;
Herd,

2007;

Luoga,

Witkowski

&

Balkwill,

2000; Nshubemuki & Mbwambo, 2007; Saidi &
Tshipala-Ramatshimbila, 2006; Topps, 1997.
Authors L.P.A. Oyen & D. Louppe

BRACHYSTEGIA TAMARINDOIDES Benth.
Protologue Trans. Linn. Soc. London 25: 312

(1866).

Family Caesalpiniaceae (Leguminosae - Cae-
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salpinioideae)
Vernacular names Mountain acacia, redwood (En).
Origin and geographicdistribution Brachystegia tamarindoides occurs from eastern DR
Congo and Tanzania southwards to Angola,
Zimbabwe and Mozambique.
Uses The woodis locally used in house building, e.g. for flooring joist and lintels, in wagon
construction, and for mine props. It is suitable
for joinery, interior trim, ship building, vehicle
bodies, furniture, railway sleepers (if treated),
toys, novelties, turnery, veneer and plywood.It
is considered an excellent source of firewood; it
is in demand by farmers for curing tobacco.
The wood is also important for charcoal production.
The inner bark is a source of fibre used for
ropes, sacks, cloths, mats, bags, hats, bins and
handicrafts. The bark is chewed to treat constipation and as anthelmintic. The foliage is
browsed bylivestock such as cattle and goats.
Production and international trade The
wood of Brachystegia tamarindoides is locally
used and has no importance on the international timber market.
Properties The heartwood is greyish brown
to reddish brown or dark brownandis distinctly demarcated from the yellowish white, up to
10 cm wide sapwood. The grain is interlocked,
texture moderately coarse to coarse. Quartersawn surfaces show nicefigure.
The wood is medium-weight to fairly heavy,
with a density of 770-880 kg/mat 12% moisture content. It air dries slowly; boards of 2.5
cm thick take about 9 weeks to dry from green
to air dry, with moderately severe distortion
and sometimes surface checking and end split-

ting. The rates of shrinkage during drying are
medium, from green to 12% moisture content

2.1% radial and 2.8% tangential. At 12% moisture content, the modulus of rupture is about
88 N/mm2, modulusof elasticity 10,500 N/mm,
compression parallel to grain 67 N/mm?, shear
15 N/mm? and Janka side hardness 6450 N.
Sawing may give some difficulties because the
wood has a tendency to char and splinter. Surfaces may be rough due to the interlocked
grain; in planing, a reduced cutting angle to
10° is recommended. The wood has a tendency
to split upon nailing, and therefore pre-boring
is advised. It mortises and drills well if it is
supported. The heartwood is moderately durable, being susceptible to insect attack. The
sapwoodis liable to attacks by blue-stain fungi
and Lyctus borers. The heartwoodis resistant
to impregnation with preservatives, the sapwood moderately resistant.
The amountof tannin in the bark varies greatly, from 8% to 25%.
Description Deciduous, small to mediumsized tree up to 30(-35) m tall; bole generally
straight and cylindrical, up to 80(-120) cm in
diameter; bark surface smooth, silvery grey to
dark grey, flaking off leaving round yellowish
patches, inner bark yellowish to pinkish, becoming brown upon exposure; crown rather
open, flattened, with spreading branches; twigs
short-hairy to glabrous. Leaves alternate, paripinnately compound with 6-72 pairsofleaflets;
stipules 0.5—-3 cm long, usually caducous; petiole 0.2-1.5 cm long, thickened at base, rachis
5-12 cm long, grooved and slightly winged;
leaflets opposite, ovate to elliptical, oblong or
linear, 0.5—6 cm x 0.2—2 cm, obliquely rounded
or cordate at base, acute to rounded or notched
at apex, glabrous or short-hairy, pinnately
veined. Inflorescence a terminal or axillary
panicle up to 8 cm long, short-hairy. Flowers
bisexual, nearly regular, small, fragrant, at
base with 2 ovate bracteoles 4—8 mm long; pedicel 1.5-3 mm long; sepals (4—)5, slightly unequal, 2—2.5 mm long, nearly glabrous; petals
absent or 1 and then c. 1.5 mm long; stamens
10, nearly free, c. 1 cm long; ovary superior,
ellipsoid, 3-4 mm long, with stipe up to 3 mm
long, hairy, style slender, up to 1 cm long,

Brachystegia tamarindoides — wild

coiled. Fruit an oblong to obovoid, flattened pod
5-10 cm X 1.5-3 cm, at a right angle to the
stipe, smooth but slightly wrinkled, dark
brown to purplish brown, dehiscent with 2
woody valves, up to 7-seeded. Seeds oblong to
ovoid, 1.5—2 cm long, dark brown.
Other botanical information Brachystegia
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26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 80: axial parenchyma aliform; 81:
axial parenchyma lozenge-aliform; 83: axial
parenchyma confluent; 89: axial parenchyma
in marginal or in seemingly marginal bands;
91: two cells per parenchyma strand; 92: four
(3-4) cells per parenchyma strand. Rays: 96:
rays exclusively uniseriate; 97: ray width 1-3
cells; 104: all ray cells procumbent; 116: > 12

rays per mm. Storied structure: 122: rays
and/or axial elements irregularly storied. Mineral inclusions: 136: prismatic crystals present;
142: prismatic crystals in chambered axial parenchyma cells; (143: prismatic crystals in fibres).

Brachystegia tamarindoides — 1, tree habit; 2,
flowering twig; 8, flower; 4, fruits.
Redrawn and adapted by J.M. de Vries
is a taxonomically difficult genus comprising
about 30 species, distributed in mainland tropical Africa and South Africa, the majority of
species occurring in southern tropical Africa,
where they are characteristic of miombo woodland.
Three subspecies have been distinguished in
Brachystegia tamarindoides: subsp. tamarindoides restricted to Angola, subsp. microphylla
(Harms) Chikuni widespread throughout the
distribution area of the species, and subsp. torrei
(Hoyle) Chikuni occurring in Malawi, Zimbabwe and Mozambique. The latter two subspecies are sometimes distinguished as separate
species, i.e. Brachystegia microphylla Harms
and Brachystegia torrei Hoyle, respectively,
whereas Brachystegia glaucescens Hutch. &
Burtt Davy is sometimes also kept separate
from subsp. microphylla on specieslevel.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;

(E.E. Mwakalukwa, H. Beeckman & P. Baas)
Growth and development Two years after
germination, seedlings had a mean height of
only 25 cm. In plantations in Burundi, trees
reached a height of 7-8 m 11 years after planting. Trees are leafless in the dry season, usual-

ly in August-September. They flower in September—October and fruits ripen in April—September. Whenripe, the fruits split open explosively, dispersing the seeds over some distance.
The roots are associated with ectomycorrhizal
fungi.
Ecology Brachystegia tamarindoides is most
common in deciduous woodland on rockyhills
and escarpments, at 800-2000 m altitude. It
occurs on granite soils and leached reddish
soils, often in localities with thin but humus-

rich soils. It is quite drought tolerant
Propagation and planting In Zimbabwe
the germination rate of seeds was only 30%,
and the survival rate of seedlings after one
year also 30%. Pre-treatment of the seeds by
immersion in boiling water accelerates germination and improves the germination rate.
Management Brachystegia tamarindoides is
locally dominant or co-dominant with other
Brachystegia spp.
Diseases and pests The foliage is often attacked by caterpillars of the saturniid moth
Imbrasia epimethea; these caterpillars are edible.
Harvesting People typically collect branch-

BRANDZEIA 161

es and stems with a diameter of 3-8 cm as
firewood for household fires. For use in construction and charcoal production, thicker
stems and branchesare collected. Big and tender shoots of young trees are often cut to extract fibre. Harvesting for all these purposesis
done throughoutthe year.
Handling after harvest After felling, logs
should not be left for longer periodsin thefield
because the wood is susceptible to insect attacks; they should be processed rapidly or
treated with preservatives. Extracted fibre is
often boiled together with ash for colouring,
followed by drying. Subsequently the fibre is
pressed to soften it and then spuninto strands
or strings.
Genetic resources Brachystegia tamarindoides is not considered to be endangered because it is widespread and locally abundant or
even dominant. However, wood exploitation for
construction and charcoal production, logging
for agricultural fields and uncontrolled forest
fires have locally led to serious degradation of
the miombo woodland in which Brachystegia
tamarindoides plays an important role. In
some regions, damage caused by elephants has
contributed to loss of woodland with a high
proportion of Brachystegia tamarindoides.
Prospects Together with some other Brachystegia spp. from the miombo woodland, Brachystegia tamarindoides is important for local
people as a source of timber, firewood, charcoal
and fibre. Planting programmes have locally
been initiated to counterbalance high levels of
exploitation and forest degradation. More research is needed on growth rates, propagation,
silvicultural methods and harvesting techniques to arrive at appropriate recommendations for sustainable forest management.
Major references Bolza & Keating, 1972;

BRANDZEIA FILICIFOLIA Baill.
Protologue Adansonia 9: 217 (1869).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

SynonymsBathiaea rubriflora Drake (1903).
Origin and geographic distribution Brandzeia filicifolia is endemic to northern and western Madagascar, where it occurs from Antsiranana south to Morondava.
Uses The wood is used for planks in house
construction.
Properties The woodis whitish and hard.
Botany Deciduous small to medium-sized
tree up to 25 m tall; bole up to 60 cm and sometimes more in diameter; bark surface smooth
and pale grey, with numerouslenticels, inner
bark thick, fibrous, reddish; twigs slightly
fleshy, glabrous, silvery grey-brown, with numerous lenticels. Leaves alternate, pinnately
compound with (5—)7—9 leaflets; stipules triangular, small; petiole 1-3 cm long, rachisslightly zigzag, 4.5-10 cm long; petiolules 3-4 mm
long; leaflets alternate, elliptical to ovate or
oblong, 3.5—7(—8) cm X 1.5-3.5(-4) cm, slightly

unequal, glabrous, pinnately veined. Inflorescence a panicle, often many together into
dense and complex clusters, branches up to 3.5
cm long, many-flowered. Flowers bisexual, regular, bright pink-red, sessile; hypanthium obconical, 7-9 mm long, resembling a pedicel;
sepals 4, free, broadly triangular-elliptical, 3.5—
4 mm long, concave, with many large gland
dots; petals 5, free, oblong-elliptical, 6.5—7 mm
long, clawed at base; stamens 10, free, 13-20

mm long; disk prominent, grooved, yellowgreen; ovary superior, 2—2.5 mm long, with
stipe c. 3 mm long, glabrous, style slender,c.

Brenan, 1967; Brummitt et al., 2007a; Bryce,

1966; Bryce, 1967; Coates Palgrave, 2002; Coates Palgrave, 1957; Gerhardt & Nemarundwe,
2006; Takahashi, 1978; Wilczek et al., 1952.

Other references Allen & Allen, 1981; Bongo & Bourdillon, 2000; Campbell (Editor), 1996;
Hyde & Wursten, 2011; Tafangenyasha, 2001;
Wilczek et al., 1952; Williamson, 1955.

Sources

of illustration

Brenan,

1967;

Coates Palgrave, 2002.

AuthorsL. Jimu
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11 mm long. Fruit a samara-like pod 7-8 cm
long, with 5-8 mm long stipe, glabrous, pale
brown, with a single apical seed and a large
basal wing, with ridge over the seed-containing
portion, indehiscent, with persistent sepals at
base. Seed oblong-ovate, flat, 1.5-2 cm long,
reticulately veined, blackish brown.
Trees flower when they are leafless and they
are then very conspicuous because of the profusion of flowers. It has been observed that the
flowers are visited by small sunbirds, which
may play a role in pollination. New leaves usually start developing when the fruits have ripened. The fruits, which strongly resemble those
of maples (Acer) except that the seed is at the
apex and the wing at the base, are dispersed by
wind; the wing makes that the fruit spins rapidly and falls slowly.
Brandzeia comprises a single species. Its affinity is still uncertain, but Neoapaloxylon, a genus of 3 species occurring in dry regions of
western and southern Madagascar, has similar
fruits. Neoapaloxylon differs in leaflets and
sepals having small red-brown glandular dots,
the absence of petals and the absenceof a ridge
over the seed-containingportion of the fruit.
Ecology Brandzeia filicifolia occurs in deciduous woodland, up to 300 m altitude. It is
often found on limestone soils, but has also
been recorded from sandy, basalt and gneiss
soils.
ManagementFruits can be collected from the
ground in November—December; they should be
sown as soon aspossible.
Genetic resources and breeding Although
Brandzeiafilicifolia is fairly widely distributed
in Madagascar, it seems to be common only
locally, especially in the limestone massifs of
Ankarana and Namoroka.
ProspectsVerylittle is known about Brand-

BREONADIA SALICINA (Vahl) Hepper &

J.R.I.Wood
Protologue Kew Bull. 36(4): 860 (1982).
Family Rubiaceae
SynonymsAdina microcephala (Delile) Hiern
(1877), Breonadia microcephala (Delile) Rids-

dale (1975).
Vernacular names Watershea nut, African
teak, wild oleander (En). Mgwina (Sw).
Origin and geographic distribution Breonadia salicina is widely distributed in tropical
Africa, from Céte d’Ivoire and Mali eastward to
Ethiopia, and southward to Angola, Zimbabwe,
Mozambique and Madagascar.It also occurs in
South Africa, Swaziland and Yemen. It is
sometimes planted.
Uses The wood is suitable for heavy construction (including bridges), heavy flooring,
joinery, mine props, boat building, vehicle bodies, furniture, sporting goods, toys, novelties,
agricultural implements, railway sleepers, marine piles, carvings, pattern making and turnery. It is made into bowsin Nigeria, for caskets
in Madagascar, while in Malawi and Madagascar dugout canoes are made from the boles. In
southern Tanzania the wood is extensively
used as fuelwood.
The twigs are used for cleaning the teeth in
West Africa. Breonadia salicina is often planted as an ornamental tree and sometimes also
for erosion control and in windbreaks. The
flowers serve as bee forage. In Madagascar the
bark is added in the preparation of local alcoholic drinks (‘toaka gasy’) to help fermentation.
Breonadia salicina is widely used in traditional
African medicine. Root decoctions are drunk as
a purgative in Tanzania and against tachycar-

zeia filicifolia, of which the bole becomes large

enough to be interesting for the production of
wood that has apparently a fair quality. Research is needed on nearly all aspects before its
prospects can be judged. However, it is probably not common enough to promote increased
usage.
Major references du Puy et al., 2002;
Schatz, 2001.
Other references Lewis et al., 2005; Randrianasolo et al., 1996.

Authors R.H.M.J. Lemmens

Breonadia salicina — wild and planted

BREONADIA 163

dia in South Africa. An infusion of the pounded

excellent weathering and wearing properties.

stem is given to breast-fed children in Ethiopia

The durability of the wood is high; it is re-

for the treatment of diarrhoea and vomiting. In
Tanzania bark infusions are used for preventing influenza and for the treatment of stomach
problems, and a decoction or infusion of the
bark is used as a wash to clean wounds. Dried
powdered bark is applied as a wounddressing.
In Malawi the bark is chewed for the treatment
of diarrhoea and stomach-ache, and a bark
infusion is drunk for the treatment of pneumonia. In Madagascar a decoction of the inner
bark is used as a mouthwashin case of cavities
and abscesses. A leaf decoction is used in Nigeria as a bath for the treatment of yellow fever.
In Malawi a leaf infusion is drunk to treat diarrhoea and stomach-ache. In Madagascar a
leaf decoction is drunk for the treatment of
malaria. In Ethiopia the seed is put into fire
and the patient exposed to the smoketo treat
joint pain. In veterinary medicine in Nigeria,
the bark is used against diarrhoea. In Nigeria
the root and bark are ingredients of arrow poisons on the basis of Strophanthus sarmentosus
DC.
Properties The heartwood may vary from
yellowish to pale brown, pinkish brown, dark
brown, dark grey or reddish, with brown or
black markings; it is indistinctly or distinctly
demarcated from the 2.5-5 cm wide sapwood.
The grainis straight or wavy, texture fine and

sistant to fungi, termites and marine borers.
The sapwoodis resistant to Lyctus borers.

In studies in Swaziland, a 1:1 dichloromethane-methanol extract of the bark showed
in-vitro antimalarial activity against Plasmodium falciparum, but no antibacterial activity
against Escherichia coli. The extract did not
show toxic effects on human red bloodcells and
kidney epithelial cells. In studies in South Africa, acetone, hexane, dichloromethane and
methanol extracts of the bark showed antifungal activity against various fungi of plants or
animals, but the extracts contained toxic compounds, limiting their usability. Breonadia
salicina is reported to contain the alkaloid mitraphylline.
Description Evergreen, small to large tree
up to 40 m tall; bole up to 150 cm in diameter,
usually with slender branches near the base;
bark surface longitudinally fissured, scaly, grey
to grey-brown,

inner bark fibrous,

reddish,

exuding a sticky sap; crown spreading, dense;
twigs glabrous. Leaves usually arranged in
whorls of (2—)3—5 at the ends of twigs, simple

even. Freshly sawn wood has an oily feel and a

characteristic smell, reminiscent of linseedoil.
The wood is heavy, with a density of 830-960
kg/m? at 12% moisture content, strong and

hard. It air dries well if dried slowly, but surface checking may occur. The rates of shrinkage are moderate, from green to oven dry 3.3—
4.0% radial and 6.0-6.7% tangential. Reports
on stability of the wood in service vary. At 12%
moisture content, the modulus of rupture is

81-114 N/mm2, modulus ofelasticity 13,400—
14,500 N/mm2, compression parallel to grain
59-61 N/mm?, compression perpendicular to
grain 14 N/mm?, shear 11.5-12 N/mm?, Janka
side hardness 8370-9790 N, Janka end hard-

ness 7740-8770 N and Chalais-Meudon side
hardness 6-9.
The woodis difficult to saw when green, but it
sawsfairly easily when dry. It works well with
machine tools, but hand tools are subject to slip
over due to oily surfaces. The wood is somewhatdifficult to plane, but finishes and polishes well. It does not glue satisfactorily, but holds
nails and screws well. It has good turning
properties, but it is brittle in mortising. It has

Breonadiasalicina — 1, flowering twig; 2, flower; 8, fruit.
Source: Flore analytique du Bénin
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and entire; stipules interpetiolar, triangular,
4-6 mm long, bifid, fused at base, caducous;
petiole 1-2.5 cm long; blade lanceolate to narrowly elliptical, 7-33 cm X 2—9 cm, cuneate at
base, acute to slightly acuminate at apex,
leathery, glabrous, pinnately veined with 16—
25 pairs of lateral veins. Inflorescence an axillary, solitary, globose head 1.5—2.5 cm in diameter; peduncle up to 9.5 cm long, short-hairy,
with 2—4 ovate bracts 0.5—1 cm long just above
the middle. Flowers bisexual, regular, 5merous, small, fragrant, sessile, with numer-

ous 8-5 mm long bracteoles between the flowers; calyx with 1-2 mm long tube and oblongto
linear or triangular lobes 1—2.5(—4.5) mm long;
corolla 4-9 mm long, white, pinkish or yellowish, hairy outside, tube 3-6.5 mm long, lobes 1—
2.5 mm long; stamens inserted in the corolla
throat; ovary inferior, 2-celled, style 1-1.5 cm
long, exserted, white, stigmaellipsoid or headshaped, c. 0.5 mm long, green. Fruit an ellipsoid to obovoid capsule up to 5 mm long, densely clustered in a globose infructescence, hairy,
dehiscent with 2 valves, few-seeded. Seeds obovoid, narrowly compressed, 2-3 mm long.
Other botanical information Breonadia
comprises a single species. It was formerly
included in Adina, which is now restricted to
Asia.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

9: vessels exclusively solitary (90% or more);
13: simple perforation plates; 22: intervessel
pits alternate; 24: intervessel pits minute (< 4
um); 29: vestured pits; 30: vessel-ray pits with
distinct borders; similar to intervessel pits in
size and shape throughout the ray cell; 41:
mean tangential diameter of vessel lumina 50—
100 um; 42: meantangential diameter of vessel
lumina 100-200 um; 47: 5-20 vessels per
square millimetre; 48: 20—40 vessels per square
millimetre. Tracheids and fibres: 62: fibres
with distinctly bordered pits; 638: fibre pits
common in both radial and tangential walls;
66: non-septate fibres present; 69: fibres thinto thick-walled; 70: fibres very thick-walled.
Axial parenchyma: 75: axial parenchyma absent or extremely rare; 78: axial parenchyma
scanty paratracheal; 92: four (3-4) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 100: rays with multiseriate portion(s) as
wide as uniseriate portions; 107: body ray cells
procumbent with mostly 2-4 rows of upright
and/or square marginal cells; 108: body ray

cells procumbent with over 4 rows of upright
and/or square marginal cells; 113: disjunctive
ray parenchymacell walls present; 116: > 12
rays per mm.
(F.D. Kamala, P. Baas & H. Beeckman)
Growth and development Breonadia salicina growsfairly fast, at least 1 m per year in
South Africa. In Benin trees flower in February-August, and fruits ripen in June—
September. In southern Africa flowering is in
November—March andfruiting in June—July.
Ecology Breonadia salicina occurs from sealevel up to 1550 m altitude, usually in savanna
regions but nearly always near rivers and
streams, often in gallery forest, occasionally in
rocky locations. In Madagascar it is found in
dry deciduous forest as well as humid evergreen forest in areas with an average annual

rainfall of 1000-2000 mm and 4—6 dry months,
but always alongrivers.
Propagation and planting Breonadia salicina can be propagated from seed, but the germination rate is recorded to be low. Moreoften,
cuttings and wildings are used for planting.
Cuttings are normally placed in mud. Seedlings are planted out from the nursery when
they are at least 1 m tall.
Management Breonadia salicina is prone to
weed competition. Trees have been reported to
coppice well. In Mozambique the minimum
diameter allowedfor felling is 50 cm.
Genetic resources Breonadia salicina is
widespread and locally common within its
range. It is therefore unlikely to suffer from
genetic erosion. In Malawi and South Africa,
however, it is a protected species.
Prospects Breonadia salicina is a multipurpose tree valued for its strong and durable
timber and its medicinal uses. In view ofits
multipurpose character and fairly fast growth,
its integration in agroforestry systems is recommended.
Major references Arbonnier, 2004; BekeleTesemma, 2007; Bolza & Keating, 1972; Bridson & Verdcourt, 2003; Burkill, 1997; Coates
Palgrave, 2002; Keay, 1989; Neuwinger, 1998a;
Neuwinger, 2000; Takahashi, 1978.

Other references Akoégninou, van der Burg
& van der Maesen (Editors), 2006; Blaseretal.,
1993; Bryce, 1967; Chhabra, Mahunnah &
Mshiu, 1991; Guéneau, Bedel & Thiel, 1970—

1975; Hepper & Keay, 1963; Hines & Eckman,
1993; Johnson & Johnson, 2002; Kaufmann &
Elvin Lewis, 1995; Lovett et al., 2007; Lutze,
2001; Mahlo, 2009; Maliwichi, 2000; MaliwichiNyirenda & Maliwichi, 2010; Offiah et al.,
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2011; Palmer & Pitman, 1972-1974; Sibandze
& van Zyl, 2009; Sibandze, van Zyl & van
Vuuren, 2010; Teferi Flatie, Teferi Gedif &
Tsige Gebre-Mariam, 2009; van Wyk & Gericke, 2000.
Sources of illustration Akoègninou, van
der Burg & van der Maesen (Editors), 2006.
Authors E.E. Ewudzie, J.R. Cobbinah, S.
Britwum Acquah & E.A. Obeng

BREONIA PERRIERI Homolle
Protologue Bull. Soc. Bot. France 84: 461
(1938).
Family Rubiaceae
Origin and geographic distribution Breonia
perrieri is endemic to Madagascar, whereit is
distributed in the western partsof the island.
Uses The wood of Breonia perrieri is locally
used for construction, carpentry and furniture,
and for making boats, bridges and handicrafts.
It is also suitable for flooring, carvings, turnery, wheels and railway sleepers. The pulp of
the infructescenceis edible.
Properties The heartwoodis pale yellow to
brownish beige or pinkish beige, and notclearly differentiated from the yellowish brown
sapwood. The wood is heavy, with a density of
800-940 kg/m? at 12% moisture content, and

moderately hard to hard. Drying is quite difficult and should be done slowly and carefully.
The rates of shrinkage are moderately high to
high, from green to oven dry 3.7—6.0% radial
and 6.0-12.6% tangential. The wood is not stable in service, making it unsuitable for flooring.
At 12% moisture content, the modulus of rupture is 137-198 N/mm2, modulus of elasticity

Breonia perrieri — wild

8630-12,950 N/mm2, compression parallel to

grain 60-77 N/mm?, cleavage 23.5 N/mm and
Chalais-Meudon side hardness 5.1-8.1. The
wood saws, planes, finishes and paints well,
but nailing is difficult; pre-boring is necessary.
It is moderately resistant to resistant to attacks by termites and fairly resistant to attacks by fungi. The heartwood is resistant to
impregnation with preservatives, but the sapwood impregnates well.
Botany Deciduous, small tree up to 15(—25)
m tall; bole straight and cylindrical, up to 70
cm in diameter, grooved at the base, sometimes
buttressed; bark surface longitudinally fissured, grey. Leaves decussately opposite, simple and entire; stipules boat-shaped, 8-14 mm
long, caducous; petiole 3.5-6 cm long, terete,

glabrous or hairy towards apex; blade broadly
obovate to rounded, 9-15 cm X 6-13 cm, base
cordate, apex rounded to acuminate, leathery,
short-hairy or glabrous, pinnately veined with
c. 9 pairs of lateral veins, but with a few basal
veins. Inflorescence a solitary, axillary, globose
head 2.5-3 cm in diameter; peduncle 2.5—3.5
cm long, with node near apex. Flowers bisexual, regular, (4—)5-merous, sessile; calyx tube c.
2.5 mm long, glabrous outside, lobes oblong, c.
1 mm long, short-hairy; corolla glabrous, yellow-tinged, tube 4-5 mm long, lobes oblong, c.
1.5 mm long; stamensinserted at the throat of
the corolla tube, anthers c. 1 mm long,filaments c. 1 mm long; ovary inferior, 2-celled,
style c. 10 mm long. Fruit a berry, many together fused in an infructescence c. 2 cm in
diameter, up to 4-seeded. Seeds ellipsoid,
strongly flattened, with rudimentary wings at
base, reticulate, white-tinged.
Breonia perrieri flowers in November—January
and bears fruits in January—March. The tree
loses its leaves in the dry season and new
leaves appear after the start of the rainy season.
Breonia comprises about 20 species and is endemic to Madagascar. Species limits have changed
over the years, which has led to much confusion and erroneousattribution of uses to species. Breonia madagascariensis A.Rich. (synonym: Sarcocephalus madagascariensis (A.Rich.)
Baill.), for instance, has sometimes been mentioned to be used as a source of timber, but this
species has only been collected a few times.
The wood of Breonia decaryana Homolle (synonyms: Breonia keliravina Homolle, Neobreonia
decaryana (Homolle) Ridsdale), a medium-sized
tree up to 30 m tall distributed in eastern Madagascar, is used for the same purposesas that
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of Breonia perrieri. It is heavy, with a density
of 830-1090 kg/mat 12% moisture content.
Breonia boivinii Havil. is a shrub or small tree
up to 15 m tall, distributed in northern Madagascar. The hard wood is used in construction,
and the barkis used as a laxative.
Breonia chinensis (Lam.) Capuron is a shrub or
small to medium-sized tree up to 25 m tall,

distributed from northern to south-eastern
Madagascar. Its wood is used for construction,
planks and dugout canoes, and as fuelwood.
The bark is used in the fermentation of the
local alcoholic beverage ‘betsabetsa’. The infructescence is edible. In traditional medicine,
a decoction of the leaves or bark is used for the
treatment of diarrhoea. Breonia cuspidata
(Baker) Havil. (synonym: Nauclea cuspidata

Baker) is a rare tree occurring in northwestern Madagascar. Its wood has been used
for joinery and carpentry.
The wood of Breonia fragifera Capuron ex Razafim., a shrub or small tree up to 15(-25) m
tall distributed in northern and eastern Madagascar, Breonia macrocarpa Homolle, a small
to medium-sized tree up to 20 m tall distributed in north-eastern Madagascar, and Breonia

stipulata Havil., a shrub or small to mediumsized tree up to 25 m tall distributed in northern and western Madagascar, is used in con-

& Tirvengadum, 1989.

Authors M. Brink

BRIDELIA GRANDIS Pierre ex Hutch.
Protologue Dyer, Fl. trop. Afr. 6(1): 1042
(1918).
Family Euphorbiaceae (APG: Phyllanthaceae)
SynonymsBridelia aubrevillei Pellegr. (1931).
Origin and geographic distribution Bridelia grandis is distributed from Guinea and
Sierra Leone eastward to DR Congo.
Uses In Sierra Leone the wood of Bridelia
grandis is used for light construction and furniture. In Côte d'Ivoire it is one of the preferred
woods for canoes. In Gabon branches are used
for the construction of roofs. The wood is suitable for light flooring, joinery, interior trim,
mine props, vehicle bodies, railway sleepers,
toys, novelties, ladders, handles, boxes, crates,
pattern making, turnery, veneer and plywood.
It is widely used as firewood.
In Côte d'Ivoire bark decoctions or macerations
are taken as a purgative, diuretic, febrifuge,
anodyne and aphrodisiac. The bark is also used
in a washor a vapourbath to relieve rheumatic
pains. In Cameroon pygmypeople use the bark

struction.

in dental care. In Liberia palm wine to which

Ecology Breonia perrieri occurs in dry deciduousforest.
ManagementThe 1000-seed weight is about
2 g. At a temperature of 25°C and 8 hours light
per day, the germination rate was 94%.

bark has been added is drunk by women to
stimulate lactation.
Production and international trade The
timber is traded under the name ‘asas’ or ‘assas’ but quantities are small andstatistics are
not available. Considerable amounts of bark
are traded on local markets for medicinal purposes, but also for this trade statistics are not

Genetic resources and breedingIt is un-

clear whether Breonia perrieri is threatened
with genetic erosion, but it has a fairly wide
distribution in Madagascar.
Prospects The wood of Breonia perrieri and
other Breonia species is hard and durable and

easy to work, but its instability in service limits its range of potential uses. Because of the
lack of information on the availability of its
timber, the prospects of Breonia perrieri are
difficult to assess.
Major references Guéneau, Bedel & Thiel,
1970-1975; Madagascar Catalogue, 2011; Missouri Botanical Garden, undated; Razafiman-

dimbison, 2002; Sallenave, 1971.
Other references Andriamilison, 1993; Boi-

teau, Boiteau & Allorge-Boiteau, 1999; Cailliez
& Guéneau, 1972; Grenfell, 1999; Parant, Chichignoud & Rakotovao, 1985; Rafidison, 1999;
Rohner & Sorg, 1986; Royal Botanic Gardens
Kew, 2008; Takahashi, 1978; Verdcourt, Leroy
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available.
Properties The heartwood is grey-brown or
brown, often mottled and lustrous, and not well
demarcated from the up to 6 cm wide sapwood.
The grain is interlocked, texture very fine. The
wood has some resemblance to that of walnut
(Juglans spp).
The wood is medium-weight, with a density of
590-670 kg/m* at 12% moisture content, fairly
hard and strong. The rates of shrinkage during
drying are moderate, from green to oven dry
about 3.1% radial and 7.6% tangential. The
wood air dries slowly but satisfactorily without
much degrade. After drying, it is stable in service. At 12% moisture content, the modulus of
rupture is 105-127 N/mm?, modulusofelasticity 10,600 N/mm’, compression parallel to grain
58-57 N/mm?, cleavage 18.5-20.5 N/mm and
Chalais-Meudonside hardness 2.5—2.7.
The wood saws and planes well and if a reduced cutting angle is used it can befinished to
an excellent surface. It holds nails and screws
satisfactorily, and glues well, and it is easy to
peel and slice. The heartwood is moderately
durable, having some resistance to termite
attack; the sapwood is susceptible to Lyctus
attack. The woodis an excellent firewood and
produces good charcoal.
The wood contains about 44% cellulose, 28.5%
lignin, 15% pentosan and 0.8% ash. Thesolubility is 7.8% in alcohol-benzene, 2.7% in hot
water and 14.9% in a 1% NaOH solution.
The bark has antibacterial activity against
Streptococcus spp., as well as antitrypanosomal
and antiplasmodial activities. The medicinal
properties have been attributed to the presence
of tannins and saponosides.
Adulterations and substitutes The timber
of Bridelia grandis shares its trade name with
that of Bridelia micrantha Baill. and the timber of both species is mixed in trade.
Description Evergreen, monoecious, small
to medium-sized tree up to 30 m tall; bole

DOWER
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Bridelia grandis — 1, fruiting twig; 2, male
flower; 8, female flower; 4, fruit.
Redrawn and adapted by J.M. de Vries
rounded to broadly cuneate, apex acuminate,
glabrous to slightly hairy above, with soft and
spreading hairs below, pinnately veined with
8-10(-13) pairs of lateral veins. Inflorescence a
small axillary fascicle. Flowers unisexual, regular, 5(-6)-merous; sepals triangular, 1—1.5
mm long,

with few

scattered hairs;

petals

part usually with stout aerial roots up to 60 cm
long extending into ridges up to 1.2 m high
along the bole; bark surface with deep longitudinal fissures, brown-black, inner bark fibrous,

small, c. 0.5 mm long; disk ring-shaped; male
flowers with pedicel c. 1.5 mm long, stamens
with filaments fused in a column below, free
and spreading above, ovary rudimentary; female flowers nearly sessile with superior, 2celled ovary, styles 2, fused at base, 2branched. Fruit a nearly globose, fleshy drupe
c. 7 mm in diameter, dark purple to black when
ripe, 1-seeded. Seed c. 5 mm long, brownish.
Seedling with epigeal germination; hypocotyl
3-4 cm long, epicotyl c. 1 cm long, reddish
hairy; cotyledonsleafy, transversely oblong, 8—

red, strongly scented; crown rounded, fairly

10 mm X 11-15 mm; first leaves alternate.

open, heavily branched; branches often with
long, straight spines; twigs rusty-brown softhairy, becoming glabrous. Leaves alternate,
distichous, simple and entire; stipules 6—10
mm long, caducous; petiole 4-8 mm long;blade

Other botanical information Bridelia occurs in the Old World tropics, and comprises
about 75 species. About 15 species occur in
mainland tropical Africa and 2 species are endemic to the Indian Oceanislands.
Anatomy Wood-anatomical description (AWA

branchless for up to 15 m, usually straight and
cylindrical, up to 90 cm in diameter, in lower

elliptical to obovate, 6-14 cm x 2-6 cm, base
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hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); (30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell); 31: vessel-ray pits with much reduced borders to apparently simple: pits
rounded or angular; 32: vessel-ray pits with
much reduced borders to apparently simple:
pits horizontal (scalariform, gash-like) to vertical (palisade); 34: vessel-ray pits unilaterally
compound and coarse (over 10 um); 42: mean
tangential diameter of vessel lumina 100-200
tum; 47: 5-20 vessels per square millimetre.
Tracheids andfibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 78: axial parenchymascanty paratracheal; 93: eight (5-8) cells per parenchyma
strand. Rays: 97: ray width 1-8 cells; 102: ray
height > 1 mm; (106: body ray cells procumbent
with one row of upright and/or square marginal
cells); 107: body ray cells procumbent with
mostly 2—4 rows of upright and/or square marginal cells; 108: body ray cells procumbent with
over 4 rowsof upright and/or square marginal
cells; 109: rays with procumbent, square and
upright cells mixed throughout the ray; (110:
sheath cells present); 115: 4-12 rays per mm.
Mineral inclusions: 136: prismatic crystals
present; 137: prismatic crystals in upright
and/or square ray cells; 138: prismatic crystals
in procumbentraycells; 140: prismatic crystals
in chambered upright and/or square ray cells;
142: prismatic crystals in chambered axial parenchyma cells; 143: prismatic crystals in fibres.
(C. Essien, P.E. Gasson & E.A. Wheeler)
Growth and development The tree grows
rapidly. Seedlings reached 12 cm tall 3 months
after sowing and 50 cm after 6 months. In
Guinea they reached on average 2.9 m tall 2
years after planting in full sun, but only 1.1 m
in light shade. In open sites trees reached a
height of 12 m and a bole diameter of 15 cm 7
years after planting. In Cote d’Ivoire trees with
a bole diameter of 80 cm have been recorded in
secondary forest of 40 years old. In Liberia and
Cote d'Ivoire Bridelia grandis usually flowers
from April till June and fruits can be found
from August to November. In Guinea trees
fruit in December—January. The flowers have a

pleasant smell. The fruits are probably dispersed bybirds.
Ecology Bridelia grandis is a typical pioneer
species; hence seedlings and saplings are more
abundant in recently logged forest than in undisturbed forest. Bridelia grandis prefers moist
conditions, and occurs especially in swampy
localities.
Propagation and planting Propagation
with seed is easy. There are about 25,000 seeds
per kg. Seeds start germinating 1-3 weeks
after sowing and the germination rate is high,
over 90%. Seedlings tolerate some shade. Seedlings are ready for planting in the field when
they are 30 cm tall, which is about 4 months
after planting them in nurserypots. It is recommendedto plant at a spacing of 3 m X 3 m.
Diseases and pests Elephants eat the
leaves of Bridelia grandis and may cause damage in plantations.
Harvesting In the Central African Republic
and Gabon, the minimum bole diameter al-

lowedfor felling is 70 cm.
Genetic resources There are no indications
that Bridelia grandis is threatened by genetic
erosion, although it has been recorded as not
very common in Liberia. As a pioneer that is
commonly found in disturbed and secondary
forest, it is not likely to become endangered.
Prospects There is little information on
growth rates and appropriate silvicultural management of Bridelia grandis, but it might be
an interesting timber tree with potentially
economic importance because it seems to be
able to grow rapidly and to propagate easily.
Increased pharmacological interest also seems
justified.
Major references Bolza & Keating, 1972;
Burkill, 1994; de Koning, 1983; RapondaWalker & Sillans, 1961; Sallenave, 1955; Savard, Besson & Morize, 1954; Takahashi, 1978;
Voorhoeve, 1965.

Other references Adjanohoun & Aké Assi,
1979; Atindehouet al., 2002; Atindehouet al.,
2004; Brusotti et al., 2010; de la Mensbruge,

1966; Gassita et al. (Editors), 1982; Hawthorne,
1995; Hawthorne & Jongkind, 2006; Ngueyem
et al., 2008; Ngueyem et al., 2009; Njamen et
al., 2011; Normand, 1955; Ong, 1998b.

Sources ofillustration Voorhoeve, 1965.
Authors G.D. Djagbletey
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BRIDELIA MICRANTHA (Hochst.) Baill.
Protologue Adansonia 3: 164 (1862).
Family Euphorbiaceae (APG: Phyllanthaceae)
Synonyms Bridelia stenocarpa MüllArg.
(1864).
Vernacular names Mitzeerie, Coast goldleaf,
Yoruba ironwood, Benin ironwood (En). Mwiza
(Sw).
Origin and geographic distribution Bridelia micrantha is widely spread throughout
mainland tropical Africa with the exception of
a number of countries with very low annual
rainfall. It has been introduced in Réunion,
probably because of its medicinal properties,
and has become naturalized there.
Uses The wood is widely used for construction, poles, furniture, mortars, spoons and tool
handles. It is suitable for flooring, joinery, interior trim, mine props, ship building, vehicle
bodies, toys, novelties, boxes, crates, carvings,
pattern making, draining boards, turnery, veneer and plywood. The wood is also used as
firewood andfor charcoal.
The leaves are fed to cattle. They are a favourite food of the wild silkworm (Anaphe spp.),
and silk and edible caterpillars are collected
from wild stands as well as from semidomesticated plants. The fruits are sweetish
and edible, and in East Africa the Maasai people use the fruits to flavour milk. In West Africa the bark is added to palm wine to improve
the taste. Bridelia micranthais planted in agroforestry systems to provide shade and mulch,
and it is sometimes used for hedges. In South
Africa it has been planted to restore and stabilize irrigation canals on sugarcane farms. It is
planted as an ornamental andespecially rec-

ommended where waterlogging is a problem. In
the Sahel region, a decoction of the leaves and
young branchesis used as a black dye for pottery, and in Tanzania a red dye is extracted
from the bark. Bark, leaves and roots have
medicinal applications throughout the range of
Bridelia micrantha. The bark is widely used in
the treatment of wounds, and as a purgative,

abortifacient and aphrodisiac, whereas in Congo bark decoctions are taken to treat cough and
sore throat. In South Africa the bark is used as
a remedy for headache, sore joints, sore eyes,
stomach-ache, diarrhoea, tapeworms, venereal

diseases and fever.The leaves are used as a
laxative and chewed against headache. In Tanzania the roots are used to treat symptoms of
non-insulin dependent diabetes mellitus such
as excessive thirst and urine production, and

sweating. In Cote d'Ivoire leaf and root extracts
are applied as anthelmintic and to treat malaria and trypanosomiasis. In DR Congo the inner
bark is used in the preparation of arrow poison.
Production and international trade The
timber is traded under the name‘asas’ or ‘assas’ but quantities are small and statistics are
not available. Considerable amounts of bark
are traded on local markets for medicinal purposes, but also for this trade statistics are not
available.
Properties The heartwood is pale to dark
brown and clearly to poorly demarcated from
the greyish or yellowish white sapwood. The
grain is straight to interlocked, texture fine
and uneven.
The wood is medium-weight, with a density of
500-610(-705) kg/m? at 12% moisture content.
It requires careful drying to avoid distortion
and checking. The rates of shrinkage are moderate, from green to oven dry 3.8-4.0% radial
and 6.1—6.5% tangential. Once dry, the woodis
moderately stable in service. At 12% moisture
content, the modulus of rupture is 119-135
N/mm’, modulus of elasticity 10,380—12,250
N/mm’, compression parallel to grain 39-48
N/mm?, cleavage 19-20.5 N/mm, Janka side
hardness 5200 N, Janka end hardness 6490 N
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and Chalais-Meudonside hardness 1.7-3.8.
The wood saws fairly easy, planes well and
takes a good polish. It holds nails and screws
well, glues well, and makes good joints. The
wood is durable even when exposed to the soil
or water, being quite resistant to fungi andall
kinds of insect attacks including termites, but
the sapwoodis susceptible to Lyctus attack. It
is an excellent firewood and produces a goodquality charcoal.
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The wood contains about 43% cellulose, 28%
lignin, 14% pentosan, 1.1% ash and little silica.
The solubility is 6.6% in alcohol-benzene, 2.1%
in hot water and 14.1% in a 1% NaOH solution.
Tanninsisolated from the bark showed antibacterial activity, and aqueous bark extracts
showed anti-inflammatory effect. Methanolic
and aqueous extracts of roots and stem bark of
Bridelia micrantha were shown to have strong
activity against HIV-1 reverse transcriptase
and integrase. Methanolic bark extracts
showed in-vitro inhibition of a wide range of
gram-positive and gram-negative bacteria.
Extracts of the roots had the sameeffect but
only at higher concentrations. Compounds isolated and possibly responsible for the antibacterial activity are friedelin, taraxerone, epi-

friedelinol, taraxerol and the tannins gallic
acid, ellagic acid andcaffeic acid.
Adulterations and substitutes The wood
resembles that of Lovoa trichilioides Harms.
The timber of Bridelia micrantha shares its
trade name with that of Bridelia grandis
Pierre ex Hutch. and the timberof both species
is mixedin trade.
Description Evergreen or deciduous, monoecious, small to medium-sized tree up to 20(—
27) m tall; bole short, often twisted, up to 50(—
100) em in diameter, sometimes with scattered
blunt spines; bark surface with fine fissures,
dark grey; crown spreading, fairly open;
branches often with blunt spines; twigs sparingly soft-hairy or glabrous. Leaves alternate,
distichous, simple and entire; stipules linearlanceolate, 4-7 mm long, caducous; petiole 5—

13 mm long;bladeelliptical to oblong-elliptical,
3-28 cm x 2-12 cm, base rounded to cuneate,

apex short-acuminate, glabrous to slightly
hairy above, sparingly soft-hairy below, pinnately veined with 5-20 pairs of lateral veins.
Inflorescence a small axillary fascicle. Flowers
unisexual, regular, 5(-6)-merous; sepals triangular, c. 2 mm long; petals small, 0.51 mm
long; disk shallowly 5-lobed; male flowers with

pedicel c. 1 mm long, stamens with filaments
fused in a column below, free and spreading
above, ovary rudimentary; female flowers nearly sessile with superior, 2-3-celled ovary, styles
2, fused at base, 2-branched. Fruit a nearly
globose, fleshy drupe c. 7 mm in diameter,
black when ripe, 1-seeded. Seeds c. 5 mm long,
brownish. Seedling with epigeal germination;
hypocotyl 3—4 cm long, epicotyl 0.5—1 cm long,
slightly hairy; cotyledons leafy, transversely
oblong, c. 1 cm X 2 cm; first leaves alternate.
Other botanical information Bridelia oc-

Bridelia micrantha — 1, flowering twig; 2, male
flower; 3, female flower; 4, fruit.
Source: Flore analytique du Bénin
curs in the Old World tropics, and comprises
about 75 species. About 15 species occur in
mainland tropical Africa and 2 species are endemic to the Indian Oceanislands.
Bridelia ndellensis Beille is a small tree up to
15(—20) m tall with bole up to 30 cm in diameter, distributed from southern Nigeria eastward to Sudan and Uganda. Its woodis whitish
and hard, and used in DR Congo for house
building. In Sudanthe fruits are eaten. n DR
Congo a bark maceration is taken as a remedy
for cough and diarrhoea.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; (19: reticulate, foraminate, and/or other types of multiple perforation plates); 22: intervessel pits alternate; 23:
shape of alternate pits polygonal; 25: intervessel pits small (4-7 um); 26: intervessel pits
medium (7-10 um); (30: vessel-ray pits with
distinct borders; similar to intervessel pits in
size and shape throughout the ray cell); 31:
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vessel-ray pits with much reduced borders to
apparently simple: pits rounded or angular; 32:
vessel-ray pits with much reduced borders to
apparently simple: pits horizontal (scalariform,
gash-like) to vertical (palisade); (33: vessel-ray
pits of two distinct sizes or types in the same
ray cell); (34: vessel-ray pits unilaterally compound and coarse (over 10 um)); 42: mean tan-

gential diameter of vessel lumina 100-200 um;
47: 5-20 vessels per square millimetre; 56:
tyloses common. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 65:
septate fibres present; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 76: axial parenchyma diffuse; 78:
axial parenchymascanty paratracheal; 92: four
(3-4) cells per parenchyma strand; 93: eight
(5-8) cells per parenchyma strand. Rays: 97:
ray width 1-3 cells; (98: larger rays commonly
4- to 10-seriate); 107: body ray cells procumbent with mostly 2-4 rows of upright and/or
square marginal cells; 108: body ray cells procumbent with over 4 rows of upright and/or
square marginal cells; 109: rays with procumbent, square and upright cells mixed throughout the ray; (110: sheath cells present); 115: 4—
12 rays per mm. Mineralinclusions: 136: prismatic crystals present; 137: prismatic crystals
in upright and/or square ray cells; 138: prismatic crystals in procumbent ray cells; 140:
prismatic crystals in chambered upright and/or
square ray cells; 141: prismatic crystals in nonchambered axial parenchymacells; 142: prismatic crystals in chambered axial parenchyma
cells.
(N.P. Mollel, P.E. Gasson & E.A. Wheeler)

Growth and development Underfavourable conditions when planted in deep and moist
soils, growth of seedlings is fast, up to 2 m per
year. Bridelia micrantha already produces
considerable shade and may start flowering 3
years after sowing. Flowering takes place during the dry season. Reportedly, trees do not
fruit every year. Fruits are dispersed by numerous animals, including civet, rodents and

probably birds. Roots may produce suckers
whenthey are injured.
Ecology Bridelia micrantha is found in a
variety of habitats, from savanna and woodland to seasonally flooded grassland, riverine
forest, swamp forest and the margins of mangrove swamps, from sea-level in West Africa to
1750(-2500) m altitude in East Africa. It is a
pioneer that tolerates a wide diversity of soils.
It withstands moderate frost.
Propagation and planting Sowing fresh

seed is the easiest way to propagate Bridelia
micrantha. The oily seeds lose their viability
quickly and storing seed for longer periods is
difficult. Wildlings are also collected for planting. In Uganda cuttings have been successfully
used to establish plantations. For good early
growth, weedingis necessary after planting.
Management Bridelia micrantha can be
pollarded, pruned and coppiced, and a 30 year
coppicing rotation has been proposed. In small
farms in Tanzania, it is commonly intercropped
and pollarded in short rotations to reduce
shade from the crowns. In Nigeria and Uganda
pure stands have been established for the production of silkworms.
Genetic resources In Ethiopia Bridelia micrantha has becomescarce as a result of overexploitation for its termite-resistant wood. In
Kenya the intensive use has had the same effect and probably populations are underpressure in many otherregions. To have continued
access to sizeable timber, protective measures

and domestication are needed.
Prospects There will be continued demand
for the wood of Bridelia micrantha for applications where durability is demanded. Theisolation and the structural elucidation of the active
constituents of Bridelia micrantha will provide
useful leads in the developmentof antibiotics
with B-lactamase inhibitory activity. Resistance of bacteria to this type of antibiotics is
rare. For the production of silk the prospects
are good. Research into domestication and
management practices is important for all applications.
Major references Arbonnier, 2004; BekeleTesemma, 2007; Bolza & Keating, 1972; Burkill, 1994; de Koning, 1983; Léonard, 1962;
Neuwinger, 2000; Radcliffe-Smith, 1996; Raponda-Walker & Sillans, 1961; Takahashi,
1978.
Other references Bessonget al., 2005; Chiotha, Seyani & Fabiano, 1991; Dalziel, 1937: de

la Mensbruge, 1966; Gangoué-Piéboji et al.,
2006; Gangoué-Piéboji et al., 2007; Gillah et
al., 2004; Guéneau, Bedel & Thiel, 1970-1975;
Johnson & Johnson, 2002; Mbahinet al., 2008;

Mbahinetal., 2010; Moshi & Mbwambo, 2002;
Mushambanyi, 2000; Ngueyem et al., 2009;
Noad & Birnie, 1989; Sallenave, 1955; Samie et
al., 2005; SEPASAL, 2011; Teel, 1984; Watt &
Breyer-Brandwijk, 1962.
Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.

Authors C.H. Bosch
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BRIDELIA TULASNEANA Baill.
Protologue Adansonia 2: 40 (1861).
Family Euphorbiaceae (APG: Phyllanthaceae)
Origin and geographic distribution Bridelia tulasneana is endemic to Madagascar, where
it is widely distributed in the eastern parts of
the island.
Uses The timber is locally used for house
construction, boat building, coffins, weatherboards and shingles. It has been usedfor railwaysleepers. It is suitable for joinery, interior
trim, boxes, veneer, plywood and particle
board. The local name‘arina’ is given to a few
tree species that yield superior charcoal, and
apparently the wood is in demandfor charcoal
production.
Properties The heartwood is beige marked
with dark brown spots, and not well demarcat-

ed from the sapwood thatis only slightly paler
in colour. The wood becomes greyish upon exposure.
The wood is medium-weight, with a density of
550—580(—890) kg/m* at 12% moisture content.
It air dries slowly andit is difficult to avoid
distortion during drying. The rates of shrinkage during drying are moderate, from green to
oven dry 1.8-3.2% radial and 7.0—8.3% tangential. Once dry, the wood is moderately stable to
unstable in service. At 12% moisture content,
the modulus of rupture is 96-137 N/mm?, modulus of elasticity 7750-11,200 N/mm?, compression parallel to grain 46 N/mm’, cleavage
18 N/mm and Chalais-Meudon side hardness
1.2-2.8(-5.0).
The wood saws andplanes well, butit is brittle
and moderately fissile. It holds nails and
screws well, glues moderately well and paints
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easily. The heartwood is fairly durable, being
moderately sensitive to fungal attack but quite
resistant to termites and wood-boring beetles.
The heartwood is resistant to impregnation
with preservatives.
The lignan deoxypodophyllotoxin has been isolated from the bark. This compound has cytostatic properties, but cannot be used in chemotherapy becauseof seriousside-effects.
Botany Evergreen, monoecious small to
medium-sized tree up to 20 m tall; bole usually
straight, up to 100 cm in diameter but generally less, often with buttresses; bark surface with
rather deep longitudinal fissures, pale brown to
black; branches and twigs with c. 1 cm long
spines; twigs covered with lenticels, red softhairy when young. Leaves alternate, distichous, simple and entire; stipules early falling;
petiole 8-12 mm long; blade ovate or obovate,
8-14 cm X 2-9 cm, base rounded, apex shortacuminate, glabrous above, brown soft-hairy
below, pinnately veined with 15-18 pairs of
lateral veins. Inflorescence a small axillary
fascicle,

10-20-flowered.

Flowers

unisexual,

regular, 5-merous, glabrous; sepals fused into a
short tube at the base; petals smaller than the
sepals; male flowers with flat or concave disk,
stamens with filaments fused in a column below, free and spreading above, ovary rudimentary; female flowers nearly sessile with superior, 2(-3)-celled ovary, styles 2, fused at base, 2branched. Fruit a fleshy drupe c. 8 mm X 5
mm, dark purple when ripe, 1(—2)-seeded.
Seeds ovoid, furrowed towards the tip, glabrous. Seedling with epigeal germination.
Bridelia tulasneana flowers from October to
January andfruits ripen around September.
Bridelia occurs in the Old World tropics, and
comprises about 75 species. About 15 species
occur in mainlandtropical Africa and 2 species
are endemic to the Indian Oceanislands.
Ecology Bridelia tulasneana occurs in humid
evergreen forest.
Genetic resources and breeding Bridelia
tulasneana is widespread and locally common
in eastern Madagascar. However, the on-going
deforestation may threaten its populations in
the near future.
ProspectsToolittle is known about Bridelia
tulasneana to assess its prospects as a timber
tree of commercial importance, but it deserves
more research on silviculture and propagation.
Major references Capuron, 1966a; Guéneau, Bedel & Thiel, 1970-1975; Leandri, 1958;
Parant, Chichignoud & Rakotovao, 1985; Takahashi, 1978.
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ge-Boiteau, 1999; Brownet al., 2009; Cailliez &
Guéneau, 1972; Guéneau, 1967; Guéneau &
Guéneau, 1969; Raymond, 1995; Sallenave,

cel 3-10 mm long; calyx with tube up to 2.5
mm long and lobes up to 3 mm long; corolla
whitish or yellowish green, tube c. 1.5 mm
long, with a ring of deflected hairs at throat

1971; Schatz, 2001; Williams, 2002; Winberg,

inside, lobes triangular-ovate, 1-1.5 mm long;

2009.
Authors C.H. Bosch & D. Louppe

stamens inserted in corolla throat alternating
with lobes, anthers nearly sessile; ovary inferior, 2-celled, style slightly longer than corolla

Other references Boiteau, Boiteau & Allor-

tube, with distinct pollen carrier at apex; func-

BULLOCKIA MOMBAZENSIS(Baill.) Razafim.,
Lantz & B.Bremer
Protologue Ann. Missouri Bot. Gard. 96(1):
175 (2009).
Family Rubiaceae
Synonyms Canthium mombazense Baill.
(1878).
Vernacular names Mfupapu, kifuwahe(Sw).
Origin and geographic distribution Bullockia mombazensis is distributed in Somalia,
Kenya, Tanzania and Mozambique.
Uses The stems are often used as poles in
house construction. The fruit is very sweet and
edible.
Botany Evergreen, usually dioecious shrub
or small tree up to 7.5 m tall; outer bark
smoothor fissured, pale grey; twigs glabrous or
occasionally short-hairy. Leaves opposite, simple and entire; stipules ovate, 4-16 mm long,

acuminate at apex; petiole 2-20 mm long;
blade broadly oblong-elliptical to nearly round,
2-13 cm X 1-7.5 cm, base obtuse to rounded,

often oblique, apex obtuse to rounded, leathery,
glabrous or sometimes hairy beneath, pinnately veined with 4 main pairs of lateral veins.
Male inflorescence a sessile umbel, 3—20flowered; female flowers solitary. Flowers functionally unisexual, regular, 5-6-merous; pedi-

tionally male flowers with short calyx tube and
rudimentary ovary, functionally female flowers
with longer calyx tube and sterile stamens.
Fruit an obovoid drupe 7-12 mm x 7-9 mm,
laterally compressed, dark brown-red, crowned
by persistent calyx lobes, with 2 stones; stones
obovoid, c. 7 mm X 3.5 mm, flattened, smooth
except for shallow crest around apex, 1-seeded.
Bullockia mombazensis is usually dioecious,
but occasionally polygamous. In the Shimba
Hills (south-eastern Kenya) fruits of Bullockia
mombazensis are found in (June—)July—August
(October). They are eaten by animals such as
civets, elephants and baboons, which contribute to seed dispersal.
Bullockia comprises 8 species, of which 6 in
East and southern Africa and 2 in Madagascar.
It was formerly included in Canthium as a
subgenus.
Bullockia dyscriton (Bullock) Razafim., Lantz
& B.Bremer (synonym: Canthium dyscriton
Bullock) is a shrub up to 3 m tall, distributed
in Kenya and Tanzania. Its wood is used for
making arrow heads.
Ecology Bullockia mombazensis occurs in
coastal bushland, wooded grassland and evergreen forest, from sea-level up to 1200 m altitude.
Management In experiments in Kenya seed
germination was slow, with first emergence of
seedlings 74 days after sowing. The stems are
locally collected; they are sometimes traded.
Genetic resources and breeding Bullockla mombazensis has a limited distribution, but
is commonand locally abundantin its distribution area, and seems not threatened with genetic erosion.
Prospects Bullockia mombazensis is a useful local source of poles for house construction.
Information on its wood properties is lacking,
but in view of its small size its importance is
unlikely to increase.
Major references Bridson & Verdcourt,
2003; Engel, 2000; Pakia, 2000; Razafimandimbison et al., 2009; Verdcourt & Bridson, 1991.
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Other references Beentje, 1994; Bridson,
1987; Bridson, Thulin & Degreef, 2006; Bur-
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gess & Clarke, 2000; Medley & Kalibo, 2007.
Authors M. Brink

BURKEA AFRICANA Hook.
ProtologueIcon.pl. 6: t. 593-594 (1843).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 28
Vernacular names Burkea, wild syringa,
wild seringa, red syringa, sand syringa (En).
Origin and geographicdistribution Burkea
africana is widespread, occurring from Senegal
east to Sudan and Uganda, and south to Namibia, Botswana, Mozambique and northern

South Africa.
Uses The wood is used for poles (e.g. for
heavy construction and fences), parquet flooring, furniture, railway sleepers, utensils such
as mortars, tool handles, drums and other mu-

sical instruments such as xylophones and
balafons. It has been claimed by wagon makers
that Burkea africana wood is the best for making hubs because it does not shrink or split. It
is suitable for joinery, interior trim, ship building, mine props, sporting goods, toys, novelties,
draining boards, carving and turnery. The
wood is also used as firewood and for charcoal
production, and has been used commonly for
iron smelting because of the hot flame andlittle ash produced.
The bark, roots and leaves are commonly used

in traditional medicine. Bark decoctions or
infusions are used to treat fever, cough, catarrh, pneumonia, menorrhoea, headache, in-

flammation of tongue and gums, poisoning and
skin diseases. Powdered bark is applied to ul-

cers and wounds, and to treat scabies. Root
decoctions or infusions are used to treat stomach-ache, abscesses, oedema, epilepsy, bloody
diarrhoea, gonorrhoea, syphilis and toothache.
In Burkina Faso roots have been used asantidote against arrow poison. Leaves are used in
the treatment of fever, headache, epilepsy,
ascites and conjunctivitis. Twigs are used as
chewing sticks. Pounded bark is used as a fish
poison.
Young flowers are eaten in sauces. In Burkina
Faso leaves are used as condiment. The bark
and pods have been used for tanning leather.
The bark is used as a dye to maketheroots of
Combretum zeyheri Sond. grey to blackish;
these roots are woven into baskets in Namibia.
The gum from the bark is edible; it is locally
considered an aphrodisiac. Burkea africana is
planted as a roadside tree and ornamental. It
is host to caterpillars of Saturnid moths (Cirina forda and Rohaniella pygmaea), which are
collected by people as food; after boiling and
frying, these are considered a delicacy. The
flowers produce nectarcollected by honey bees.
Production and international trade The
wood of Burkea africana is mainly used locally
and traded in limited volume internationally.
Production and tradestatistics are not available. Bark and roots are commonlysold on local
markets for medicinal purposes.
Properties The heartwood is brown with
grey and green tinges, turning reddish brown
or dark brown upon exposure. It is usually distinctly demarcated from the yellowish or pinkish white, c. 2.5 cm wide sapwood. The grain is
interlocked or wavy, texture fine to moderately
fine and even. The wood is lustrous and displays a nice stripe figure.
The wood is heavy, with a density of 735-1020
kg/m? at 12% moisture content. It air dries
moderately fast, with little tendency to corrugate, split or distort, but kiln drying should be
done with great care. It takes about 3 weeks to
kiln dry boards of 2.5 cm thick. The rates of
shrinkage are moderate, from green to oven
dry 2.9-5.6% radial and 4.2-9.2% tangential.
Once dry, the woodis stable in service.
At 12% moisture content, the modulus of rup-

ture is 84-143 N/mm?2, modulus of elasticity
12,940 N/mm2, compression parallel to grain
48-85 N/mm?2, compression perpendicular to
grain 12 N/mm?, shear 14.5-15 N/mm?, Janka
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side hardness 6490 N and Janka end hardness
7605 N.
Although the wood is hard, it is not difficult to
saw, but it is difficult to work with hand tools.
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The wood is susceptible to tearing in planing
operations due to the presence of interlocked
grain. It takes a nice polish upon finishing.
Pre-boring in nailing is recommended because
the wood is liable to splitting. The gluing properties are good. The wood turns well. It is durable, but the sapwood is susceptible to Lyctus
attack. Extracts of the heartwood showed fungicidal and termiticidal properties, and this in
combination with the strongly hydrophobic
character of the wood and the high dimensional
stability explains the good natural durability.
The heartwood is extremely resistant to treatment with preservatives, the sapwood is more
permeable.
Bark and leaves are reportedly toxic to livestock. The bark contains tannin and produces a
semi-translucent yellowish to reddish gum. A
hydroethanol extract of the bark showed pronounced antioxidant and radical scavenging
activity, with proanthocyanidins as the most
likely active constituents. Twigs showed antimicrobial activity against a wide variety of
bacteria and fungi; this supports the use as
chewing-stick for dental care.
Adulterations and substitutes The wood
of Erythrophleum spp. and of Afzelia quanzensis Welw. resembles that of Burkea africana
and is used for similar purposes.
Description Deciduous small to mediumsized tree up to 20 m tall; bole branchless for
up to 7 m, up to 80 cm in diameter; bark sur-

face scaly and fissured, grey to dark greyish
brown, inner bark fibrous, pink to dull red or
purplish brown; crown open, often flat, with
spreading branches; twigs thick, with conspicuous leaf scars, reddish brown hairy when
young. Leaves alternate, clustered near the
ends of twigs, bipinnately compound with (1-)
2-5(—7) pairs of pinnae; stipules minute, soon

falling; petiole and rachis together 7-32 cm
long; petiolules 2-5 mm long;leaflets alternate,
5-15(—18) per pinna, usually elliptical, 1.5—7.5
cm X 0.5—4 cm, slightly asymmetrical at base,
obtuse to slightly notched at apex, silvery
short-hairy but becoming glabrous. Inflorescence an elongate spike 5-30 cm long,
crowded near the ends of twigs, pendulous,
many-flowered. Flowers bisexual, regular, 5merous, sweet-scented, sessile; calyx with short

tube and roundedlobes c. 1.5 mm long; petals
free, obovate-oblong, 4-5 mm long, glabrous,
white to cream-coloured; stamens 10, free, c. 5

mm long; ovary superior, ovoid, densely hairy,
l-celled, style short, stigma funnel-shaped.
Fruit an elliptical, strongly flattened pod 3-8

Burkea africana — 1, tree habit; 2, leaf; 3, flowering twig with young leaves;4, fruit; 5, seed.
Redrawn and adapted by Achmad Satiri Nurhaman
cm X 2-3 cm, distinctly stiped, pale brown to
reddish brown, indehiscent, 1-seeded. Seed
ellipsoid, flattened, 9-12 mm X 7-8 mm,
brown, with a cavity at both sides.
Other botanical information Burkea comprises a single species. It seems related to the
African genera Erythrophleum, Pachyelasma
and Stachyothyrsus. When not flowering or
fruiting, Burkea africanais often confused with
Erythrophleum africanum (Welw. ex Benth.)
Harmsand Albizia antunesiana Harms, but it
differs from both by its reddish brown velvety
hairy young growingtips of twigs.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7—10 um);
27: intervessel pits large (= 10 um); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
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47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchyma aliform; 81:
axial parenchyma lozenge-aliform; 82: axial
parenchyma winged-aliform; 83: axial parenchyma confluent; 85: axial parenchyma bands
more than three cells wide; 86: axial parenchyma in narrow bands or lines up to three
cells wide; (89: axial parenchyma in marginal
or in seemingly marginal bands); 92: four (3—4)
cells per parenchyma strand. Rays: 97: ray
width 1-3 cells; 104: all ray cells procumbent;
(106: body ray cells procumbent with one row
of upright and/or square marginalcells); 115:
4-12 rays per mm. Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchyma cells; (143:

prismatic crystals in fibres).
(E.A. Obeng, P. Baas & H. Beeckman)
Growth and development Rooting of Burkea africana trees is often superficial, and the
roots can extend for many metres from the
bole. Young trees reach sexual maturity when
the bole diameter is about 12.5 cm. The inflorescences usually appear before the leaves,
often at the end of the dry season. In southern
Africa trees often flower in October-November
and in West Africa in January—April. The flowers are pollinated by insects such as bees. It
has been reported that trees fruit only once
every two years. Fruits may remain for a long
time on the tree, and are often still present
after leaffall.
Ecology Burkea africana occurs in deciduous
woodland and wooded savanna, at 50-1750 m
altitude. The annual rainfall in its area of distribution is 1000-1200 mm. It is usually found
on light, well drained soils, often on loose,

sandy or gravelly red soils, but sometimes also
on rocky hills or on loam-clay soils. In South
Africa Burkea africana is often associated with
Terminalia sericea Burch. ex DC. and Ochna
pulchra Hook.f., and in Namibia with Colo-

phospermum mopane (Benth.) J.Léonard,
Combretum imberbe Wawra and Pterocarpus
angolensis DC. Trees with a bole diameter
above 12.5 cm are fire resistant, being sufficiently protected by their bark.
Propagation and planting Burkea africana has a reputation for being difficult to cultivate. Seeds may germinate in 10 days, but may
also take 6 months to germinate, and the germination rate is often low. Experiments in

Burkina Faso showed that mechanical scarification or exposure to sulphuric acid for 15-20
minutes resulted in a significantly higher germination rate of seeds. Seeds can be stored for
a long time in a dryplace, but they are susceptible to insect attacks. It has been reported
that seedlings often die off in the seed tray or
when transplanted. However, experiments
showed that if the seedlings are transplanted
into a well-drained, sandy soil with superphosphate, the rates of survival can be quite high.
Seedlings should be given 70-80% shade and
water once every week. Red sandy soil gives
the best results. Cuttings produce leaves and
shoots that often soon dieoff.
Management In manyregions Burkea africana is common, locally abundant, but it usual-

ly occurs scattered and not gregarious. However, in southern Africa it can be dominant. Natural regeneration often occursafter fire. It has
been noted that regeneration was good in natural stands in Namibia, both by seedlings and
coppicing. The numberof saplings per ha averaged 350.
Diseases and pests A large proportion of
the seeds is damaged by bruchid beetles. Porcupines have been recorded to damage trees
seriously by scarring them, making them susceptible to fire damage. The foliage is consumed by caterpillars of several butterfly and
moth species; Cirina forda has beenclassified
as a pest.

Yield A tree inventory in Namibia showed an
average number of mature trees of 80 per ha
and a mean wood volumeof 16.5 m3/ha. However, the average yield of logs of good quality,
Le. 2 m long, straight and without defects, was
only 0.05 m3/ha.
Handling after harvest The centre of the
bole is often defective. After harvesting for
medicinal purposes, the bark is washed and air
dried. When kept in airtight containers, it can
be stored for 3-6 months. Bark decoctions are
used immediately or stored in bottles for usage
within one week.
Genetic resources Burkea africana is not
under threat of genetic erosion because it is
widespread and common over large areas.
However, in manyregions natural stands have
declined as a result of clearing for agriculture,
changes in climatic conditions and soil salinity,
excessive burning and locally also growingelephant populations. Systematic germplasm collection and specific preservation programmes
do not exist, but there are small collections in
botanical gardens, private gardens and re-
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search institutes in Namibia, Zimbabwe and

South Africa.
Prospects The bole is usually of small size
and this limits the use of the wood to smaller
pieces of furniture and parquet blocks for flooring. If accessions developing large and straight
boles would be available, Burkea africana might
be interesting for cultivation as a timber tree
becauseit yields high-quality timber. Research
on silvicultural aspects would be required, as
well as on propagation techniques and growth
rates.

Burkea africana is a true multi-purpose tree,
not only important for its timber but also as a
source of medicine, firewood, dye and edible
caterpillars, whereas its popularity as an ornamental tree is rising. As an important and
widely used medicinal plant, it deserves more
research on its active compounds, some of
which have already shown interesting pharmacological activities.
Protection measures and domestication should
be considered with a view to attain sustainable
exploitation of this important African tree,
whichis being depleted at a quite high rate.
Major references Arbonnier, 2004; Bolza &
Keating, 1972; Brummitt et al., 2007a; Burkill,
1995; Dry, 1993; Mathisen et al., 2002; Neya et
al., 2004; Palmer & Pitman, 1972-1974;

Takahashi, 1978; Wilson & Witkowski, 2003.
Other references Adjanohoun & Aké Assi,
1979; Adjanohoun et al., 1989; Aubréville,
1950;

Bossard,

1993;

Brenan,

1967;

Burke,

2006; Coates Palgrave, 1983; Gelfand et al.,
1985; Irvine, 1961; Kpakoteet al., 1998; Leger,

1997; Lewis et al., 2005; Leyens & Lobin, 2009;
Neuwinger, 2000; Steenkamp, 2003; van Wyk

& Gericke, 2000; van Wyk & van Wyk, 1997;
Watt & Breyer-Brandwijk, 1962; Williamson,
1955; Zida et al., 2005.

Sources of illustration Brenan, 1967; Coates Palgrave, 1957; Palmer & Pitman, 1972—
1974.

Authors A. Maroyi

BUSSEA OCCIDENTALIS Hutch. & Dalziel
Protologue Bull. Misc. Inform. Kew 1928(10):
400 (1928).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 22
Origin and geographic distribution Bussea
occidentalis occurs from Guinea eastwards to
Ghana.

Bussea occidentalis — wild
Uses The wood of Bussea occidentalis, known
in trade as ‘samanta’ together with Calpocalyx
spp. and Xylia spp, is recommended for heavy
construction, industrial flooring, tools, turnery
and ornaments. In Liberia it is especially valued for axe handles. Wedges made of Bussea
occidentalis wood and used for felling trees
proved superior to those made from the wood of
other species.
The seeds are eaten after roasting; they are
much appreciated in Guinea. In Liberia stem
bark is added to palm wine and taken as diuretic. The bark is also used as a medicine for
treating sleeping sickness, yellow fever, jaundice and heart troubles. The seeds are also
used to treat heart troubles. Bark mixed with
maize is used to poison monkeys in Côte
dIvoire; the same mixture may kill cattle as
well. The bark has been used in mixtures to
prepare arrow poison. The bark and leaves are
used in Côte d'Ivoire as a fish poison. The ash
from pods serves as vegetable salt and for making soap.
Production and international trade The
timber of Bussea occidentalis is rarely traded
on the international market and usually only
used locally.
Properties The heartwood is brown to olive
brown or dark brown, darkening upon exposure, and distinctly demarcated from the greyish white to pale brown, c. 5 cm wide sapwood.
The grain is interlocked, texture moderately
coarse.
The wood is heavy, with a density of 870-1090

kg/m* at 12% moisture content, and very hard.
It air dries comparatively rapidly for such a
heavy wood; boards of 2.5 cm thick dry to 20%
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moisture content in about 2 months. End
checks may develop during drying. Therates of
shrinkage are moderate, from green to oven
dry 4.3-6.0% radial and 7.7—9.8% tangential.
At 12% moisture content, the modulus of rupture is 156-171 N/mm2, modulus of elasticity
19,600—20,480 N/mm?, compression parallel to
grain 72 N/mm? and Janka side hardness
14,500 N.
The wood is difficult to work with hand tools
because of its hardness, but is not difficult to
machine. It is rather difficult to plane because
of the presence of interlocked grain. However,
it takes a good finish. It tends to split upon
nailing and pre-boring is needed. The wood
glues well and gives good results in turnery.
The heartwood is durable, being resistant to
termites and borers, but the sapwoodis susceptible to Lyctus attack. The woodis resistant to
impregnation with preservatives.
The seed coat contains a haemolytic compound
and a fish poison. Roasting makes the seeds
safe for human consumption. The toxicity of
the leaves is attributed to saponins, and the
leaves also contain traces of alkaloids. Bark
androots contain tannins.
The amino acid azetidine-2-carboxylic acid has
been found in high concentration in the seed,
and 3-hydroxyproline and y-methylglutamic
acid are also present. Bark extracts of Bussea
occidentalis showed promising in-vitro trypanocidal activity against Trypanosoma brucei
rhodesiense with ICs0 values below 10 ug/ml.
The extract was found to show a modestselectivity index, in contrast to commercially available trypanocides with a moredistinct selective
toxicity. High cytotoxicity for a human fibroblast cell line (WI-38) has also been reported
for a methanol extract of the bark.
Adulterations and substitutes In the timber trade Bussea occidentalis is sometimes
confused with Peltophorum africanum Sond.,
which has quite similar wood but a completely
different distribution area, from DR Congo
southwards throughout a large part of southern Africa. The woodis also similar to that of
Erythrophleum suaveolens (Guill. & Perr.)
Brenan, which becomesslightly less dark after
exposure.
Description Evergreen, medium-sized to
fairly large tree up to 35(-45) m tall; bole
straight and cylindrical to crooked or knotted,
up to 75 cm in diameter, often fluted at base,
sometimes with small buttresses up to 1 m
high; bark surface smooth but with numerous
lenticels, slightly scaly in old trees, pale grey to

Bussea occidentalis — 1, leaf; 2, flowering branch;
8, fruit.
Redrawn and adapted by Iskak Syamsudin
greenish grey, inner bark gritty, pale orangebrown, with copious watery exudate; crown

often rounded and small, dense, sometimes
with spreading branches; young twigs densely
brown short-hairy. Leaves alternate, bipinnately compound; stipules needle-shaped, 4-8 mm
long, curved inwards, early caducous; petiole c.
10 cm long, jointed at base, rachis ribbed, rusty
brown short-hairy; pinnae 4-6 pairs, opposite;
petiolules 2-4 mm long; leaflets 12—22 per pinna, alternate, oblong-elliptical to ovateelliptical, 4-10 cm X 1.5-4 cm, base asymmet-

rically cuneate, long-acuminate at apex, glabrous. Inflorescence an axillary or terminal
panicle consisting of dense racemes, up to 30
cm long, densely brown short-hairy. Flowers
bisexual, slightly zygomorphic, 5-merous,
bright yellow, sessile; sepals free, 7-15 mm x
6-8 mm, outside red-brownhairy; petals shortly clawed, one c. 2 cm x 1 cm, other 4 obovate,
c. 2.5 cm X 1.5 cm; stamens 10, free, c. 1 cm
long; ovary superior, c. 0.5 cm long, sessile, 1celled, style slender, c. 7 mm long. Fruit a

woody, narrowly obovate, flattened pod 15-30
em X c. 3 cm, red-brown short-hairy, dehiscing
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with 2 valves splitting from top and recurving,
1—2-seeded. Seeds elliptical to rounded, flat-

tened, c. 3.5(-5) cm xX 2 cm, yellowish brown.
Seedling with epigeal germination; hypocotyl
5-9 cm long, epicotyl 5-18 cm long; cotyledons
sessile, 2-4 cm long, thick and fleshy, rounded
at apex; first leaves opposite, paripinnate with
2-3 pairsofleaflets.
Other botanical information Bussea comprises 7 species, 5 of which occurin continental
tropical Africa and 2 are endemic to Madagascar. Bussea massaiensis (Taub.) Harms is a
shrub or small tree up to 12 m tall, occurring in
Tanzania and northern Zambia. Its wood is
hard and termite resistant and is used in Tanzania for construction, tool handles, pestles
and carvings. The seeds are roasted and eaten
as a snack or powdered and added to soup,
vegetables or meat. Leaves and seedsare fed to
goats and sheep. Bussea massaiensis is useful
as ornamental and shadetree.
Bussea perrieri R.Vig. and Bussea sakalava Du
Puy & R.Rabev. are small to medium-sized
trees up to 25 m tall. They are both distributed
in dry deciduous forest in Madagascar, where
their hard wood is used for construction. The
wood of Bussea sakalava is additionally used
as firewood, whereasa bark infusion of Bussea
perrieri is taken to combatfatigue.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7-10 um);
29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size

and shape throughout the ray cell; 42: mean
tangential diameter of vessel lumina 100—200
tum; 46: < 5 vessels per square millimetre; 47:
5-20 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: (79: axial parenchyma vasicentric);
80: axial parenchymaaliform; 81: axial parenchyma lozenge-aliform; (83: axial parenchyma
confluent); (89: axial parenchyma in marginal

or in seemingly marginal bands); 92: four (3—4)
cells per parenchyma strand. Rays: 97: ray
width 1-3 cells; (98: larger rays commonly 4- to
10-seriate); 104: all ray cells procumbent; 115:
4-12 rays per mm. Storied structure: 122: rays
and/or axial elements irregularly storied. Min-

eral inclusions: 136: prismatic crystals present;
142: prismatic crystals in chambered axial parenchyma cells; (143: prismatic crystals in fibres).
(E.A. Obeng, P. Baas & H. Beeckman)
Growth and development Young trees
reached a mean height of 6.5 m and an average
bole diameter of 8.5 cm when 7 years old, but
the mortality was quite high, about 40%, apparently due to termite attack. In plantations
trees may already start fruiting 4 years after
planting. Trees flower throughout the rainy
period, from May to October, and fruits are
ripe in December-January. The fruits open
explosively, dispersing the seeds over short
distances. The seeds are eaten by colobus monkeys. No nodulation of the roots of Bussea occidentalis has been observed, but association
with vesicular-arbuscular mycorrhizae has
been recorded.
Ecology Bussea occidentalis can be found in
all types of forest in its area of distribution,
including gallery and secondary forest. It is
most frequent in areas with an annualrainfall
of 1500-2000 mm. It is locally dominant in the
lower and middle storey of the forest and prefers well-drained soils.
Propagation and planting Natural regeneration is recorded as poor; numerous seeds
germinate but few survive, probably due to
poor light conditions and insect attacks. Survival of seedlings is best in small gaps in the
forest canopy; the seedlings seem to prefer
some shade.
There are about 250 seeds per kg. Seedlings
can be easily produced from seeds, which germinate within 1-2 weeks at a germination rate
close to 70%. They are easy to grow in the
nursery, reaching about 30 cm tall 4 months
after sowing, and can be transplanted into the
field in full sun. Two-year old stumps transplant well.
Management In Liberia the total standing
stock of Bussea occidentalis trees of more than
50 cm in bole diameter has been estimated at
less than 500,000 m®. In Ghana it has been

found that where canopy openings were made
to encourage natural regeneration, the dense
crown of Bussea occidentalis tends to become
spreading and to suppress youngtrees. Careful
management is required to obtain straight
boles.
Diseases and pests In nurseries seedlings
of Bussea occidentalis are sometimes attacked
by shoot borers, but damage is not serious and
the seedlings usually recover.

180

TIMBERS 2

Harvesting There is no prescribed minimum bole diameter for felling, but the recommendation in Ghanais 50 cm.
Handling after harvest Freshly felled logs
sink in water and therefore can not be transported byriver.
Genetic resources Although the range of
Bussea occidentalis is limited, there are no
clear indications that it is threatened at present. There are no known germplasm collections.
Prospects The prospects as a timbertree of
more economic importance are not bright unless specific applications of the hard wood are
developed, for instance for durable parquetry.
Availability of larger boles is limited, which
hampers exploitation. Planting for seed production might be interesting, but more research on phytochemistry and nutritional value of the seeds is needed. Although promising,
the trypanocidal properties of Bussea occidentalis have not been fully explored yet.
Major references Burkill, 1995; Dudek, Forster & Klissenbauer, 1981; Freiburghauset al.,
1996; Hawthorne & Jongkind, 2006; Holmgren
et al., 2004; Kryn & Fobes, 1959; Oteng-Amoako
(Editor), 2006; Takahashi, 1978; Taylor, 1960;
Voorhoeve, 1979.

Other references Atindehou et al., 2002;
Atindehou et al., 2004; Aubréville, 1959b; Bakarr & Janos, 1996; Brummitt et al., 2007a;
Busson, 1965; de Koning, 1983; de la Mens-

bruge, 1966; Diabate et al., 2005; du Puyetal.,
2002; Evans & Bell, 1978; Hawthorne, 1995;
Hawthorne & Gyakari, 2006; Konéet al., 2008;
Lisowski, 2009; Mangenot & Mangenot, 1958;
Neuwinger, 1998a; Pan et al., 2010; Ruffo,
Birnie & Tengnäs, 2002; Schatz, 2001.
Sources of illustration Voorhoeve, 1979.
Authors G.D. Djagbletey & C.H. Bosch

CARPOLOBIA ALBA G.Don
Protologue Gen. hist. 1: 370 (1831).
Family Polygalaceae
Chromosome number2n = 22
SynonymsCarpolobia glabrescens Hutch. &
Dalziel (1927).
Vernacular names Poor man’s candle (En).
Origin and geographic distribution Carpolobia alba occurs from Senegal to Liberia and
from eastern Nigeria to the Central African
Republic, DR Congo and northern Angola.
Uses The wood is used for making house
posts, walking-sticks, cudgels, tool handles,

Carpolobia alba — wild
spoons, combs, toys, games and traps. Because

of its flexibility and resonance, it is used for
musical instruments and cattle-sticks. It is
useful for carving and turnery. The stems are
used as torches as they burn even whenfresh.
Twigs are used as chew-sticks.
In southern Nigeria bark decoctions are used
internally and externally to treat rheumatism.
A maceration of the leaves and twigs is taken
against stomach complaints. Leaf sap is
droppedinto the eye against cataract. The root
is considered invigorating, aphrodisiac and
vermifuge; it may be chewed or taken in decoction and is also taken in combinations with
other medicines. Together with the fruit it enters in medicines to increase vitality. Mixed
with other plants, the roots are used against
miscarriage and poisoning, and to protect
against spirits and spells. The sweet pulp of
the fruit is eaten, while the fruit is also eaten

green.
Production and international trade The
wood of Carpolobia alba is only used and traded locally.
Properties The heartwood is yellowish brown
and rather indistinctly demarcated from the
sapwood. The wood has a fine and even texture. It is hard and takes a fine polish. It is
resistant to termites. The wood is oily to the
touch and burns even when wet.
The roots contain complex triterpene glycosides, which possibly have antiplasmodial
properties.
Botany Shrub or small tree up to 5 m tall;
bark surface smooth; twigs short-hairy, soon
becoming glabrous. Leaves alternate, simple
and entire; stipules absent or reduced to glan-
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dular spots; petiole 1.5-3 mm long; blade elliptical, 1.5-12.5(-15) cm x 1-5(-6.5) cm, base
rounded or cuneate, apex usually acuminate,
papery, short-hairy below or nearly glabrous,
pinnately veined with (3—)4—7(-9) pairsof lateral veins. Inflorescence an axillary raceme up
to 3 cm long, short-hairy, (1—)2—5(—7)-flowered.
Flowers bisexual, zygomorphic, 5-merous; pedicel 3-7 mm long; sepals unequal, ovate to ellip-

Breteler & Smissaert-Houwing, 1977; Burkill,
1997; Neuwinger, 2000; Normand, 1955.
Other references Afolayan & Yakubu,
2009; Aubréville, 1959a; Breteler, 2010a;
Chhabra, Mahunnah & Mshiu, 1991; Coates
Palgrave, 2002; Gassita et al. (Editors), 1982;
Mitaine-Offer et al., 2002; Mitaine-Offer et al.,
2005; Ogunsile & Quintana, 2010; Paiva, 2007.
Authors L.P.A. Oyen

tical, 3-8 mm x 2-6 mm, margins hairy; petals

unequal, 1-2 cm long, 2 upper ones oblong, 2
lateral ones narrowly obovate and lower one
hooded, white, cream or yellowish, purplish red
to bright pink on tips; stamens 1—1.5 cm long,
fused for more than half their length into a
sheath fused again to upperpetals; ovary superior, ellipsoid, slightly 3-lobed, tapering into
curved style c. 1 cm long. Fruit a globose to
obovoid berry up to 2.5 cm X 2 cm, slightly 3lobed, glabrous, yellow to orange when ripe,
pointed, 1—3-seeded. Seeds ellipsoid to ovoid,
flattened, 0.5-1 cm long, densely rusty-brown
hairy.
Carpolobia comprises 5 species, all in mainland
tropical Africa but one also in Madagascar.
Carpolobia lutea G.Don is a shrub or small tree
up to 5 m tall, occurring in the forest understory from Guinea to Nigeria. It is used for similar
purposes as Carpolobia alba, with which it has
been much confused. In addition, its root is

used against pain andto ease childbirth.
Carpolobia goetzei Giirke, called ‘mtindapo’ in
Swahili, is a shrub or small tree up to 5 m tall,
occurring in rather dry forest and savanna
woodland from eastern DR Congo and southern
Sudan to Mozambique and northern Madagascar. Its wood is probably used for similar purposes as that of Carpolobia alba, and in East
Africa its roots are used for similar medicinal
purposes. In Mozambique the wood is used as
firewood. Its fruits are eaten.
Ecology Carpolobia alba occurs in the understory of evergreen forest, semi-deciduous

CASEARIA BATTISCOMBEI R.E.Fr.

Protologue Notizbl. Bot. Gart. Berlin-Dahlem
9: 326 (1925).
Family Flacourtiaceae (APG: Salicaceae)
Vernacular names Forest sword-leaf (En).
Origin and geographic distribution Casearia battiscombei occurs from Kenya and Uganda southward to Zimbabwe and Mozambique.
Uses The wood (known in Kenyaas ‘casearia’ or ‘muirungi’ and in Tanzania as ‘white
matua’) is commonly used for joinery, interior
trim and furniture. It is suitable for vehicle
bodies, boxes, crates, turnery, veneer andplywood, and as pulpwoodfor paper production.It
is also used as firewood and for charcoal production. In Mozambique the roots are used to
treat malaria.
Production and international trade The
wood of Casearia battiscombei has no importance in the international trade. It is mainly usedlocally.
Properties The heartwoodis restricted to a
narrow dark brown core, sapwood very wide,
whitish to pale yellow-brown, sometimes with
reddish streaks. The grain is straight, texture
fine and even. Freshly sawn wood has an un-

forest and gallery forest, up to 400 m altitude.

Genetic resources and breeding Carpolobia alba is widespread and locally common;
there are no indications that it is in danger of
genetic erosion.
Prospects The wood is likely to remain locally of some importance for carving and implements where hardness and a smooth surface
are valued, as well as for house posts where
durability is important. Its wood properties
and pharmacological properties deserve research attention.
Major references Aké Assi et al.,

1985;

Casearia battiscombei — wild
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pleasant smell which disappears upon drying.
The wood is medium-weight, with a density of
515-750 kg/m? at 12% moisture content, soft
and brittle. It air dries moderately fast, with a
slight tendencyto distortion and warping. The
wood is very susceptible to blue staining, and
therefore rapid drying of freshly sawn wood is
advised. For kiln drying, low temperatures are
recommended. The rates of shrinkage are moderate, from green to 12% moisture content 1.9%
radial and 4.9% tangential.
At 12% moisture content, the modulusof rupture is 81 N/mm?, modulusof elasticity 10,290

N/mm?, compression parallel to grain 46
N/mm?, shear 12.5 N/mm? and Janka side
hardness 3205 N.
The wood saws and works well with both hand
and machine tools. Planing is satisfactory with
back-sawn material, but quarter-sawn material
is liable to tearing. The wood polishes well and
takes a satisfacory finish. It holds nails well.
Boring is less favourable and should be done
with support to avoid splitting. The bending
properties are rather poor. The wood is not
durable, being susceptible to termite, Lyctus
and marine borer attacks. The sapwood is
permeable and can be easily treated with preservatives using either open-tank or pressurevacuum systems. Wood dust may cause irritation of mucous membranes in wood workers.
Description Small to fairly large tree up to
40 m tall; bole cylindrical, straight, branchless
for up to 21 m, up to 50(—110) cm in diameter,
often slightly buttressed; bark surface smooth,
becoming scaly and rough in older trees, pale
greyish to brownish, inner bark orange-brown;
crown rounded, with spreading or slightly
drooping branches arranged in tiers; young
twigs short-hairy, soon becoming glabrous.
Leaves alternate, simple; stipules triangular,
up to 2 mm long, caducous; petiole 0.5—1(—1.5)

cm long; blade oblong to elliptical, 8-22 cm x
3-6(—7) cm, asymmetrically cuneate to rounded
at base, obtuse to acuminate at apex, margin

entire to wavy, sometimesslightly and irregularly toothed, glabrous but with pellucid dots,
pinnately veined with 10-20 pairs of lateral
veins. Inflorescence an axillary fascicle, manyflowered. Flowers bisexual, regular, yellowish
green; pedicel 3-4 mm long, up to 1 cm in fruit;
receptacle funnel-shaped, c. 2 mm long; sepals
5, broadly elliptical to round, c. 2 mm long,
short-hairy to nearly glabrous; petals absent;
stamens 6-10, c. 1 mm long, alternating with
hairy staminodes c. 0.5 mm long; ovary superior, ovoid, glabrous, 1-celled, with very short

Casearia battiscombei — 1, flowering branch;2,

flower with one sepal and stamen removed;8,
fruit; 4, seed.
Redrawn and adapted by Iskak Syamsudin
style and head-shaped stigma. Fruit an ellipsoid to ovoid capsule 1-2 cm x 0.5—1 cm, slightly angular, pointed at apex, glabrous, yellowish
to orange whenripe, dehiscing from above with
2-4 valves, few-seeded. Seedsellipsoid to obovoid, c. 0.5 cm long, smooth and pale, almost
completely enclosed in a fleshy whitish aril
becoming reddish upon exposure.
Other botanical information Casearia
comprises about 180 species and occurs in all
tropical and subtropical regions. In tropical
Africa approximately 15 species can be found,
most of them in mainland Africa and a few in
Madagascar and the Mascareneislands.
Casearia engleri Gilg is a medium-sized tree up
to 20 m tall, endemic to the West Usambara
Mountains in Tanzania, where it plays a role in
agro-ecosystems. Its wood, which seems to be
quite similar to that of Casearia battiscombei,
is used for poles and as firewood. Casearia engleri is listed as vulnerable in the IUCN Red
List.
Casearia gladiiformis Mast. is a large shrub or
small tree up to 15(—20) m tall, occurring from
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crystals present; 137: prismatic crystals in up-

at 1000-2500 m altitude.
Propagation and planting The 1000-seed
weight is about 21 g.
Management In general the density of Casearia battiscombei trees in the forest is quite
variable; it is locally still abundant, e.g. in
South Nandi Forest in Kenya where more than
5 boles of more than 20 cm in diameter occur
per ha, and near Arusha in Tanzania, but it is
dwindling in other areas due to excessive logging.
Harvesting Trees are harvested by the selective logging system. Caution should be taken during harvesting operations because logs
may be brittle. Large logs may have heart rot,
whereas star shakes are common.
Handling after harvest Freshly felled logs
should be rapidly removed from the forest and
processed because the wood is very susceptible
to blue-stain attack.
Genetic resources Casearia battiscombeiis
locally common within its fairly large geographical range and its exploitation is moderate, and it is therefore unlikely to be threatened by genetic erosion at present. However, in
several regions it has been recorded as rare
(especially in southern Africa, e.g. in Zimbabwe) or dwindling in forests where it was formerly abundant (especially in East Africa).
Monitoring of populations is therefore recommended.
Prospects Casearia battiscombei is a useful
source of wood for purposes where durability is
not required. Although very little is known
about growth rates and suitable silvicultural
and management practices, it is one of the
emerging preferred species within its geographical range andit could have a high potential. Research is warranted to give recommendations for sustainable management in the
naturalforest.
Major references Bolza & Keating, 1972;
Bryce, 1967; Chikamaiet al., undated; Chudnoff, 1980; Coates Palgrave, 1983; Maundu &

right and/or square ray cells; (144: druses present); (145: druses in ray parenchyma cells);

Tengnäs (Editors),
Wimbush, 1957.

Kenya south to South Africa. Its wood, which is
similar to that of Casearia battiscombei, is
suitable for joinery and furniture. Bark ash is
used as snuff, and in Tanzania a root decoction

is taken to enhance conception.
Casearia nigrescens Tul. is a large shrub or
small tree up to 15(-20) m tall, endemic to
Madagascar, where it is widespread. It is variable and has been considered to represent several distinct species. Its soft but elastic wood is
used for joinery and musical instruments. Leaf
and bark decoctions are considered to relieve
pain and are an ingredient of mixtures taken
by women asa tonic. Leaf and bark extracts
were found to be cytotoxic in a human ovarian
cancercell line; the clerodane diterpene casearlucin L wasisolated as most active compound.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 13: simple
perforation plates; 22: intervessel pits alternate; 25: intervessel pits small (4—7 um); 30:

vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 31: vessel-ray pits with much reduced borders to apparently simple: pits
rounded or angular; 42: mean tangential diameter of vessel lumina 100-200 um; 48: 20-40
vessels per square millimetre. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 65: septate fibres present; 69: fibres
thin- to thick-walled; (70: fibres very thickwalled). Axial parenchyma: 75: axial parenchyma absent or extremely rare. Rays: 97: ray
width 1—3 cells; 102: ray height > 1 mm; 108:
body ray cells procumbent with over 4 rows of
upright and/or square marginalcells; 109: rays
with procumbent, square and upright cells
mixed throughout the ray; 113: disjunctive ray
parenchymacell walls present; 116: > 12 rays
per mm. Mineral inclusions: 136: prismatic

(148: druses in chambered cells).

(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and developmentIn southern Africa Casearia battiscombei flowers in October
andfruits ripen about 3 months later. The seed
arils are probably eaten by animals, which may
serve as seed dispersers.
Ecology Casearia battiscombei is most common in high rainfall areas in highlands, where
it is found in moist forest and forest margins,

2005;

Takahashi,

1978;

Other references Arumadri, 2001; Beentje,
1994; Boiteau, Boiteau & Allorge-Boiteau, 1999;
Breteler, 2008a; Fowler, 2006; Guza, 2004;

Hyde & Wursten, 2010a; Kitula, 2007; Liu et
al., 2008c; Lovett & Clarke, 1998; Lovett &
Pécs, 1993; Lovett et al., 2007; Munishi etal.,
2008; Rutamu, 1999; Sleumer, 1971; Sleumer,
1975; Wild, 1960.

Sources ofillustration Wild, 1960.
Authors E.A. Obeng
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CASSIA HIPPOPHALLUS Capuron
Protologue Adansonia,sér. 2, 8(1): 22 (1968).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Cassia
hippophallus is endemic to northern and western Madagascar, from Antsiranana south to
the BemarahaPlateau.
Uses The woodis used locally for construction.
Properties It has been reported that leaflets and fruit pulp have laxative properties.
Botany Deciduous shrub or small tree up to
15(—20) m tall; bole up to 50 cm in diameter;
bark surface pale grey, rough, inner barkthick;
twigs grey, with lenticels, initially densely yellowish short-hairy. Leaves arranged spirally,
paripinnately compound with 13—20(—25) pairs
of leaflets; stipules minute, caducous; petiole

2-4 cm long, rachis up to 30 cm long; petiolules
2-3 mm long; leaflets usually opposite, oblong
to elliptical, slightly asymmetrical, 2-5 cm x
0.5-2 cm, short-hairy on both surfaces. Inflorescence an axillary or terminal raceme up to
30 cm long, combinedinto large panicles, shorthairy; bracts up to 13 mm long. Flowers bisexual, nearly regular, 5-merous; pedicel 2.5—4 cm
long; sepals free, ovate to elliptical, 7-9 mm
long, yellow; petals free, oblong-elliptical, 1.5-2
cm long, bright yellow, the upperpetal slightly
smaller than the other ones; stamens 10, very
unequal, 3 lower ones c. 2.5 cm long, filaments
inflated near the middle, 4 central ones up to 1
cm long, and 3 rudimentary up to 6 mm long;
ovary superior, narrow and curved, c. 2 cm
long, hairy, with stipe c. 5 mm long, style 4-5
mm long.Fruit a cylindrical, pendulous pod 8—

20 cm X 2.5-3 cm, with a thick stipe, woody,
wrinkled, dark brown, with a soft pulp inside,
indehiscent, many-seeded. Seeds obovoid, compressed, up to 1 cm long, glossy brown.
Thefruits persist for a long time on the ground
after they havefallen from thetree.
Until the early 1980s, Cassia was considered a
very large genus of about 550 species, but was
then split into 3 genera: Cassia s.s. with about
30 species, Chamaecrista and Senna. In Madagascar only 2 Cassia spp. have been found.
Ecology Cassia hippophallus occurs in deciduous woodland and open scrubland, up to
500(-1150) m altitude. It is often found in
margins of woodland, where it is subject to
regular fires. It has been recorded on sandy,
clayey and limestonesoils.
Genetic resources and breeding Considering its preferred habitat, Cassia hippophallus
does not seem to be easily threatened by genetic erosion.
Prospects The wood of Cassia hippophallus
is probably only occasionally and locally used,
and it is not likely that it will become more
importantin the future because of the comparatively small size of the bole. In view of the
often interesting medicinal properties of other
Cassia spp., research on phytochemistry and
pharmacological properties may be worthwhile.
Cassia hippophallus may have value as ornamental shrubortree.
Major references Capuron, 1968; du Puy et
al., 2002.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Lewis et al., 2005.

Authors R.H.M.J. Lemmens

CAVACOA QUINTASII (Pax & K.Hoffm.)
J.Léonard
Protologue Bull. Jard. Bot. Etat 25(4): 322

Cassia hippophallus — wild

(1955).
Family Euphorbiaceae
SynonymsGrossera quintasii Pax & K.Hoffm.
(1912).
Origin and geographic distribution Cavacoa quintasii occurs in Sao Tomé andPrincipe,
and from Cameroon to DR Congo.
Uses In DR Congo, the Efe and Balese people use branches of the tree to make fences
around their compounds. Young Balese girls
adorn themselves by putting the leaves around
the waist and hips, especially for dances of the
initiation rites. Scrapings from the root are
smokedas a substitute for tobacco.
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Africa. It is closely related to Grossera. Cavacoa aurea (Cavaco) J.Léonard is used in southern Africa as a medicinal plant.
Ecology Cavacoa quintasii occurs in the
understorey of rainforest, usually on soils derived from schist and mica-schist.
Genetic resources and breeding Cavacoa
quintasii is locally common to abundant, and
there are no indications of genetic erosion.
Prospects Cavacoa quintasii is likely to
remain of local use only because of its comparatively small and often poorly shaped bole. The
tree flowers richly, spreading a pleasant fragrance, and has ornamental value.
Major references Léonard, 1962; Léonard,
1963; Normand & Paquis, 1976; Terashima,

Cavacoa quintasii — wild
Properties The wood is pale orange-brown,
has a fine texture and is very hard.
Botany Dioecious small to medium-sized
tree up to 20 m tall; bole branchless for up to 8
m, deeply fluted and slightly twisted, up to 50
cm in diameter; bark surface yellowish brown,
often with white marks; twigs greenish, glabrous, with whitish scars of stipules. Leaves
alternate, simple and entire; stipules falling
early; petiole 1-8 cm long; blade elliptical,
sometimes obovate, up to 28 cm X 11.5 cm, cu-

neate at base, acuminate at apex, glabrous,
with small translucent dots, pinnately veined
with 8-15 pairs of lateral veins. Inflorescence a
terminal raceme up to 10 cm long, short-hairy
to glabrous; bracts broadly ovate, up to 5 mm x
8 mm, forming a cone-like structure in young
inflorescences, soon falling. Flowers unisexual,

regular, (4-)5-merous; male flowers with 1-2
cm long, yellowish pedicel jointed near base,
calyx splitting into 2 broadly ovate lobes c. 5
mm long, whitish, petals free, elliptical to oblong, 6-9 mm long, yellowish, stamens many,
disk glands whitish; female flowers with stout,
5-8 mm long pedicel, sepals free, ovate to oblong, 4-7 mm long, thin, yellowish green, soon
falling, petals free, elliptical, 7-12 mm long,
yellow, disk cupule-shaped, ovary superior, 3-

Ichikawa & Sawada, 1988; van Welzen &
Stuppy, 1999.
Other references Schmelzer, 2008; Westra
& Koek-Noorman, 2004.
Authors L.P.A. Oyen

CELTIS ADOLFI-FRIDERICI Engl.
Protologue Bot. Jahrb. Syst. 43: 308 (1909).
Family Celtidaceae (APG: Cannabaceae)
Vernacular names African ita, ita (En).
Origin and geographic distribution Celtis
adolfi-friderici is widespread, occurring from
Côte d'Ivoire east to western Uganda and south
to Gabon and DR Congo.
Uses The wood, traded together with other
Celtis spp. as ‘African celtis’, is used for light
construction, flooring, joinery, interior trim,

frames, staircases, furniture, ladders, sporting
goods, agricultural implements, handles, pestles, crates, boxes, match splints, hardboard

lobed, styles 3, 3-4 mm long, 2-branched. Fruit

a 3-lobed capsule 1-1.5 cm x 1.5-2 cm, glabrous, green becoming blackish, each lobe dehiscing with 2 valves and 1-seeded. Seeds 7-8
mm X 5-8 mm, brownish, slightly mottled.

Seedling with epigeal germination; hypocotyl
2.5-9 cm long; cotyledons round to oblong, 2—
4.5 cm long, leafy; first leaves alternate.

Cavacoa comprises 3 species and is confined to

Celtis adolfi-friderici — wild
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and particle board. It is suitable for mine
props, ship building, railway sleepers, veneer
and plywood. It is also used as firewood.
In traditional medicine, bark decoctions are
taken to treat general malaise, severe cough,
fever and headache, and as an emetic. A leaf

decoction is used for treating sore eyes. In DR
Congo bark pulp is applied on scarifications in
the chest to relieve costal and side pains, and
fruits have been used to treat tuberculosis. The
bark is used as emetic and in magical preparations. The seeds are edible, and edible caterpillars are collected from the leaves and edible
beetle larvae from dead trunks.
Production and international trade The
wood of Celtis adolfi-friderici is mainly used
locally and only occasionally traded on the international market in mixtures with other
Celtis spp. Trade statistics are not available.
Properties The heartwood is white to pale
yellow when freshly cut, later turning to greywhite; it is not distinctly demarcated from the
sapwood. The grain is usually straight, sometimesinterlocked, texture moderately fine. The
woodis usually lustrous.

The wood is medium-weight, with a density of
about 700 kg/m’ at 12% moisture content, and
fairly hard. Kiln drying requires care to avoid
splitting and distortion. The rates of shrinkage
are moderate, from green to oven dry 4.8%
radial and 7.8% tangential.
At 12% moisture content, the modulus of rupture is 150 N/mm?, modulusofelasticity 11,760
N/mm?, compression parallel to grain 65
N/mm?, shear 8 N/mm?, cleavage 21 N/mm and
Chalais-Meudon side hardness 7.2.
The wood works well with both hand and machine tools and has moderate blunting effect on
cutting tools. Straight-grained stock planes
well, but a cutting angle of 15° is recommended
to avoid tearing in wood with interlocked grain.
The wood finishes and polishes very well. It is
difficult to nail and screw; pre-boring is recommended to prevent splitting. The wood glues
well. The veneering properties are variable.
The wood has a low durability with an expected service life of 1-8 years for external
usage. It is susceptible to attacks of blue-stain
fungi and insects, including termites and Lyctus borers. The heartwood is moderately resistant to preservative treatment, but the sapwood is permeable. Wood dust may causeallergic reactions andskin irritation in wood workers.
Sometraces of alkaloids have been reported in
the bark andleavesof Celtis adolfi-friderict.
Description Semi-deciduous, medium-sized

to fairly large tree up to 35(—50) m tall; bole
branchlessfor up to 20(—30) m, usually straight
and cylindrical, up to 100 cm in diameter, usually with wide-spreading buttresses up to 2(—5)
m high; bark surface rough, brownish grey to
dark grey, usually marked with horizontal
ridges near the base of the bole, inner bark

Celtis adolfi-friderici — 1, part of flowering twig;
2, part of inflorescence with many male flowers
andonefemale flower; 3, leaf and fruit.
Redrawn and adapted by Achmad Satiri Nurhaman

thick, granular, creamy with dark brown
blotches; crown rounded, dark green, with
branches drooping towardstips; twigs whitish
short-hairy, soon becoming glabrous. Leaves
alternate, simple and entire; stipules lanceolate, 3-6 mm long, hairy, caducous; petiole 0.5—
2 cm long, grooved above; blade elliptical to
ovate or obovate, 8-16(—20) cm x 5-10 cm, cuneate to rounded and very asymmetrical at
base, with short-acuminate apex, leathery,
glabrous except for some tufts of hairs in axils
of veins below, slightly rough on lower surface,
prominently 3-veined from the base and additionally with 1-8 pairs of lateral veins. Inflorescence an axillary cyme 1-5 cm long, shorthairy, many-flowered. Flowers unisexual or
bisexual, regular, usually 5-merous, small,

CELTIS

white to greenish, sessile; tepals 1-1.5 mm
long, hairy; stamens free, incurved in bud and

later spreading; ovary superior, ovoid, densely
hairy, 1-celled, styles 2, 2-lobed; male flowers
numerous and densely clustered, with rudi-

mentary ovary; female flowers and/or bisexual
flowers at tops of upper inflorescences, female
flowers with rudimentary stamens. Fruit an
ovoid to globose drupe 1.5—2 cm long, reddish
whenripe, glabrous, crowned at top by remains
of styles; stone globose, 1-1.5 cm long, pitted,

whitish, 1-seeded. Seedling with epigeal germination; hypocotyl c. 5 cm long, epicotyl 3—4
cm long; cotyledons c. 1.5 cm long, thick and
fleshy, notched at apex; first two leaves opposite, toothed.

Other botanical information Celtis comprises about 100 species and is widespread in
all tropical, subtropical and temperate regions.
For tropical Africa 11 species have been recorded, 2 of which are endemic to Madagascar.
Celtis is taxonomically a difficult genus, showing much morphological variability. Traditionally, it has been treated as part of the family
Ulmaceae, but later it was often considered to
belong to a separate family Celtidaceae, whereas from most recent research it was proposed
to take up the latter family into Cannabaceae.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 7: vessels
in diagonal and/or radial pattern; 10: vessels in
radial multiples of 4 or more common; 13: simple perforation plates; 22: intervessel pits alternate; (23: shape of alternate pits polygonal);
24: intervessel pits minute (< 4 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 40: mean tangential diameter of vessel
lumina < 50 um; 50: > 100 vessels per square
milllimetre; 58: gums and other deposits in
heartwood vessels. Tracheids and fibres: 61:
fibres with simple to minutely borderedpits;
66: non-septate fibres present; (69: fibres thinto thick-walled); 70: fibres very thick-walled.

Axial parenchyma: 76: axial parenchyma diffuse; 78: axial parenchyma scanty paratracheal; 91: two cells per parenchyma strand; 92:
four (3-4) cells per parenchyma strand. Rays:
(96: rays exclusively uniseriate); 97: ray width
1-8 cells; 104: all ray cells procumbent; (106:
body ray cells procumbent with one row of upright and/or square marginal cells); 116: > 12
rays per mm. Storied structure: 118: all rays
storied; 120: axial parenchyma and/or vessel
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elements storied.
(C. Essien, H. Beeckman & P. Baas)
Growth and development Celtis adolfi-friderici is a non-pioneer light demander. Seedlings attain a maximum heightof 40 cm after 1
year, and subsequently grow 20-100 cm per
year. The tree is partly deciduous and the
crown is never completely leafless. In West
Africa flowering trees have been recorded from
May to June and November to December.
Fruits ripen about 4 months later. The fruits
are relished by animals such as birds, monkeys, chimpanzees and gorillas, which probably
disperse the seeds.
Ecology Celtis adolfi-friderici is most common in semi-deciduous forest; it markedly prefers drier forests. It is often found in secondary
forest and gallery forest, and occurs up to 900
m altitude. It prefers well-drainedfertile soils.
Propagation and planting The weight of
1000 seeds is about 65 g. Seeds germinate after
15-30 days with a quite low germination rate.
Under natural conditions, seedlings are usually
found in small to medium-sized forest gaps.
Although they are more light-demanding than
other Celtis spp., some shade is required for
young seedlings; for older seedlings exposure to
more light is necessary for optimal growth.
Seedlings can be quite abundant in forest that
has been subject to logging, but they are less
commonin burntforest.
In the nursery, germination of seeds is rather
erratic and usually takes about 1 month. Pretreatment by soaking seeds in water and exposing them to the sun can accelerate germination and increase the germination rate.
Harvesting In Ghana the minimum bole
diameter allowed for harvesting Celtis adolfifriderici is 70 cm, in Cameroon 50 cm.
Handling after harvest After felling, logs
should be extracted from the forest as soon as
possible or treated rapidly with preservatives
because they are susceptible to attacks by bluestain fungi andinsects.
Genetic resources Celtis adolfi-friderici is
locally common and occurs often in secondary
forest. It is unlikely to suffer from genetic erosion.
Prospects Celtis adolfi-friderici has potential to serve as substitute for other Celtis species that are more commonly traded on the
international timber market, such as Celtis
mildbraedii Engl. and Celtis zenkeri Engl. Very
little research has so far been done on Celtis
adolfi-friderici and research on its growth
rates, propagation methods and management
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requirementsis therefore warranted.
Major references Bolza & Keating, 1972;
Burkill, 2000; Hawthorne, 1995; Keay, Onochie
& Stanfield, 1964; Oteng-Amoako (Editor),
2006; Polhill, 1966; Sattarian, 2006; Siepel,
Poorter & Hawthorne, 2004; Takahashi, 1978;
Vivien & Faure, 1985.
Other references CIRAD Forestry Department, 2008; Cousins & Huffman, 2002; de la
Mensbruge, 1966; Eggeling & Dale, 1951; Hauman, 1948; Hawthorne & Jongkind, 2006; Irvine, 1961; Letouzey, 1968; Neuwinger, 2000;

Sallenave, 1971.
Sources of illustration Engler, 1911; Letouzey, 1968.
AuthorsR.B. Jiofack Tafokou

CELTIS AFRICANA Burm.f.
Protologue Fl. indica: 31 (1768).
Family Celtidaceae (APG: Cannabaceae)
Chromosome number 2n = 20
Synonyms Celtis kraussiana Bernh. (1845).
Vernacular names White stinkwood, Cam-

deboo stinkwood (En).
Origin and geographic distribution Celtis
africana is widespread in tropical Africa, occurring from Ghana eastwards to Somalia and
south to South Africa and Lesotho. It is also
found in Yemen.
Uses The wood (trade name‘celtis’) is used
for construction, flooring, joinery, interior trim,
mine props, furniture, ladders, toys, novelties,

sporting goods, agricultural implements, tool
handles, pestles, tent-bows, yokes, wagonmaking, spoons, boxes andcrates. It is suitable
for ship building, railway sleepers, veneer and

plywood. It is also used as firewood and for
charcoal production.
Several plant parts are used in traditional
medicine. In Nigeria pounded bark is used to
treat fever, headache and general malaise. A
leaf decoction is applied to sore eyes. In Lesotho unspecified plant parts are used to treat
pleurisy. The leaves serve as fodder for livestock; they are often fed to goats to relief them
of indigestion. In Lesotho the fibrous bark is
commonly used for making ropes, in Congo for
clothes. The tree is commonly planted as ornamental shade tree and roadsidetree.
Production and international trade The
wood of Celtis africana is rarely traded on the
international market and is mostly used locally.
Properties The heartwood is yellowish
white or pale brown to greenish brown, occasionally with dark irregular streaks, and not
distinctly demarcated from the whitish sapwood. There is often a dark brown to black
stain around the pith. The grain is usually
straight, sometimes interlocked, texture fine to
moderately coarse and even. Freshly cut wood
has an unpleasant smell, which has sometimes
been describedas ‘apple-like’.
The wood is moderately heavy with a density of
(640—)710—770(-820) kg/m? at 12% moisture
content, and moderately hard. It dries fairly
well with moderate degrade, but checking and
end splitting may occur. Close stacking in air
drying is recommended. The rates of shrinkage
are moderate, from green to 12% moisture content 1.9-3.0% radial and 3.4—5.9% tangential,
and from green to oven dry about 4.4% radial
and 7.9% tangential. Once dry, the wood is
stable in service.
At 12% moisture content, the modulus of rupture is 103-130 N/mm2, modulus of elasticity
11,950—16,400 N/mm?, compression parallel to
grain

Celtis africana — wild

53-71

N/mm?,

shear

12-17

N/mm?,

Janka side hardness 7340-7750 N and Janka
end hardness 8660-9340 N.
The wood is fairly easy to saw and work with
both machine and hand tools, and has moderate blunting effect on cutting edges. In planing
a reduced cutting angle is needed to avoid tearing at surfaces. The wood takes a goodfinish
with nice polish without the use of a filler. It
has good nailing properties, but with some
tendency to splitting. It glues well. Boring and
mortising should be done with good support.
The bendingproperties are excellent, but turning properties poor. The woodpeels well. It has
a low durability and is susceptible to attacks by
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blue-stain fungi, termites, Lyctus and marine
borers. The heartwood is moderately resistant
to impregnation with preservatives, but the
sapwood is permeable; however, both can be

treated well under pressure.
Methanol extracts from leaves and stems
showed significant antioxidant activity, which
is likely due to the presence of polyphenolic
compounds. Root and leaf extracts showed only
slight or no activity on cestodes of the tapeworm Hymenolepis diminuta after one hour,
but significant activity after 24 hours. The
bark has a high content of phenolic compounds,
deterring porcupines from damagingthe bark.
The pollen has been recorded as an allergen.
Adulterations and substitutes At the beginning of the 20century Celtis africana wood
has been used as a substitute of ash, hickory
and oak with some success.
Description Deciduous shrub or small to
medium-sized tree up to 30(—40) m tall; bole
usually straight, cylindrical, branchless for up
to 15 m but often low-branching, up to 90 cm in
diameter, often slightly fluted, usually without
buttresses; bark surface smooth, whitish grey,

often pinkish blotched, inner bark greyish with

brown blotches, rapidly becoming dark brown
upon exposure; crown rounded, dark green,
with branches drooping towards tips; twigs
densely yellowish brown short-hairy. Leaves
alternate, simple; stipules linear, 3-8 mm long,
hairy, caducous; petiole up to 0.5(-1) cm long,
slightly grooved above; blade ovate to ovatelanceolate, 3-10 cm x 2.5-6 cm, cuneate to
rounded and very asymmetrical at base, with
acuminate apex, margins coarsely toothed,
papery, slightly hairy below especially on
veins, rough above, prominently 3-veined from
the base and additionally with 1-2 pairs of
lateral veins. Inflorescence an axillary cyme up
to 2.5 cm long, densely short-hairy. Flowers
unisexual or bisexual, regular, 4—5-merous,
small, white to greenish; tepals 1.5-2.5 mm
long, hairy; stamens free, c. 1.5 mm long; ovary

superior, ovoid, densely hairy, 1-celled, styles
2, unbranched; male flowers 3—many together
in lower leaf axils, with pedicel 1.5—5 mm long
and rudimentary ovary; female flowers and/or
bisexual flowers 1-few together in upper leaf
axils, with pedicel 10-17 mm long, female
flowers with rudimentary stamens. Fruit an
ellipsoid to globose drupe 4-8 mm long, pointed, orange whenripe, short-hairy; stone ovoid
to globose, c. 4 mm long, slightly pitted, grey,
1-seeded. Seedling with epigeal germination.
Other botanical information Celtis comprises about 100 species and is widespread in
all tropical, subtropical and temperate regions.
For tropical Africa 11 species have been recorded, 2 of which are endemic to Madagascar.
Celtis is taxonomically a difficult genus, showing much morphological variability. Traditionally, it has been treated as part of the family
Ulmaceae, but later it was often considered to

belong to a separate family Celtidaceae, whereas from most recent research it was proposed
to take up the latter family into Cannabaceae.
Growth and development Celtis africana
grows fast, 1-2 m per year. First fruits may
appear when trees are 4 years old. Flowering
trees have been recorded from August to October in southern Africa, and in May in Ghana.
The flowers are usually pollinated by insects
such as bees. Fruits ripen about 2 monthsafter
flowering. They are relished by birds such as
bulbuls, mousebirds and barbets, they are an

Celtis africana — 1, tree habit; 2, flowering twig;
38, fruiting branch.
Redrawn and adapted by Achmad Satiri Nurhaman

important component of the diet of colobus
monkeys, and are also eaten by baboons. All
these animals may contribute to seed dispersal.
Ecology Celtis africana occurs in a very
wide range of habitats, from savanna to dry
evergreen forest, riverine forest, montane rain-
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forest and coastal forest, from sea-level up to
2400 m altitude. In Somalia it is typical of evergreen Juniperus and Buxus forest at altitudes of 1650-2000 m. Although it prefers relatively fertile and deep moist soils, it can also be
found on sandy dunes and river banks, as well
as on rocky soils, but under these conditions it
usually only develops into a shrub. It is moderately drought resistant and can withstand light
frost. In South Africa trees have been recorded
to be severely affected by water logging conditions, leading to death of trees.
Propagation and planting In Uganda it
has been recorded that Celtis africana does not
regenerate under the canopy. In gaps regeneration wasprolific. Celtis africana is propagated
by seed and wildlings. The 1000-seed weight is
40-60 g. Seeds collected from the ground are
mostly infested by insects, and it is recommended to harvest fruits directly from the
trees when they turn from yellowish to brownish, and to dry them in the sun before extracting stones. These should be cleaned from fruit
flesh before sowing. Fresh seeds germinate
within 60 days and may have a high germination rate. Treatment is not necessary, but germination is hastened by soaking stones in cold
water for 24 hours before sowing. They can be
stored for some timein airtight containers. In
South Africa seeds are sown in flat seedling
trays filled with a mixture of 5 parts river sand
and 1 part well decomposed compostplaced in
a warm but shaded place. To promote germination, seeds should be covered with a thin layer
of river sand and kept moist; under these circumstances germination takes 15-30 days with
a germination rate up to 70%. It is recommendedto transplant seedlings intofertile soil.
They should be watered sparingly.
ManagementCeltis africana is easy to grow
under a wide rangeof conditions. Trees can be
managedbyside pruning.
Diseases and pests Fruits are heavily attacked by insects. Celtis africana is a host
plant for the butterfly Libythea labdaca, the
caterpillars feeding on the leaves.
Genetic resources Celtis africana is widespread and locally common, and does not appear to be liable to genetic erosion. Moreover,
in South Africa it is commonly planted as an
ornamental tree in gardens.
Prospects Celtis africana is a multipurpose

international timber market, such as Celtis

mildbraedii Engl. and Celtis zenkeri Engl. Little research has so far been done on Celtis africana and research on its growth rates, propagation methods and management requirements
is therefore warranted. Research is needed to
confirm its suitability for plywood production.
Major references Bekele-Tesemma, 2007;
Bolza & Keating, 1972; Burkill, 2000; Coates

Palgrave, 1983; Dale & Greenway, 1961; Fici,
1999; Letouzey, 1968; Mbambezeli & Notten,
2008; Polhill, 1966; Wilmot-Dear, 1999.

Other references Adedapo et al., 2009;
Aggarwal, 1998; Beentje, 1994; Bryce, 1967;
Chikamai et al., undated; Irvine, 1961; Johnson & Johnson, 2002; Kasenene, 1998; Katen-

de, Birnie & Tengnäs, 1995; Kokwaro, 1993;
Liu et al, 2008d; Maundu & Tengnäs (Edi-

tors), 2005; Molgaard et al., 2001; Neuwinger,
2000; Palmer & Pitman, 1972-1974; Sattarian,
2006; Sommerlatte & Sommerlatte, 1990;
Takahashi, 1978; Wilmot-Dear, 1991b; Wimbush, 1957.
Sources of illustration Dale & Greenway,
1961; Maundu & Tengnäs (Editors), 2005.
Authors N. Nyunai

CELTIS GOMPHOPHYLLA Baker
Protologue Journ. Linn. Soc., Bot. 22: 521

(1887).
Family Celtidaceae (APG: Cannabaceae)
SynonymsCeltis durandii Engl. (1900).
Vernacular names Bastard white stinkwood, forest celtis (En).
Origin and geographic distribution Celtis
gomphophylla is widespread, from Céte d'Ivoire

tree valued for its timber, firewood and forage,

and as ornamental and medicinal plant. It has
potential to serve as substitute for other Celtis
species that are more commonly traded on the

Celtis gomphophylla — wild
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east to Ethiopia and Kenya, and south to Angola, Zimbabwe, Mozambique and eastern South
Africa. It is also found in Mayotte and Madagascar.
Uses The wood, sometimes traded as ‘ohia’,

is commonly used for light construction, light
flooring, joinery, furniture, cabinet work, canoes, ladders, sporting goods, agricultural implements, tool handles and matches. It is suitable for ship building, vehicle bodies, hardboard and particle board. It is also used as
firewood and for charcoal production.
In traditional medicine, a leaf decoction is used

for the treatment of cardiovascular disorders in
Cameroon. In southern Nigeria a root decoction
is used to treat fever and menstrual pains.
Celtis gomphophylla is planted as a shade tree
for crops and to improvesoil conditions.
Properties The heartwood is whitish, turning slightly darker upon exposure, and not
distinctly demarcated from the sapwood. The
grain is usually interlocked, texture moderately fine. The wood hasa persistent unpleasant
smell.
The wood is medium-weight, with a density of
510-600 kg/m? at 12% moisture content. It is
softer and less strong than that of the other
Celtis spp. It usually air dries rapidly without
serious degrade, but is liable to blue stain attack; dipping in anti-stain solution before
stacking is recommended. It kiln dries fairly
well, but some cupping and collapse around
knots may occur. The rates of shrinkage from
green to oven dry are 2.1—4.0% radial and 3.6—
6.5% tangential.
The wood saws and works well with both machine and handtools, but cutting edges should
be kept sharp. A reduced cutting angle of 15° is
recommended when machining quarter-sawn
stock to prevent tearing along the grain. The
wood holds nails and screws moderately well,
but has a tendencyto split; pre-boring is therefore advised. Boring and mortising should be
done with strong support. The gluing properties are good, steam bending properties moderate. The wood does not turn well. Generally, it
has a low durability, being susceptible to attack by fungi and Lyctus, but it is reported to
be moderately durable in DR Congo and southern Africa. The wood can readily be treated
with preservatives when using pressure methods. Wood dust may cause irritation to nose
and throat.
Leaf extracts showed a vaso-relaxant effect on
thoracic aorta of rats.
Botany Evergreen or deciduous shrub or

small to medium-sized tree up to 30(-60) m
tall; bole branchless for up to 13 m, often irregular and gnarled, up to 40(—120) cm in diameter, often fluted, sometimes with low but
spreading buttresses; bark surface smooth,
whitish grey to greenish grey, inner bark granular, with yellow and brown bands; crown with
spreading branches; twigs sparsely whitish
hairy. Leaves alternate, simple; stipules linear,

2-6 mm long, whitish hairy, caducous; petiole
0.5-1 cm long, slightly grooved above; blade
ovate-elliptical to oblong-elliptical or lanceolate, 5-16 cm x 2-5(—8) cm, cuneate to rounded
and asymmetrical at base, usually with longacuminate apex, margins entire or sometimes
toothed in upper part, papery, glabrous, often
rough above, prominently 3-veined from the
base and additionally with 3-5 pairs of lateral
veins. Inflorescence an axillary cyme up to 1.5
cm long, short-hairy. Flowers unisexual or bisexual, regular, 4—5-merous, small; tepals 1—2

mm long, hairy; stamens free, c. 1.5 mm long;
ovary superior, ovoid, slightly hairy or glabrous, 1-celled, styles 2, unbranched; male
flowers few to many together, with pedicel 3-7
mm long and rudimentary ovary; female flowers and/or bisexual flowers 1-few together,
with pedicel often longer, female flowers with
rudimentary stamens. Fruit a conical-ovoid
drupe 4—7 mm long, dark yellow when ripe,
glabrous; stone angular-ovoid, c. 4 mm long,
pitted, dark brown, 1-seeded.
Celtis gomphophylla grows rapidly in full sunlight, but growth is poor or stops completely
under shaded conditions. In Côte d'Ivoire trees
flower in March. The flowers are pollinated by
insects such as bees. Fruits mature about 2
months after flowering. Trees produce fruits in
abundance and these are relished by monkeys,
chimpanzees and probably also birds, which
may serve as seed dispersers.
Celtis comprises about 100 species and is widespread in all tropical, subtropical and temperate regions. For tropical Africa 11 species have
been recorded, 2 of which are endemic to Mad-

agascar. Celtis is taxonomically a difficult genus, showing much morphological variability.
Traditionally, it has been treated as part of the
family Ulmaceae, but later it was often considered to belong to a separate family Celtidaceae,
whereas from most recent research it was proposed to take up the latter family into Cannabaceae.
Ecology Celtis gomphophylla has a wide
ecological amplitude. In Central Africa it mostly occurs in the understorey of moist evergreen
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and semi-deciduous rainforest and riverine
forest, often in secondary forest. In West Africa
it seems to be nearly restricted to upland forest. In Uganda it is an early successor of forest
gaps and is also found in forest edges, thickets,
woodland and wooded grassland. In western
Kenya it is locally dominant in rainforest in
areas with a mean annual rainfall of 1400—
1900 mm. In South Africa it is restricted to
coastal regions, whereas in Madagascar it is
often found along watercourses on alluvial
soils. Celtis gomphophylla can be found up to
1750(—2000) m altitude.
ManagementCeltis gomphophylla is propagated by seed and wildlings. Fruit stones are
obtained from fallen mature fruits. After cleaning and drying they can bestored for up to 2
months in sealed containers, or they are sown
directly in the nursery or in the field. Presowing treatment is not necessary as seeds
germinate readily.
Genetic resources and breeding In view
of its wide distribution and acceptanceof variable habitat conditions, Celtis gomphophylla is
not likely to be threatened by genetic erosion.
It is locally common andis currently not overexploited. However, it is rare in West Africa
and is a protected species in South Africa.
ProspectsIt is unlikely that Celtis gomphophylla will become commercially more important as a timber tree because of its often
poorly shaped and small-sized bole and because
of the persistent unpleasant smell of the wood.
The vaso-relaxant properties of the leaf support its use in traditional medicine for cardiovascular disorders; this warrants further re-

search for potential drug development. Celtis
gomphophylla seems to be useful for forest
restoration and possibly also for planting in
agroforestry systems.
Major references Bolza & Keating, 1972;
Burkill, 2000; Katende, Birnie & Tengnäs,

1995; Sattarian, 2006; Wilmot-Dear, 1991b.
Other references CIRAD Forestry Department, 2008; Coates Palgrave, 1983; Dale &
Greenway, 1961; Dimo et al., 2005; Ehiagbonare, Onyibe & Ehiagbonare, 2008; Hawthorne, 1995; Irvine, 1961; Keay, 19581; Keay,
Onochie & Stanfield, 1964; Polhill, 1966.

Authors E.A. Obeng

CELTIS MILDBRAEDII Engl.
Protologue Bot. Jahrb. Syst. 43: 309 (1909).
Family Celtidaceae (APG: Cannabaceae)

Celtis mildbraedii — wild
Vernacular names Red-fruited white stinkwood, Natal white stinkwood, red-fruited celtis
(En). Celtis d’Afrique (Fr). Mokolongo, mokalungo (Sw).
Origin and geographic distribution Celtis
mildbraedii occurs from Guinea eastward to
Sudan and southern Kenya and northern Tanzania, and southward to DR Congo and northern Angola. It also occurs in a disjunct area in
southern Africa, from eastern Zimbabwe and

southern Mozambiqueto northern South Africa
and Swaziland. Finally it is found in the most
northern part of Madagascar.
Uses The wood of Celtis mildbraedii, traded
as ‘ohia’ or ‘African celtis’, is used for a variety
of purposes. Traditionally, it is used for poles
in house building and for pestles, tool handles
and spoons. The wood is suitable for heavy
construction,

flooring, joinery, interior trim,

mine props, railway sleepers, ship building,
vehicle bodies, furniture, ladders, sporting
goods, boxes, crates, agricultural implements,

veneer, plywood, hardboard andparticle board.
It is an excellent firewood, burning slowly.
In Côte d'Ivoire and Uganda, trees are left for
shade in plantations of banana, cocoa, coffee

and tea. Celtis mildbraedii is planted as an
ornamental tree in large gardens, parks and
along streets, mainly in South Africa. The bark
has analgesic properties. In Cameroon bark
decoctions are used as a wash to invigorate
seriously weakened babies. They are also taken
together with Solanum anguivi Lam. fruits to
treat venereal diseases. In Congo bark decoctions enter into a medicine taken orally or as
enema against menstrual problems. In Angola
a decoction of the root bark is drunk to treat
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malaria. In Cameroon root ash mixed with
palm oil is applied to scarifications as a treatment of headache. In Angola a tea of the root is
given to children against constipation, but also
against diarrhoea, cough, urinary complains
and heart problems. A tea of the root or leaves
is drunk against intercostal pain. A maceration
of leafy twigs is applied as a bath orlotion to
treat headache and as vermifuge. In Angola a
hot water extract of the flowers with ash is
rubbed onto the belly to promote childbirth.
Flowersalso enter into a rub against hernia. In
Angola pounded leaves are made into a fish
poison.
Production and international trade The
wood of Celtis mildbraedii, traded together
with that of several other Celtis species, occasionally enters the international market, but
data on amountstraded are limited. It is more
important in local markets. In 2005 Ghana
exported 4000 mi’of Celtis veneer at an average
price of US$ 310, and in 2006 3000 m3 at US$
m?of sliced veneer and 120 m3 of plywood. The
wood is regarded as valuablein local markets.
Properties The heartwood is white to pale
yellow or greenish, darkening upon exposure to
greyish white, and indistinctly demarcated
from the sapwood. The grain is often interlocked, sometimes straight, texture rather fine
and even. Surfaces are often lustrous. Freshly
cut wood has an unpleasant smell.
The wood is medium-weight, with a density of
600-785 kg/m? at 12% moisture content, and
hard. On drying there is some risk of end splitting and distortion. Some reports indicate that
defects may be serious and recommend application of an end-coating product and weighing
down drying piles. The rates of shrinkage are
moderate, from green to oven dry 4.1-5.2%
radial and 7.7-9.1% tangential. The wood is
often discoloured by blue or black stains if it is
not dried rapidly after felling. Once dry, the
wood is moderately stable in service.
At 12% moisture content, modulus of rupture is
(49-)75-182 N/mm?, modulus of elasticity
8200-—16,500 N/mm?, compression parallel to

sawing and band-sawing require considerable
force. Straight-grained wood planes well, but a
reduced cutting angle of 15° is recommendedto
avoid tearing in wood with interlocked grain.
The wood is difficult to nail and screw; preboring is recommended. It glues well. The veneering properties are variable as is the quality of veneer. The wood has a low durability. It
is susceptible to attacks by blue-stain fungi
and insects, including termites and Lyctus borers. The heartwood is moderately resistant to
treatment with preservatives, the sapwood is
permeable. Wood dust may causeallergic reactions and skin irritation in wood workers.
In a test in Congo, chemically pulped wood
yielded about 50% pulp. Wood thicker than 1.5
cm is moderately easily inflammable, thinner
wood is easily inflammable. On burning, the
wood of samples tested in Nigeria gave less
than 1% ash.
Adulterations and substitutes The wood
of Celtis mildbraedii is similar in appearance
and properties to that of Celtis zenkeri Engl.
and Celtis gomphophylla Baker; they are all
traded as‘ohia’ or ‘African celtis’. It is also similar to that of Celtis adolfi-friderici Engl., which
may also be traded as ‘African celtis’.
Description Evergreen or deciduous, medium-sized to large tree up to 50 m tall: bole
branchless for up 30 m, slender, straight, up to
100 em in diameter, with sharp buttresses up
to 5 m high and 2 m wide; bark surface smooth
or scaling in small disks, silvery to pale brown,
inner bark fibrous, dark brown with yellow to
off-white layers; crown small and dense;
branches often drooping, with conspicuous pale
lenticels; twigs rusty hairy. Leaves alternate,
simple; stipules lanceolate, 4-5 mm long, tawny-hairy; petiole 3-10 mm long; bladeelliptical
to elliptical-obovate, (7.5-)9-15 cm x 4—5(-8)
cm, base slightly obliquely cuneate, apex acuminate, margins obscurely to coarsely toothed
in the upper half, papery to thin-leathery, glabrous, 3-veined from the base and additionally
with (2-)3-6 pairs of lateral veins. Inflorescence an axillary cyme 0.5-1.5 cm long,
short-hairy, many-flowered. Flowers unisexual

grain

N/mm?,

or bisexual, regular, usually 5-merous, small,

cleavage 14-25 N/mm and Chalais-Meudon
side hardness 3.4—6.5.
The wood of Celtis mildbraedii works fairly
well with machinetools andslightly moredifficult with handtools. It has a moderateto fairly
high blunting effect on saw teeth and cutting
edges, and stellite-tipped saws and tungstencarbide tool edges are recommended. Rip-

greenish; pedicel 0.5—2 mm long; tepals 1.5—2.5
mm long, hairy; stamensfree, incurved in bud
and later spreading; ovary superior, ovoid, often with a ring of sparse hairs at the base, oth-

363, and in 2009 3100 m3 of rotary veneer, 80

46-82

N/mm?,

shear

17-26

erwise nearly glabrous, 1-celled, styles 2, 2lobed; male flowers numerous and densely

clustered, with rudimentary ovary; female
flowers and/or bisexual flowers at tops of upper
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the literature; they have both beencalled Celtis
soyauxii Engl., which is now considered a synonym of Celtis zenkeri. The latter species usually has entire leaves with straight and parallel tertiary veins (reticulate in Celtis mildbraedii), and ovoid fruit stones. Moreover, Celtis
mildbraedii often has a straighter and more
slender and cylindrical bole than Celtis zenkeri.
Celtis prantlii Priemer ex Engl. (synonyms:
Celtis brownii Rendle, Celtis philippensis auct.
non Blanco, Celtis wightii auct. non Planch.)

resembles Celtis mildbraedii and has a similar
area of distribution, although it does not occur

in southern Africa and Madagascar. It is a
small, deciduous tree up to 15 m tall. Its yellowish white, quite heavy and hard wood is

used for construction, carpentry, pestles and
canoes, and also as firewood. In Kenya root
decoctions are taken to treat diarrhoea and in
Côte d'Ivoire leaf preparations are applied to
eczema.
Anatomy Wood-anatomical description (AWA
hardwood codes):

Celtis mildbraedii — 1, flowering twig; 2, male
flower; 8, female flower; 4, fruiting twig; 5,
fruit.
Source: Flore analytique du Bénin
inflorescences, female flowers with rudimen-

tary stamens. Fruit an ovoid-ellipsoid drupe
0.5-1 cm long, reddish when ripe, glabrous,
crowned at top by remains of styles; stone
rhomboid-polygonal, c. 6 mm long, rough, 1seeded. Seedling with epigeal germination;
hypocotyl 4-5 cm long, epicotyl c. 1 cm long,
hairy; cotyledons leafy, 1.5—2 cm long, 2-lobed
at apex; first leaves alternate.
Other botanical information Celtis comprises about 100 species and is widespread in
all tropical, subtropical and temperate regions.
For tropical Africa 11 species have been recorded, 2 of which are endemic to Madagascar.
Celtis is taxonomically a difficult genus, showing much morphological variability. Traditionally, it has been treated as part of the family
Ulmaceae, but later it was often considered to
belong to a separate family, Celtidaceae,
whereas from most recent research it was proposed to take up the latter family in Cannabaceae.
Celtis mildbraedii resembles Celtis zenkeri
Engl. and these species have been confused in

Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 30: vessel-ray
pits with distinct borders; similar to intervessel
pits in size and shape throughout the ray cell;
31: vessel-ray pits with much reduced borders
to apparently simple: pits rounded or angular;
42: mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre; 56: tyloses common. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
80: axial parenchyma aliform; (81: axial parenchyma lozenge-aliform); 82: axial parenchyma
winged-aliform; 83: axial parenchyma confluent; (85: axial parenchyma bands more than
three cells wide); (86: axial parenchymain narrow bandsorlines up to three cells wide); (89:

axial parenchyma in marginal or in seemingly
marginal bands); 92: four (3-4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
98: larger rays commonly 4- to 10-seriate; 106:
body ray cells procumbent with one row of upright and/or square marginal cells; 107: body
ray cells procumbent with mostly 2—4 rows of
upright and/or square marginal cells; (108:
body ray cells procumbent with over 4 rows of
upright and/or square marginal cells); 113:
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disjunctive ray parenchymacell walls present;
115: 4-12 rays per mm. Mineral inclusions:
136: prismatic crystals present; 137: prismatic
crystals in upright and/or square ray cells;
(138: prismatic crystals in procumbent ray
cells); 141: prismatic crystals in non-chambered axial parenchymacells; 142: prismatic crystals in chambered axial parenchymacells; 154:
more than one crystal of about the same size
per cell or chamber; (155: two distinct sizes of
crystals per cell or chamber); (157: crystals in
tyloses).
(E.E. Mwakalukwa, P.E. Gasson & E.A. Wheeler)
Growth and development Celtis mildbraedii is classified as a shade-bearer. Germination is depressed in larger gaps in theforest,
but established saplings grow well in forest
gaps. Growth response of seedlings did not
show a clear correlation with rainfall or soil
fertility. Young trees may grow 1-2 m in length
per year. In Ghana seedlings reached 1-3 m
tall when 4 yearsold.
In Ghana Celtis mildbraedii flowers in January—April and August-September, and fruits
ripen in February—April and August—September. In Benin it flowers in August and fruit can
be found in August—October. In Zimbabwe and
South Africa trees flower in September—
October and fruits ripen in October-November.
Trees with a bole diameter of 10 cm may already producefruits. These are eaten by birds,
including hornbills, and primates, which disperse the seeds. Seedlings may be abundant
near mothertrees.
Ecology Celtis mildbraedii is common in
lowland to submontane, evergreen and semideciduous forest, except in wetter localities, up
to 1600 m altitude. In southern Africa and
Madagascar, it is less common and occurs in
somewhatdrier conditions.
Propagation and planting Fruit stones
are usually collected from the ground; they are
usually produced in large quantities in the
fruiting season. There are about 2500 stones
per kg. Germination takes 2—4 weeks, and the
germination rate is generally low. Wildlings
are sometimesalso collected for planting.
Management In natural forest in Céte d’Ivoire, Celtis mildbraedii showed a positive response to thinning, about doubling the volume
growth during the first 3 years after thinning.
The trees can be pollarded.
Diseases and pests Leaves often have dark
brown galls 3-5 mm in diameter on both surfaces.
Harvesting Logs should be extracted from

195

the forest soon after felling or treated with
preservatives to avoid attacks by blue-stain
fungi and pinhole borers.
Handling after harvest Logs should be
converted soon after felling to avoid losses by
blue-stain fungal attack.
Genetic resources Celtis mildbraedii is very
widespread. There are no indications that it is
at risk of genetic erosion in tropical Africa. In
South Africa it has been classified as vulnerable, but additional stands have been discovered
later. The conservation status in Madagascaris
not known.
Breeding No selection programmes are
knowntoexist.
Prospects The wood of Celtis mildbraedii is
likely to remain important for a variety of local
uses. It may maintain its small role in international trade and even become more important,
as it is a suitable substitute for several European timbers.
Major references Bolza & Keating, 1972;
Burkill, 2000; CIRAD Forestry Department,
2008; Coates Palgrave, 2002; Hauman, 1948;
Hawthorne, 1995; Polhill, 1966; Sattarian,
2006; Takahashi, 1978; Wilmot-Dear, 1991b.

Other references Ahonkhai, 1988; Anonymous, 1965; Aubréville, 1959b; Baerts & Lehmann, 2012; Bouquet, 1969; de la Mensbruge,
1966; Farmer, 1972; Herzog, 1994; Irvine,
1969; Istas, 1956; Katende, Birnie & Tengnäs,

1995; Letouzey, 1968; Lovett et al., 2007; Neuwinger, 2000; Ocloo & Laing, 2003; Oforiet al.,
2009a; Ofori et al., 2009b; Veenendaal et al.,
1996; Whitney et al., 1998; Wilmot-Dear, 1999.
Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.

Authors L.P.A. Oyen

CELTIS ZENKERI Engl.
Protologue Notizbl. Bot. Gart. Berlin 3: 22
(1900).
Family Celtidaceae (APG: Cannabaceae)
SynonymsCeltis soyauxii Engl. (1900).
Origin and geographic distribution Celtis
zenkeri occurs from Guinea eastward to southern Sudan and Ethiopia and southward to DR
Congo, Tanzania and Angola.
Uses The wood of Celtis zenkeri, traded as
‘ohia’ or ‘African celtis’, is used for construc-

tion, especially in house building, for flooring
and traditionally for poles, pestles and tool
handles. It is suitable for joinery, interior trim,
vehicle bodies, furniture, ladders, sporting
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although some reports mention a risk of distortion and end splitting. The rates of shrinkage
are moderate, from green to oven dry 4.9—5.5%
radial and 8.0—9.1% tangential. Once dry, the
wood is moderately stable to unstable in service.
At 12% moisture content, the modulus of rupture is (97—)125—182(—203) N/mm?, modulus of
elasticity 11,750—-17,050 N/mm?2, compression

Celtis zenkeri — wild
goods, toys, novelties, agricultural implements,
turnery, veneer and plywood. It is regarded as
excellent firewood.
In Nigeria the leaves are recorded to be edible
and theyalso serve as fodderfor livestock. Various parts of the plant are usedin traditional
medicine. In southern Nigeria a preparation
made from the macerated wood is applied to
cuts on the skin. Bark decoctions are drunk to
treat cough, and powdered bark with palm oil
is rubbed on the body to ease pain associated
with epilepsy, whereas in Cote d'Ivoire leaves
are applied for the same purpose. Leaf preparations are applied to the legs for the treatment of elephantiasis. The tree produces large
quantities of litter which decays readily after
fall and serves as a good green manure.
Production and international trade Cote
dIvoire and Ghana are the main exporting
countries, but volumes are small. In 2005 Gha-

na exported 4000 m3 of Celtis veneer at an average price of US$ 310, in 2006 3000 m? at US$
363, and in 2009 3100 m3of rotary veneer, 80

m3 of sliced veneer and 120 m3of plywood. The
woodis regarded as valuablein local markets.
Properties The heartwood is whitish to pale
yellowish or greyish, darkening to pale brown
upon exposure, and indistinctly demarcated
from the sapwood. Patches of black or brown
changing to pale green with age may be seen in
some logs. The grain is straight or interlocked,
texture fine but locally rather coarse. Freshly
cut wood hasa ‘sugar-like’ odour.
The wood is medium-weight to fairly heavy,
with a density of 610-920 kg/m? at 12% moisture content, and is fairly hard. It air dries and
kiln dries slowly but well, with little degrade,

parallel to grain 43-71 N/mm?, shear 22
N/mm?, cleavage 16-19 N/mm, Janka side
hardness 7470 N and Chalais-Meudon side
hardness 3.6—5.4.
The wood worksfairly well with both machine
and handtools, but difficulty is experienced in
wood with black or brown patches, which have
a strong blunting effect on cutting edges. In
planing operations, a reduced cutting angle is
advised to prevent tearing along the grain.
Nailing and screwing are quite difficult, and
pre-boring is required. Moulding, mortising
and carving properties are good. The wood
glues andfinishes well whena filler is used. It
has good resistance to abrasion and moderate
steam-bending properties. The turning properties are better than in other Celtis species. Veneering properties are satisfactory, but steaming is needed; drying of veneer does not pose
problems. The wood is of low durability. It is
susceptible to attack by blue-stain fungi and
many insects. The wood is permeable to preservatives under pressure, but poor results are
obtained when hot and cold tank treatments
are used. Saw dust may cause irritation in
wood workers.
The wood contains about 39% cellulose, 25%
lignin, 25% pentosan, 2.1% ash and 0.01% silica. The solubility is 2.1% in alcohol-benzene,

2.8% in hot water and 25.7% in a 1% NaOH
solution.
Adulterations and substitutes The wood
of Celtis zenkeri is similar in appearance and
properties to that of Celtis mildbraedii Engl.
and Celtis gomphophylla Baker; they are all
traded as ‘ohia’ or ‘African celtis’. It is also similar to that of Celtis adolfi-friderici Engl,
which mayalso be tradedas ‘African celtis’.
Description Deciduous, medium-sized tree
up to 30(-50) m tall; bole branchless for up
15(—20) m, slender, straight or twisted, up to
80(—120) cm in diameter, often irregularly fluted and with sharp buttresses up to 3 m high;
bark surface smooth, scaling in round patches,

silvery grey to yellowish or pale brown, inner
bark fibrous, dark brown with yellow to offwhite layers; crown dense, slightly spreading;
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long, hairy; cotyledons leafy, c. 1.5 cm long, 2lobed at apex; first leaves alternate.
Other botanical information Celtis comprises about 100 species and is widespread in
all tropical, subtropical and temperateregions.
For tropical Africa 11 species have been recorded, 2 of which are endemic to Madagascar.
Celtis is taxonomically a difficult genus, showing much morphological variability. Traditionally, it has been treated as part of the family
Ulmaceae, but later it was often considered to
belong to a separate family, Celtidaceae,
whereas from most recent research it was proposed to take up the latter family in Cannabaceae.
Celtis zenkeri resembles Celtis mildbraedii
Engl. and these species have been confused in
the literature; they have both been called Celtis
soyauxii Engl., which is now considered a synonym of Celtis zenkeri. Celtis mildbraedii usually has toothed leaves with reticulate tertiary
veins (straight and parallel in Celtis zenkeri),
and rhomboidfruit stones.
Celtis tessmannii Rendle (synonym: Celtis
brieyi De Wild.) is a medium-sized to fairly
large tree up to 40 m tall with bole up to 100
cm in diameter, occurring in Cameroon, Equa-

Celtis zenkeri — 1, base of bole; 2, part of twig
with fruits.
Redrawn and adapted by J.M. de Vries
twigs densely brownish short-hairy. Leaves
alternate, simple; stipules ovate-lanceolate, 5—
7 mm long, short-hairy, caducous; petiole 5-8

mm long; blade ovate to oblong-elliptical, 6-15
cm

X

38.5-8 cm, base obliquely cuneate to

rounded, apex acuminate, margins usually
entire, papery to thin-leathery, soft reddishbrown hairy below, 3-veined from the base and
additionally with 2-4 pairs of lateral veins.
Inflorescence an axillary cyme 1-5 cm long,
short-hairy, many-flowered. Flowers unisexual
or bisexual, regular, usually 5-merous, small,
greenish, nearly sessile; tepals 2-3 mm long,
hairy; stamens free, incurved in bud andlater
spreading; ovary superior, ovoid, brownish
hairy, 1-celled, styles 2, 2-lobed; male flowers
numerous and densely clustered, with rudi-

mentary ovary; female flowers and/or bisexual
flowers at tops of upper inflorescences, female
flowers with rudimentary stamens. Fruit a
globose to ovoid drupe 0.5—1 cm long, reddish
whenripe, glabrous, crowned at top by remains
of styles; stone ovoid-polygonal, c. 5 mm long,
rough, 1-seeded. Seedling with epigeal germination; hypocotyl 3-4 cm long, epicotyl c. 1 cm

torial Guinea, Gabon, Congo and DR Congo. Its
yellowish wood, which has a density of 620-790
kg/m? at 12% moisture content, resembles that
of Celtis zenkeri, has similar technical characteristics and is suitable for similar purposes. In
traditional medicine, the bark and roots are
administered as anodyne. Bark preparations
are taken to treat diarrhoea and fever, whereas
leaf preparations are used in the treatment of
inflammation of the respiratory organs, tachycardia and anaemia.
Celtis toka (Forssk.) Hepper & J.R.I.Wood
(synonym: Celtis integrifolia Lam.) is a small to
medium-sized tree up to 25 m tall with short
bole up to 6 m long and 100 cm in diameter,
occurring in dry forest and savanna from Senegal eastward to Ethiopia and Kenya, and in
Yemen. Its yellowish white wood also resembles that of Celtis zenkeri and is suitable for
similar purposes such as construction, handles,
implements and canoes, although it appears to
have a lower density (about 560 kg/m3 at 12%
moisture content) and to be less hard. It is also
used as firewood. Young leaves are eaten as a
vegetable and the fruits are also edible. The
foliage is browsed by livestock. The fibrous
bark is used to make mattings and rope. Bark
preparations are used to treat rheumatism,
and root preparations to treat rheumatism,
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paralysis and sterility, and as a tonic. Leaf
decoctions are administered as a treatment for
measles, headache, rheumatism, smallpox and
oedema, and to promote childbirth, whereas

leaf powder is applied to wounds and abscesses. Celtis toka is planted as ornamental shade
tree. It is a multipurpose tree which has been
promoted for plantingin the Sahel region.
Anatomy Wood-anatomical description (AWA
hardwood codes):

Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4—7 um); 26: intervessel pits medium (7-10 um); 30: vessel-ray
pits with distinct borders; similar to intervessel
pits in size and shape throughout the ray cell;
31: vessel-ray pits with much reduced borders
to apparently simple: pits rounded or angular;
41: mean tangential diameter of vessel lumina
50-100 um; 42: mean tangential diameter of
vessel lumina 100-200 um; 47: 5-20 vessels
per square millimetre; 56: tyloses common.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:

fibres very thick-walled. Axial parenchyma: 80:
axial parenchyma aliform; 82: axial parenchyma winged-aliform; 83: axial parenchyma confluent; (85: axial parenchyma bands more than
three cells wide); 86: axial parenchymain narrow bands or lines up to three cells wide; 92:
four (8-4) cells per parenchyma strand; 93:
eight (5-8) cells per parenchymastrand. Rays:
97: ray width 1-3 cells; 98: larger rays commonly 4- to 10-seriate; 107: body ray cells procumbent with mostly 2-4 rows of upright
and/or square marginal cells; (108: body ray
cells procumbent with over 4 rows of upright
and/or square marginal cells); 115: 4-12 rays
per mm. Mineral inclusions: 136: prismatic
crystals present; 137: prismatic crystals in upright and/or square ray cells; 138: prismatic
crystals in procumbentray cells; 142: prismatic
crystals in chambered axial parenchymacells;
144: druses present; 145: druses in ray parenchymacells.
(F.D. Kamala, H. Beeckman & P. Baas)
Growth and development Seedlings can
reach a height of 15 cm in thefirst year. Bole
diameter increments vary strongly between
individual trees. In a survey in a semideciduous forest in Côte d'Ivoire, annual diameter growth rates of trees with a bole diameter

of 6.5-20 cm were 0.5-1 cm, diminishing to
about 0.3 cm for trees with a bole diameter of
25 cm. Extreme annual growth rates measured
over the survey period were 1.5 cm for a tree
with an initial bole diameter of 8.5 cm, and 2

cm for a tree with an initial bole diameter of 45
cm.
Celtis zenkeri is a common constituent of the
upper canopy, which tolerates shade at initial
stages of its growth. The tree is deciduous and
begins to shed it leaves from November in
Ghana, andleafless trees are common in February. Flushes of new, pale green leaves usually appear before all old leaves are shed. Flowering of trees is difficult to notice; it has been
recorded in Ghana in March and AugustSeptember, whereas fruits mature in March—
May and in November. In Nigeria flowering is
reported in February—April and fruiting in
March—May. In Uganda, fruits have been observed on trees with a bole diameter of 40 cm;

fruits were present during more than 10
months. The fruits are eaten by birds and primates, which disperse the fruit stones.
Ecology Celtis zenkeri characteristically occurs in semi-deciduous and deciduous forest,

often in drier localities, up to 1800 m altitude.
It is also found in savanna woodland, fringing
forest and drier forest remnants. Celtis zenkeri
prefers soils with pH above 6, and does not
grow well on acid soils and in swampy conditions.
Propagation and planting Celtis zenkeri
can be propagated by seed, but the germination
rate is low. Seeds start germinating after 2—4
weeks.
Diseases and pests Lasiodiplodia theobromae (‘diplodia pod rot of cocoa’) also affects
Celtis zenkeri.
Harvesting The minimum bole diameter
allowed for felling in Ghana and the Central
African Republic is 70 cm, and 50 cm in Cameroon. The length of the merchantable bole is
rarely more than 15 m. Tension woodis present in somelogs.
Handling after harvest Logs should be extracted quickly from the forest or treated with
preservatives because they are prone to blue
stain and insect attacks. They float in water
and can be transportedby river.
Genetic resources Celtis zenkeri is widespread and locally common, and does not appear to be liable to genetic erosion.
Prospects Although Celtis zenkeri does not
have much economic importance onthe international markets, its wood has a high value for
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local markets, and it is also appreciated as a
medicinal plant. Although its relatively low
durability is a disadvantage, the timber may
gain importance in the international market
because it can be used for a variety of applications. Although current demand is low, production could be increased substantially since the
species is abundant and is widely distributed.
It is considered of potential economic importance in both Uganda and Ghana.
Major references Bolza & Keating, 1972;
Burkill, 2000; CIRAD Forestry Department,
2008; Irvine, 1961; Keay, 1989; Letouzey, 1968;

Neuwinger, 2000; Ofori et al., 2009a; Ofori et
al., 2009b; Polhill, 1966.
Other references Akoégninou, van der
Burg

&

van

der

Maesen

(Editors),

2006;

ATIBT, 1986; Aubréville, 1959b; Babweteera &
Brown, 2010; de la Mensbruge, 1966; de SaintAubin, 1963; Devineau, 1991; Hawthorne,
1995; Hawthorne & Jongkind, 2006; Normand

& Paquis, 1976; Ocloo & Laing, 2008; OtengAmoako (Editor), 2006; Sallenave, 1955; Sattarian, 2006; Savill & Fox, 1967; Songwe, Okali
& Fasehun, 1995; Takahashi, 1978; Taylor,
1960; Vivien & Faure, 1985; White & Abernethy, 1997.
Sources of illustration Letouzey,
Vivien & Faure, 1985.

1968;

AuthorsC. Essien & A.A. Oteng-Amoako

CEPHALOSPHAERA USAMBARENSIS (Warb.)
Warb.
Protologue Bot. Jahrb. Syst. 33: 383 (1904).
Family Myristicaceae
Vernacular names Mtambao,

mtambara

(Sw).
Origin and geographic distribution Cephalosphaera usambarensis is restricted to eastern
Kenya and Tanzania.
Uses The wood is most commonly used for
veneer and plywood, but is also suitable for
light construction, light flooring, joinery, interior trim, furniture, toys, novelties, agricultural implements, boxes, crates, carving, turnery,

matches, hardboard, particle board and pulpwood.
The bark yields a brown dye that has been
used for dyeing cloth. The tree, with its crown
providing comparatively light shade, is planted
in agroforestry systems and along river banks
to reduce erosion. The roots are used in local
medicine in Tanzania to treat hernia.
Production and international trade In

Cephalosphaera usambarensis — wild
1960 Cephalosphaera usambarensis was considered one of the most useful multi-purpose
timber trees of Tanzania. At the beginning of
the 1970s it was a major source of plywood. In
1985 it was ranked eighth on the list of most
important timbers (in volume) of the East
Usambara Mountains in Tanzania, and tenth
in 2001. In 1990 the price of a plank was US$
2.40, in 2001 US$ 2.90. Cephalosphaera usam-

barensis seems no longer to be harvested for
commercial purposes because of declining populations due to over-exploitation.
Properties The heartwood is pale reddish
brown and indistinctly demarcated from the
sapwood. The grain is usually straight, texture
medium.
The wood is medium-weight, with a density of
510-650 kg/m? at 12% moisture content. It air
dries rather slowly, and showslittle degrade
during drying even when kiln-dried rapidly.
The rates of shrinkage are moderately high,
from green to 12% moisture content 3.0% radial and 6.5% tangential. It takes 5-6 weeks to
air dry boardsof 2.5 cm thick from 65% to 14%
moisture content and 4 monthsto dry boardsof
5 cm thick. Once dry, the wood may be unstable in service. At 12% moisture content, the

modulus of rupture is 93 N/mm?2, modulus of
elasticity 16,900 N/mm2, compression parallel
to grain 44 N/mm?, shear 12.5 N/mm? and
Jankaside hardness 2670-3290 N.
The wood saws and works easily with both
hand and machine tools, although a reddish
gum may cause some problems. The wood
planes well, but a 30° cutting angle is recommended. The wood moulds and mortises well,
and it finishes smoothly and polishes well. The
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nailing and gluing properties are good. The
wood peels well, but the veneer may split during drying. The turning properties are satisfactory. The woodis not durable, being susceptible
to fungal and insect attacks. The wood is moderately resistant to impregnation with preservatives, but can be treated satisfactorily under
pressure.
The gum from the bark is about 73% soluble in
water and contains tannin. The semi-solid fat
in the seed has been recorded to cause dermatitis in susceptible people.
Adulterations and substitutes The wood
of Cephalosphaera usambarensis resembles
that of Pycnanthus angolensis (Welw.) Warb.,
whichis used for similar purposes.
Description Evergreen, dioecious, mediumsized to large tree up to 50(—60) m tall; bole

branchless for up to 25(-30) m, straight and
cylindrical, up to 90(-160) cm in diameter,
sometimes with small buttresses; bark surface
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smooth, whitish to pale brown or dark grey,
inner bark granular, pale orange-brown with
paler markings, exuding copious red gum;
crown small, rounded, rather open; young

Cephalosphaera usambarensis — 1, leafy twig;
2, male inflorescence; 3, male flower; 4, fruit; 5,
seed with partof aril.
Redrawn and adapted by Iskak Syamsudin

twigs reddish brown short-hairy, soon becoming glabrous. Leaves alternate, simple and
entire; stipules absent; petiole c. 1 cm long;
blade oblong to oblong-lanceolate, 8.5-29 cm x
3-7.5 cm, cuneate at base, acute to shortacuminate at apex, glabrous, pinnately veined
with 13-20 pairs of lateral veins. Inflorescence
an axillary panicle up to 7 cm long, reddish
brown hairy, with flowers in many-flowered
heads. Flowers unisexual, regular, up to 3 mm
long, yellowish, sessile, perianth cup-shaped,
3-4(—5)-lobed, reddish brown short-hairy; male
flowers with 3—4(—5) fused stamens, filaments
merged into a column; female flowers with
superior 1-celled ovary. Fruit an ellipsoid to
oblong-ellipsoid drupe 5.5-6.5 em X 34 cm,
yellow-green, dehiscent with 2 spoon-shaped
valves, 1-seeded. Seed ellipsoid to oblongellipsoid, 4—5 cm long, cream-coloured to pale
brown, with yellow to pale brown, glandulardotted, laciniate aril. Seedling with hypogeal
germination.
Other botanical information Cephalosphaera comprises a single species. It seems most
closely related to the small genus Brochoneura
from Madagascar.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 13: simple
perforation plates; 14: scalariform perforation
plates; 15: scalariform perforation plates with <
10 bars; 21: intervessel pits opposite; 22: intervessel pits alternate; (23: shape of alternate
pits polygonal); 27: intervessel pits large (= 10
uum); 31: vessel-ray pits with much reduced
borders to apparently simple: pits rounded or
angular; 32: vessel-ray pits with much reduced
borders to apparently simple: pits horizontal
(scalariform, gash-like) to vertical (palisade);

42: mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; 47: 5-20 vessels per square millimetre.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 63: fibre pits common
in both radial and tangential walls; 65: septate
fibres present; 66: non-septate fibres present;
68: fibres very thin-walled; 69: fibres thin- to
thick-walled. Axial parenchyma: 78: axial parenchyma scanty paratracheal; 79: axial parenchyma vasicentric; (92: four (3-4) cells per parenchyma strand); 93: eight (5-8) cells per parenchyma strand; (94: over eight cells per parenchyma strand). Rays: 97: ray width 1-3
cells; 106: body ray cells procumbent with one
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row of upright and/or square marginal cells;
107: body ray cells procumbent with mostly 2-4
rows of upright and/or square marginal cells;
(108: body ray cells procumbent with over 4
rows of upright and/or square marginalcells);
115: 4-12 rays per mm. Secretory elements and
cambial variants: 132: laticifers or tanniferous
tubes. Mineralinclusions: 152: crystals of other
shapes (mostly small); 154: more than one
crystal of about the same size percell or chamber.
(R. Shanda, E. Uetimane, P. Baas & P.E. Gasson)

Growth and development Seedlings are
shade tolerant and can be found under the
mother tree in the forest. However, natural

regeneration is often poor. Once established,
young trees may grow fairly fast. In a plantation of 54 years old the size of the boles showed
considerable variation, with a maximum bole
diameter of 68 cm.
Ecology Cephalosphaera usambarensis occurs in evergreen rainforest at 200-1500 m
altitude, often on steep slopes and alongrivers.
Propagation and planting Seeds of Cephalosphaera usambarensis are recalcitrant. They
are heavy, with about 35 seeds per kg, and
have a thin seed coat and a small embryo embedded in a massive endosperm. After collection, they should be packed in cotton bags in
quantities of less than 10 kg. Theyloose viability quickly and should be sown within 6 weeks
after collection. The germination rate of fresh
seed without pre-treatment is high, up to 97%
6-7 weeks after sowing. Scarification of the
seeds can hasten germination, and whenscarified seeds are sown in warm moistened soil
litter under shade they germinate within 3
weeks. The seeds cannot withstand desiccation
below 25% moisture content, but they can be
stored at temperatures below 0°C. Seedling
establishment is usually very low when seeds
are sown directly into the field because they
are often damaged by rodents. It is preferable
to sow them into polyethylene bags and plant
seedlings out at the start of the rainy season
once they have reached a height of 30-50 cm.
Management Cephalosphaera usambarensis usually occurs scattered and in low densities in the natural forest. It has been planted
in plantations. In the East Usambara mountains in Tanzania, Maesopsis eminii Engl. has
been planted as a nurse tree in young Cephalosphaera usambarensis plantations.
Harvesting The bole usually does not split
during felling operations and is quite easy to

fell with hand tools such as the two-man crosscut saw, bow saw and axe.

Handling after harvest Freshly harvested
logs are susceptible to blue-stain and borer
attacks and should be converted immediately
or treated with preservatives. Treatment of the
timber with an anti-stain solution before stacking for air drying is recommended. However,
felling shakes may occur when large trees are
harvested, and compression failures can be
present in their butt logs.
Genetic resources Cephalosphaera usambarensis is threatened because of over-exploitation and low regeneration rates. It is endemic
to a comparatively small area in eastern Kenya
and Tanzania, where it is subjected to serious
habitat degradation, and has been included in
the IUCN RedList as vulnerable.
Prospects Cephaloshaera usambarensis is
greatly valued as a source of multi-purpose
timber, and especially for plywood production.
Moreover, it has good prospects for agroforestry systems and for commercial timber plantations. Research on growth rates, propagation
and appropriate management systemsis needed. Cephalosphaera usambarensis should be
included in domestication programmes because
sustainable and economically viable timber
production from natural forest seems no longer
possible within its limited area of distribution.
Major references Anonymous, 1960a; Bolza
& Keating, 1972; Chudnoff, 1980; Msanga,
1998; Mugasha, 1978a; Mugasha, 1978b; Mugasha, 1983; Roeet al., 2002; Takahashi, 1978;
Verdcourt, 1997.
Other references Bryce, 1966; Bryce, 1967;
Greenway, 1941; Lovett & Clarke, 1998; Lovett

et al., 2007; Malde, 1972; Watt & BreyerBrandwijk, 1962.

Sources of illustration Verdcourt, 1997.
Authors W. Mojeremane

CHAETACHMEARISTATA E.Mey. ex Planch.
Protologue Ann. Sci. Nat., Bot., sér. 3, 10:

341 (1848).

Family Celtidaceae (APG: Cannabaceae)
Chromosome number n = 15
Synonyms Chaetachme madagascariensis Baker (1885), Chaetachme microcarpa Rendle
(1916).
Vernacular names Thorny elm (En).
Origin and geographic distribution Chaetachme aristata is found from Côte d'Ivoire
eastwards to Sudan and Kenya and it extends
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to 2 cm long, united, soon falling; petiole 3-6
mm long; bladeelliptical to elliptical-ovate, 3-9
cm X 1.5-5 cm, base usually rounded and
slightly asymmetrical, apex acute to shortacuminate, with distinct bristle up to 7 mm
long, marginsentire, occasionally toothed, glabrous and glossy dark green above, sparsely
short-hairy and paler below, pinnately veined
with c. 10 pairs of indistinct lateral veins. Inflorescence an axillary cyme up to 1.5 cm long,
often branched and congested, up to 30flowered. Flowers unisexual, 5-merous, greenish white; pedicel 1-3 mm long; male flowers

Chaetachme aristata — wild
southward to Angola, Botswana, Zimbabwe,
Mozambique, South Africa and Swaziland. It
also occurs in Madagascar.
Uses In DR Congo the wood of Chaetachme
aristata is used to make musical instruments
like guitars and tam-tams. It has been reported
to be used in Ghana to make the ‘talking
drums’ of the Asante people. In Kenya the
wood is used for clubs, and in Madagascar for
spears. In South Africa the wood is used for
tool handles and small ornaments. The Maasai
people in Kenya use the spiny branches to construct fences.
In Côte d'Ivoire and Madagascar leaves and
bark are applied in traditional medicine to
treat coughs, colds and throat problems. In DR
Congo an infusion of the roots is drunk as a
purgative. The Zulu people of South Africa use
the bark to treat haemorrhoids and the powdered roots to relieve toothache. In the Central
African Republic a filtrate of young leaves
ground in water is drunk to treat tuberculosis.
Properties The wood is yellow-white. It is
recorded as heavy in Kenya, but elsewhere as
light-weight. In Madagascar it is considered
not durable, but is appreciated because it
works well. Leaves and stems contain 0.05%
and 0.08% of alkaloids, respectively. The seed
contains 6.4% of oil of which 82% is linoleic
acid.
Botany Dioecious or monoecious, deciduous
shrub to small tree up to 13 m tall, spiny; bole
up to 30 em in diameter; bark smooth, grey,
becoming fibrous and longitudinally grooved;
branches spreading, drooping, zigzag, with
spines up to 3 cm long; twigs short-hairy to
glabrous. Leaves alternate, simple; stipules up

with tepals 2-3.5 mm x 1.5-2 mm, 5 stamens
and a rudimentary ovary; female flowers often
solitary in upperleaf axils, with tepals 1-2 mm
x 1-1.5 mm andsuperior, sparsely hairy ovary
3-5 mm long, styles 2, up to 2(-3) cm long.
Fruit an ovoid to depressed-globose drupe up to
3.5 cm X 2 cm, glabrous, yellowish orange when
ripe.
Chaetachme comprises a single species. Traditionally, it has been treated as part of the family Ulmaceae, but later it was often considered
to belong to a separate family Celtidaceae,
whereas from most recent research it was pro-

Chaetachme aristata — 1, branch with young
fruits; 2, male flower; 3, female flower.
Source: Flore analytique du Bénin
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posed to take up the latter family into Cannabaceae.
Chaetachmearistata showsa lot of variation in
hairiness. In East Africa the species appears to
be mostly dioecious and in South Africa very
often monoecious.
Ecology Chaetachme aristata is found in
humid evergreen forest to dry deciduousforest,
but also in riverine and coastal forest, wooded
grassland and on sand dunes, up to 2100 m
altitude.
Genetic resources and breeding As Chaetachme aristata is very widespread and not
intensively utilised, it is not liable to genetic

erosion.
Prospects Chaetachme aristata is not of
interest for the timbertrade because thebole is
too small. Research to identify the alkaloids in

Chidlowia sanguinea — wild

leaves, stem and roots is recommended in view

of their applicationsin traditional medicine.
Major references Burkill, 2000; Hauman,

1948; Polhill, 1966; Sytsmaet al., 2002.
Other references Bussmannet al., 2006;
Dale & Greenway, 1961; Hegnauer, 1973;
Neuwinger, 2000; Noad & Birnie, 1989; Schatz,
2001; van Wyk & Gericke, 2000; Wilmot-Dear,

1991b; Wilmot-Dear, 1999.
Sources of illustration Akoégninou, van
der Burg & van der Maesen(Editors), 2006.
Authors C.H. Bosch

difficult to saw due to its hardness and the
presence of interlocked grain. It is liable to
splitting upon nailing.
The purine base triacanthine (chidlovine) has
been isolated from roots, twigs and leaves.

Botany Small to medium-sized tree up to
25(—80) m tall; bole often twisted, crooked, fluted and low-branching, up to 80(-100) cm in
diameter, with many adventitious stems, occasionally with steep buttresses; bark surface
irregularly flaky and scaly, greyish to brownish, with many lenticels, inner bark fibrous,

CHIDLOWIA SANGUINEA Hoyle
Protologue Bull. Misc. Inform. Kew 1932(2):
101 (1932).

Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Chidlowia sanguinea is restricted to West Africa,
where it occurs from Guinea and Sierra Leone
to Ghana.
Uses In Côte d'Ivoire the wood, known as
‘bala’, is locally used for joinery, stakes and
rifle butts. It is suitable for heavy construction
and probably occasionally used in building lo-

soft, pink to reddish brown; crown widely
spreading; twigs glabrous, with lenticels.
Leaves alternate, paripinnately compound with
4-6 pairs of leaflets; stipules small, caducous;
petiole up to 2.5 cm long, rachis up to 25 cm
long; leaflets ovate to elliptical or obovate, 4—12
cm Xx 2—5 cm, acuminate at apex, leathery, glabrous. Inflorescence a slender, pendulous panicle up to 30 cm long, usually on older branches,
many-flowered. Flowers bisexual, regular, 5merous, deep red; pedicel slender, c. 3 mm
long; calyx campanulate, c. 2 mm long, with
very short teeth; petals free, ovate-elliptical to
oblong-elliptical, 6-7 mm long,slightly fleshy;
stamens10, free, c. 2.5 cm long; ovary superior,

cal houses, and is also suitable for sliced ve-

slender, 4—5 mm long, with stipe c. 2.5 mm

neer. The seeds are reportedly eaten in Côte
d'Ivoire.
Properties The heartwood is dark greenish
grey with a bronze tinge to dark brown and
distinctly demarcated from the narrow yellowish white to pale greyish brown sapwood. The
grain is interlocked, texture moderately fine
and even. Radial surfaces show a ribbonfigure.
The wood is moderately heavy and hard. It is

long, style slender, c. 2 cm long. Fruit a strapshaped pod up to 60 cm x 6 cm,flattened, glabrous, glossy dark brown, dehiscing with 2
woody valves becomingspirally twisted, up to
15-seeded. Seeds nearly round, flattened, 2—2.5

cm in diameter,
pitted. Seedling
pocotyl c. 3 cm
cotyledons thick

shining red-brown andfinely
with epigeal germination: hylong, epicotyl 8-10 cm long;
and fleshy, rounded, c. 2.5 cm
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long: first 2 leaves opposite, pinnately compound with 2 pairs of leaflets.
The flowers develop just after the appearance
of new leaves, in Sierra Leone between February and May. It has been suggested that they
are pollinated by birds. Fruits ripen about one
year after flowering. They are explosively dehiscent, dispersing the seeds over some distance. The presence of nitrogen-fixing root
nodules has been reported.
Chidlowia comprisesa single species. Its affinity is still uncertain.
Ecology Chidlowia sanguinea occurs in evergreen and moist semideciduousforest. It is
usually found in the middle storey of primary
forest, but occasionally also in secondary forest
and gallery forest. It was very abundant in the
upper basins of the Sassandra and Cavally
rivers, locally occurring in nearly pure stands
in the understorey. It also occurs in forest in
the mountains, e.g. in the Mount Nimba re-

gion.
Management The boles of large trees are
often hollow, which diminishes the commercial
value and may cause danger duringfelling.
Genetic resources and breeding Chidlowia sanguinea is locally common, e.g. in
western Côte d'Ivoire and in parts of Sierra
Leone and Liberia. However, with the splitting-up of undisturbed forest in West Africa, it
may be liable to genetic erosion.
Prospects Chidlowia sanguinea will likely
remain of no commercial importance because of
its usually poorly shaped andshortbole andits
hard wood that is difficult to saw and work.
Little is known about this species, and research is needed on phytochemistry and possible toxic effects of the seeds, which are reputedly edible.
Major references Burkill, 1995; Hoyle,

Synonyms Cleistanthus mildbraedii Jabl.
(1915), Cleistanthus michelsonii J.Léonard
(1955).
Origin and geographic distribution Cleistanthus caudatus occurs from Cameroon east
to the Central African Republic and south to
Gabon and DR Congo.
Uses The wood is used in carpentry and
joinery. It is suitable for heavy construction,
heavy flooring, interior trim, mine props, ship
building, hydraulic works, vehicle bodies, rail-

way sleepers, toys, novelties and agricultural
implements.
Properties The heartwood is dark redbrown, often with a purple tinge, and distinctly
demarcated from the pale pinkish brown, up to
5 cm wide sapwood. The grain is straight, texture fine and even. Quarter-sawn surfaces
show slight figure of darker streaks and paler
silver grain. A reddish resinous substance is
often present in the wood.
The wood is heavy, with a density of 920-1080
kg/m? at 12% moisture content, hard and very
strong. The rates of shrinkage during drying
are high, from green to oven dry about 4.3%
radial and 9.8% tangential. It is reeommended
to quarter-saw logs before drying to avoid excessive splitting. After drying, the wood is
moderately stable to unstable in service. At
15% moisture content, the modulus of rupture
is 178-230 N/mm?2, compression parallel to
grain 69-86 N/mm?, cleavage 26 N/mm and
Chalais-Meudon side hardness 11.1.
The wood saws slowly and is rather difficult to
plane dueto its hardness and abrasiveness, but
it can be finished to a nice surface. It holds
nails and screwswell, but pre-boring is needed.
The wood is durable, being resistant to fungal

1932; Kryn & Fobes, 1959; Savill & Fox, 1967;

Tra Bi, 1997.
Other references Aubréville, 1959b; Bouquet & Debray, 1974; de la Mensbruge, 1966;
Hawthorne & Jongkind, 2006; Irvine, 1961;
Keay, Hoyle & Duvigneaud, 1958; Kunkel,
1965; Lewis et al., 2005; Normand,

1950a;

Normand & Paquis, 1976.
Authors R.H.M.J. Lemmens

CLEISTANTHUS CAUDATUS Pax
Protologue De Wild. & T.Durand, Ann. Mus.
Congo, Bot., sér. 2, 1: 49 (1899).
Family Euphorbiaceae (APG: Phyllanthaceae)

Cleistanthus caudatus — wild
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attacks, but it has been reported to be slightly
susceptible to insect attacks. It is very resistant to impregnation with preservatives.
Botany Shrub or small to fairly large tree
up to 35(-40) m tall; bole branchless for up to
20 m, usually straight and cylindrical, up to
90(—150) cm in diameter, usually without buttresses; bark surface flaky with elongate
scales, greyish brown, inner bark fibrous, pink
to red, with a reddish or whitish exudate;

crown rounded, large; twigs hairy, but soon
becoming glabrous. Leaves alternate, simple
and entire; stipules c. 1 cm long, early caducous; petiole up to 1 cm long; blade ovate to
elliptical or oblong, 3.5-22 cm X 1.5-10 cm,
base cuneate to slightly cordate, apex longacuminate, glabrous to slightly hairy below,
pinnately veined with up to 8 pairs of lateral
veins. Inflorescence an axillary raceme up to 20
cm long, glabrous or slightly hairy, with small
bracts or small caducous leaves. Flowers unisexual, regular, (4—)5(—6)-merous, greenish or

reddish; pedicel up to 1(-1.5) cm long; sepals
oblong-lanceolate to ovate-lanceolate, 4-9 mm
long, glabrous; petals linear, 1-4 mm long; disk
annular; male flowers slightly smaller than
female ones, with 5(-6) stamens fused at base
into a column of 2-4 mm long, ovary rudimentary; female flowers with superior, rounded

ovary, glabrous or slightly hairy, (2—)3(-4)celled, styles (2-)3(-4), 2-4 mm long, 2branched. Fruit a (2—)3(—4)-celled, nearly globose capsule 1.5-3 cm in diameter, reticulately
veined,

splitting into

2-valved,

(1—)2-seeded

segments, with central column persistent.
Seeds c. 1 cm long, brownish, shiny. Seedling
with epigeal germination; hypocotyl 6.5—-10 cm
long; cotyledons leafy, broadly ovate, c. 3 cm
long;first leaves alternate.
Cleistanthus occurs throughout the tropics of
Asia,

Australia

and

Africa,

and

comprises

about 150 species. About 20 species occur in
mainland tropical Africa, mainly in Central
Africa, and about 6 in Madagascar. Studies of
leaf anatomy and pollen, as well as a phylogenetic study using DNA sequence data, showed
that Cleistanthus is heterogeneous; a critical
review of the genusis needed.
Cleistanthus schlechteri (Pax) Hutch. is a shrub
or small to medium-sized tree up to 20 m tall,
with bole up to 40 cm in diameter. It occurs in

Africa powdered barkis applied to burns.
Ecology Cleistanthus caudatus occurs in
lowland primary evergreen or semi-deciduous
rainforest and riverine forest, also in swampy
or periodically flooded forest, up to 700 m altitude.
Management Cleistanthus caudatus is locally commonin theforest. Logs should be converted soon after felling to avoid checking;
quarter-cutting is recommended. A log of 13 m
long and 76 cm in diameter yielded 5.3 m? of
wood.
Genetic resources and breeding Cleistanthus caudatus is fairly widespread and locally common. Although it is unknown to what
extent it is exploited, there are no indications

that it is subject to genetic erosion at present.
Prospects The wood of Cleistanthus caudatus and other Cleistanthus spp. is likely to remain of limited importance, mainly for local
construction because of its durability. The
growth rates are probably low, as reported for
Cleistanthus schlechteri with an average annual bole diameter growth of little more than 1
mm.
Major references Bolza & Keating, 1972;
Breteler, 2011; Fouarge, Gérard & Sacré, 1953;

Léonard, 1962; Tailfer, 1989.
Other references Coates Palgrave, 1983;
Gaugris, van Rooyen & Bothma, 2008; Gaugris
et al., 2007; Grace et al., 2002a; Kathriarachchi
et al., 2005; Léonard, 1955; Léonard, 1960;
Neuwinger, 2000; Radcliffe-Smith, 1987a; Radcliffe-Smith, 1996.
Authors L.P.A. Oyen

CLEISTOPHOLIS PATENS (Benth.) Engl. &
Diels
Protologue Engl., Monogr. afrik. PflanzenFam. 6: 35 (1901).
Family Annonaceae
Chromosome number 2n = 14
Origin and geographic distribution Cleistopholis patens is widely distributed from Senegal eastward to Uganda, and southward to DR
Congo and Cabinda (Angola).
Uses The wood, known as ‘avom’, is used for
joinery, door frames, roof-beams, drums, floats

and canoes. It is suitable for furniture, sporting

mixed deciduous forest, woodland and thickets

goods, boxes, crates, implements, food contain-

from Kenya south to northern South Africa. Its
dark brown and hard woodis used in construction for posts, beams and roof laths, and for
railway sleepers and walking sticks. In South

ers, veneer, plywood, hardboard, particle board,
wood-wool and pulpwood. Tree boles are used
to float heavy timber in rivers. Wood ash is
sometimesused as food preservative.
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N/mm2, shear 11 N/mm? and Janka side hard-

Cleistopholis patens — wild
The fibrous bark is used for matting, basketry,
cordage and hut walls. Several plant parts are
commonly used in local medicine. Bark decoctions are taken to treat stomach-ache, diarrhoea, tuberculosis, bronchitis and hepatitis.

Bark pulp is applied against swellings, oedema
and whitlow, and bark sap is dropped into the
nose to treat headache and rubbed in to treat
rickets in children. In Uganda crushed bark is
used in preparations to treat malaria and measles. In Nigeria the bark is used to treat typhoid fever and bark extracts are used in the
treatment of menstrual irregularities. The root
bark is used as vermifuge. Leaf infusions or
decoctions are administered against hepatitis,
fever, trypanosomiasis and rheumaticarthritis,
and as vermifuge. Roasted and ground seeds
are applied against headache. Seeds have been
used as beads.
Production and international trade The
wood is only used locally and not or rarely
traded on the international market.
Properties The heartwood is greyish white,
sometimes with a pinkish tinge, indistinctly
streaked,

indistinctly

demarcated

from

the

sapwood. The grain is straight, texture coarse
but even. The woodis lustrous.
It is lightweight, with a density of 290-500
kg/m? at 12% moisture content, and rathersoft.
The wood air dries rapidly, but should be
stacked properly to avoid degrade; the rates of
shrinkage are rather high, from green to oven
dry 5.0% radial and 9.6% tangential. Once dry,
the wood is moderately stable in service. At
12% moisture content, the modulus of rupture
is 29-38 N/mm2, modulus of elasticity 6080—
8230 N/mm2, compression parallel to grain 38

ness 1410 N.
The wood is easy to saw and work. It planes
well and finishes smoothly. It does not split
easily upon nailing and the nail-holding power
is satisfactory. The wood peels well. It is not
durable, being liable to fungal, termite, Lyctus
and marine borer attacks. Tests showed moderate pulping characteristics for paper production.
Methanol extracts of the bark showed distinct
antimicrobial activity. The steroidal fraction of
the extract showed much more potent activity
against Bacillus subtilis and Klebsiella pneumoniae than penicillin and chloramphenicol,
the glycoside and alkaloid fractions showed
significant activity against Klebsiella pneumoniae, and the saponin fraction against Salmonella typhimurium. The alkaloids eupolauridine, onychine and 3-methoxysampangine have
been isolated from the bark; these compounds
showed potent antifungal activity against Candida albicans. Additionally, bark extracts exhibited anthelmintic activity against Rhabditis
pseudoelongata.
The essential oil from the leaves contains (E)-Bocimene as main constituent, that from the
bark myrcene, P-cymene and germacrene D,
and that from the fruits linalool and (E)- and
(Z)-linalool oxides. The essential oils from bark
and leaves showed distinct in-vitro activity
against Plasmodium falciparum. Safety tests
showed no mutagenic activity against Salmonella typhimurium and Escherichia coli
strains.
Administration of methanol extracts of the
bark to female rats showed a dose-dependent
increase in the levels of several hormones including progesterone and oestrogen. Several
partially acetylated oligorhamnosides have
been isolated from the leaves; some of these

showed
significant
antibacterial
activity
against methicillin-resistant Staphylococcus
aureus. Fruit extracts exhibited in-vitro antileishmanial activity. Powdered bark showed
protection against Indian meal moth (Plodia
interpunctella), which is a pest in stored food
products.
Botany Small to medium-sized tree up to 20
(—80) m tall; bole branchless for up to 10(—20)
m, usually straight, cylindrical and slender, up
to 80(-90) cm in diameter, sometimes slightly
fluted at base; bark surface smooth, shallowly
fissured, greyish white to grey, inner bark
strongly fibrous, peelable in long strips, white
to pale orange-brown, scented; crown with hor-
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glabrous; cotyledonsleafy, elliptical, c. 6 cm x 4
cm; first leaves alternate.

ZN 5

Cleistopholis patens — 1, flowering branch; 2,
flower;3, fruit.
Source: Flore analytique du Bénin
izontal branches drooping at tips; twigs often
with small ridges, glabrous. Leaves alternate,
simple andentire; stipules absent; petiole up to
1 cm long; blade usually narrowly oblongelliptical, (2.5—)10—25(-30) cm x (1.5-)3-6 cm,
cuneate to rounded andslightly asymmetrical
at base, short-acuminate at apex, papery to
thin-leathery,
glabrous,
shiny,
pinnately
veined with 8-24 pairs of lateral veins. Inflorescence a small axillary fascicle, up to 8flowered, nearly glabrous. Flowers bisexual,
regular, 3-merous, greenish yellow; pedicel 1—
2.5 cm long; sepals free, broadly ovate, c. 2mm
long; petals free, in 2 whorls, outer ones obovate to obovate-oblong, 0.5-1 cm long, inner
ones shorter, short-hairy at margins; stamens

numerous, c. 1 mm long; carpels c. 10, ovaries
c. 1 mm long,styles minute. Fruit consisting of
up to 9 nearly globose follicles 1.5—2 cm in diameter, with stipe c. 7 mm long andslightly
constricted between the seeds, warty whendry,
glabrous, indehiscent, 1—2-seeded. Seeds globose to ellipsoid, 1-1.5 cm in diameter, strongly
warty. Seedling with epigeal germination; hypocotyl 8-12 cm long, epicotyl c. 1.5 cm long,

Cleistopholis patens is a pioneer which grows
rapidly. In Sierra Leone 7-year-old trees
reached 13 m tall and over 20 cm in bole diameter, and in Ghana the same height and diameter have been reached on 4-year-old logging
tracks. In Guinea trees have been reported to
start fruiting already 5 yearsafter planting. In
Côte d'Ivoire and Ghana ripe fruits occur in
August—November. In Uganda rotten material
of dead Cleistopholis patens trees is an important food for chimpanzees; they chew it,
extracting the juice.
Cleistopholis comprises 3 species, all in tropical
Africa, and seems related to Cananga and Lettowianthus.
Cleistopholis glauca Pierre ex Engl. & Diels is
a small to medium-sized tree up to 35 m tall
with bole up to 80 cm in diameter, occurring
from Cameroon east to the Central African
Republic, and south to DR Congo and Cabinda
(Angola). The lightweight wood, with a density
of 300-400 kg/m? at 12% moisture content, is
used for similar purposes as that of Cleistopholis patens. The fibrous bark is used for
cordage and hut walls. Bark decoctions or macerations are taken to treat bronchial complaints, tuberculosis, stomach-ache, diarrhoea
and scabies, and as emetic and vermifuge. Root
sap is used in mixtures to prepare dart poison.
Cleistopholis staudtii Engl. & Diels is a small
tree up to 15(—25) m tall with bole up to 30 cm
in diameter, occurring from southern Nigeria
to Gabon. Its woodis probably used for similar
purposes as that of Cleistopholis patens. The
fibrous bark is used for cordage and hut walls.
Lettowianthusstellatus Diels differs from Cleistopholis spp. in its larger flowers and nearly
smooth seeds. It is a small tree up to 15 m tall
restricted to Tanzania, whereit occurs in lowland riverine and disturbed forests. Its lightweight wood is occasionally used for building
poles, spoons and tool handles. Several geranylbenzoquinonoids have been isolated from
the fruits; lettowienolide and lettowiquinone
exhibited mild in-vitro activity against Plasmodium falciparum.
Ecology Cleistopholis patens is most commonly found in riverine and swampforest, and
in secondary forest. It prefers flat, disturbed
and wet sites, but can also be found in ever-

green forest on slopes, up to 1100 m altitude. It
does nottolerate fire.
Management There are 600-700 seeds per
kg. In Guinea seeds harvested in April started
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germinating about 15 days after sowing. However, dormancy may occur; seeds harvested in
November took 5 months to germinate. Seedlings are ready for planting 3-4 months after
germination. They should be planted in full
sun. In plantations with a spacing of 3 m X 3
m, weeding is necessary during 2—38 years. The
canopy closes after 3-4 years and a thinning to
50% of the trees is needed after 4-5 years. A
second thinning can be doneafter 10 years. In
Guinea mixed plantations, e.g. with Khaya
spp., have been recommended.
In the forest, seedlings and saplings are only
found in canopy gaps. In Uganda the mortality
rate of seedlings was nearly 50% before they
reached the sapling stage. In waterlogged and
riverine areas Cleistopholis patens can be
abundant. In swamp forest in Uganda, up to 40
individuals per ha can be found, with a proportion of trees with a bole diameter above 40 cm
of 8%. In forest in Cameroon an average density of 0.5 tree with a bole diameter of over 60 cm
has been reported per ha, with an average
wood volumeof 1.1 m3/ha. A bole with a length
of 9 m and nearly 60 cm in diameter felled in
DR Congoyielded 1.7 m3 of wood. Logs should
be processed immediately after felling or treated with fungicides, because the wood is very
susceptible to blue stain attack. In southern
Nigeria larvae of the Saturniid moth Bunaea
alcinoe have been reported to attack the foliage; these caterpillars are edible.
Genetic resources and breeding Cleistopholis patens is widespread andlocally common and there are no indications that it is
threatened. Immediate conservation measures
do not seem to be necessary, as is the case for
Cleistopholis staudtii which is classified as
vulnerable on the IUCN Red List.
Prospects Cleistopholis patens and related

Amadi, Odigie & Siminialayi, 2009; Boyom et
al., 2011; de Koning,

1983; Ebi & Kamalu,

2001; Ekundayo et al., 1988; Hufford et al.,
1987; Neuwinger, 2000; Takahashi, 1978;
Verdcourt, 1971.
Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.
Authors R.H.M.J. Lemmens

COELOCARYON PREUSSII Warb.
Protologue Notizbl. Königl. Bot. Gart. Berlin
1: 99 (1895).
Family Myristicaceae
Synonyms Coelocaryon klainei Pierre (1903).
Origin and geographic distribution Coelocaryon preussii occurs from southern Benin
and Nigeria east to the Central African Republic, and south to Gabon and DR Congo.
Uses The wood, knownas‘ekoune’ or ‘ekun’,
is used for interior joinery, furniture, cabinet
work, veneer and plywood. It is suitable for
light construction, interior trim, ship building,
toys, novelties, boxes, crates, matches, turnery,

hardboard, particle board and pulpwood. Traditionally, it is used for planks and paddles.
The seed contains an edible fat. The bark is
commonly used in traditional medicine. Bark
sap is taken to treat blood in the urine, dysmenorrhoea, dysentery and haemorrhoids,
whereas bark decoctions or macerations are
administered as expectorant, emetic and anodyne, and to treat cough, lung complaints,
tachycardia, rheumatism and oedema. Bark
decoctions are used as an enematotreatcolic
and diarrhoea, and bark powderis applied to
wounds as haemostatic.

species will remain of local importance as pro-

ducer of wood that is easy to work. Its invasive
nature in disturbed forest and rapid growth
seem to offer good possibilities for commercial
timber production on suitable sites in evergreen lowland forest, especially for veneer,
plywood andparticle board production.
Several of the applications in traditional medicine have been confirmed by research, e.g. antimicrobial, anthelmintic and antimalarial acti-

vities. This may offer opportunities for drug
development.
Major references Atuhe, 2010; Bolza &
Keating, 1972; Burkill, 1985; Fouarge & Gérard, 1964; Vivien & Faure, 1985.
Other references Akendengué et al., 2009;

Coelocaryon preussii — wild
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Production and international trade Between 1961 and 1968 Equatorial Guinea exported on average 18,300 m3 of logs per year.
In Gabon the export of ‘ekoune’ timber was
small in 1991 with about 50 m?, but it in-

creased to 7600 m3 in 1996, decreasing again to
140 m3 in 1999 and 240 m3 in 2005. Current
export volumesare small.
Properties The heartwood is pale brown to
yellowish brown, with darker markings, and

indistinctly demarcated from theslightly paler,
wide sapwood. The grain is straight, texture
moderately fine. The wood is lustrous. It is
lightweight to medium-weight with a density of
450-660 kg/m? at 12% moisture content. It air
dries easily without serious defects. The rates
of shrinkage are moderate, from green to oven
dry 3.0-5.1% radial and 6.2-8.5% tangential.
Once dry, the wood is unstable to moderately
stable in service.
At 12% moisture content, the modulus of rupture is 73-124 N/mm?2, modulus of elasticity
7550-12,500 N/mm2, compression parallel to
grain 29-49 N/mm2, shear 4—9 N/mm2, cleav-

age 11-19 N/mm and Chalais-Meudon side
hardness 1.4—4.0.
The wood is easy to saw and work with both
hand and machinetools. It nails and screws
well, with good holding capacity. It glues,
paints and varnishes satisfactorily, and has
good peeling and slicing properties. It is not
durable, being susceptible to termite, Lyctus
and marine borer attacks. The wood is quite
easy to treat with preservatives.
The wood contains 42—47% cellulose, 27-33%
lignin, 15-16% pentosan, 0.7-0.9% ash and

very little silica. The solubility is 2.5-3.4% in
alcohol-benzene, 2.4—3.1% in cold water and

17.3% in a 1% NaOH solution. A test on the
kraft pulping characteristics of the wood
showed satisfactory results with a yield of
about 45%.
The fat from the seed has a smell of cacao butter.

Phytochemical

screening

of

the

bark

showed the presenceof alkaloids, tannins, saponins andterpenoids.
Adulterations and substitutes The wood
resembles that of Pycnanthus angolensis
(Welw.) Warb. andis used for similar purposes.
Description Evergreen, dioecious, mediumsized to fairly large tree up to 35 m tall; bole
branchless for up to 20 m, generally straight
and cylindrical, up to 80(-110) cm in diameter,

often grooved at base or with small buttresses;
bark surface scaly with elongate scales, reddish
brown, inner bark granularor fibrous, pinkish

Coelocaryon preussii — 1, base of bole; 2, leaf; 8,
male inflorescence; 4, part of male inflorescence;
5, female inflorescence; 6, part of female inflorescence; 7, dehisced fruit showing seed.
Redrawn and adapted by Iskak Syamsudin
to yellowish brown with darker spots, with a
creamy exudate; crown pyramidal, with horizontal branches; twigs glabrous. Leaves alternate, simple andentire; stipules absent; petiole
1-2 cm long, grooved above; blade obovateoblong, 15-25 cm x 6—8 cm, cuneate at base,
short-acuminate at apex, thin-leathery, glabrous, pinnately veined with 6-10 pairs of lateral veins. Inflorescence an axillary panicle up
to 10(—15) cm long, short-hairy, with flowers in
numerous umbel-shaped clusters, each cluster
initially enclosed by an involucre and upto 30flowered. Flowers unisexual, regular, up to 3
mm long, yellowish, with short pedicel, perianth

cup-shaped,

3—4-lobed,

reddish

brown

short-hairy; male flowers with 3-5 fused stamens, filaments merged into a column; female
flowers with superior, ovoid, glabrous, 1-celled

ovary, stigma 2-lobed. Fruit an ellipsoid to oblong or globose drupe 3.5—4 cm X 2.5-3 cm, in
bunches of up to 3, yellowish when ripe, splitting longitudinally with 2 fleshy valves, 1seeded. Seed ellipsoid, 2-3 cm x 1-1.5 cm,
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glossy dark purplish brown to blackish, with
pink to red aril, laciniate almost to the base.

Seedling with hypogeal germination.
Other botanical information Coelocaryon
comprises 4 species and is restricted to West
and Central Africa.
The wood of Coelocaryon oxycarpum Stapf, a
medium-sized tree up to 30 m tall occurring
from Senegal to Ghana, is used for similar
purposes as that of Coelocaryon preussii. The
bark sap is used as a purgative.
Coelocaryon sphaerocarpum Fouilloy, a medium-sized tree up to 30 m tall occurring from
Guinea to Côte d'Ivoire, provides a wood similar to that of Coelocaryon preussii. The leaves
and seeds are used in traditional medicine to
treat drowsiness.
Coelocaryon botryoides Vermoesen is also a
medium-sized tree up to 30 m tall, and occurs
from south-eastern Nigeria and Cameroon to
the Central African Republic and DR Congo.
Its woodis also used for similar purposes.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 14: scalariform
perforation plates; 15: scalariform perforation
plates with < 10 bars; 20: intervessel pits scalariform; 21: intervessel pits opposite; 22: intervessel pits alternate; 26: intervessel pits
medium (7-10 um); 32: vessel-ray pits with
much reduced borders to apparently simple:
pits horizontal (scalariform, gash-like) to vertical (palisade); 33: vessel-ray pits of two distinct
sizes or types in the same ray cell; 42: mean
tangential diameter of vessel lumina 100-200
uum; 46: < 5 vessels per square millimetre; (47:
5-20 vessels per square millimetre). Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; (65: septate fibres present); 66:

non-septate fibres present; 68: fibres very thinwalled; 69: fibres thin- to thick-walled. Axial

parenchyma: 78: axial parenchyma scanty paratracheal; 93: eight (5-8) cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; (102: ray
height > 1 mm); 106: body ray cells procumbent
with onerow of upright and/or square marginal
cells; 107: body ray cells procumbent with
mostly 24 rows of upright and/or square marginal cells; (108: body ray cells procumbent
with over 4 rows of upright and/or square marginal cells); 115: 4-12 rays per mm.
(R. Shanda, E. Uetimane, P. Baas & H. Beeckman)
Growth and development The growth of

Coelocaryon preussii is slow. Seedlings reached
only 20-30 cm tall after 10 months and 140 cm
after 2 years. In Cameroon trees flower mainly
in December—February andfruits ripen about 6
months later. In Guinea trees fruit in July—
September, in Côte d'Ivoire usually in April
June. The seed aril is eaten by several animal
species including hornbills, turacos, monkeys
and chimpanzees, which disperse the seeds.
Ecology Coelocaryon preussii is widespread
in lowland rainforest up to 400 m altitude. It
can be commonin secondary forest, whereit is
often found in small clusters. It usually occurs
on well-drainedsoils.
Propagation and planting There are about
375 seeds per kg. The seeds start germinating
2-6 weeks after sowing, but the germination
rate is often very low. In the nursery, seedlings
should be kept in the shade; there was no survival after planting in full sun.
ManagementIn the forest of Cameroon the
average density of trees with a bole diameter of
more than 60 cm is about 0.1 per ha, with an
average wood volume of 0.3-0.6 m3/ha. In Gabon the average wood volumeis locally 2 m*/ha,
whereas an inventory in a large area in northeastern Gabon resulted in an estimated average volume of 0.5—0.8 m3/ha.
Diseases and pests Studies in southern Cameroon showed that several insect species attack the trees, particularly shoot and wood
borers and insects feeding on the leaves or
sucking sap, but damageis usually onlyslight.
Handling after harvest Freshly harvested
logs should be removed from the forest rapidly
or treated with preservatives to avoid blue
stain and borer attacks. It is recommended to
leave the bark attached to logs. They float in
water andthus can be transported byriver.
Genetic resources Although Coelocaryon
preussii usually occurs scattered in the forest,
it is quite widespread in different forest types
including secondary forest. There are no indications thatit is threatened by genetic erosion.
Prospects Coelocaryon preussii and other
Coelocaryon spp. maybe interesting for further
commercialization, providing timber that, although not durable, can be used for various
purposesincluding veneer and plywood production. Their common occurrence in secondary
forest formations may imply good prospects for
sustainable production in natural forest, but
research on growth rates, regeneration and
proper managementsystems are needed.
Phytochemical and pharmacological investigations of the bark are recommended to assess
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the value of medicinal applications. The seed
may have commercial importance for the production of edible oil.
Major references ATIBT, 1986; Bolza &

ern Africa, where it occurs in Zambia, Malawi,

Aubin, 1968; Fouilloy, 1974; Gilbert & Troupin,

southern Angola, northern Namibia, northeastern Botswana, Zimbabwe, southern Mozambique and northern South Africa. It has
also been planted in semi-arid regions of India.
Uses The wood of Colophospermum mopane
is traditionally used for posts and poles in the

1951; Takahashi, 1978; Vivien & Faure, 1985.

construction of houses and palisade fences, and

Keating, 1972; Burkill, 1997; CIRAD Forestry

Department, 2008; CTFT, 1977b; de Saint-

Other

references

Akoégninou,

van

der

Burg & van der Maesen (Editors), 2006; Christy et al., 2003; Foahom, 2002; Fouilloy, 1965;
Fouilloy, 1972; Hawthorne & Jongkind, 2006;
Hubert, undated; Keay, 1989; Maisonneuve &
Manfredini (Editors), 1988b; Neuwinger, 2000;
Onangaet al., 1999; Pauwels, 1993; Raponda-

Walker & Sillans, 1961; Sallenave, 1955; Tailfer, 1989; Terashima & Ichikawa, 2003; White

& Abernethy, 1997; Wilks & Issembé, 2000.
Sources of illustration Fouilloy, 1965;
Wilks & Issembé, 2000.
AuthorsR.B. Jiofack Tafokou

COLOPHOSPERMUM MOPANE(Benth.)
J.Léonard
Protologue Bull. Jard. Bot. Etat 19: 390
(1949).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 34, 36
SynonymsCopaifera mopane Benth. (1865),
Hardwickia mopane (Benth.) Breteler (1997).
Vernacular names Mopane, turpentinetree,
balsam tree, butterfly tree, ironwood (En). Mopane (Fr). Mupane, chanate (Po).
Origin and geographic distribution ColoDhospermum mopane is widespread in south-

for carving. The wood accounts for more than
90% of the wood used for living and storing
huts in large parts of southern Africa. It is
suitable for heavy flooring, mine props, ship
building, vehicle bodies, railway sleepers, ladders, sporting goods, toys, novelties, agricultural implements, tool handles, turnery, hardboard and particle board, and to a lesser extent, due to its weight and hardness, for joinery
and furniture. Colophospermum mopane provides high quality firewood and is used for
charcoal production. The wood, that has been
claimed to be the best firewood of Africa, burns
with great heat, slowly and evenly, and leaves
little ash; it lights easily, even when green, but
its hardness makesit difficult to fell, chop or
split. Intricately shaped pieces of root are exported from Namibia to eastern Asia, where
they are used as decorations for fish tanks and
homes.
Seeds are consumed by humansas faminefood.
Colophospermum mopaneis hostof caterpillars
of the mopane moth or emperor moth (Gonimbrasia belina) which feed on its leaves. The
caterpillars are widely dried, roasted and consumed in southern Africa, and are collected

and sold to generate income. The tree also
hosts the psyllid Retroacizzia mopani (synonym: Arytaina mopani), a sap-sucking insect
that produces ‘mopane manna’, a sweet waxlike cover on the leaves that is collected and
eaten by people but also monkeys.
Colophospermum mopaneis used in the preparation of traditional medicines. In Namibia
extracts from heated wood or the fibres from
chewed leaves are used to treat slow-healing
woundsor to stop bleeding of wounds. Topnaar
people in Namibia drink a decoction of the
leaves against colds. To treat pain of the eyes
or headache, a leaf decoction is dropped in the
eye or the head is washed with it. In South
Africa decoctions of the bark and wood are used
to treat eye inflammations, venereal diseases,

Colophospermum mopane — wild

syphilis, diarrhoea and stomachpains. In Zimbabwe bark infusions are sometimes given to
cattle against diarrhoea. Infusions or decoctions of the leaves are drunk or given as enema
to treat constipation and stomach-ache. Twigs
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are used as chew-sticks to clean the teeth. The
Venda people in South Africa use the roots to
stop bleeding of the gums. In Mozambique
roots have been used to kill intestinal worms.
Ash from the wood has high phosphate, calcium and lime contents and is used as fertilizer
and to make whitewash. The bark is used in
tanning hides. The inner bark provides fibre
that makes a very strong rope. The leaves and
fruits are browsed by livestock. They retain
their nutritional value after falling to the
ground; animals eat them off the ground during the dry season. They are crucial to livestock
farmers for bridging the late dry season period
when many trees are leafless. Fresh leaves and
seeds smell strongly of turpentine, but this
does not taint the meat or milk of animals feeding on them. The tree also acts as a food plant
for a wild silk moth (Gonometa rufobrunnea).
Cocoons of the moth are harvested as wild silk
and processed to make cloth.
Production and international trade There
is little, if any, international trade in mopane

timber. Production of timber, firewood and
charcoal for local and regional markets is extensive, but statistics are not available. Apart

from mopane wood products, there is a lucrative trade in mopane wormsin formal and informal markets across southern Africa. The
total value of this trade is not known precisely
but has been estimated to be worth many millions US$.

Properties Colophospermum mopane wood
is very attractive in appearance. The heartwood is medium to reddish brown, with black

stripes, darkening with age; it is clearly demarcated from the thin, off-white to pale brown
sapwood. The grain is interlocked, sometimes
nearly straight, texture coarse to moderately
fine and even. The woodis oily and showslittle
lustre.
The wood is very heavy, with a density of 990—
1230 kg/m? at 12% moisture content, and hard.
It air dries slowly but well, although it may be
liable to surface checking. It does not easily
end-split during drying; the oily content of the
wood might explain this feature. Kiln drying
may cause moderate surface checking and distortion. The rates of shrinkage are low to moderate, from green to oven dry about 4% radial
and 5.2% tangential. At 12% moisture content,
the modulus of rupture is 89-122 N/mm2, modulus of elasticity 10,880—-14,000 N/mm2, compression parallel to grain 69-75 N/mm2, shear
17 N/mm2, Janka side hardness 13,100—21,000

N and Janka end hardness 19,400 N.

Mopane woodis generally difficult to work with
both hand and machine tools, mainly on account of its high density. Machining hasa severe blunting effect on saw teeth and cutting
edges, and special tools are needed to obtain a
fine surface and a goodfinish. Planingis difficult due to the presence of interlocked grain.
The woodis difficult to nail and screw due to
its hardness, and requires pre-boring; the nailholding power is good. Polishing gives fair to
good results. The wood varnishes, glues and
turns well. It is very durable as it contains
chemicals that resist attacks by termites and
powder-post beetles. The heartwood is extremely resistant to treatment with preservatives, the sapwood is moderately permeable.
The wood ash contains about 15% lime. The
bark contains 5.9% tannin. The nutritional
value of Colophospermum mopane foliage was
assessed in South Africa. On average, the foliage contained per 100 g dry matter: ash 5.8 g,
crude protein 14.1 g, neutral detergent fibre
38.0 g, acid detergent fibre 30.7 g, acid detergent insoluble N 1.0 g, acid detergent lignin
14.6 g and ether extract 4.2 g. The mean content of macro-nutrients in the foliage has been
estimated per 100 g dry matter at: Ca 1.0 g, P
0.16 g, K 0.8 g, Mg 0.2 g, and Na 0.004 g. The
mean content of micro-nutrients was assessed
per 100 g dry matter at: Cu 0.8 mg, Co 0.3 mg,
Mn5.6 mg and Se 0.01 mg. The foliage contains relatively high concentrations of condensed tannins, which tend to diminish in older leaves, making them more acceptable to

browsers during the dry season. Small
amounts of leaves added to the diet of young
pigs increased their growth rate and production.
The diterpene 8(S),13(S)-dihydrogrindelic acid
and its C-13 epimer were isolated from the
seeds; both are intermediates in the biosynthesis of 9,13-epoxylabdanes. The aerial parts of
the plant are rich in essential oil, consisting
mainly of o-pinene (68-72%) and limonene
(3.5-5%), which are presumably responsible for
the strong turpentine odour of the fruits and
leaves. The leaves also contain significant concentrations of B-sitosterol and stigmasterol,
which are apparently the source of sterols in
various organs of the mopane moth. The polyphenolic pool of the heartwood exhibits extreme diversity and complexity. It comprises a
variety of monomeric flavonoids, flavan-3,4diols including mopanols and peltogynols, flavonols, dimeric proanthocyanidins, profisetinidins, promopanidins, propeltogynidins, and a
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variety of profisetinidin-type triflavanoids.
Description Deciduous small tree, often remaining stunted as a shrub, up to 15(-24) m
tall, with one or more straight boles up to 100
cm in diameter; bark rough, deeply vertically
fissured, dark grey to brown, irregularly scaling off, often forming elongate-reticulate
patches, inner bark fibrous, laminated, pink to

yellowish; pedicel 4-8 mm long;sepals 4, nearly round, c. 5 mm long,glabrous, reflexed; pet-

red; crown narrow, with few main branches

style remnants half to two-thirds of the way
along the upperside, glabrous, straw-coloured

diverging at a narrow angle; twigs glabrous,
smooth, grey. Leaves alternate, compound with
a single pair of leaflets; stipules ovate, up to 5
mm long, early caducous; petiole (1—)1.5—4(—5)

cm long, with a small, flat appendage 2—4(—5)
mm long at apex; pulvinus at base of leaflet
broader than long, contiguous with the opposite one; leaflets obliquely ovate or lanceolate
to falcate-triangular, (2—-)4—10(-13) cm x (1.5-)
2.5-5(—6.5) cm, base asymmetrical, apex acute
to obtuse, margins convex, leathery, glabrous,
with numerous pellucid gland dots, with (7-)8—
12(-14) veins from the base. Inflorescence an
axillary raceme up to 7 cm long, simple or with
one or two branches at the base, 7—13-flowered.

Flowers bisexual, regular, greenish white to

als absent; stamens 20—25, free, c. 7 mm long;

ovary superior, flattened obovoid, c. 8 mm long,
glabrous, style c. 2 mm long, glabrous, stigma
broad. Fruit a flattened, obliquely obovoid to
kidney-shaped pod (2.5—)38—4.5(—6) em x 2—2.5(—
3) cm, narrowed at base, rounded at apex, with

with minute, sunken, glandular flecks of dark-

er brown, usually with raised reticulate venation, indehiscent, 1-seeded. Seeds almostfilling
the fruit, kidney-shaped, compressed, margin
flattened, surface with deep folds, pitted with
numerous reddish, sticky glands. Seedling with
epigeal germination.
Other botanical information Colophospermum comprises a single species. It has been
included in Hardwickia (a genusof one species
in India) and this is supported by pollen morphology, chromosome numbers and phylogenetic analyses; in 2005 the name Colophospermum
has been conserved against Hardwickia. Colophospermum seemsalso to be related to Prioria.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; (41: mean tangential diameter of vessel lumina 50-100 um);
42: mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre; (48: 20-40 vessels per square millime-

=~

tre); 58: gums and other deposits in heartwood

Colophospermum mopane — 1, tree habit; 2,
flowering twig; 3, flower; 4, fruiting twig; 5,
seed,
Redrawn and adapted by G.W.E. van den Berg

vessels. Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: nonseptate fibres present; 70: fibres very thickwalled. Axial parenchyma: (76: axial parenchyma diffuse); 79: axial parenchyma vasicentric; 80: axial parenchyma aliform; 81: axial
parenchyma lozenge-aliform; (83: axial parenchyma confluent); 86: axial parenchyma in
narrow bandsor lines up to three cells wide;
89: axial parenchyma in marginal or in seemingly marginal bands; (91: two cells per parenchyma strand); 92: four (3—4) cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
104: all ray cells procumbent; 115: 4-12 rays
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per mm. Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchymacells; (143: prismatic crystals in fibres).
(E.A. Obeng, P. Baas & H. Beeckman)
Growth and development The root system
of Colophospermum mopane is remarkably
shallow (30-120 cm deep) but very extensive
and well adapted to arid conditions. The roots
can take up water from drier soil than competing grasses. The leaves fold together and hang
straight down underintense sunshineor water
stress, producing very little shade which adds
to the harshness of mopane woodlands. Trees
shed most of their leaves gradually during the
dry season and can be leafless for up to 5
months, but mostly shorter. New leaves appear
just before or soon after the first rains, although flushing seems independentof the rains
in Namibia and Botswana. New leaves are
yellowish and soft, and turn green and leathery
with age. Flowering begins when trees are 5
years old and usually occurs soon after new
leaves have developed, between October and
March, but can be erratic with no flowersat all

for several years. Fruits usually appear between March and June. They are dispersed by
rain-wash and wind, and over short distances

lishment period. Only 3% of the original seedlings, estimated at 294,000 seedlings per ha,
survivedtill the end of the test period. Stands
of seedlings under the canopies of mothertrees
were thefirst to die out completely, probably
due to competition. Growth rates are generally
slow. In northern South Africa, the age of a
tree with a bole diameter of 10 cm wasestimated at 42 years, which was believed to be in
line with an average age of full-grown trees of
100-200 years.

Ecology Colophospermum mopane is found
in hot, low-lying areas, especially dry river
valleys, up to 1000 (—1300) m altitude, with a
mean maximum temperature of about 30°C
and a mean annual rainfall of 400-700 mm,
althoughit occurs in somelocalities in Namibia
receiving only 100 mm rainfall per year. It occurs in areas with alluvial or colluvial soils and
is also widespread in Kalahari sands. While
growth is best in fertile slightly acidic, friable
and permeable deepclay soils, it tolerates alkaline andpoorly drained and temporarily waterlogged soils. The lack of clay-rich soils with a
fair nutrient level may explain the absence of
Colophospermum mopane at higher altitudes.
In the drier savanna woodlands of the central
part of southern Africa, it is often gregarious
and dominant, occurring in almost pure stands
known as ‘mopane woodland’ or ‘Colophospermum woodland’. In some areas the plants remain stunted, forming ‘mopanescrub’. Mopane

only.
Root suckers are commonly found around the
base of established trees. They are produced
when trees are damaged by fire, drought, humans or elephants. Coppice growth can be vigorous and sometimes forms almost impenetrable thickets. Mycorrhizae are often present on
the roots, but N-fixing nodules have not been
found. However, a symbiosis of the roots has
been observed with a bacterium, causing gradual degeneration of the roots and the formation
of new ones, thus forming clusters of new roots.

km2. The barkis resistant to fire. Slight frost
to —8°C is tolerated.
Propagation and planting Colophospermum mopane is easily propagated by seed,
wildlings and cuttings. The weight of 1000
seeds is about 500 g. Germination is easy and
no pre-treatment is needed. The seeds germi-

It has been suggested that these clusters might

nate inside the pod which does not break open,

be considered as a primitive form of root nodules.
Colophospermum mopane is not a pioneer spe-

but germination is more rapid and even when
seeds are removed from the pod. Seeds can be
soaked in cold water for 24 hours to speed up
germination. With proper care, fresh seeds can
attain a germination rate of 100%. Storage
behaviouris orthodox.; seeds can be stored for
several years andstill attain good germination.
In Botswana seeds stored for 8 years still had a

cies and does not invade new, disturbed areas.

Regeneration under existing trees occurs, but it
is uncertain to what extent. Thousands of seedlings are commonly found during the rainy
season, but saplings of 1—5 yearsold are rarely
encountered. Stands are often even sized and
possibly of even age, with few small or young
trees. In a trial in 10 permanent sample plots
in a mopane woodlandin northern South Africa, the survival of seedlings was observed for

nearly 3 years. The highest seedling mortality
rate of 39% was recorded during the estab-

woodlands cover an area of more than 500,000

germination rate of 78%, but in a trial in India

germination failed completely after storage for
the same period.
In the nursery, it is recommended to sow seeds

in flat seedling trays in clean or sterilized river
sand. Seeds should be partly covered when
sown in trays and kept moist. Deeply buried
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seeds will not germinate. Germination normally takes 1-2 weeks. Seedlings should be carefully transplanted from seedbeds or germination trays into nursery bags filled with a loamy
soil with some sand and compost added. Seedlings are susceptible to damping-off and should
not be watered too excessively. Initially they
grow slowly, but growth speeds up once they
have reached a height of 20 cm. Seedlings are
sensitive to frost and should be given protection in the nursery during the cold season.
Management There are no reports of manmade Colophospermum mopane plantations in
Africa, except for plantings of a few or single
trees for shade in homesteads. Planting on
farmland is not common, but during forest
clearing farmers often leave a few isolated
trees to provide some shade during the cropping season.

Seedlings and wildlings should be transplanted
at the start of the rainy season to enable them
to establish and survive without watering. After planting out, seedlings are light demanding
and susceptible to competition, necessitating
several weedings. Only under very dry conditions can seedlings compete well with other
species. They should also be protected from
livestock.
Pollarding and lopping is quite well tolerated,
with rapid re-growth of new shoots. Trees
managed for producing poles can be left to
grow for up to 10 years and can then be pollarded to a height of 2 m.
Diseases and pests Mopane is often defoliated by the larvae of the mopane moth
(Gonimbrasia belina). Large population outbreaksof the caterpillars occur once or twice a
year in November/December and_ February/March, and large stands of Colophospermum mopane trees are then completely defoliated. The larvae of the psyllid Retroacizzia
mopani also feed on mopane leaves, causing
them to curl. Termite attack has been observed
on young seedlings. No important diseases
have been recordedeither in southern Africa or
in the arid regions of India where the species is
planted.
Harvesting Because of the hardness of the
wood, stems of Colophospermum mopane are
difficult to fell, especially with hand tools, and
heavy-duty chain-saws are normally used. Old
and large trees often show severe heartrot.
Yield Forest inventories have reported densities for mature Colophospermum mopane
trees ranging from a few trees/ha in semi-arid
north-western Namibia to 480 trees/ha in

south-eastern Zimbabwe. Typical mopane tree
densities are approximately 200-400 tree/ha.
In northern South Africa the total standing
biomass of a mopane woodland has been estimated at 24 t/ha.
Genetic resources Colophospermum mopane is not under threat of genetic erosion because it is widespread and commonoverlarge
areas. However, some parts of southern Africa
experience a decline in natural stands due to
the multiple uses of the species, the growing
population, forest clearing for agriculture, excessive burning, growing elephant populations
and possibly changes in climate. Systematic
germplasm collection and specific conservation
programmes do not exist, but there are small
collections in botanical gardens in southern
Africa.
Prospects Colophospermum mopaneis highly valued for its wood used in construction of
houses and fences because of its great durability and resistance to termites, and as firewood
because of its excellent burning properties.
These uses are likely to increase in importance
and may locally become a threat to mopane
woodlands. Colophospermum mopaneis a true
multipurpose tree, not only important for its
wood but also as source of medicine, forage and
edible caterpillars. Protection measures and
domestication should be explored to attain sustainable exploitation of this species, which is
one of the most characteristic indigenous trees
of southern Africa. As an important medicinal
plant, research is needed into its active compounds.
Major references Bolza & Keating, 1972;
Brummitt et al., 2007a; Coates Palgrave, 2002;
Mojeremane & Lumbile, 2005; Palmer & Pitman, 1972-1974: Roodt, 1998; Ross, 1977;

Timberlake, 1995; Timberlake, 1999; van Wyk
& Gericke, 2000.
Other references Baerts & Lehmann,
2012; Fanshawe, 1972; Goldsmith & Carter,
1981; Gondo et al., 2010; Henning & White,
1974; Kozanayi & Frost, 2002; Lukhele & van
Ryssen, 2003; Makhado, Potgieter & Wessels,
2009; Mojeremane & Kgati, 2005; Mulofwa,

Simute & Tengnäs, 1994; Mushove & Makoni,
1993; Mushoveet al., 1995; Smit, 2001; Styles
& Skinner, 1997; Tietema, Merkesdal &
Schroten,

1992;

Tietema

et

al.,

1991;

van

Damme, van den Eynden & Vernemmen, 1992;
van den Eynden, Vernemmen & van Damme,

1992; van Wyk & van Wyk, 1997; Wessels,
undated.
Sources of illustration Brummitt et al.,
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2007a; Coates Palgrave, 2002.

Authors R. Melusi & W. Mojeremane

COLUBRINA DECIPIENS(Baill.) Capuron
Protologue Adansonia, sér. 2, 6: 127 (1966).
Family Rhamnaceae
Synonyms Macrorhamnus decipiens Baill.
(1874).
Origin and geographic distribution Colubrina decipiens is endemic to western Madagascar.
Uses The wood, knownas‘tratramborondreo’
or ‘malamasafoy’ in Madagascar, is used for
construction, parquet flooring, joinery, interior
trim, railway sleepers and furniture. The bark
rubbed in wateris used as a soap substitute.
Properties The heartwood is dark brown
with faint streaks, and distinctly demarcated
from the sapwood. The texture is medium. The
wood is medium-weightto fairly heavy, with a
density of 700-850 kg/m? at 12% moisture content, and hard. It usually air dries satisfactorily. The rates of shrinkage during drying are
moderately high. Once dry, the wood is moderately stable in service. The heartwoodis fairly
durable and moderately resistant to impregnation with preservatives.
Botany Deciduous shrub or small to mediumsized tree up to 20(-25) m tall; bole up to 65(—
90) em in diameter; bark surface smooth but
scaly, grey to blackish with distinct greyish
patches; crown open, irregularly spreading;
twigs reddish brown hairy. Leaves opposite,
simple and entire; stipules up to 6 mm long,
early caducous; petiole 1-2 cm long; blade
ovate to ovate-lanceolate, (2.5—)6-12 cm x (1.5-)

2.5-6 cm, base obtuse to rounded or shallowly
cordate, apex obtuse to acuminate, nearly glabrous, with translucent dots, 3—5-veined from
the base and additionally with a few pairs of
lateral veins. Inflorescence a short, axillary
cyme, with short peduncle, densely reddish
brown

hairy.

Flowers

bisexual,

regular,

5-

merous; pedicel 2.5—3.5 mm long; calyx lobes
triangular, c. 2 mm xX 2 mm; petals hood-

shaped, nearly 2 mm long; stamens free, each
stamen partly enveloped by a petal; disk flat,
glabrous, covering the ovary; ovary for the
greater part superior, 3-celled, style c. 0.5 mm
long, with 3 short lobes. Fruit a nearly globose
to ovoid capsule 8-15 mm long, with short cup
at base, glabrous, yellow, later becoming
brownish black, splitting into three 1-seeded
parts, each opening with a slit. Seeds c. 5 mm
long, slightly compressed, dark brown to blackish, with small aril at base. Seedling with hypogeal germination.
Colubrina decipiens grows moderately rapidly,
with an average annual height incrementof 45
cm and a mean annual bole diameter increment of 5 mm. Trees are usually leafless from
July to October and they flower around December. Fruits take 4—5 monthsto ripen.
Colubrina comprises about 30 species occurring
throughout the warmer parts of the world. In
Madagascar 6 species occur, of which one (Colubrina asiatica (L.) Brongn.) also occurs along
the coasts of East Africa.
Ecology Colubrina decipiens occurs in dry
deciduousforest, from sea-level up to 600(—800)
m altitude. The mean annual rainfall in the
distribution area is 300—700(-1000) mm, with
5-7(-9) dry months, and the mean annual
temperature is 25°C. Colubrina decipiens is
often found on more humid localities and it
tolerates temporary inundation. It seems to
prefer limestonesoils.

Management Ripe fruits can be collected
from the ground. They should be immersed in
water for 3-4 days and subsequently dried in
the sun until they open. The 1000-seed weight
is 2-3 g. The germination rate of seeds is 25—
40%. Seeds can be stored for up to one year
without losing much of their germination power. They are sown in seed beds or in pots, usu-

Colubrina decipiens — wild

ally in January, and seedlings are ready for
transplanting into the field when they are one
year old and about 50 cm tall. They are usually
planted bare-rooted and in the full sun.
Genetic resources and breeding Colubrina decipiens is widespread throughout western
Madagascarand locally common, and there are

COLUBRINA 217

no indications that it is in danger of genetic
erosion.
Prospects Colubrina decipiens seems to
have fair prospects as a plantation tree and for
enrichment planting in the dry forests of western Madagascar. However, long cutting cycles
are probably needed to obtain boles large
enough to be suitable for sawn timber production.
Major references Blaseret al., 1993; CFPF,
2008.
Other references Johnston, 1971; Perrier

The wood is medium-weight to fairly heavy,
with a density of 710-830 kg/m? at 12% moisture content. It should be dried with care because it splits easily. The rates of shrinkage
are moderately high, from green to oven dry
3.3-4.0% radial and 7.6-84% tangential.
Quarter-cutting of logs before drying is recommended. Oncedry, the wood is moderately stable to quite unstable in service. At 12% moisture content, the modulus of rupture is 152—
198

N/mm?,

modulus

of elasticity

11,950-

15,690 N/mm2, compression parallel to grain

de la Bathie, 1950a; Schatz, 2001.

66-83 N/mm?, shear 6-8 N/mm2, cleavage 11—

Authors R.H.M.J. Lemmens

22 N/mm and Chalais-Meudon side hardness
3.6-9.1.
The wood saws and worksfairly easily. It finishes well. Nailing, painting and staining show
satisfactory results. The wood is moderately
durable, being resistant to fungi and moderately resistant to termites, but susceptible to marine borers. The sapwood is liable to Lyctus
attack. The heartwood is moderately resistant
to impregnation with preservatives.
Chemical analyses of the leaves, bark and
wood led to the identification of some aporphine alkaloids, phenolic acids and flavonoids.
The flavonoid aglycones kaempferol, quercetin

COLUBRINA FARALAOTRA(H.Perrier) Capuron
Protologue Adansonia, sér. 2, 6: 130 (1966).
Family Rhamnaceae
Synonyms Macrorhamnus faralaotra H. Perrier (1948).
Origin and geographic distribution Colubrina faralaotra is endemic to northern and
eastern Madagascar.
Uses The wood, known as ‘faralaotra’ or
‘malemisalaza’ in Madagascar,is in demandfor
construction, high-quality parquet flooring, and
for indoor as well as outdoorjoinery. It has also
been used for railway sleepers, often after impregnation. It is suitable for interior trim, ship
building, hydraulic worksin fresh water, furniture, toys and novelties. The woodis also used
as firewood and for charcoal production.
Properties The heartwood is greenish yellow, turning reddish brown uponexposure. It is
distinctly demarcated from the whitish and
wide sapwood. The texture is medium.

and myricetin have also been demonstrated, as

well as the flavonol-O-triosides faralatroside
and faratroside, which are derivatives from

kaempferol and quercetin, respectively.
Botany More or less evergreen shrub or
small to medium-sized tree up to 25(—30) m
tall; bole branchless for up to 18 m, usually
straight and cylindrical, up to 90(-120) cm in
diameter; twigs reddish brown hairy. Leaves
alternate, sometimes nearly opposite, simple;
stipules small, early caducous; petiole 2-6 mm
long; blade ovate to ovate-lanceolate or obovate, 3-11 cm X 2-7 cm, base rounded, some-

times shallowly cordate, apex obtuse to shortacuminate, margins entire to slightly wavy,
membranous, nearly glabrous, with translucent glands below, 3-veined from the base and
additionally with 2-3 pairs of lateral veins.
Inflorescence a short, axillary cyme, with very
short to fairly long peduncle, densely reddish
brown hairy, 3-40-flowered. Flowers bisexual,
regular, 5-merous, white, fragrant; pedicel 2-8

Colubrina faralaotra — wild

mm long; calyx lobes triangular, c. 1.5 mm X
1.5 mm; petals hood-shaped, c. 1 mm long;
stamens free, each stamen partly enveloped by
a petal; disk flat, glabrous, covering the ovary;
ovary for the greater part superior, 3-celled,
style c. 1 mm long, with 3 short lobes. Fruit a
nearly globose capsule 8-10 mm in diameter,
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with short cup at base, glabrous to slightly
hairy, becoming bluish black, splitting into
three 1-seeded parts, each opening with slit.
Seeds c. 2.5 mm long, slightly compressed,
black, with small aril at base.
Colubrina comprises about 30 species occurring
throughout the warmerparts of the world. In
Madagascar6 species occur, of which one (Colubrina asiatica (L.) Brongn.) also occurs along
the coasts of East Africa.
Colubrina arborescens (Mill.) Sarg. is a small
tree up to 8(—30) m tall, native of Middle Amer-

ica and the Caribbean and occasionally planted
as ornamental shade tree in Africa. The durable wood is mainly used for posts and piles. In
tropical America, bark decoctions are used in
traditional medicine to treat diabetes, hypertension and stomach disorders. Leaf decoctions
are applied in a bath against fever, skin complaints, haemorrhoids andjoint pains, and are
taken to treat gonorrhoea. Leaves and bark
rubbed in water are used as a substitute of
soap.
Colubrina faralaotra is variable, and some subspecies and varieties have been distinguished,
based on leaf shape and size, numberof flowers
in the inflorescence, and hairinessofthe fruit.
Ecology Colubrina faralaotra occurs in dense,
humid evergreen forest, from sea-level up to
1000(—1700) m altitude.
Genetic resources and breeding Colubrina faralaotra is fairly widespread and locally
common, and there are no indications thatit is
in dangerof genetic erosion.
Prospects Toolittle information is available
to assess the prospects of Colubrina faralaotra
as an economically important timber tree with
sustainable production.
Major references Blaseret al., 1993; Bolza
& Keating, 1972; CFPF, 2008; Guéneau, Bedel

tree (En). Flamboyant d’avril, gloire de Colville
(Fr).
Origin and geographic distribution Colvillea racemosa is endemic to western Madagascar, where it occurs in the north near Antsir-

anana, and from the Bemaraha Plateau to the
south.
Uses The wood, known as ‘sarongaza’, is

used for posts, carpentry, shuttering, fences
and veneer. It is suitable for light joinery, interior trim, furniture, boxes and crates. The boles
are used to make dug-out canoes. Colvillea
racemosa is planted as an ornamental tree
because of its bright orange flowers and delicate foliage, also in several tropical countries
outside Madagascar.
Properties The wood is yellowish white to
greyish yellow. The grain is straight, texture
coarse. The wood is moderately lightweight,
with a density of 410-580 kg/m? at 12% moisture content, and soft. It air dries rapidly and
without much defects when it is properly
stacked. The rates of shrinkage are moderate,
from green to oven dry about 3.8% radial and
7.38% tangential. At 12% moisture content, the
modulus of rupture is about 124 N/mm?, modulus of elasticity 18,300 N/mm?2, compression
parallel to grain 40 N/mm? and ChalaisMeudon side hardness 2.8. The veneering
properties are satisfactory. The wood is not
durable, but fairly easy to impregnate with
preservatives.
Botany Deciduous, small to medium-sized
tree up to 20(-30) m tall; bole usually cylindrical and straight, sometimes slightly sinuous,
up to 90(-100) cm in diameter; bark surface
finely grooved, peeling off in thin strips, pale
grey, with many lenticels, inner bark green;

& Thiel, 1970-1975; Takahashi, 1978.

Other references Bedolla, 1997; Guéneau,
1971a; Guinaudeau et al., 1976; Guinaudeau et
al., 1981; Johnston, 1971; Parant, Chichignoud
& Rakotovao, 1985; Perrier de la Bathie, 1950a;
Schatz, 2001.

Authors L.P.A. Oyen

COLVILLEA RACEMOSABojer
Protologue Bot. Mag. 61: t. 3325-3326 (1834).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 26, 28
Vernacular names Colville’s glory tree, whip

Colvillea racemosa — wild
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crown elongate, with irregularly spreading or
pendulous branches. Leaves alternate, bipinnately compound with (6—)9-16 pairs of pinnae;
stipules small, caducous; petiole 3—-8.5 cm long,
swollen at base, rachis up to 30 cm long,
grooved and greyish hairy; leaflets opposite,

when they are 50-100 cm tall. Clipping the
lateral roots is advised. Direct sowing into the
field is also practised. Propagation by cuttings
has been successful.
Genetic resources and breeding Colvillea
racemosa is included in the IUCN Red List,

numerous, nearly sessile, oblong, (0.5—)1—2 cm

whereit is considered to be at lower risk, alt-

long, slightly asymmetrical, short-hairy. Inflorescence a large, terminal panicle c. 50 cm
long, with pendulous branches up to 40 cm
long, short-hairy, many-flowered. Flowers bisexual, zygomorphic, 5-merous, bright orange
with orange-red petals; pedicel 0.5—1 cm long;
calyx 2-2.5 cm long, leathery, with 4 short
lobes in lower part of flower and 1 long lobe in
upperpart; petals free, the lower one up to 1.5
cm long with strongly inrolled margins, lateral
two rhombic, up to 1.5 cm long, upper two narrowly rhombic, up to 3 cm long; stamens 10,
free, 2.5-4.5 cm long, curved outwards from the
top of the flower; ovary superior, elongate, flat-

hough near threatened. It is locally common,
but its natural habitat of deciduous woodland
is strongly fragmented.
Prospects Tests with Colvillea racemosa in
Madagascar showedpositive results. The wood
fulfils the requirements for technical processing and has characteristics rendering it
suitable for economic exploitation, e.g. for veneer production. Colvillea racemosa has good
colonizing potential, and reforestation can be
achieved by direct sowing. As such, it seems to
have good potential for reforestation in regions
with seasonally dry forest in Madagascar. It
deserves wider application as an ornamental

tened, c. 1.5 cm long, 1-celled, style slender,

tree.

4.5-5 cm long. Fruit a narrowly oblong, flattened, pendulous pod 25-35 cm X 4-7 cm, glabrous, dehiscing along one side, 12—20-seeded.
Seeds oblong-obovate, flattened, c. 1.5 em X 1
cm, pale brown mottled with darker brown.
Seedling with hypogeal germination.
Youngtrees grow fairly rapidly. A mean annual bole diameter increment of 7-14 mm has
been reached during the first 10 years after
planting. Colvillea racemosa flowers from December to March(-April). The flowers, which
produce abundantly nectar, are pollinated by
sunbirds. They are often eaten by lemurs.
Fruits ripen about 6 months after flowering.
Colvillea comprises a single species. It is related to Delonix and Lemuropisum.
Ecology Colvillea racemosa occurs in deciduous woodland and seasonally dry forest on
sandy soils, up to 300 m altitude. The mean
annualrainfall in its area of distribution is up
to 700(-1200) mm, with 7-9 dry months, and
the mean annual temperature 24.5-27°C.
Management Thefruits are collected from
the tree or the ground when they have become
dry and blackish, from May to July. The seeds
are extracted manually and non-viable seeds
are separated by floating in water. Viable seeds
are dried in the sun. The weight of 1000 seeds
is 275-400 g. The seeds can be stored for up to
4 years, when still a germination rate of 50—
70% can be reached. It is recommended to
submerge them in boiling water before sowing.
Whenseedlings are raised in the nursery, they
can be planted into the field after 6-12 months

Major references Blaser et al., 1993;
CFPF, 2008; du Puyet al., 2002; Rakotovao et
al., en préparation; Randrianasolo, 1992a.
Other references du Puy, Phillipson &
Rabevohitra, 1995; Randrianasolo et al., 1996;

World Conservation Monitoring Centre, 1998.
Authors R.H.M.J. Lemmens

COMBRETUM IMBERBE Wawra
Protologue Kaiserl. Akad. Wiss. Wien, Math.Naturwiss. K1., Anz. 38: 556 (1860).
Family Combretaceae
Vernacular names Leadwood(En).
Origin and geographic distribution Com-
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bretum imberbeoccurs from southern Tanzania
south to northern Namibia, Botswana, Zimba-

bwe, Mozambique and northern South Africa.
Uses The woodis used for fence poles, mine
props, railway sleepers, mortars, walkingsticks,
inlay work, toys and turnery. Because of its
durability, it is commonly used for the main
supportingpolesof huts. It is popular for sculpture and lathe work, whereas it is also used to

make heavy, extremely durable furniture. The
wood is favoured for use as firewood and for
charcoal production; it burns slowly and with

great heat. The ash from the wood has a high
lime content, and is sometimes used as tooth-

paste and as a substitute of whitewash to decorate walls of houses.
Several plant parts are used in traditional medicine. Powdered roots or leaves and decoctions
from roots and leaves are taken to treat diarrhoea. On the other hand, a leaf decoction is

applied as an enemato treat constipation. A
root infusion is drunk to treat schistosomiasis.
Bark powder is applied externally against leprosy. Tea made from the roots or leaves is
drunk to treat coughs and colds, and the smoke
of burnt leaves is inhaled for the same purposes. A leaf decoction is drunk to relieve chest
pain. A root maceration is taken to treat stomach-ache. The roots are used to treat infertility
in women. The tree yields an edible gum. The
bark has been used for tanning leather. The
foliage is eaten by livestock, although it reportedly contains only 4% protein. The tree is
claimed to have protective power, and several
plant parts are used in ritual ceremonies.
Combretum imberbeis useful as an ornamental
shadetree.
Production and international trade In
southern Africa Combretum imberbeis in high
demandin the carving industry, together with
Berchemia spp., Olea europaea L. subsp. cuspidata (Wall. ex G.Don) Cif. and Spirostachys
africana Sond. In Mozambique the wood is
classified as first class for carving. In Tanzania
it has replaced the wood of Bobgunnia madagascariensis (Desv.) J.H.Kirkbr. & Wiersema.
In 2003 the official harvest was 3900 m? of
logs, but then a nation-wide ban on the harvest
wasdeclared.
Properties The heartwood is dark brown
and distinctly demarcated from the thin, yellow-brown sapwood. The grain is straight, texture fine. The woodis very heavy, with a density of about 1200 kg/m? at 12% moisture content. It is difficult to work, rapidly blunting
cutting edges, but it takes a very nice lustrous

polish. The turning properties are excellent.
The wood is very durable, even in contact with
the ground.
Acetone and ethyl acetate extracts of the leaves
of Combretum imberbe showed pronounced
anti-inflammatory activity in the cyclooxygenase-1 bioassay, whereas an aqueous extract
showed activity against Schistosoma haematobium. The pentacyclic triterpene imberbic acid
has been isolated from the leaves; this compound showed potent antibacterial activity
against Mycobacterium fortuitum and Staphylococcus aureus. Another pentacyclic triterpene
isolated from the leaves, 10,23-dihydroxy-12oleanen-29-oic acid-3B-O-2,4-di-acetyl-L-rhamnopyranoside, showed strong antibacterial activity against Staphylococcus aureus and Escherichia coli, as well as strong inhibition of 3ahydroxysteroid dehydrogenase and moderate
cytotoxic activity against some human cancer
cell lines. In tests the wood ash showed good
results in managing cowpea weevils in stored
cowpea seeds.
Adulterations and substitutes In South
Africa the wood of Combretum imberbe is
commonly used to supplement the wood of
Colophospermum mopane (Benth.) J.Léonard
as the main constituent of palisade fences.
Description Deciduous shrub or small to
medium-sized tree up to 20(-30) m tall; bole
commonly crooked, up to 100 cm in diameter;
bark surface whitish to pale grey or dark grey,
with deep longitudinal furrows and irregular
transverse cracks; crown spreading, rounded
and rather open; twigs glabrous, sometimes
spiny at tip. Leaves opposite, simple and entire; stipules absent; petiole up to 1 cm long;
blade elliptical to oblong-elliptical or ellipticalobovate,

2.5-8.5 cm

xX

1-3 cm,

cuneate to

rounded at base, rounded to obtuse at apex,
often with short point, papery to slightly leathery, densely silvery scaly, pinnately veined
with 3-7 pairs of lateral veins. Inflorescence an
axillary or terminal spike up to 5(-10) cm long;
main axis scaly. Flowers bisexual, regular, 4merous, yellowish, densely scaly, scented, sessile; receptacle consisting of 2 parts, lower part
c. 2.5 mm long, upper part indistinct, nearly
flat; sepals ovate-triangular, c. 1.5 mm long;
petals free, obovate to spatulate, c. 1 mm long,
glabrous; stamens 8, free, c. 2 mm long; ovary

inferior, 1-celled, style c. 2 mm long, densely
glandular at base. Fruit a 4-winged nut, broadly ovoid to nearly orbicular in outline, 1.5-2 cm
long, with 2-83 mm long stipe and c. 7 mm
broad wings, pale yellowish green, silvery
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wood not ring-porous); 46: < 5 vessels per
square millimetre; 58: gums and other deposits
in heartwood vessels. Tracheids andfibres: 60:
vascular/vasicentric tracheids present; 61: fibres with simple to minutely borderedpits; 66:
non-septate fibres present; 69: fibres thin- to
thick-walled. Axial parenchyma: (76: axial parenchyma diffuse); (79: axial parenchyma vasicentric); 80: axial parenchyma aliform; 81:
axial parenchyma lozenge-aliform; (89: axial
parenchyma in marginal or in seemingly marginal bands); (92: four (8-4) cells per parenchyma strand); 93: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
109: rays with procumbent, square and upright
cells mixed throughout the ray; 115: 4-12 rays
per mm; (116: > 12 rays per mm). Mineral inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells; (138: prismatic crystals in procumbent
ray cells); (141: prismatic crystals in nonchambered axial parenchymacells).
(P. Détienne & P. Baas)
Growth and development Combretum imberbe trees grow very slowly. Under natural
conditions, mean annual diameter increment

rates of only 0.8 mm to 2 mm have been recCombretum imberbe — 1, tree habit; 2, part of

orded, but under optimal conditions in cultiva-

leafy twig; 8, flower in longitudinal section; 4,
fruit.
Redrawn and adapted by Iskak Syamsudin

tion young trees may reach 6 m tall in 15
years. Combretum imberbe flowers from November to March, and fruits ripen from February to August. The fruits are dispersed by
wind, up to a distance of 50 m from the parent

scaly, indehiscent, 1-seeded. Seedling with
hypogeal germination, with stalked, nearly
orbicular cotyledons.
Other botanical information Combretum
is a very large genus, comprising about 250
species and distributed worldwide in the tropics and subtropics. About 140 species occur in
tropical Africa.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; (7:
vessels in diagonal and/or radial pattern); (9:
vessels exclusively solitary (90% or more)); 13:
simple perforation plates; 22: intervessel pits
alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small (4—7 um); 26:
intervessel pits medium (7-10 um); 29: ves-

tured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100—200 um;
(45: vessels of two distinct diameter classes,

tree.

Combretum imberbe trees can becomeveryold.
Radiocarbon dating showed that some specimens were over 1000 years old. Dead trees can
remain upright for as much as 80 years.
Ecology Combretum imberbe occurs in open
woodland and wooded savanna, on a widevari-

ety of soils from sandy soils to limestone outcrops, also on alluvial soils and black cotton
soils, but only occasionally on heavyclay soils,
from sea-level up to 1000 m altitude. It is most
commonalong rivers. Combretum imberbe has
an important ecological value for animal species, e.g. as fodder for desert elephants in Namibia and as nesting site for Ruppell’s parrot
and hornbills.
Propagation and planting One kg contains
about 11,500 fruits, with the seed accounting
for about 45% of the fruit weight. Seeds should
be sown while still fresh. They should be
soaked in water for a few hours before being
pressed into seedling trays filled with river
sand. After they have been covered with a thin
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layer of sand, the seeds should be kept moist.
They germinate in 1-2 weeks, but very low
germination rates have been recorded (3-5%),
as well as high mortality amongseedlings. The
seedlings can be transplanted into nursery
bags after developmentof the secondleaf.
Management Thetrees can be managed by
coppicing. The numberof shoots produced from
cut stems is negatively correlated with the
height at which the trees are cut, but shorter
shoots are produced whenthe tree is cut close
to the ground. A cutting height of 1 m appears
most advantageous. In South Africa the majority (nearly 80%) of the Combretum imberbe
trees has bole diametersof less than 20 cm. In
Tanzania the minimum diameter limit for harvesting has beenfixed at 24 cm.
Diseases and pests Seeds seem to be liable
to attacks by insects and rodents. Seedlings are
apparently often destroyed by large herbivores
such as antelopes and elephants.
Harvesting Good equipment with hardened
and sharp cutting edges is neededto fell the
trees and to saw and work the wood.
Genetic resources Combretum imberbeis
widespread and at least locally common. It is
therefore not easily liable to genetic erosion.
However, studies in Malawi have shown that

the wood is in high demand for charcoal production, and that manytreesarefelled for this
purpose. In South Africa Combretum imberbe
trees of over 20 cm in bole diameter are selectively felled on a large scale for their timber,
whereas smaller-sized trees are commonly cut
for firewood. The extent of exploitation appears
to be unsustainable in many regions with high
human population pressure within the distribution area of the species.
Prospects There is a lack of knowledge on
natural regeneration of Combretum imberbe

Gelfand et al., 1985; Javaid & Ramatlakapela,
1995; Katerere et al., 2003; McGawetal., 2001;
Milledge, Gelvas & Ahrends, 2007; Neuwinger,
2000; Steenkamp, 20038; Wickens, 1973; Williamson, 1955.

Sources of illustration Coates Palgrave,
1983; Exell, 1978; van Wyk, 1972-1974.

Authors R.H.M.J. Lemmens

COMBRETUM SCHUMANNII Engl.
Protologue Pflanzenw. Ost-Afrikas C: 289
(1895).
Family Combretaceae
Chromosome number 2n = 26
Synonyms Combretum engleri Schinz (1901).
Vernacular names Forest tree combretum,
sand bushwillow (En). Mgurure, mpera-mwitu,
mgongolo (Sw).
Origin and geographic distribution Combretum schumannii occurs from southern Somalia and Kenya south to Namibia, Botswana,
Zimbabwe, Mozambique and northern South
Africa.
Uses The wood is used for heavy construction, flooring, pestles, combs andcarvings. It is
suitable for interior trim, ship building, vehicle
bodies, mine props, handles, ladders, sporting
goods, musical instruments, pulley blocks, toys,

novelties, precision equipment and turnery. In
Namibia the branches of Combretum schumannii shrubs are used for making bows for
children to practice hunting; they are not suited for bows for adults because they break too
easily. The wood is also used as firewood and
for charcoal production.
Bark and leaves are used in traditional medi-

and on threats to young trees, and the response

of Combretum imberbe to harvesting pressure
under different environmental and anthropogenic influences is poorly understood. Research
on these aspects is needed to develop models
for sustainable exploitation. Protection of this
slow-growing tree is becoming important, but
is certainly worthwhile considering its many
services to humans and animals.
Major references Angehetal., 2007; Exell,
1978; Herrmann, Milton & Seymour, 2003;

Mtsweni, 2006; Palmer & Pitman, 1972-1974;
van den Eynden, Vernemmen & van Damme,
1992; van Wyk & Gericke, 2000; Vogel & Fuls,
2005.
Other references Coates Palgrave, 1983;
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cine. Pulp made from the root bark is applied
to swellings. Heated leaves are applied to the
chest to treat pneumonia, and the leaves are
also used to treat epilepsy and headache. The
flowers are a source of nectar and pollen for
honey bees. It has been reported that the tree
gives mulch of good quality.
Production and international trade In
Kenya Combretum schumannii belongs to the
four most commonly used species in the carving industry, together with Dalbergia melanoxylon Guill. & Perr., Brachylaena huillensis
O.Hoffm. and Olea europaea L. subsp. cuspidata (Wall ex G.Don) Cif. However, there is no
information on volume and price of wood in
trade.
Properties The heartwood is dark purplish
brown when freshly sawn, slowly darkening to
nearly black after years, and distinctly demarcated from the narrow, whitish sapwood. The
grain is straight, texture moderately fine to
fine, but not always even.
The wood is heavy, with a density of 1040—
1120 kg/m? at 12% moisture content. The wood
air dries well but slowly, with little degrade.
The rates of shrinkage are rather low, from
green to 12% moisture content about 1% radial
and 2-3% tangential. The wood is easy to work
as long as sharptools are used, and it takes a
very nice polish. The turning properties are
excellent. Pre-boring is necessary for nailing.
The wood joints well. It is fairly durable, even
in contact with the ground, and resists termite
and marine borer attacks quite well. It cannot
be impregnated with preservatives.
Adulterations and substitutes The wood
of Combretum schumannii has some resemblance to that of Dalbergia melanoxylon, which
is also in high demandfor carving. Ebony, the
wood of Diospyros spp., is also used for similar
purposes as that of Combretum schumannii.
Description Deciduous shrub or small to
medium-sized tree up to 20(—30) m tall; bole
often crooked or fluted, up to 60(—80) cm in
diameter; bark surface pale yellowish brown to
brown, scaling off in large, elongate flakes,
inner bark pinkish with paler streaks, exuding
a thick whitish sap; crown open; twigs slender,
nearly glabrous. Leaves opposite, simple and
entire; stipules absent; petiole up to 1 cm long,
slender; blade elliptical to oblong-elliptical,
ovate or obovate, (2—)6—12(-15) cm x (1—)2—4.5
(-7.5) cm, cuneate to rounded at base, rounded

to obtuse or short-acuminate at apex, papery,
slightly warty and scaly, pinnately veined with
3-8 pairs of lateral veins. Inflorescence a short

Combretum schumannii — 1, tree habit; 2, leafy
twig; 3, flower in longitudinalsection; 4, fruit.
Redrawn and adapted by Achmad Satiri Nurhaman
axillary spike up to 1.5 cm long, sticky. Flowers
bisexual, regular, 4-merous, pale yellow, scent-

ed, sessile; receptacle consisting of 2 parts,
lower part 1-1.5 mm long, upper part 1.5-2.5
mm long, with 4 pouch-like swellings; sepals
shallowly triangular, indistinct; petals free,
nearly orbicular, 1.5-2 mm long, glabrous;
stamens 8, free, c. 5 mm long; ovary inferior, 1-

celled, style c. 5 mm long. Fruit a 4-winged nut,
ovoid to nearly orbicular in outline, 3-4 cm
long, with 1—2 cm long stipe and c. 1 cm broad
wings, green turning pale brown,indehiscent,
1-seeded. Seedling with epigeal germination,
with sessile kidney-shaped cotyledons.
Other botanical information Combretum
is a very large genus, comprising about 250
species and distributed worldwide in the tropics and subtropics. About 140 species occur in
tropical Africa. In several African floras, Combretum engleri Schinz from the western part of
southern Africa has been included in the synonymy of Combretum schumannii, although
the former is only a shrub up to 4 m tall with
smaller leaves and fruits. More research is
needed to elucidate the status of Combretum
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engleri; it might be a separate taxon (either on
specific or infraspecific level), or the differences
might be due to climatic conditions.
Combretum kraussii Hochst. occurs in eastern
South Africa and Swaziland, but a few specimens have been collected in southern Mozambique. It is a shrub or small tree up to 12 m
tall. Its yellow wood with usually straight
grain and fine texture is suitable for flooring,
joinery, mine props, ship building, vehicle bodies, furniture, cabinet work, handles, ladders,
sporting goods, toys, novelties, agricultural
implements and turnery; it is also used as
firewood. At 12% moisture content, the density
of the wood is about 770 kg/m3, modulus of
rupture 110 N/mm2, modulus of elasticity
13,2830 N/mm? and compression parallel to
grain 63 N/mm? Although the wood is hard
and tough, it is moderately easy to work; it
polishes well. It is only moderately durable,
and resistant to impregnation by preservatives.
The roots of Combretum kraussii are used in
traditional medicine to treat wounds, and as an

anodyne, tonic and appetite stimulant. The
pliable young stemsare used in basket making.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(7: vessels in diagonal and/or radial pattern); 9:
vessels exclusively solitary (90% or more); 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
(45: vessels of two distinct diameter classes,
wood not ring-porous); 47: 5-20 vessels per
square millimetre; 58: gums and other deposits
in heartwood vessels. Tracheids and fibres: 60:
vascular/vasicentric tracheids present; 61: fibres with simple to minutely bordered pits; 66:
non-septate fibres present; 70: fibres very
thick-walled. Axial parenchyma: 83: axial parenchyma confluent; 92: four (3-4) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; (104: all ray cells procumbent); (109: rays
with procumbent, square and upright cells
mixed throughout the ray); 115: 4-12 rays per
mm; 116: > 12 rays per mm. Mineral inclusions: 156: crystals in enlargedcells.
(P. Détienne & P. Baas)
Growth and development In Namibia the
flowers only last for about 3 weeks, from mid

September until the beginning of October,
when the shrub is nearly leafless. The flowers
are pollinated by insects such as honey bees.
Fruits ripen about 7 months after flowering.
Monkeys have been reported to feed on the
fruits and mayserve as seed dispersers.
Ecology Combretum schumannii occurs in a
wide range of habitats, from lowland rainforest
to riverine forest, dry deciduous forest and
wooded savanna, from sea-level up to 1150(—
1600) m altitude. In southern Africa it is commonly found on Kalahari sand and rocky outcrops.
Propagation and planting Seeds should
be sown while still fresh. Germination can be
fast and the germination rate high. Whole
fruits can be stored for a few weeksonly without affecting the germination capacity of the
seed. It has been recommendedtostrip off the
wings of the fruit before sowing. Trees may
produce root suckers that can be used for propagation.
Management The trees can be managed by
coppicing andlopping.
Handling after harvest The boles are usually short and commonly fluted, which reduces
the possibilities of usage for sawn wood.
Genetic resources Combretum schumannii
is widespread and at least locally common.
This makes thatit is not easily liable to genetic
erosion. However, in some regions, e.g. in
coastal regions in Kenya, Combretum schumannii trees are selectively felled for their
wood that is highly valued for carving, thereby
affecting populations of larger-sized trees.
Studies on the genetic variability are warranted, covering populations all over the distribution area; this mayalso elucidate the status of

Combretum engleri.
Prospects Thereis no information on growth
rates and natural regeneration of Combretum
schumannii. Research is needed to develop
models for sustainable harvesting of its wood.
It does not seem to be a serious candidate for
planting with the objective of economically
viable timber production because the bole is
often of too small size and poor shape, and because growthis probably slow.
Major references Bolza & Keating, 1972;
Bryce, 1967; Exell, 1978; Lovett et al., 2007;

Maundu & Tengnäs (Editors), 2005; Mbuya et
al., 1994; Wimbush, 1957.

Other references Beentje, 1994; Coates
Palgrave, 1983; Dale & Greenway, 1961; Kokwaro, 1993; Leger, 1997; Msangi, 1991; Neu-

winger, 2000; Takahashi, 1978; Teel, 2004;
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Thulin, 1993a; Wickens, 1973.
Sources of illustration Exell, 1978; Maundu & Tengnäs (Editors), 2005.
Authors D. Dongock Nguemo

COPAIFERA MILDBRAEDII Harms

Protologue Notizbl. Bot. Gart. Berlin-Dahlem
8: 147 (1922).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Copaifera mildbraedii is distributed from southeastern Nigeria eastward to the Central African Republic and southward to Gabon and DR
Congo.
Uses The wood of Copaifera mildbraedii, traded as ‘andem-eviné’ and ‘anzem noir’ and as
‘etimoe’ together with that of Copaifera salikounda Heckel, is mainly used for veneer. It is
suitable for heavy construction, joinery, ship
building, vehicle bodies, furniture, musical
instruments, boxes, crates, carving and drain-

ing boards. It is also used as firewood.
Pygmy people in the Central African Republic
use the bark in perfume. The fruit contains a
resin that is inflammable. In the Central African Republic, fruits dried in the sun are used
for lighting fires and they are burned in lamps
and as candles. In traditional medicine in Nigeria, the fruits and seeds are used as purgative, stimulant and diuretic. In the Central

African Republic, the bark is eaten to increase
virility, bark decoctions are drunk or used in
enemas or fumigations for the treatment of
stomach problems, and a decoction of the bark
of Copaifera mildbraedii and that of Anonidi-

um mannii (Oliv.) Engl. & Diels is taken to
cure female sterility.
Production andinternational trade According to ATIBTstatistics, Gabon exported 530 m3
of logs in 2001, 685 m3 in 2002, 235 min 2003,
225 m? in 2004 and 265 m3 in 2005. Congo exported 150 m? of logs in 2004, and 80 m? of logs
and 100 m3 of sawn wood in 2006.
Properties The heartwoodis reddish brown,
often with decorative streaks, and distinctly
demarcated from the white or greyish white,
up to 10 cm wide sapwood. The grain is
straight, texture medium to fine and even. The
wood contains resin.
The wood is moderately heavy, with a density
of (600—)750—850 kg/m? at 12% moisture content. Drying should be done slowly and with
muchcare to prevent severe checks and distortion. It is advisable to quarter-saw the wood
before drying. The shrinkage rates are moderately high, from green to oven dry 6.0% radial
and 8.5% tangential. Once dry, the wood is
moderately stable in service.
At 12% moisture content, the modulus of rupture is 127-155 N/mm2, modulusofelasticity
10,800-15,300 N/mm2, compression parallel to
grain 64—70 N/mm?, cleavage 21.5-24.5 N/mm
and Chalais-Meudonside hardness 4.0-6.0.
The wood works well with both machine and
handtools. It planes very well, and gives an
attractive finish. It takes nails well. The wood
is only moderately durable, being susceptible to
stain and termite attack. The sapwood is susceptible to Lyctus attack. The heartwood is
extremely resistant to impregnation with preservatives.
The wood contains 40% cellulose, 30.5% lignin,

18% pentosan and 0.5% ash. The solubility is
about 5.5% in alcohol-benzene, 2.7% in hot

water and 27.1% in a 1% NaOH solution. Wood
fibre cells in samples from DR Congo were on
average 1.4 mm long and 20 um wide, with a
cell wall thickness of 4 um and a lumen width

of 12.5 um.

Botany Evergreen, large to very large tree
up to 60(-65) m tall; bole branchless for up to
30 m, straight and cylindrical, up to 200 cm in
diameter, sometimes thickened and grooved at
base, without buttresses; bark surface smooth

to slightly fissured, dark grey, inner bark fibrous, hard, brittle, pinkish yellow, turning
brown on exposure, aromatic; crown umbrella-
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shaped; twigs hairy but soon becoming glabrous. Leaves alternate, pinnately compound
with 20-40 leaflets; stipules caducous; petiole
and rachis 13-25 em long, grooved above; petio-
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lules 1-2 mm long,hairy; leaflets alternate or
nearly opposite, oblong, 1.5-4(-6) cm x 1-2(-—
2.5) cm, base rounded and asymmetrical, apex
rounded to notched, glabrous except for the
midvein below, with translucent dots, pinnately veined with 14-20 pairs of lateral veins.
Inflorescence a terminal or axillary raceme 8—
30 cm long, with lateral spike-like branches 2—
5 cm long, reddish hairy. Flowers bisexual,
zygomorphic, white; pedicel c. 1 mm long, with
2 caducousbracteoles up to 2.5 mm long; sepals
4, ovate-lanceolate, 3-4 mm x 1-2.5 mm, 1
broader than other 3, acute, reddish hairy;

Africa is lacking.
Major references Aubréville, 1970; Bolza &
Keating, 1972; Sallenave, 1955; Takahashi,
1978; Vivien & Faure, 1985.
Other references Aké Assi et al., 1985;
Burkill, 1995; CIRAD Forestry Department,
2008; Danforth & Noren, 1997; de Saint-Aubin,

petals absent; stamens 9-10, free, 5-6 mm
long; ovary superior, sessile, hairy at one side,

COPAIFERA RELIGIOSA J.Léonard

1-celled, style c. 2.5 mm long. Fruit an obliquely oblong to elliptical or nearly globose pod 3-5
em X 2.5-3.5 cm, leathery, glabrous, brownish
black, often shiny and covered with resin droplets, dehiscent with 2 valves, 1-seeded. Seeds

Protologue Bull. Jard. Bot. Etat 19: 398
(1949).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Copaifera religiosa is distributed from Cameroon to
DR Congo.
Uses The wood, traded as ‘n’téné’, sometimes
also as ‘anzem’, is suitable for light construction, light flooring, joinery, interior trim, vehi-

oblong, slightly flattened, 1-3 cm x 1—1.5 cm,

black, with thin, orange-red, waxy aril. Seedling with epigeal germination; hypocotyl 3—7.5
cm long, epicotyl 4-9 cm long; first 2 leaves
opposite.
In Nigeria Copaifera mildbraedii fruits ripen
in February.
Copaifera comprises about 40 species, of which
about 35 occur in tropical America, 4 in Africa
and 1 in tropical Asia. Copaifera seemsclosely
related to Baikiaea, Detarium, Sindora and
Tessmannia.
Ecology Copaifera mildbraedii occurs in
rainforest and gallery forest, also in secondary
forest, rarely in periodically inundated localities.
ManagementIn the Central African Republic and Gabon, the minimum bole diameter

1963: Istas, Raekelboom & Heremans, 1959;

Lewis et al., 2005; Neuwinger, 2000; White &
Abernethy, 1997; Wilczek et al., 1952.
Authors E.A. Obeng

cle bodies, toys, novelties, boxes, crates, veneer,

plywood, hardboard and particle board. It is
also suitable as pulp for paper production.
The bark and the resin from the bark and wood
are locally used as perfume. Theresin is also
used in torches and for sealing canoes. In Gabon the bark of young trees is made into boxes
used for ritual purposes. In traditional medicine in Gabon bark macerations are taken for
the treatment of cough and stomach-ache, bark
decoctions for the treatment of cardiovascular
diseases, whereas the bark is used in fumigations against headache and kidney pain. Bark

allowed for harvesting is 70 cm. Logs do not
float well in water and cannot be transported
by river. They should be extracted rapidly from
the forest or treated with a preservative to
avoid attacks by fungi and insects.
Genetic resources and breeding Copaifera mildbraedii is widespread andlocally fairly common within its distribution area. There
are no indications of overexploitation and Copaifera mildbraedii does not seem to be threatened by genetic erosion.
Prospects In view of the limited durability
of the wood, it is more suitable for interior than

for exterior use. Small quantities of Copaifera
mildbraedii timber are traded on the international market, mainly for veneer production.
Although it is locally fairly common, information on local use of its timber in tropical
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preparations are also used to treat malaria.
The bark is added to a bath together with other
ingredients to treat leprosy. In Cameroon and
Gabon the tree is credited with magical properties and used for ritual purposes.
Production and international trade In the
1960s Gabon and Congo exported small quantities of logs. According to ATIBT statistics,
Congo exported 165 m3of ‘n’téné’ logs in 2006.
Properties The heartwood is pale brown to
red-brown, mottled, turning darker brown upon exposure, and distinctly demarcated from
the wide, yellow-white to pale pink sapwood.
The grain is straight to slightly interlocked,
texture medium to fine, rarely uneven. The
wood contains a sticky, transparent resin, and
blackish resin ducts are visible. Sawn wood has
a bitter, almond-like scent.
The woodis lighter and softer than that of other Copaifera species. It has a density of about
550-750 kg/m3 at 12% moisture content. The
wood dries rapidly, with only a slight risk of
distortion and checking. During drying, the
resin in the woodsolidifies and produces whitish clots if the drying temperature is above
70°C. The shrinkage rates are quite low, from
green to oven dry 3.8% radial and 4.5% tangential. Once dry, the woodis stable in service. At
12% moisture content, the modulus of rupture
is about 117 N/mm2, modulus of elasticity
10,000 N/mm2, compression parallel to grain 46
N/mm?, cleavage 21 N/mm and Chalais-Meudon side hardness 2.3.
The wood saws well, with only slight blunting
effects on saw teeth and cutting edges. It works
well with most tools and usually planes well,
although irregular grain may sometimes cause
problems when machine tools are used. It peels
well. The gluing properties are good. Varnishing and painting may be difficult because of the
presence of resin. The wood is moderately durable, being resistant to Lyctus beetles but
liable to attacks by fungi, termites and marine
borers. The heartwood is extremely resistant to
impregnation with preservatives, the sapwood
moderately resistant.
The wood contains 43% cellulose, 29% lignin,

17% pentosan and 0.8% ash. The solubility is
about 4.0% in alcohol-benzene, 3.0% in hot

water and 18.6% in a 1% NaOH solution.
Bark and roots contain tannin. A dichloromethane bark extract has shown in-vitro antiplasmodial activity against Plasmodium falciparum, while the methanol extract was inac-

tive. The dichloromethane bark extract also
showed considerable in-vitro cytotoxicity.

Botany Large tree up to 45 m tall; bole
branchless for up to 30 m, straight and cylindrical, up to 200 cm in diameter, thickened at
the

base,

without

buttresses;

bark

surface

smooth or finely scaly, orange to reddish
brown, inner barkfibrous, brittle, pale yellow,
aromatic; crown umbrella-shaped; twigs short-

hairy but soon becoming glabrous. Leaves alternate, pinnately compound with 10-16 leaflets; stipules minute, early caducous; petiole
and rachis 10-20 cm long, grooved above; petiolules 2-5 mm long, twisted; leaflets alternate,

oblong to elliptical or obovate, 2.5-6.5 cm x
1.5-3.5 cm, base slightly asymmetrical and
rounded or cuneate, apex rounded to notched,
leathery, nearly glabrous, with translucent
dots, pinnately veined with c. 20 pairs oflateral veins. Inflorescence an axillary raceme up
to 19 cm long, with spike-like branches 2(-6)
cm long, densely hairy. Flowers bisexual, zygomorphic, white, nearly sessile, with 2 small,
caducous bracteoles; sepals 4, ovate-lanceolate,
c. 4 mm X 2-3 mm, 1 broader than other 3,

densely hairy; petals absent or sometimes 4
present and then 1-2 mm long; stamens 8-10,
free, c. 5 mm long; ovary superior, sessile,
hairy at base andsides, 1-celled, style c. 3 mm
long. Fruit an ellipsoid to nearly globose pod 3—
5 cm X 2-3.5 cm, slightly flattened, leathery,
rough, glabrous to hairy, blackish, somewhat

shiny, covered with small resin droplets, dehiscent with 2 valves, 1-seeded. Seeds oblong,
with a red aril.
Copaifera comprises about 40 species, of which
about 35 occur in tropical America, 4 in Africa

and 1 in tropical Asia. Copaifera seemsclosely
related to Baikiaea, Detarium, Sindora and

Tessmannia.
Ecology Copaifera religiosa occurs veryscattered in dense primary lowland rainforest. It is
found on well-drained localities and avoids
swampyor temporarily inundatedsites.
Management In Gabon the minimum bole
diameter allowed for harvesting is 70 cm.
Genetic resources and breedingIt is unknown to what extent Copaifera religiosa is
threatened with genetic erosion. In Cameroon
it is considered a vulnerable species, becauseit
has a limited ecological range and occurs in
regions whereforest land is being converted in
land to be used for other purposes.
Prospects The wood of Copaifera religiosa is
lighter and softer than that of other Copaifera
species, and only moderately durable. Therefore its range of potential uses is limited. Small
amounts of its timber are traded on the inter-
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national market, but it is not known for which
end-use. Information on the use of the timber
in tropical Africa is also lacking, but the tree is
locally used as a source of resin (used for perfume, sealing and as fuel) and various medi-

cines from the bark.
Major references ATIBT, 1986; Aubréville,

1970; Bolza & Keating, 1972; Lekana-Douki et
al., 2011; Vivien & Faure, 1985.
Other references ATIBT, 2007; Costa,
2009; de Saint-Aubin, 1963; Koumba Madingou
et al., 2012; Neuwinger, 2000; Normand, 1950b;
Raponda-Walker & Sillans, 1961; Sallenave,
1955; Volavka, 1998; Wilczek et al., 1952.
AuthorsM. Brink

COPAIFERA SALIKOUNDAHeckel
Protologue Ann. Fac. Sci. Marseille 3: 4, t.
16 (1891).
Family Caesalpiniaceae (Leguminosae - Fabaceae)

Chromosome number2n = 24
Origin and geographic distribution Copaifera salikounda is distributed from Guinea
Bissau eastward to Ghana.
Uses The wood, traded as ‘etimoe’, is used

for producing veneer. It is locally used for making furniture. It is suitable for heavy construction, heavyflooring, joinery, interior trim, mine

props, ship and boat building, vehicle bodies,
sporting goods, toys, novelties, boxes, crates,
agricultural implements and turnery.
The wood and bark contain an aromatic resin,

which is locally used for making a scented ungent for cosmetic use. The resin outflow is too
limited for commercial production. In Liberia

the pounded bark is rubbed on the body as a
perfume. In Sierra Leone the fragrant seed is
made into a pomade, whereas in Liberia it is
dried and powdered to be added to snuff for
scenting it. In Guinea fragrant necklaces are
made from broken seeds.
In traditional West African medicine, pulped
leaves are applied directly onto sores or used in
hot poultices, whereas powdered dried leaves
and bark are mixed with baked and powdered
clay and applied to ulcers. A maceration of the
fruit valves is drunk to purify the blood. A cold
infusion of the seed is used for the treatment of
vertigo.
Production and international trade Ghana
exported small quantities of logs to the United
Kingdom around 1960. The wood was probably
traded in mixed consignments andthusstatistics are not available. In 2000 and 2001 Ghana
exported about 55 m3 and 35 m3, respectively,
of Copaifera salikounda wood.
Properties The heartwood is grey with a
pinkish tinge when freshly cut, turning coppery reddish brown on exposure; it is distinctly
demarcated from the paler, up to 10(-15) cm

wide sapwood. The grain is interlocked or
wavy, sometimes straight, texture fine to me-

dium and even. Whencut, the sapwood exudes
a sweetly scented resin; the blackish resin
ducts give sawn wood a striped appearance.
The wood is moderately heavy, with a density
of about 700-850 kg/m? at 12% moisture content. It should be dried slowly to avoid distortion. The shrinkage rates are quite high, from
green to oven dry 5.1-5.4% radial and 8.4-9.2%
tangential. Once dry, the wood is moderately
stable to unstable in service. At 12% moisture
content, the modulus of rupture is 144-190
N/mm2, modulus of elasticity 13,400 N/mm2,
compression parallel to grain 71-75 N/mm?,
cleavage 20 N/mm and Chalais-Meudonside
hardness4.9.
The wood works fairly easily with hand and
machine tools, but has a tendency to blunt
tools and to chip off. It polishes well. Preboring before nailing and screwingis advisable.
The wood paints satisfactorily, and varnishes
and glues well. The wood is durable, being resistant to attacks by termites and xylophagous
beetles. The heartwood is resistant to impregnation with preservatives, the sapwood moderately resistant.
The wood contains 36.5% cellulose, 31% lignin,
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17% pentosan, 1.0% ash and nosilica. The solubility is about 6.6% in alcohol-benzene, 3.9%
in hot water and 23.9% in a 1% NaOH solution.
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The bark, wood and seeds contain coumarin.

Description Deciduous, medium-sized to
large tree up to 50 m tall; bole branchless for
up to 32 m, straight and cylindrical, up to 200
cm in diameter, base thickened or with narrow
root ridges developing into buttresses; bark
surface rough, irregularly scaly, greyish brown
to dark brown, inner bark hard, fibrous, pink-

ish to reddish brown, sweetly scented, exuding
a clear, brown to purplish, sticky, fragrant resin when cut; crown spreading and densely
branched; twigs pale brown hairy. Leaves alternate, paripinnately compound with 3—8(—9)
pairs of leaflets; stipules c. 2 cm long, caducous; petiole 1-1.5 cm long, with joint at base,
rachis 6-13 cm long, grooved above, greenish
brown hairy; petiolules very short, twisted;
leaflets opposite to slightly alternate, elliptical
to oblong, 1.5-6 cm x 1—3.5 cm, base asymmetrical, apex obtuse to notched, margins thickened, leathery, glabrous except at base and
margins, with translucent dots, pinnately
veined with 10-20 pairs of lateral veins. Inflorescence a terminal or axillary panicle 3-12 cm
long, with spike-like branches up to 3 cm long,
hairy. Flowers bisexual, zygomorphic, greenish

white, fragrant, sessile, with 2 triangular, caducous bracteoles c. 1 mm long; sepals 4, elliptical-oblong, c. 3 mm long, 1 broader than other
3, acute, hairy; petals usually absent; stamens

10, free, unequal in length, up to 7 mm long;
ovary superior, sessile, hairy at sides, 1-celled,

style c. 3 mm long. Fruit an ellipsoid to oblong
pod 3-5 cm X 1.5-3.5 cm, slightly flattened,
thick-leathery, green-red when ripe, sticky,
dehiscent with 2 valves, 1-seeded. Seeds c. 2.5
cm X 1.5 cm, black, sweetly scented, with thin,

red, waxy aril. Seedling with epigeal germination; hypocotyl (3.5—)5-7.5 cm long, epicotyl
4.5—7.5 cm long; cotyledons fleshy, c. 2 cm x 1
cm; first 2 leaves opposite, with 4—5 pairs of
leaflets.
Other botanical information Copaifera
comprises about 40 species, of which about 35
occur in tropical America, 4 in Africa and 1 in
tropical Asia. Copaifera seems closely related
to Baikiaea, Detarium, Sindora and Tessmannia.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal:
26: intervessel pits medium (7-10 um); (27:
intervessel pits large (= 10 um)); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; (43:

Copaifera salikounda — 1, flowering twig; 2,
flower;8, fruit.
Redrawn and adapted by W. Wessel-Brand

mean tangential diameter of vessel lumina >
200 um); 46: < 5 vessels per square millimetre;
47: 5-20 vessels per square millimetre; 58:
gumsand other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:
fibres very thick-walled. Axial parenchyma: 79:
axial parenchymavasicentric; 80: axial parenchyma aliform; 81: axial parenchyma lozengealiform; 83: axial parenchyma confluent; 89:
axial parenchyma in marginal or in seemingly
marginal bands; 91: two cells per parenchyma
strand; 92: four (3-4) cells per parenchyma
strand; (93: eight (5-8) cells per parenchyma
strand). Rays: 97: ray width 1-3 cells; 104: all
ray cells procumbent; 115: 4-12 rays per mm.
Secretory elements and cambial variants: 127:
axial canals in long tangential lines. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial paren-
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chymacells.
(P. Mugabi, A.A. Oteng-Amoako & P. Baas)
Growth and development Seedlings and
saplings tolerate shade. The growth of seedlings is slow; they reached about 20 cm tall 4
months after sowing and only 50 cm after 2
years whenplantedin thefield in full sun.
In Sierra Leone the leaves are gradually shed
from November to April, when new leaves are
produced; fruits have been observed in May
and more frequently in November. In Liberia
flowering trees have been observed in May and
August, and ripe fruits have been collected in

October and November.Thetreeis leafless for
a short period at the beginning of the rainy
season, before flowering. In Côte d'Ivoire fruiting is in December—March. In Ghana flowering
has been recorded from March to May and from
September to October, and ripe fruits are present in October-February. The seeds are probably dispersed by birds.
Ecology Copaifera salikounda is most abundant in moist evergreen forest, but also occurs
in semi-deciduous forest. It prefers welldrainedlocations, but also occurs on periodically inundated land near rivers. It is rare in
manyregions withinits distribution area.
Propagation and planting Natural regeneration usually occurs abundantly near the
mothertree, especially in more or less exposed
locations. Copaifera salikounda can be propagated with seeds. The 1000-seed weight is c. 2
kg. The seeds are collected from the ground as
soon as possible after falling because they are
much appreciated by rodents. They are sown
fresh in nursery pots and shaded. Germination
takes 5-21 days. The germination rate is about
60%. The seedlings can be planted into the
field when they are 4 months old. When planted in full sun, mortality is high, about 60%,
suggesting that some shade is needed in early
stages of growth. Keeping the seedlings for one
year in the nursery may give better results.
Management Larger Copaifera salikounda
trees usually occur scattered and in low densities in the forest. In Ghana it may be locally
common; about 230 trees with a diameter less

than 30 cm and 80 trees with a diameter over
30 cm were found per ha, indicating good natural regeneration but a high mortality rate during growth.
Harvesting The prescribed minimum bole
diameter for harvesting in Ghanais 70 cm.
Handling after harvest Logs of Copaifera
salikounda do notfloat in water and cannot be
transported by river.

Genetic resources Copaifera salikounda is
included in the IUCN Redlist of threatened
species as vulnerable because of over-exploitation and habitatloss.
Prospects The prospects of Copaifera salikounda as a timber tree of commercial importance are limited because of its restricted
distribution and scattered occurrence. Research may be warranted on appropriate management methods to reduce the mortality rate
of youngtrees undernatural regeneration.
Major references Ayensu & Bentum, 1974;
Bolza & Keating, 1972; Burkill, 1995; Hawthorne & Jongkind, 2006; Hubert, undated;
Irvine, 1961; Oteng-Amoako (Editor), 2006;
Savill & Fox, 1967; Taylor, 1960; Voorhoeve,
1979.
Other references African Regional Workshop, 1998; Catarino, Martins & Moreira, 2001;
CIRAD Forestry Department, 2008; Costa,
2009; de la Mensbruge, 1966; Hawthorne,

1990; Hawthorne & Gyakari, 2006; Kryn &
Fobes, 1959; Kunkel, 1965; Mangenot &
Mangenot, 1957; Neuwinger, 2000; N’guessan,
Soro & Amon, 2011; Sallenave, 1955; Savard,
Besson & Morize, 1954; Takahashi, 1978; Taylor, 1960.
Sources of illustration Voorhoeve, 1979.

Authors A.A. Oteng-Amoako & E.A. Obeng

CORDIA AFRICANA Lam.
Protologue Tab. encycl. 1: 420 (1792).
Family Boraginaceae
SynonymsCordia abyssinica R.Br. (1814).
Vernacular names Large-leaved cordia,
East African cordia, Sudan teak (En). Sébestier
d'Afrique, faux teck, teck d'Arabie (Fr). Ma-

kobokobo, mringamringa (Sw).
Origin and geographic distribution Cordia
africana is widespread, from Guinea east to
Eritrea, Ethiopia and Kenya, and south to An-

gola, Zimbabwe, Mozambique and northern
South Africa. It is also found in Saudi Arabia
and Yemen, and has been planted in many
tropical countries, including Réunion and Mauritius.

Uses The wood, in East Africa often known
as ‘mukumari’, is commonly used for joinery,
interior trim, panelling, furniture, cabinet
work, drums, beehives, boxes, mortars and

canoes. It is suitable for light construction, ship
building, vehicle bodies, toys, novelties, vats,

draining boards, food containers, matches, veneer, plywood, hardboard, particle board and
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holds nails and screws well and has good gluing properties. The peeling and slicing characteristics are satisfactory. The wood is moderately durable, being moderately susceptible to
termite and pinhole borer attacks.
The polysaccharide from the fruit pulp of Cordia africana consists mainly of galactose, mannose, xylose, arabinose, glucose, rhamnose,
galacturonic acid and about 2.5% protein. It
may have applications in food, textile and
pharmaceutical industries, and could act as an
emulsifying agent also in systems with relatively high salt concentrations.
Botany Deciduous shrub or small to medium-sized tree up to 25(—830) m tall; bole branchless for up to 8(-12) m, often curvedor crooked,
up to 90 cm in diameter; bark surface smooth
in young trees, becoming cracked or longitudi-

Cordia africana — wild

nally fissured, pale brown to dark brown, inner

pulp for paper making. It is also used as firewood. The fruit pulp is edible and is added as a
sweetener to food. The leaves serve as fodder
for livestock. Several parts of the plant are
used in traditional medicine. Leaf decoctions
are administered to treat headache, nose bleed-

ing, dizziness and vomiting during pregnancy,
wounds and worms. Fresh bark is applied to
fractures and bark extracts and taken against
fatigue. Root decoctions are drunk to treat
jaundice and schistosomiasis. Wood ash is applied to skin diseases. Cordia africana is planted as a shade tree in coffee plantations, and as
roadside

tree,

ornamental

shade

tree

and

boundary marker. The leaves make a good
mulch. The flowers provide nectar for honey
bees.
Properties The heartwood is pinkish brown
to reddish brown and fairly distinctly demarcated from the greyish, 2.5—4 cm wide sapwood.
The grain is usually interlocked, texture medium to coarse but even. The woodis lustrous.
The wood is moderately lightweight, with a
density of 440-580 kg/m3 at 12% moisture content. It air dries well without serious degrade.
Once dry, it is exceptionally stable in service.
The rates of shrinkage are quite low, from

green to oven dry 3.4% radial and 5.7% tangential. At 12% moisture content the modulus of
rupture is 91 N/mm2, modulus of elasticity
8040 N/mm?, compression parallel to grain 47
N/mm?, shear 9 N/mm?, cleavage 9 N/mm, Bri-

nell side hardness 23.5 N/mm? and Brinell end
hardness 40 N/mm?.
The wood works well with both machine and
hand tools, and it planes and moulds to a nice
surface. It polishes well when a filler is used. It

bark fibrous, whitish, turning greyish to nearly
blackish upon exposure; crown rounded, dense,

much-branched; twigs velvety hairy, becoming
glabrous. Leaves alternate, simple; stipules
absent; petiole 1-13 cm long; blade ovate to
elliptical or nearly orbicular, 7.5—20(—30) cm x
3.5-18(-22.5) em, rounded to cordate at base,
rounded to acuminate at apex, margins entire
to slightly toothed, leathery, rough above,
short-hairy below, pinnately veined with 5-7
pairs of lateral veins. Inflorescence a terminal
compact panicle up to 15 cm long, composed of
cymes, minutely hairy, many-flowered. Flowers
bisexual, regular, 5-merous, nearly sessile,
sweet-scented; calyx tubular, (6-)7-9 mm long,

10-ribbed, slightly irregularly toothed; corolla
funnel-shaped, (1.5-)2-2.5 cm long, strongly
folded, white, with short lobes; stamens inserted near base of corolla tube, c. 1 cm long, included; ovary superior, ovoid, 2-3 mm long,
glabrous, style 1-2 cm long, twice bifid with 4
stigmas. Fruit an ovoid to nearly globose drupe
10-12 mm xX 6—10 mm, glabrous, yellow, enclosed at base by the persistent calyx, with
sweet pulp and slightly 4-angled stone containing 1-2(-4) seeds. Seeds ovoid, flattened, up to
6 mm X 3 mm, creamy white.
Trees have been reported to reach 7-8 m tall
after 7 years. In trial plots at 2100 m altitude
in Kenya, mean annual increments of 30-yearsold trees were 0.5 m in height and 0.9 cm in
diameter. Trees may start flowering when they
are 3-5 years old. They usually flower during
the dry season, but in Ethiopia flowering trees
have been recorded throughout the year. The
flowers are pollinated by insects such as bees.
Fruits take 3-5 monthsto ripen after flower-
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ing. They are probably mainly dispersed by
birds.
Cordia is a large pantropical genus of about
250 species, with the majority of the species
occurring in the New World and about 35 species indigenous in tropical Africa. It is a variable genus and it has been suggested that it
should be split up in several genera.
Cordia senegalensis Juss. is a shrub to small or
medium-sized tree with bole up to 40 cm in
diameter occurring in savanna and drier forest
from Senegal east to Rwanda. The yellowish
wood is used in West Africa for drums and canoes. The barkfibre is used for wickerwork and
tying material. Leaf decoctions and macerations are applied as a wash or bath to treat
oedema, fatigue and stiffness, and as anodyne,

and they are taken to treat colic and also
against pain. The sweetfruit pulpis edible.
Ecology Cordia africana occurs in open forest, riverine forest, edges and clearings in montane forest, and wooded grassland at 500—
2200(—2700) m altitude. The annualrainfall in
its area of distribution is 900-2000 mm, with a
dry period of 3-4 months and an estimated
mean annual temperature of 16—22°C. Cordia
africana prefers deep, moist but well-drained
soils, but can also be found on rocky slopes.
Management Natural regeneration of Cordia africana in more closed forest is restricted
to gaps. In the nursery seedlings showed good
growth rates at an irradiance level of 19% of
full sun, but growth was enhanced by increasing irradiance, as well as the supply of nutrients at high level. The results of tests in Ethiopia indicated that Cordia africana has evolved
a light-quality sensing mechanism that prevents seed germination beneath the forest canopy. Deep sowingas well as covering and shading of seed beds in nurseries with leaf litter
should be avoided.
One kg contains about 1700 seeds. Germination of seeds usually starts after 40-60 days
and is promoted by soaking in water for 12—48
hours, and the germination rate of healthy

seed is 50-80%. Seeds can be stored at 3°C for
at least 1 year when they have been dried in
the sun to 6-8% moisture content. Seedlings
can be transplanted from the nursery into the
field after 4-6 months. Seeds are commonly
infested by insects; tests showed that nearinfrared spectroscopy can be used in the seed
cleaning process to select sound seeds.
Cordia africana is in many areas quite common although trees usually occur scattered. It
is locally retained after forest clearing and

commonly planted in agricultural fields. In an
inventory in southern Ethiopia it occurred in
more than 88% of the farms, being the most
preferred indigenous tree species, often planted
together with enset (Ensete ventricosum (Welw.)
Cheesman). The tree can be managed by coppicing, pollarding and pruning, Regular pollarding is recommended when Cordia africana
is used as shade tree for crops to reduce shading.
As a timber tree, Cordia africana can be grown
in rotations of 40-50 years. Close spacing and
regular pruning are recommended because the
boles have a tendency to develop a poor form
and numerous branches.
Young trees can be attacked by nematodes.
Genetic resources and breeding Locally,

especially in Ethiopia and Kenya, the exploitation of Cordia africana has been severe and led
to depletion of natural stands. However, it
seems unlikely that this species is under serious threat because it is widespread in different
types of habitat, appears to have fair rates of
regeneration and is commonly planted.
The genetic variability is considerable. Several
provenance tests have been performed. In
Ethiopia the differential growth characteristics
were tested using 19 provenances. The annual
height growth of 3-year-old trees varied between 2 cm and 62 cm, but all provenances
produced multi-leader stems and numerous
branches. Other tests in Ethiopia showed considerable genetic variation in seed morphometric traits, seed germination and seedling
growth. The results of exposure of seedlings to
drought in southern Sudan showed considerable intraspecific variation, with provenances
from Kordofan having the best response and
thus most suitable as a seed source for afforestation in drought-prone environments.
Prospects Cordia africana is an important
multipurpose tree used mainly for timber production, as an auxiliary plant in agriculture
and as medicinal plant, but also yielding edible
fruits, forage and firewood. In southern Ethiopia it is considered one of the most important
indigenous tree species, and the demand for
seed is still increasing. Research in selectively
logged rainforest in south-western Ethiopia
demonstrated that Cordia africana has adequate regeneration and seems to have good
prospects for sustainable managementof timber production forest. More provenancetrials
are needed to select elite trees that can be used
for establishing seed orchards or establishing
plantations. The main drawback as a timber
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tree is the often short and poorly shaped bole,
which could be overcome by silvicultural practices, ie. close planting and regular pruning,
and by selection of superior tree types.
Major references Bekele-Tesemma, 2007;
Janick & Paull (Editors), 2006: Jansen, 1981;
Verdcourt, 1991; World Agroforestry Centre,
undated.
Other references Arbonnier, 2004; Benhura
& Chidewe, 2004; Bolza & Keating, 1972; Burkill, 1985; CAB International, 2005; Chikamai
et al., undated; Feuillet & Bosser, 2005; Martins & Brummitt, 1990; Neuwinger, 2000;

Takahashi, 1978.
Authors E.A. Obeng

CORDIA MILLENII Baker
Protologue Bull. Misc. Inform. Kew 1894: 27
(1894).
Family Boraginaceae
SynonymsCordia platythyrsa Baker (1894).
Vernacular names African cordia, drum tree
(En). Cordia d’Afrique, ebais (Fr).
Origin and geographic distribution Cordia
millenit is widespread, occurring from Sierra
Leone east to western Kenya and western Tanzania, and south to DR Congo and northern
Angola. It is commonly planted, especially in
West Africa.
Uses The wood, often traded as ‘cordia wood’
or ‘pooli’, is commonly used for construction,
joinery, interior trim, panelling, furniture, musical instrumentsincluding drums, boxes, toys,
utensils, tool handles, shingles, canoes and carving. It is suitable for boat building, cabinet
work, veneer, plywood and hardboard. It is also

used as firewood.
In Cameroon large pieces of bark are stripped
from the bole to make hut-walls and partitions.
In West Africa seed powder mixed with palm
oil is taken as a vermifuge and applied externally to ringworm and itching skin, whereas a
leaf decoction is also taken to dispel worms,
and to treat asthma, cough and colds. Cordia
millenii is commonly planted as a village shade
tree. It has also been planted in reafforestation
programmes. In Uganda Cordia millenii trees
are often left for shade in Eucalyptus and coffee plantations. The flowers provide nectar and
pollen for honey bees.
Production and international trade The
wood of Cordia millenii is only occasionally
exported and has no importancein the international trade. It is mainly usedlocally.
Properties The heartwood is pale brown to
yellowish brown or medium brown,occasionally pale purplish or pinkish brown, and notdistinctly demarcated from the whitish or yellowish, 4—6 cm wide sapwood. Thegrainis straight
or interlocked, often producing a stripe figure,
texture medium to coarse.
The wood is moderately lightweight, with a
density of 410-500(-600) kg/m? at 12% moisture content. It air dries rapidly and well, but
in kiln drying a high temperature schedule is
recommended. The rates of shrinkage are moderate, from green to oven dry 2.6-3.6% radial
and 4.6-4.8% tangential. Once dry, the wood is
stable in service.
At 12% moisture content, the modulus of rupture is 67-79 N/mm2, modulus of elasticity
6860-8600 N/mm2, compression parallel to
grain 28-43 N/mm2, shear 6.5—9 N/mmz2, cleayage 10 N/mm, Janka side hardness 2615 N and

Chalais-Meudonside hardness1.3.
The wood saws and works well with ordinary
saw teeth and cutting tools and with only
slight blunting effect. Planingis satisfactory at
a standard angle of 30° for back-sawn surfaces,

but for quarter-cut material reduction to an
angle of 20° is advisable to obtain best results,
especially when the grain is interlocked. The
wood polishes well when a filler is used. It
holds nails and screws well, but is somewhat

Cordia millenii — wild and planted

fissile. The wood has good gluing, peeling and
slicing characteristics. It is moderately durable
to durable with an expected service life of 8-25
years. It is resistant to termite and dry-wood
borer attacks and moderately resistant to fungal attacks. Wood dust may cause allergic reactions of skin and mucous membranes in wood
workers.
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The wood contains 42% cellulose, 33% lignin,
13% pentosan, 1.7% ash and 0.02% silica; the
solubility in alcohol-benzene is 8.2%, in hot
water 1.0% and in a 1% NaOH solution 10.7%.
The terpenoid benzoquinone derivatives cordiachromes A-F have been isolated from the
heartwood. Allantoin, B-sitosterol, balanopho-

nin, precesterol and 3-O-B-D-glucopyranosyl-Bsitosterol have been isolated from the bark,
together with sphingolipids and cerebrosides.
Adulterations and substitutes The wood
of Cordia millenii resembles some grades of
African mahogany (Khaya and Entandrophragma) and it has been exported as a substitute.
Description Deciduous, dioecious, small to

medium-sized tree up to 30(—35) m tall; bole
cylindrical, often irregularly bent, branchless
for up to 10(-15) m, up to 100(-120) cm in diameter, old trees often with stout but low buttresses; bark surface smooth in young trees
becoming scaly andfissured in older trees, pale
brown to greyish brown, inner bark soft, fibrous, yellowish, rapidly becoming greenish to
dark brown upon exposure, with an earthy
smell; crown fairly thin, flattened, with widely
spreading branches; twigs short-hairy. Leaves

alternate to nearly opposite, simple; stipules
absent; petiole slender, 2.5—-16 cm long; blade
broadly ovate-elliptical to nearly round, (3.5-)
10-28(-33) cm Xx (2—)5—17(—26) cm, rounded to
cordate at base, rounded to short-acuminate at

apex, margins nearly entire to slightly and
irregularly toothed, deep green above andolive
green and hairy below, more or less 3-veined
from the base and with 4-8 pairs of lateral
veins. Inflorescence a large, terminal, very lax,
spreading panicle up to 45 cm long, consisting
of condensed cymes. Flowers unisexual, regular, whitish, nearly sessile, sweet-scented; ca-

lyx tubular, 6-12 mm long, finely hairy outside, with 3—4 lobes; corolla with funnel-shaped
tube 5-12 mm long and 4-7 lobes 4.5—-7 mm
long; stamens alternating with corolla lobes,
exserted; ovary superior, ovoid, glabrous, 4-

celled, style twice bifid with 4 linear stigmas;
male flowers with rudimentary ovary, female
flowers with sterile stamens. Fruit an ovoid to
ellipsoid drupe up to 4.5 cm X 3 cm, yellowish
to brown when ripe, enclosed at base by the
persistent and enlarged calyx, stone containing
1-2(-4) seeds. Seedling with epigeal germination; hypocotyl 2-4 cm long, finely hairy, epicotyl c. 0.5 cm long, hairy; cotyledons leafy,
fan-shaped and folded, c. 2 cm x 2 cm, toothed
at the apical edge, with slender petiole up to 8
mm long; first leaves alternate, toothed, hairy.
Other botanical information Cordia is a
large pantropical genus of about 250 species,
with the majority of the species occurring in
the New World and about 35 species indigenous in tropical Africa. Cordia platythyrsa
Baker is usually kept separate from Cordia
millenii differing in its often smaller, ovate and
short-hairy leaves and smaller fruits. However,
there is much overlap in characters between
the two species and they are combinedhere, as
proposed already by Warfa (1988). In the literature, they have been much confused, and the
wood has always been mixed.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: inter-

Cordia millenii — 1, base of bole; 2, flowering
twig; 8, male flower; 4, female flower; 5, infructescence.
Redrawn and adapted by Achmad Satiri Nurhaman

vessel pits medium (7-10 um); 30: vessel-ray
pits with distinct borders; similar to intervessel
pits in size and shape throughoutthe raycell;
43: mean tangential diameter of vessel lumina
> 200 um; 46: < 5 vessels per square millimetre;
56: tyloses common. Tracheids andfibres: 61:
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fibres with simple to minutely bordered pits:
66: non-septate fibres present; 69: fibres thinto thick-walled. Axial parenchyma: 80: axial
parenchyma aliform; 82: axial parenchyma
winged-aliform; 83: axial parenchyma confluent; 85: axial parenchyma bands more than
three cells wide; 89: axial parenchyma in marginal or in seemingly marginal bands; 90: fusiform parenchymacells; 91: two cells per parenchymastrand. Rays: 98: larger rays commonly
4- to 10-seriate; 106: body ray cells procumbent
with one row of upright and/or square marginal
cells; 107: body ray cells procumbent with
mostly 2—4 rows of upright and/or square marginal cells; 110: sheath cells present; 115: 4-12
rays per mm. Storied structure: 122: rays
and/or axial elements irregularly storied. Secretory elements and cambial variants: 131:
intercellular canals of traumatic origin. Mineral inclusions: 136: prismatic crystals present;
137: prismatic crystals in upright and/or
square ray cells; 138: prismatic crystals in procumbent ray cells; 141: prismatic crystals in
non-chambered axial parenchyma cells; 152:
crystals of other shapes (mostly small); 154:
more than one crystal of about the samesize
per cell or chamber; 157: crystals in tyloses.
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Growth and development Young trees
usually produce a flat crown of horizontal
branches, one of which bends upwards and

develops into a leading shoot. This results in a
curved bole and because this processis repeated the bole becomes irregularly bent in larger
trees. Cordia millenii trees grow rapidly. In
Sierra Leone mean annual increments in bole
diameter of 3.3-6.3 cm have been recorded for
trees up to 18 years old. Thetree is leafless for
a period of up to 2 months, but seem to be eyergreen at somelocalities. In West Africa Cordia millenii usually flowers from March to
May, after new leaves have developed. Fruits
ripen towards the end of the rainy season, from

June to August. The fruits are eaten by animals including elephants, chimpanzees and
hornbills, which probably serve as seed dispersers.
Ecology In West and Central Africa Cordia
millenii is most common in semi-deciduous
forest, where it is most abundant in secondary
forest. In East Africa it is usually found in

are mainly found in gapsin the forest canopy,
and can be very common along roadsides.
There are about 4000 seeds per kg. Germination of seeds takes 10-32 days after sowing. A
germination rate of 77% has been reported
from Ghana, but 20-25% only from Côte
d'Ivoire. Hand scarification of seeds significantly accelerates germination and may increase
the germination rate to nearly 100%. The seeds
can be stored when they are spread on a dry
concrete floor and protected against rodents.
Wildlings are sometimes collected for planting.
Management In general the density of larger Cordia millenii trees in the forest is quite
low, but in some areas they are common. In
southern Cameroon the density is locally up to
0.5 bole of more than 60 cm in diameterperha,
with an average total wood volumeof up to 4.8
m?/ha, and in someforests in Sierra Leone up
to 0.3 bole of more than 60 cm in diameter per
ha. In western Uganda Cordia millenii is locally abundant.
The trees can be managed by coppicing.
Growth of coppice from cut stumps is usually
vigorous under favourable light conditions.
Although Cordia millenii is planted in many
areas, detailed management practices are lacking.
Harvesting The minimum bole diameter for
harvesting Cordia millenii is 60 cm in Cameroon and 70 cm in the Central African Republic
and Ghana.
Yield A bole branchless for 15 m and 80 cm
in diameter mayyield 4 m3 of timber.
Handling after harvest Freshly harvested
boles float in water and thus can be transported by river. Brittle or pulpy heart may be present in large logs.
Genetic resources Although Cordia millenit is locally common and its exploitation is
moderate, it is included in the IUCN Red List

of threatened species. However,it is classified
as a lower-risk species of least concern. The
status of the species should be kept underreview.
Prospects More research is needed on appropriate management systems in naturalforest to ensure sustainable exploitation of Cordia
millenii. Currently Cordia millenii is not exported on a large scale, but the decorative wood

rainforest, but also in riverine forest and thick-

qualities present a great potential as a commercial timber, as well as its ability to regen-

ets in grassland, up to 1650 m altitude. It prefers well-drained localities.
Propagation and planting Cordia millenii
is a light-demandingpioneerspecies. Seedlings

erate well in disturbed forest andits fairly rapid growth. The often irregular shape of the bole
is a drawback, which can possibly be overcome
by selective breeding and proper management.
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Cordia millenii may have prospects for use in
agroforestry systems.
Taxonomic studies are needed to confirm that
Cordia millenii and Cordia platythyrsa are
conspecific. These should take into account the
whole distribution area.
Major references Bolza & Keating, 1972;
Burkill, 1985; CIRAD Forestry Department,
2008; Hawthorne, 1995; Hindle, 1994; Katende,
Birnie & Tengnäs, 1995; Savill & Fox, 1967;
Verdcourt, 1991; Vivien & Faure, 1985; Warfa,
1988.

Other references African Regional Workshop, 1998; Akoégninou, van der Burg & van
der Maesen (Editors), 2006; ATIBT, 1986; Aubréville, 1959; Beentje, 1994; Dalziel, 1937; de
la Mensbruge, 1966; Hausen, 1981; Keay, 1989;

Mapongmetsem,

Nkongmeneck

&

Duguma,

2002; Mapongmetsem etal., 1999b; Neuwinger,

2000; Oteng-Amoako (Editor), 2006; Sommerlatte & Sommerlatte, 1990; Tailfer, 1989; Takahashi, 1978; Tapondjou et al., 2005; Taton,
1971; Taylor, 1960; Wilks & Issembé, 2000.
Sources of illustration Taton, 1971; Wilks
& Issembé, 2000.
Authors R.B. Jiofack Tafokou

CORDIA SUBCORDATA Lam.
Protologue Tab. encycl. 1: 421 (1792).
Family Boraginaceae
Vernacular names Sea trumpet, beach
cordial, island walnut (En). Noyer d’Océanie,
faux-ébéne(Fr).
Origin and geographic distribution Cordia
subcordata is extremely widespread along the
coasts of eastern Africa, islands of the Indian

Ocean, tropical Asia and Australia, and islands

of the Pacific Ocean. In tropical Africa, it occurs from southern Somalia along the coasts of
Kenya and Tanzania to Mozambique, andit is
also found in Comoros, Madagascar and Seychelles. It has been introduced in Mauritius.
Uses Although no uses have been documented from Africa, the wood is used in tropical
Asia for light construction, beams and posts,
wharves, furniture, cabinet making, musical
instruments, tools, utensils, boxes, carvings,

fancy articles, canoes, paddles and sliced veneer. It is suitable for food vessels and utensils
because it does not impart taste to food. It is
also used asfirewood.
The seeds are edible. Leaves are sometimes
chewed together with betel nut, and they are
fed to pigs. They are used to dye clothes and
fishing nets and lines yellowish brown, and
they are also used in traditional medicine, e.g.
to treat stings of poisonous fish. In Polynesia
bark, leaves, flowers and fruits are used in

phytomedicine, whereas the inner bark is used
to make baskets, dance skirts, hats and fans.
Cordia subcordata is planted as a windbreak
and life fence, for coastal protection and as
ornamental tree. The flowers are commonly
used in collars and garlands.
Production and international trade The
wood is not traded in Africa, but in the Solomon Islands, Papua New Guinea and other

island in the Pacific Ocean it is highly prized
andlocally a significant source of income.
Properties The heartwood is pale brown to
dark brown, often with a purplish tinge and
dark brown to nearly black streaks, and distinctly demarcated from the pale yellowish
brown sapwood. The grain is usually interlocked, texture moderately fine. The wood is

rather glossy. It is moderately lightweight,
with a density of 470-650 kg/mat 15% moisture content. However, wood from French Polynesia is recorded to be heavier, with a density
of 740-850 kg/m3 at 12% moisture content. It
air dries slowly, and drying should be done
carefully to avoid distortion. The rates of
shrinkage are moderate, from green to oven
dry 3.1-4.5% radial and 4.9-8.9% tangential.
Once dry, the woodis stable in service.
At 12% moisture content, the modulus of rupture is 88-128 N/mm2, modulusof elasticity
12,300-18,100 N/mm2, compression parallel to

Cordia subcordata — wild

grain 45-81 N/mm?, shear 3.5 N/mm?, cleavage
18 N/mm and Chalais-Meudon side hardness
3.1-5.9.
The wood is easy to saw and can be worked
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well with both hand and machine tools. It
takes a good finish with nice lustre when a
filler is used. It is not durable in exposed situations and attacked by powder-post and longhorn beetles, termites, as well as decay fungi,
but it is durable for interior work. The heartwood is resistant to impregnation with preservatives, even when using a pressure treatment. The wood is reported to burn fast and
can easily be ignited by rubbing 2 pieces of
wood together.
Botany Evergreen shrub or small tree up to
15(—20) m tall; bole branchless for up to 8 m,
often crooked, up to 60(-100) cm in diameter,
without buttresses; bark surface smooth in

young trees, becoming fissured and scaly in
older trees, brown to dark brown, inner bark
pale brown, turning greenish brown upon exposure; crown rounded to irregular, with
spreading branches; twigs slightly ridged,
nearly glabrous, pale grey. Leaves alternate,
crowded near the ends of twigs, simple and
entire; stipules absent; petiole 1.5-11 cm long;

blade broadly ovate to broadly elliptical or
nearly round, 4-34 cm xX 3-17 cm, usually
rounded at base, rounded to acute or short-

acuminate at apex, papery but slightly fleshy,
nearly glabrous, pinnately veined with c. 6
pairs of lateral veins. Inflorescence an axillary
or terminal cyme up to 14 cm long, short-hairy
when young, up to 20-flowered. Flowers bisexual, regular, heterostylous; pedicel up to 0.5(—
1) cm long; calyx cylindrical to funnel-shaped,
1-2 cm long, with 3-5 lobes 2-5 mm long; co-

rolla orange to red, sometimes white, with funnel-shaped tube 2-3 cm long and 5-7 spreading
lobes 1.5-2.5 cm long; stamens inserted just
below the middle of corolla tube, 3-8 mm long;
ovary superior, conical, c. 3 mm long, glabrous,
style 2-3 cm long, twice bifid with 4 stigmas.
Fruit an ovoid to nearly globose drupe 1.5—4 cm
x 2-3 cm, glabrous, yellow to red, becoming
blackish, completely enclosed by the persistent
calyx, with corky pulp and angular and ridged
stone containing 1—2 seeds. Seeds elongate, 10—
13 mm long, whitish.
Trees grow fast on moderately fertile and welldrained sites. In Indonesia seedlings reached a
height of 1-1.5 m 10 monthsafter planting, 4—
5 m after 2 years and on average 7 m after 4
years with an average diameter of 6.5 cm.
Heavy branches often develop low on the stem
and form a wide spreading crown. Cordia subcordata has an extensive, shallow root system.
The flowers are probably pollinated by insects
such as bees. Trees of 3 years old may already
produce fruits. The corky fruits float in water
and are dispersed by sea currents.
Cordia is a large pantropical genus of about
250 species, with the majority of the species
occurring in the New World and about 35 species indigenousin tropical Africa. It is a variable genus and it has been suggested that it
should be split up in several genera.
Cordia caffra Sond. occurs in southern Mozambique and eastern South Africa, often in coastal
forest and scrub vegetation on dunes, sometimes inland in woodland and forest margins.
It is also found in southern Madagascar.It is a
shrub or small tree up to 7(-20) m tall. The
pale brown and moderately heavy wood is locally valued for construction, furniture and
fences. It is suitable for joinery, interior trim,
boat building, toys, novelties, boxes, crates,

Cordia subcordata — 1, habit of young tree; 2,
flowering twig; 8, fruit.
Source: PROSEA

vats, veneer and plywood. It is used as firewood and for charcoal production. The orange
fruits are edible. Cordia caffra is an attractive
ornamental tree.
Ecology In many areas Cordia subcordata is
a fairly common constituent of vegetation along
the beach and of secondary forest and thicket
close to the seashore. It is adapted to strong,
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salt-laden winds. It mainly occurs in regions
with more than 1500 mm/year of rainfall and
with no real dry season, but can also be found
in regions with 1000-1200 mm of annual rainfall and a pronounced dry season. The mean
annual temperature is usually in the range of
24-28°C. Cordia subcordata is usually found on
deep sandy soils, also on sand dunes and often
on coralline sands over limestone. It prefers
neutral to slightly alkaline soils. The soil may
contain moderate levels of salt. In East Africa
Cordia subcordata is most commonly found on
sea shores above the high tide mark in sheltered localities.
Management There are 560-700 fruits in
one kg. Usually the seeds are not removed from
the fruits because it is difficult to do so without
damaging them. In Malaysia seeds have been
reported to take 19-62 days to germinate, with
about 25% of the seeds being viable. Data from
Indonesia show that viability of fresh seed may
be as high as nearly 100%, but seed collected
from the ground showed up to 50% germination. Soaking fruits in water for one or two
nights promotes germination, as well as clipping the ends of the fruits. Storage under ambient conditions reduces the viability from 60%
initially to 40% after 7 months, but dried fruits
can be stored in cool and dry conditions for up
to a year with slight decreasein viability.
It is recommended to cover the fruits by 1.5-2
cm of soil in seed beds. Seedlings should be
watered sparingly. In eastern Polynesia seeds
are sown in germination boxesfilled with sand,
sometimes mixed with humus. The seedlings
should be grown under well-ventilated conditions to avoid fungal attacks. They can be
planted into the field when 6-8 months old
with a height of 40-50 cm. In Indonesia a spacing of 2.5 m X 1 m and 2.5 m X 3 m has been
used.
Cordia subcordata has been classified as a pioneer species and can grow in full sunlight.
However, trees grown under these circumstances are hardly suited for timber production, and it is recommended to plant young
trees in the partial shade of other trees. They
are not very shade tolerant but can develop
reasonably well under light conditions above
30% relative light intensity. Frequent weeding
may be necessary, as well as thinning and
pruning. For timber production rotations of 60—
70 years are recommended. The bole of older
trees often develops heart rot. The larvae of the
moth Ethmia nigroapicella may cause serious
damageto trees by defoliation.

Genetic resources and breeding Cordia
subcordata is extremely widespread and not
likely to be under threat of genetic erosion.
However, in some areas larger trees have become rare dueto extensive exploitation. Cordia
subcordata has been identified as a priority
species on several island in the Pacific Ocean
for genetic research.
Prospects Cordia subcordata is very poorly
known in tropical Africa, but it deserves more
research attention because it has interesting
uses in tropical Asia and the Pacific. It has
potential for the production of timber of small
dimension suitable for local handicraft manufacture. In many areas the wood is considered
valuable for carving because of its moderately
fine texture and nice figure. Cordia subcordata
can have great value for coastal protection.
Tests in Hawaii showed that it is promising for
use in phytoremediation of soils contaminated
by petroleum hydrocarbon. It is a nice ornamental tree for coastal areas with its beautiful
flowers, although it may fruit prolifically producing rounded, hard fruits which may be a
hazard for pedestrians.
Major references Butaud, Gérard & Guibal,
2008; CAB International, 2005; Friday & Okano, 2006; Verdcourt, 1991; Warfa, 1988.

Other references Feuillet & Bosser, 2005;
Klapwijk, 2003; Martins & Brummitt, 1990;

Sun et al., 2004; Thulin, 2006; Wong & Sudo,
1995.
Sources of illustration Wong & Sudo,
1995.
Authors E.A. Obeng

CORDYLA AFRICANA Lour.
Protologue Fl. cochinch. 2: 412 (1790).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 20
Vernacular names Cordyla, wild mango,

bush mango, sunbird tree (En). Tondo, rondo
(Po). Mumbwe, mgwata, mroma, mvoo, mtigonzi

(Sw).
Origin and geographic distribution Cordyla africana occurs from the coast of Kenya
south

to

Zimbabwe,

Mozambique,

north-

eastern South Africa and Swaziland.
Uses The wood is used for heavy construction, bridge decking, furniture, tool handles,
household utensils, beehives and carvings. It is
suitable for medium-heavy flooring, joinery,
interior trim, mineprops, ship building, vehicle
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N/mm?, compression parallel to grain 38-60
N/mm?, shear 12 N/mm? and Janka side hardness 6225-7025 N.
The green wood is easy to saw. Dried wood is
easy to saw and work with machine tools, but
more difficult with hand tools. It may give a
rough finish in planing operations due to the
presence of interlocked grain. It is recommended to reduce the cutting angle to 15° to avoid
rough surfaces. The wood moulds, drills and

Cordyla africana — wild
bodies, railway sleepers, toys and novelties. It
is not recommended for uses where it may be
subject to shocks. In Malawi it is one of the
favourite woods for making canoes. The bole is
often hollowed out to make drums, which are
said to be sonorous and can be heard at great
distance. The wood is also used as firewood.
The fruit pulp is edible, but mainly eaten in
periods of food shortage. It has an unpleasant
turpentine or bean-like smell and is said to
cause vertigo. The fruits are sometimes eaten
after removal of the fruit wall and cooking.
Seeds are occasionally eaten after drying over a
fire.
Production and international trade The
wood is not traded internationally, but is commonly used locally.
Properties The heartwood is yellowish

mortises cleanly, but turning often gives a
coarse finish. Pre-boring is needed to prevent
splitting upon nailing. The wood is durable,
being resistant to termite attack and moderately resistant to Lyctus, but it is liable to marine
borer attack. It is resistant to impregnation
with preservatives.
The fruits are astringent. The pulp represents
about 48% of the fruit weight. It has a high
content of ascorbic acid (vitamin C), about 75
mg per 100 g fresh pulp.
Description Deciduous small to mediumsized tree up to 25(—40) m tall; bole branchless
for up to 15 m, straight or curved, up to 100(—
120) cm in diameter, without buttresses; bark
surface fissured, greyish brown, inner bark

brown to brown, with darker bands, and fairly

distinctly demarcated from the paler, up to 7.5
cm wide sapwood. The grain is wavyor interlocked, texture coarse. It has a nice figure due
to wavystripes.
The wood is medium-weight to heavy, with a
density of 750-910 kg/m? at 12% moisture con-

tent. It air dries fairly rapidly with some tendency to splitting and checking but with little
distortion; backsawn boards may be subject to
some cupping. Boards of 2.5 cm thick take
about 6 weeks to air dry from green to 12%
moisture content. The rates of shrinkage are
fairly high, from green to 12% moisture content
3.8% radial and 5.3% tangential. After drying,
the wood is moderately stable in service, but
sometimes quite unstable. At 12% moisture
content, the modulus of rupture is 67-85
N/mm?,

modulus

of

elasticity

8625-—12,000

gw KK
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Cordyla africana — 1, tree habit; 2, part of flowering branch; 8, fruit.
Redrawn and adapted by Iskak Syamsudin
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fibrous, yellowish with reddish bands; crown
rounded, with spreading branches; twigs glabrous or minutely hairy. Leaves arranged spirally, imparipinnately compound with 11-30
leaflets; stipules small, caducous; petiole and
rachis together up to 25 cm long; petiolules up
to 4 mm long; leaflets usually alternate, oblong

to oblong-elliptical or oblong-ovate, (1—)2—5 em
x (0.5—)1-2.5 cm, rounded to slightly notched

at apex, minutely hairy beneath, with minute
pellucid dots. Inflorescence an axillary raceme
up to 11 cm long, short-hairy. Flowers bisexual
or male, regular; pedicel 0.5—-1 cm long; hypanthium bell-shaped, c. 0.5 cm long, greenish;
calyx initially entire but splitting into (3—)5
reflexed lobes, greenish with yellowish hairs at
apex; petals absent; stamens numerous, inserted at rim of hypanthium, 1.5-2 cm long, orange-yellow; ovary superior, ellipsoid, 1-celled,
on a longstipe, style short. Fruit an ellipsoid to
nearly globose, indehiscent, berry-like pod 4.5—
8 cm x 3-6 cm, yellow when ripe, with stipe of
c. 2 cm long, with 1-3(-4) seeds embedded in
yellowish, sticky pulp. Seeds oblong, c. 3 cm
long, without seed coat and endosperm.
Other botanical information Cordyla
comprises 5 species andis restricted to mainland tropical Africa. The two species described
from Madagascar have recently been transferred to a separate genus Dupuya, based on
the presence of staminodes and on differences
in seed morphology. Cordyla is also closely
related to Mildbraediodendron. Traditionally,
Cordyla is placed in Caesalpiniaceae (Leguminosae - Caesalpinioideae), but chemistry, cytology, palynology and wood anatomy support the
inclusion in Papilionaceae (Leguminosae - Papilionoideae), and this is also supported by
molecular studies.
The name Cordyla africana has commonly been
used incorrectly for Cordyla pinnata (Lepr. ex

treat constipation, and charcoal made from the
wood is applied to burns. Thetree is planted as
a life fence.
Cordyla richardii Milne-Redh. is a small to
medium-sized tree up to 20 m tall, occurring in
Sudan and northern Uganda in deciduous
woodland on rocky hillsides. The woodis used
for similar purposes as that of Cordyla densiflora, whereas thefruits are eaten fresh.
Cordyla somaliensis J.B.Gillett is a shrub or
small tree up to 5 m tall, occurring in eastern
Ethiopia and Somalia. Its wood is probably
used for similar purposes as that of Cordyla
densiflora, and the fruits are eaten.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7-10 um);
(27: intervessel pits large (> 10 um)); 29: ves-

tured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
46: < 5 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: (76: axial parenchyma diffuse); 80:
axial parenchyma aliform; (81: axial parenchyma lozenge-aliform); (82: axial parenchyma
winged-aliform); 83: axial parenchyma confluent; 85: axial parenchyma bands more than
three cells wide; 91: two cells per parenchyma
strand; 92: four (3-4) cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; 104: all
ray cells procumbent; (106: body raycells procumbent with one row of upright and/or square

A.Rich.) Milne-Redh., which occurs in the Sa-

marginalcells); 115: 4-12 rays per mm. Storied

hel region from Senegal to Cameroon and differs in its inflorescences that usually appear
before the leaves on older shoots, more hairy

structure: (118: all rays storied); (120: axial

stamens. Literature should therefore be interpreted with care.
Cordyla densiflora Milne-Redh. is a small deciduous tree up to 10 m tall, endemic to Tanza-

parenchyma and/or vessel elements storied);
122: rays and/or axial elements irregularly
storied. Mineral inclusions: 1386: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchymacells; (154: more
than onecrystal of about the samesize percell
or chamber).

nia, where it occurs in deciduous woodland and

(P. Mugabi, P. Baas & H. Beeckman)

bushland at 800-1200 m altitude. The woodis

Growth and development The rate of
growth of young seedlings is high, but growth
slows down later. In Tanzaniatrees of 14 years
old showed a mean annual bole diameter
growth of 8.5 mm and had an average height of

flowers and more numerous, slender, whitish

used for poles, stools, drums, beehives and im-

plements such as mortars and pestles. The
fruit pulp is eaten fresh or after cooking. Leaf
decoctions are administered as an enema to
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8.8 m. In southern Africa trees flower in July—
October, when also new leaves develop. The
flowers are rich in nectar and pollinated by
sunbirds. Fruits are ripe in November—
January. They are eaten by animals such as
elephants and monkeys, which serve as seed
dispersers.

Ecology Cordyla africana occurs in evergreen forest and woodland, often along rivers,

also in swampforest, up to 1000 m altitude. It
is mainly found in hot areas.
Propagation and planting Fresh seed
germinates easily, but the viability of seed is
short. Seeds often start germinating whilestill
in the fruit. Pre-treatment is unnecessary. The
tree produces suckers that can be used for
propagation.
ManagementTrees can be managedbypollarding, lopping and coppicing.
Genetic resources In general Cordyla africana is considered not liable to genetic erosion
because it is widespread and locally common.
In Malawi it is regarded as endangered andit
is prohibited from fuelwood collection.
Prospects The woodof Cordyla africana will
remain important for local applications. The
fruits are considered valuable for human consumption, but research is needed on the phytochemistry and nutritional value. Cordyla africana is worth of being planted as ornamental
tree; flowering trees are spectacular. Studies
on growth rates and propagation are recommended to give directives for sustainable exploitation and domestication of this multipurpose tree, which has potential for use in agroforestry systems.
Major references Bolza & Keating, 1972;
Brummitt et al., 2007b; Chikamaiet al., undated; Huxham et al, 1998; Maundu & Tengnäs

(Editors), 2005; Meyer, 2006; Palmer & Pitman, 1972-1974; Ruffo, Birnie & Tengnäs,
2002; SEPASAL, 2011; Takahashi, 1978.
Other references Beentje, 1994; Brenan,
1967; Bryce, 1967; Chudnoff, 1980; Coates Palgrave, 1983; Kirkbride, 2005; Mbuya et al.,

1994; Thulin, 1989; van Wyk & Gericke, 2000;
Watt & Breyer-Brandwijk,
1975; Wimbush, 1957.

1962;

Westphal,

Sources of illustration Brenan, 1967; Coa-

tes Palgrave, 1983.
Authors R.H.M.J. Lemmens & N. Nyunai

CORDYLA PINNATA(Lepr. ex A.Rich.) MilneRedh.
Protologue Repert. Spec. Nov. Regni Veg.
41: 232 (1937).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 20
Vernacular names Cayor pear tree, bush
mango (En). Poirier du Cayor(Fr).
Origin and geographic distribution Cordyla pinnata occurs through the dry forest and
wooded savannah zones from Senegal east to
Niger, northern Nigeria and northern Cameroon.
Uses The wood is used for poles in house
construction, joinery, furniture and utensils
such as mortars. It is suitable for heavy flooring, interior trim, mine props, ship building,
vehicle bodies, railway sleepers, sporting goods
and agricultural implements. The bole is often
hollowed out to make drums, which are said to
be sonorous and can be heardat great distance.
The fresh fruit pulp is edible, although it is
slightly astringent and said to cause vertigo.
The fruits are important in times of food shortage near the beginning of the rainy season and
are often consumed after cooking. Cooked unripe fruits are sometimes added to couscous or
mixed with groundnut. Pounded seeds are occasionally addedto food.
Decoctions of roots, bark and leaves are added
to a bath to treat stomach-ache and orchitis.
Root and bark decoctions are taken as diuretic,

cholagogue, oxytocic, tonic and aphrodisiac,
and to treat gastro-intestinal complaints, diarrhoea, worms, schistosomiasis, lumbago and

syphilis. Leaf decoctions or macerations are

Dr
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taken to treat colic and anorexia, and are applied as a vapour bathto treat fever. Leaf powder is applied to abscesses and bark powderis
sniffed against headache and colds. Leaf decoctions are given to cattle as a tonic. Powdered
bark and leaves are given to cattle against intestinal worms. Bark and leaves are added to
water as purifiers. The foliage is browsed by
livestock. Cordyla pinnata is valued as nurse
tree for crops.
Production and international trade The
wood has been traded as ‘metondo’, but cur-

rently it is only used locally. In Senegal in
1960, a bole of Cordyla pinnata yielded on average 2 m3 of sawn wood, in 1975 only 1 m? and
to date most of the well-formed trees have disappeared. The legal annual yield between 1964
and 1972 comprised about 2800 trees.
Properties The heartwood is yellowish brown
to reddish brown and rather indistinctly demarcated from the about 2 cm wide, paler sapwood. The grain is usually interlocked, texture
coarse.
The wood is heavy, with a density of 840-880
kg/m? at 12% moisture content, and hard. It air
dries fairly rapidly with some tendency to splitting and checking. The rates of shrinkage are
moderately high, from green to oven dry 4.7—
5.2% radial and 6.6—7.8% tangential. After
drying, the wood is moderately stable to unstable in service. At 12% moisture content, the

modulus of rupture is 110-151 N/mm?, modulus of elasticity 12,740-15,600 N/mm2, compression parallel to grain 48-71 N/mm2, shear
10-12.5 N/mm?2, cleavage 15-19 N/mm and
Chalais-Meudon side hardness 10.2.
The wood is fairly easy to saw and work with
machine tools, but difficult with hand tools. It
may give a rough finish due to the presence of
interlocked grain; a 15° cutting angle is recommended in planing. Pre-boring is needed to
prevent splitting upon nailing. The wood is
easy to sand, varnish and paint. It is durable,
being resistant to termite attack and moderately resistant to Lyctus, but it is moderately liable to marine borer attack. It is resistant to
impregnation with preservatives.
The approximate composition of ripe fruits per
100 g edible portion is: water 80 g, energy 294
kJ (70 keal), protein 1.4 g, fat 1.0 g, carbohydrate 18 g, fibre 1.1 g, Ca 29 mg, P 142 mg, Fe
1.8 mg, B-carotene 310 ug, thiamin 0.02 mg,
niacin 8 mg and ascorbic acid 74 mg.
Botany Deciduous small tree up to 15(—20)
m tall; bole branchless for up to 10 m, but usu-

ally shorter, often straight and cylindrical;

bark surface fissured and scaly, pale brown to
dark brown, inner bark yellow-orange; crown
rounded, dense; twigs short hairy, becoming
glabrous. Leaves arranged spirally, imparipinnately compound with 10-20 leaflets; stipules
small, caducous; petiole and rachis together up
to 25 cm long; petiolules up to 5 mm long;leaflets alternate to nearly opposite, oblong to oblong-elliptical or oblong-ovate, 4-7 cm x 2-3
cm, rounded to slightly notched at apex, glabrous or minutely hairy beneath, often with
minute pellucid dots. Inflorescence an axillary
raceme up to 8 cm long, densely hairy. Flowers
bisexual or male, regular; pedicel up to 1 cm
long; hypanthium bell-shaped, c. 0.5 cm long,
greenish; calyx initially entire but splitting
into (3—)5 reflexed lobes, greenish, short-hairy;
petals absent; stamens numerous, inserted at
rim of hypanthium, 2—3 cm long, whitish; ovary
superior, ellipsoid,

1-celled, on a long stipe,

style short. Fruit an ellipsoid to nearly globose,
indehisecent, berry-like pod 4-8 cm X 3-6 cm,
green to yellow whenripe, with stipe of c. 2 cm
long, with 2-3 seeds embedded in yellowish,
sticky pulp. Seeds oblong, c. 3 cm long, without
seed coat and endosperm.
Trees usually flower from the middle of the dry
season to the beginning of the rainy season
before the development of new leaves. In Senegal it fruits in June—July, at the beginning of
the rainy season. The growth of seedlings is
very slow; they are about 20 cm tall at the end
of the first rainy season and 40 cm tall after 2
years.
Cordyla comprises 5 species andis restricted to
mainland tropical Africa. The two species described from Madagascar have recently been
transferred to a separate genus Dupuya, based
on the presence of staminodes and on differences in seed morphology. Cordyla is also closely related to Mildbraediodendron. Traditionally, Cordyla is placed in Caesalpiniaceae (Leguminosae - Caesalpinioideae), but chemistry,
cytology, palynology and wood anatomy support the inclusion in Papilionaceae (Leguminosae - Papilionoideae), and this is also sup-

ported by molecular studies.
The name Cordyla africana has commonly
been used incorrectly for Cordyla pinnata. The
true Cordyla africana Lour. is restricted to
East and southern Africa. It differs in its inflorescences that usually appear together with
the leaves on young shoots, less hairy flowers
and less numerous, stouter, orange-yellow
stamens.

Ecology Cordyla pinnata occurs in dry for-
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est, woodland and savanna, in regions with an

annual rainfall of 600-1500 mm. In parkland
savanna in Senegalit is the dominant woody
species, with as other major tree species Lannea acida A.Rich., Anogeissus leiocarpa (DC.)
Guill. & Perr. and Tamarindus indica L. In
this parkland, the soils are characterized by
much sand (about 84%), little loam (8%), little
organic matter (0.8%) and poor water holding
capacity. Cordyla pinnata grows better on alluvial soils.
Management The 1000-seed weight is about
10.4 kg. The germination rate of fresh seed is
close to 100%. The seeds have a moisture content of about 50%, and the loss of viability is
rapid when the moisture content drops below
30%; seeds do not germinate at all when it is
below 24%. In storage at —5°C, seed longevity
does not exceed 5 days. Survival is best at
15°C, with still a germination rate of nearly
50% after 2 months of storage, but 0% after 3
months. Sowing is done in plastic bags or in
nursery beds in the shade, which is progressively reduced, and removed 3 weeks after

germination. Some weeks before transplanting
the roots should be trimmed. Because seedlings
do not coppice, they are very sensitive to fire
and browsing. Although seedlings may be very
abundant at the beginning of the rainy season,
regeneration is often very poor. In tests in Senegal, inoculation with the arbuscular mycorrhizal fungus Glomus aggregatum showedpositive
effects on seedling growth.
In Senegal Cordyla pinnata is locally the dominant tree species in a parkland vegetation,
comprising more than 60% of the woody plants.
This is a traditional agroforestry system, which
exists for many generations. Millet and
groundnutare the major crops, andthelitter of
Cordyla pinnata increases soil fertility and
modifies crop yield. In this parkland the mean
height of the Cordyla pinnata trees is 12 m and
the average bole diameter 48 cm.
Fruits should be picked before they are fully
ripe because they rot rapidly. Fresh or cooked
fruit pulp is often dried and kept in storage.
Dry fruits are put in water for some time and
then cooked. Dried pulp is used for cakes.
Fresh fruits can be made into jam.
Genetic resources and breeding In general Cordyla pinnata is considered not liable to
genetic erosion because it is widespread and
locally common,butlocally it is over-exploited.
In 1990 the Centre National de Recherches
Forestiéres (Institut Sénégalais de Recherches
Agricoles) initiated a domestication programme

for the principal fruit-producing and multipurpose forest trees of Senegal, including Cordyla
pinnata.
Prospects The wood of Cordyla pinnata will
remain important for local applications. It is a
highly valued tree in traditional agroforestry
systems in West Africa, which deserve protection. It is a true multipurpose tree, not only
yielding wood but also edible fruits and traditional medicines. Cordyla pinnata has been
suggested for planting in the Sahel and SaheloSoudanian regions for reafforestation. It deserves more research on silviculture, particularly concerning natural regeneration and
growth, and on selection of productive fruit
trees.

Major references Arbonnier, 2004; Bolza &
Keating, 1972; Burkill, 1995; Huxham et al.,
1998; Takahashi, 1978.
Other references Baet al., 2000; Busson,
1965; Danthu et al., 2000; Kirkbride, 2005;
Leung, Busson & Jardin, 1968; Neuwinger,
2000; Samba, 2001; Samba, Camiré & Margolis, 2001; SEPASAL, 2011; Vivien & Faure,
1996.

Authors N. Nyunai

CORNUS VOLKENSII Harms
Protologue Engl., Pflanzenw. Ost-Afrikas C:

301 (1895).
Family Cornaceae
Synonyms Afrocrania volkensii (Harms)
Hutch. (1942).
Vernacular names Afrocrania (En). Mnyandege (Sw).
Origin and geographic distribution Cornus

Cornus volkensii — wild
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volkensii occurs in mountain regions from DR
Congo and southern Sudan east to Kenya and
south to Zimbabwe and Mozambique.
Uses The wood, known as ‘mukorombosi’ in
Kenya, is used for utensils and handles of im-

plements. It is suitable for light construction,
light flooring, joinery, interior trim, ship building, furniture, cabinet work, toys, novelties,
boxes, crates, turnery, veneer and plywood. It

is also used as firewood. In Tanzania the leaves
are applied as a poultice to boils. Cornus
volkensii is planted in reforestation programmesandasroadsidetree.
Properties The heartwood is yellowish white
to pale reddish brown, occasionally with greyish streaks, indistinctly demarcated from the
narrow sapwood. Thegrain is straight, texture
medium, even. The wood is medium-weight,

with a density of about 610 kg/m? at 12% moisture content. It air dries without much degrade, but slowly. The rates of shrinkage are
moderate. It saws and works well with both
hand and machine tools. The nailing, screwing
and gluing properties are satisfactory. The
wood is not durable and susceptible to attacks
by blue stain fungi, termites, Lyctus borers and
marine borers.
Botany Evergreen, dioecious, small to medi-

um-sized tree up to 20(-30) m tall; bole usually
straight and cylindrical, up to 100 cm in diameter; bark surface rough, grey, with large lenticels, inner bark granular; crown with spread-

ing branches; twigs initially short-hairy, becoming glabrous. Leaves opposite, simple and
entire; stipules absent; petiole up to 2 cm long,
grooved above; blade elliptical to ovate or lanceolate, 3.5-17.5 cm X 1.5-7 cm, cuneate at

base, acuminate at apex, finely appressedhairy when young but becoming glabrous, pale
green, pinnately veined with 3-4 pairs of prominent, curving and ascending lateral veins.
Inflorescence a terminal false umbel, up to 100flowered, very young inflorescence enclosed by
an involucre of 4 ovate to orbicular bracts, 7-8

mm X 6—7 mm, soonfalling; peduncle 2.5-5 cm
long, thickened at apex, silvery hairy. Flowers
unisexual, regular, 4-merous; pedicel up to 12

ly hairy, red turning purplish black when fully
ripe, crowned by the remainsof calyx, disk and
style, 2-seeded.
Cornus comprises about 60 species, most of
them occurring in temperate regions of the
Northern Hemisphere. Cornus volkensii is the
only Cornus species of tropical Africa and the
only species which is dioecious and has spiny
pollen; it has often been considered to represent a distinct genus, i.e. Afrocrania. However,

phylogenetic and biogeographic reconstruction
of the evolutionary history based on DNA data
as well as extant and fossil morphology showed
that Cornus volkensii represents an old lineage
of a group of Cornus species from Eurasia and
South America. It was postulated that the
group arose in Europe and distributed from
there to Africa by the middle of the Eocene,
about 45 million years ago.
Ecology Cornus volkensii occurs in mountain forest at (1200-)1800-3000 m altitude,

often along streams. It may dominate the canopy layer of the forest. In Kenya it often occurs
together with East African camphor wood
(Ocotea usambarensis Engl.) and in Uganda
with real yellowwood (Podocarpus latifolius
(Thunb.) R.Br. ex Mirb.). In mountains of Tanzania, large areas of forest composed almost
entirely of Cornus volkensii and Ficalhoa laurifolia Hiern are found, and in Zimbabwe Cornus
volkensii locally co-dominates with Ilex mitis
(L.) Radlk. and Olea capensis L. It is often associated with bamboospecies.
Management Cornus volkensii may regenerate in intensively grazed areas.
Genetic resources and breeding Cornus
volkensii is widespread and in several regions
abundant, and does not seem to be threatened.

Prospects Cornus volkensii is an interesting
species for planting in agroforestry programmes in high-altitude regions of tropical
Africa. Research is needed on growth rates and
methods of propagation.
Major references Bamps, 1971; Bolza &
Keating, 1972; Cannon, 1978c; Chikamaietal.,
undated; Maundu & Tengnäs (Editors), 2005.
Other references Bamps,

1973; Beentje,

mm long; sepals minute; petals free, 2-3 mm

1994; Lovett et al., 2007; Sommerlatte & Som-

long, sparsely hairy, creamy white to greenish
yellow; stamensfree, alternating with petals, c.
1.5 mm long; ovary inferior, cylindrical, 2-

merlatte, 1990; Verdcourt, 1958b; Xiang et al.,

celled, style short and thick, lower part sur-

rounded by disk, stigma club-shapedorslightly
2-lobed; male flowers with rudimentarystyle,
female flowers with rudimentary stamens.
Fruit an ellipsoid drupe 1—1.5 cm long, minute-

2005.
Authors R.H.M.J. Lemmens
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CROTON MEGALOCARPUS Hutch.
Protologue Oliv., Fl. trop. Afr. 6(1): 760
(1912).
Family Euphorbiaceae
Vernacular names Croton (En). Msenefu
(Sw).
Origin and geographic distribution Croton
megalocarpus occurs from eastern DR Congo
east to Kenya and south to Malawi, Zambia
and Mozambique.
Uses The wood, most commonly known as
‘musine’, is used for construction, flooring,
stools, mortars, beehives, veneer and plywood.

It is suitable for joinery, interior trim, ship
building,

vehicle

bodies,

furniture,

cabinet

work, railway sleepers and agricultural implements. It is also used as firewood and for charcoal production.
A maceration or decoction of the bark is taken
as a vermifuge, and to treat whooping cough,
pneumonia, stomach-ache, fever including ma-

laria, and abdominal complaints associated
with gall bladder and spleen problems. Sap
from leaves and young twigs are applied to
wounds. Aninfusion of the powdered bark with
potash is given to goats as a conditioner. Although trees are usually not browsed by livestock, leafy twigs mayserve as forage for goats.
Seeds are used as poultry feed. Seed oil is tested as bio-fuel. The seeds can be used to dye
wool yellowish. The flowers provide nectar for
honey bees; the honey produced is dark and
has a strong flavour. Croton megalocarpus is
planted in hedges, live fences, shelterbelts and

windbreaks, and as an ornamental shadetree.
It may serve as shade tree for coffee plantations. The foliage provides good mulch. The

Croton megalocarpus — wild

fruit shells are used as mulch in vegetable gardens and as a componentof potting mixtures.
Production and international trade There
are no trade statistics for Croton megalocarpus
timber, which is only used locally. However,it
has been usedfor flooring in the United Kingdom. In recent years, Croton megalocarpus has
gained interest for large-scale planting programmes as a commercial poultry feed and biofuel crop with low agro-ecological demands,
mainly in Kenya and Tanzania. Most of the
plantations arestill in the pilot stage of development.

Properties The heartwood is yellowish
white to brownish grey, often with irregular
dark brown streaks, and not distinctly demarcated from the 2.5-5 cm wide sapwood. The
grain is usually straight, texture medium.
Freshly sawn wood has an unpleasant smell.
The wood is medium-weight, with a density of
700-750 kg/m3 at 12% moisture content. It is
liable to splitting and moderatedistortion during air drying. Once dry, it is often not stable
in service, especially when used in largersizes.
At 12% moisture content, the modulusof rupture is about 97 N/mm?, compression parallel
to grain 52 N/mm?, Janka side hardness 6000
N and Janka end hardness 7560 N.
The wood is easy to saw and work with hand
tools, but moderately difficult to machine. It
usually planes to a smooth and lustrous surface. It is resistant to abrasion. The nailing,
screwing, gluing, varnishing, painting and
jointing properties are all satisfactory. The
wood is only suitable for sliced veneer. It is
moderately durable, being slightly susceptible
to termite, dry-wood borer and marine borer
attacks. It is liable to attacks by blue stain
fungi. It is easy to impregnate with preservatives under pressure. Dry sawdust mayirritate
nose and throat in wood workers. It has been
reported that smoke from the woodirritates
the eyes.
Seeds have an oil content of about 30% and a
protein content of about 50%. Theoil has purgative activity and also showed Epstein-Barr
virus activating potency. Bark extracts showed
weak antibacterial activity in in-vitro tests.
From the bark the clerodane diterpene chiromodine has been isolated as a major constituent, together with lupeol, betulin, B-sitosterol
and long-chain fatty esters. Ground seeds
showed good results in preliminary tests as
chicken feed with no adverse effects on production and hatchability of eggs.
Adulterations and substitutes As an oil
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producer for bio-fuel, Croton megalocarpus is
comparable to jatropha (Jatropha curcas L.),
which has become the focus of large-scale
planting programmes in several tropical countries on account of its potential as a bio-fuel
crop with low agro-ecological demands.
Description Medium-sized to fairly large
tree up to 35 m tall; bole cylindrical, branchless
for up to 20 m, up to 100(-120) cm in diameter;

bark surface densely longitudinally fissured,
rough, cracking, pale grey-brown, inner bark
yellowish or pale brown; crown spreading,flat,
with branches in layers; twigs densely scaly.
Leaves alternate, simple and entire; stipules
linear-filiform, 0.5—1 cm long; petiole 2-8(-11)
cm long, densely scaly; blade ovate to ellipticalovate or oblong-lanceolate, (4—)7—14(—19) cm x
(1.5-)38-7(-11) cm, cuneate to rounded or shallowly cordate at base, with 2(—4) basal glands,
shortly acuminate at apex, thickly papery to
thinly leathery, scaly at both surfaces, silvery
below, pinnately veined with 15-25 pairs of
lateral veins. Inflorescence a terminal pendulous raceme up to 30 cm long, densely scaly,
completely male or with a few female flowers

at base. Flowers unisexual, regular, 5-merous,
yellowish; pedicel 0.5-1.5 cm long; calyx with
triangular-ovate lobes up to 4.5 mm X 3.5 mm;
petals free, c. 5 mm long; male flowers with
obovate petals, free disk glands and 25—30(—40)
free stamens up to 8 mm long; female flowers
with linear petals, annular to shallowly 5-lobed
disk, superior, globose to slightly 3-lobed ovary
c. 4mm in diameter, and 3 shortly 2-fid styles.
Fruit an ellipsoid-ovoid to globose capsule 2.5—
4.5 cm long, scaly, greyish brown, with thick,
woody endocarp, dehiscent from the apex, 3seeded. Seeds ellipsoid-ovoid to oblong-ellipsoid, flattened, 2-2.5 cm long, slightly ridged
andrough, whitish to grey-brown.
Other botanical information Croton comprises about 1200 species and occurs throughout the warmer parts of the world. It is best
represented in the Americas; about 65 species
occur in continental Africa and about 125 in
Madagascar.
The wood of several other Croton species is
used in tropical Africa, but none of them is

important. In Ghana the wood of Croton penduliflorus Hutch., a small to medium-sized tree
up to 20 m tall, is used for rafters.
In DR Congo the wood of Croton longiracemosus Hutch., a medium-sized tree up to 30 m
tall with bole up to 40 cm in diameter, is used

for construction, whereas in Congo the leaves
are eaten as a tonic and applied to maturate
furuncles. In Gabon the whitish wood of Croton
wellensit De Wild., a medium-sized tree up to
25(-30) m tall with bole up to 45(-80) cm in
diameter, is used for stools.
In Kenya the wood of Croton dichogamus Pax,
a shrub or small tree up to 7.5 m tall, is used in
building huts. The roots and stems are used to
flavour food and drinks. Roots and sometimes
leaves are used in traditional medicine to treat
colds, fever, tuberculosis and syphilis, and as a

Croton megalocarpus — 1, tree habit; 2, flowering twig; 3, seeds.
Redrawn and adapted by Achmad Satiri Nurhaman

tonic.
In southern Africa the whitish wood of Croton
megalobotrys Müll.Arg., a small tree up to 15
m tall with bole up to 60 em in diameter, is
considered useful for unspecified purposes. The
bark and seeds have some reputation as a
treatment for malaria, whereas roots and bark
are used as purgative and to treat ascites and
female sterility. Leaves are used to treat body
pain and seeds as vermifuge.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; (10: vessels in radial multiples of 4 or more common);
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13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 27: intervessel pits large (= 10 um);
30: vessel-ray pits with distinct borders; similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 47: 5—
20 vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 76: axial parenchymadiffuse; 77: axial
parenchyma diffuse-in-aggregates; 78: axial
parenchyma scanty paratracheal; 86: axial
parenchyma in narrow bands or lines up to
three cells wide; 92: four (3-4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
104: all ray cells procumbent; (113: disjunctive
ray parenchymacell walls present); 115: 4-12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 138: prismatic crystals
in procumbent ray cells; (139: prismatic crystals in radial alignment in procumbent ray
cells).
(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development Croton megalocarpus grows rapidly when conditions are favourable. In Kenya seedlings reached 1.7 m tall
in one year, and in Rwanda 3 m in 2 years and
11.5 m in 5 years. In Burundi planted trees
reached on average only 3.6 m tall 7 years after
planting, and 15 m tall with a bole diameter of
24 cm after 32 years. Trees may already start
flowering when they are 4 years old. The flowers are short-lived. They are pollinated by insects such as bees. Fruits take about 5 months
to ripen after flowering. The seeds are eaten by
birds including poultry.
Ecology Croton megalocarpus occurs in evergreen and semi-deciduous forest at (700-)
900—2100(—2400) m altitude, sometimesalso in
riverine woodland and wooded grassland. It is
most commonly found in regions with a mean
annual rainfall of 900-1900 mm, with a dry
season of 3-4 months and a mean annual temperature of 11-26°C. It prefers light, deep and
well-drained soils.
Propagation and planting Natural regeneration is often prolific, Croton megalocarpus
being a pioneerof large forest gaps and forest
margins. It has been reported to become invasive under favourable climatic conditions. It is
usually propagated by sowing, either directly
into the field or in pots. There are 1000-1700

seeds per kg. The germination rate of fresh
seed is up to 95% after 45 days. Mature fruits
can be collected from the ground. Seed can be
extracted after cracking the fruit wall and
should be sun dried to 5—9% moisture content.
The high oil content of the seed (about 30%)
makes storage difficult, but seed can be stored
in plastic containers up to 1 year at 3°C; a
germination rate of 80% can then still be
reached. Traditionally farmers prepare 8 cm
deep furrows where theydropripe fruits 15-20
cm apart. When seedlings are raised in seed
beds, they should be lightly shaded and initially watered twice a day. Croton megalocarpus is
sometimes propagated by wildlings and stump
plantingis also practised.
Management Croton megalocarpusis locally dominant in secondary natural forest and it
is commonly planted. On slopes of Mount Kenya, Croton megalocarpus has been found on
40% of the farms at an average density of 15
trees per farm. It is also retained after forest
clearing as a shadetree for crops such ascoffee
and sugar cane, but it may provide too much
shade for maize cultivation.
Thetree can be managed by lopping, pollarding
and coppicing. When planted in hedges, plants
should be pruned for the first time after 2
years. Croton megalocarpus trees develop a
deep taproot. This makes them quite drought
tolerant and allows food crops to be grown underneath.
Harvesting Fruits are most commonly collected from the ground underneath the trees
and seeds are separated manually. Simple
tools in the form of a tin with a notch have
been developed. However, manyfruits collected
from the ground do not contain viable seeds.
Plant parts used for medicinal purposes are
harvested throughout the year when the need
arises. They can be used immediately or are
dried and stored for later use.
Yield Preliminary observations indicate that
a yield of 25-30 kg of seed per tree per year is
realistic.
Handling after harvest The presscake
remaining after oil extraction can be incorporated in high-calorie and high-protein supplements in chicken feed, and also as bio-fuel and
as organic fertilizer. Oil extraction from the
seed is done by hand-operated or mechanized
screw presses. The oil may be refined in a continuous transesterification reactor to produce
bio-fuel of diesel oil quality and glycerol as a
valuable by-product.
Genetic resources Croton megalocarpus is
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quite widespread, both in the wild and planted,

cliffe-Smith, 2000; Hindmarsh, 1982; Hines &

and is not in danger of genetic erosion. Systematic germplasm collection or preservation

Eckman, 19938; Ichikawa, 1987; Johns et al.,

programmes do not seem to exist.

van Staden, 2003; Neuwinger, 2000; Njoroge &
Bussman,
2007;
Noad
&
Birnie,
1989;

Breeding No breeding work has been undertaken yet. The most important selection
criteria would be long and straight boles for
timber production and high oil yield of the
seeds. Most plant material used so far is derived from simple selection within semi-wild
populations or landraces. Great variance has
been observed in seed production, related to
frequency of flowering, number of inflorescences, number of female flowers per inflorescence, number of seeds per fruit and seed
weight. This indicates that through selection
and breeding oil yields could be considerably
increased.
Prospects Croton megalocarpus is a multipurpose tree that is important for people as a
source of timber, firewood and medicine, and as

auxiliary plant. It is already an important
component of agroforestry systems in East
Africa. Types with large and straight boles
might be interesting for timber plantations,
but research on silvicultural and propagation
aspects is still needed. Seeds seem to have
great potential as a source of protein for poultry feed and perhaps also feeds for other livestock, but more research is still needed on the
phytochemistry and possible adverse effects
before it can be developed into an important
export product. However, oil production for biofuel seems to be most promising, and already
large investments are being madeto establish
large-scale plantations in East Africa. Breeding
work is needed to select types with high oil
production and optimal management methods
of plantations need to be established. Possibilities of vegetative propagation including tissue
culture techniques have to be explored to enable rapid and large-scale multiplication of
good-quality genetic material. At the end of
their productive life in bio-fuel plantations,
approximately 50 years after planting, trees
can be felled for their timber.
Major references Bolza & Keating, 1972;

1994; Kokwaro, 1993; Léonard, 1962; Matu &

Takahashi, 1978; Teel, 1984; Wimbush, 1957;
Yanase & Ito, 1984.
Sources of illustration Noad & Birnie,
1989; Teel, 1984.

AuthorsA. Maroyi

CROTON MONGUEBaill.
Protologue Adansonia 1: 158 (1861).
Family Euphorbiaceae
Origin and geographic distribution Croton
mongue is endemic to northern and eastern
Madagascar.
Uses The wood, locally known as ‘molanga’,
is occasionally used, mainly for laths of tiled
roofs, support poles for crops, fence posts, boxes
and matches, and asfirewood. It is suitable for
joinery, moulding, plywood and particle board.
An infusion of the bark is administered as a
tonic in cases of anorexia, fatigue and depression. Bark and leaf decoctions are applied in
bathes andlotions to treat blennorrhoea.
Properties The heartwood is whitish and
not distinctly demarcated from the sapwood.
The grain is straight, texture medium. Wood
surfaces are slightly lustrous. The wood is
lightweight, with a density of 400-560 kg/mat
12% moisture content. It air dries rapidly, with
moderate risks of distortion, checking andcollapse. Boards of 4 cm thick take 5-6 months to
air dry. Once dry, the wood is only moderately
stable in service. The rates of shrinkage during

CAB International, 2005; Chikamaiet al., undated; Katende, Birnie & Tengnäs, 1995;
Maundu & Tengnas (Editors), 2005; Mbuya et

al., 1994; Radcliffe-Smith, 1987a; RadcliffeSmith, 1996; Thijssen, 1996; World Agroforestry Centre, undated.
Other references Addae Mensah et al,
1989; Bryce, 1967; Chudnoff, 1980; Gilbert &
Bellefontaine, 1973; Govaerts, Frodin & Rad-

Croton mongue — wild
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drying are low.
At 12% moisture content, the modulus of rupture is 98-139 N/mm?, modulus of elasticity
9000-11,000 N/mm?, compression parallel to
grain 38-48 N/mm? and Chalais-Meudon side
hardness 1.5-2.8.
The wood is easy to saw and work with hand
and machine tools. It usually planes and sands
to a smooth and lustrous surface. The screwing, gluing, varnishing, painting and jointing
properties are all satisfactory. However, the
nail-holding capacity is only moderate. The
wood is suitable for rotary-cut veneer. It is not
durable, being liable to attacks by fungi and
insects. It is easy to impregnate with preservatives.
A toxic protein, monguine, was extracted from

the seeds; it inhibits protein synthesis.
Botany Evergreen shrub to small or medium-sized tree up to 20(—30) m tall; bole up to
50(—60) cm in diameter; bark surface smooth to
slightly rough, whitish, with lenticels, inner
bark brown to greenish brown; crown rounded;

twigs densely short-hairy. Leaves alternate,
simple; stipules caducous; petiole up to 15 cm
long, hairy; blade ovate, up to 18 cm X 16 cm,
cordate at base, with 2 basal glands, shortly
acuminate at apex, margins finely toothed,
papery, stellate-hairy above, woolly silvery
hairy below, (3—)5—7-veined from the base and
with few pairs of lateral veins. Inflorescence a
terminal or axillary raceme up to 35 cm long,
laxly flowered, completely male or with a few
female flowers at base. Flowers unisexual, regular, 5-merous, yellowish to creamy white, with

mahafaliensis Leandri) is used for parts of traditional canoes, and that of Croton muricatus
Vahl for cross-lathes in light construction
work.
Ecology Croton mongue occurs in forest,
often in secondary or degraded forest along
rivers, up to 1300 m altitude. It is found in
regions with 2000-3000 mm annual rainfall
with up to 3 dry months, and an average annual temperature of about 17°C. It occurs on clayey andlateritic soils.
Management Croton mongue is a pioneer
species. Seeds may germinate abundantly
when they are exposed to the sun. Immersion
in water for 48 hours improves germination.
The germination rate is about 65%, and germination starts after 3-7 weeks.
Genetic resources and breeding Croton
mongue is widespread in Madagascar and occurs in disturbed habitats. Therefore, there is

no reason to consider it threatened by genetic
erosion.
Prospects Croton mongue has been proposed
as suitable for large-scale production of matchsticks, but the usually small bole diameter is a
serious drawback. It has good prospects for
reforestation of degraded land.
Major references Blaser et al., 1993; Boi-

teau, Boiteau & Allorge-Boiteau, 1999; Guéneau, Bedel & Thiel, 1970-1975; Parant, Chichignoud & Rakotovao, 1985; Rakotovao et al.,

en préparation.
Other references Ralison et al., 1986; Razakanirina, 1980; Schatz, 2001.
Authors R.H.M.J. Lemmens & D. Louppe

valvate sepals, imbricate petals and free disk
glands; male flowers with c. 16 free stamens;

female flowers with superior, globose to slightly 3-lobed ovary, and 3 shortly 2-fid styles.
Fruit a globose capsule 1—1.5 cm in diameter,
pale green, greyish to brownish hairy, dehiscent, 3-seeded. Seeds ovoid, c. 1 cm long,slightly ridged and rough, whitish to grey-brown.
Seedling with epigeal germination.
Seedlings reached an average height of 28 cm
after 1 year. Croton mongue is said to be fast
growing. It can be found flowering from July to
Septemberandfruits are ripe from January.
Croton comprises about 1200 species and occurs throughout the warmerparts of the world.
It is best represented in the Americas; about 65

species occur in continental Africa and about
125 in Madagascar.
Occasionally the wood of some other Croton
species is used in Madagascar. The wood of
Croton cotoneaster Mill.Arg. (synonym: Croton

CRUDIA SENEGALENSIS Planch. ex Benth.
Protologue Trans. Linn. Soc. 25: 314 (1865).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Crudia
senegalensis is widespread in West Africa, from
Guinea-Bissau east to south-western Nigeria.
Uses The very heavy and hard woodis rarely used, but it has been used for boards in Sierra Leone. Thetree is valued as an ornamental
shade tree.
Properties The woodis greyish brown, often
dark brown in the centre of the log. It has a
moderately fine texture and it is very hard,
makingit very difficult to saw and work.
Botany Small to medium-sized tree up to 30
m tall; bole often low-branching and crooked,
up to 90(-100) cm in diameter, with narrow
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Crudia senegalensis — wild
buttresses; bark surface irregularly scaly, greyish brown, inner bark fibrous, reddish brown;
crown spreading; twigs glabrous. Leavesalternate, imparipinnately compound with 6-12
leaflets; stipules narrowly ovate, united at
base, 1-3(-4) cm long, persistent; petiole 1—2(—
2.5) cm long, rachis up to 15(-19) em long; petiolules 1-3 mm long, twisted; leaflets alternate,
ovate-elliptical to obovate, (1.5-)5-10(-15) cm
x (1-)2-5(-7) cm, slightly asymmetrical, glabrous. Inflorescence an axillary or terminal
raceme up to 21 cm long, glabrous, loosely
flowered. Flowers bisexual, regular, greenish;
pedicel 1.5—2.5 cm long; sepals usually 4, elliptical, 5-7 mm long, glabrous outside, shorthairy inside; petals absent; stamens 10, free,
1-1.5 cm long; ovary superior, c. 0.5 cm long,
hairy, style c. 1 cm long. Fruit an elliptical to
nearly round, flattened pod 5-12 cm X 4-7 cm,
hairy, dehiscing by 2 woody valves, 1—2-seeded.
Seedselliptical to nearly round, flattened, 4-6
cm long, glabrous, brown. Seedling with epige-

al germination, but seemingly hypogeal; hypocotyl c. 0.56 cm long, epicotyl 14-20 cm long;
cotyledons remaining within the seed coat; first
leaves alternate, with 3(—4) pairs of opposite
leaflets.
There is no information on growth rates of
Crudia senegalensis, but probably trees grow
slowly. In Gabon young trees of Crudia gabonensis Pierre ex De Wild. reached a mean annual bole diameter growth of 8 mm, older trees
1-3 mm. In Côte d'Ivoire trees of Crudia senegalensis flower in October to February and
fruits mature in January to March(—May).

Crudia comprises about 55 species, of which
about 30 in tropical Asia, 10 in tropical Ameri-

ca and 10 in West and Central Africa. Its affinity is still uncertain. Several other Crudia spp.
become medium-sized and sometimes even
large trees, and their wood maybe used occasionally, although it is extremely hard and
difficult to cut. One of these is Crudia gabonensis, which may become 50 m tall with a bole up
to 125 cm in diameter: it is found from Côte
d'Ivoire to Gabon and Congo.
Ecology Crudia senegalensis occurs in lowland rainforest, often in swamp forest and
along rivers and lagoons, up to 50 m altitude.
ManagementThere are about 100 seeds per
kg. Germination starts 2-3 months after sowing and the germination rate is low. Pretreatment of the seeds is needed to obtain fair
germinationresults.
Genetic resources and breeding Although
Crudia senegalensis is widespread in West
Africa, it occurs usually scattered, most com-

monly in riverine and swampforest. Therefore,
it may be liable to genetic erosion when these
forest types decline.
Prospects The timber of Crudia senegalensis and other Crudia spp. will not become
commercially interesting because of scattered
occurrence and low growth rates of the trees,
andthe difficulties in sawing and working the
wood.
Major references Berhaut, 1975b; Breteler

& Nguema Miyono, 2008; Burkill, 1995; de
Koning, 1983; Savill & Fox, 1967.

Other references Aubréville, 1959b; de la
Mensbruge, 1966; Hawthorne & Jongkind,
2006; Keay, 1989; Lewis et al., 2005; Normand,
1950a; Normand & Paquis, 1976; Vivien &

Faure, 1985.
Authors R.H.M.J. Lemmens

CRYPTOSEPALUM STAUDTII Harms
Protologue Bot. Jahrb. Syst. 26: 267 (1899).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

Origin and geographic distribution Cryptosepalum staudtii occurs from Cameroon south
to eastern Gabon.
Uses The wood, knownas ‘tani’ or ‘ekop tani’,

is suitable for heavy construction, heavy flooring, joinery, interior trim, ship building, vehicle bodies, furniture, railway sleepers, ladders,

sporting goods andtool handles.
Production and international trade The
wood of Cryptosepalum staudtii is mainly used
locally and rarely traded on the international
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without buttresses; bark surface smooth, pinkish grey, inner bark fibrous, reddish pink;
twigs glabrous. Leaves alternate, paripinnately
compound with 10-13 pairsof leaflets; stipules
linear, fused at base, caducous; rachis finely
hairy; leaflets opposite, sessile, oblong, 1—1.5
cm X 3-4 mm, usually truncate at base, round-

ed or slightly notched at apex, glabrous, often
with a translucent glandular dot near base,
pinnately veined. Inflorescence a short terminal raceme, usually on lateral twig. Flowers
bisexual, zygomorphic, whitish, with 2 concave
bracteoles 5-6 mm long, enclosing bud, persistent; pedicel up to 8 mm long; calyx with c. 1
mm long tube and usually 4 small teeth; petal
1, elliptical, up to 6 mm long; stamens 3, c. 6

Cryptosepalum staudtii — wild
market.
Properties The heartwood is pale brown to
orange-brown and usually not distinctly demarcated from the up to 15 cm wide, greyish to
yellowish white sapwood. The grain is wavy to
interlocked, texture moderately coarse. The
wood is sometimesslightly glossy.
The wood is heavy, with a density of 890-950
kg/m? at 12% moisture content, hard and
tough. Drying often causes distortion and
should be done with care. The rates of shrinkage are high, from green to oven dry 5.5—5.8%
radial and 10.4—11.5% tangential. It is recommended to quarter-saw logs before drying. At
12% moisture content, the modulus of rupture
is 189-210 N/mm?, modulus of elasticity

mm long; ovary superior, ellipsoid, with stipe,
nearly glabrous. Fruit an obovate to oblong,
flattened pod 6-8 cm x 3 cm, pointed at apex,
smooth with thickened edges, greyish brown,
dehiscing with 2 woody valves, 1-2-seeded.
Seeds rounded, flattened, brown.

Other botanical information Cryptosepalum comprises about 11 species and is restricted to tropical Africa. It seems most closely related to Paramacrolobium.
Cryptosepalum tetraphyllum (Hook.f.) Benth. is
a small to medium-sized tree, occasionally up

15,090—16,950 N/mm2, compression parallel to
grain 73-83 N/mm?, shear 10-13.5 N/mm?,

cleavage 22-24 N/mm and Chalais-Meudon
side hardness 6.5—10.2.
The woodis difficult to saw and work with both
hand and machinetools; considerable power is

required and the wood has rather serious
blunting effect on saw teeth and cutting edges.
The interlocked grain may cause problems in
obtaining a smooth finish. Pre-boring is needed
for nailing. The wood splits easily. It takes
varnish and paint well. It is moderately durable, being susceptible to marine borers and
occasionally to termites. The sapwood is susceptible to Lyctus attack. The heartwood is
very resistant to impregnation with preservatives and the sapwood moderately resistant.
Description Deciduous, small to mediumsized tree up to 25(-35) m tall; bole branchless
for up to 15(—20) m, usually straight and cylindrical, up to 100(—-120) cm in diameter, usually

Cryptosepalum staudtii — 1, flowering twig; 2,
flower; 8, fruit.
Redrawn and adapted by Iskak Syamsudin
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to 30 m tall with straight, cylindrical bole up to
80 cm in diameter. It is characterized by 4 leaflets per leaf, the basal ones smaller. It occurs
in West Africa, from Guinea to Ghana. Its
wood, described as whitish to pinkish and of
rather poor quality, is sometimes used in construction althoughdifficult to nail.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7—10 um);
29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size
and shape throughout the ray cell; 42: mean
tangential diameter of vessel lumina 100-200
um; 46: < 5 vessels per square millimetre; 47:
5-20 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids andfibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres

Genetic resources Cryptosepalum staudtii
has a limited distribution area and it seems
fairly uncommon in mostparts of its range. At
present, there are no indications of threats by
genetic erosion, but it might easily become
threatened when logging becomes more intensive.
Prospects Despite its good timber properties, there is too little information on many

aspects of Cryptosepalum staudtii to assess its
prospects as a commercial timber source. Further research on its growth and proper managementin natural forest is warranted.
Major references Aubréville, 1970; Bolza &
Keating, 1972; Burkill, 1995; Keay, Hoyle &
Duvigneaud, 1958; Takahashi, 1978; Vivien &
Faure, 1985; White & Abernethy, 1997.
Other references Aubréville, 1968; Hawthorne & Jongkind, 2006; Lewis et al., 2005;
Normand & Paquis, 1976; Sallenave,
Sallenave, 1964; Voorhoeve, 1979.

1955;

Sources ofillustration Aubréville, 1968.
Authors J.R. Cobbinah & E.A. Obeng

present; 69: fibres thin- to thick-walled; 70:

fibres very thick-walled. Axial parenchyma: 80:
axial parenchyma aliform; (81: axial parenchyma lozenge-aliform); (82: axial parenchyma
winged-aliform); 83: axial parenchyma confluent; 89: axial parenchyma in marginal or in
seemingly marginal bands; 91: two cells per
parenchyma strand; 92: four (3-4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 104: all ray cells procumbent; (106: body
ray cells procumbent with one row of upright
and/or square marginal cells); 115: 4-12 rays
per mm. Secretory elements and cambial variants: 131: intercellular canals of traumatic
origin. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals in cham-

CTENOLOPHON ENGLERIANUSMildbr.
Protologue Notizbl. Bot. Gart. Berlin-Dahlem
8: 706 (1924).

Family Ctenolophonaceae
Origin and geographic distribution Ctenolophon englerianus occurs from southern Nigeria to Gabon and northern Angola.
Uses The wood, knownas‘okip’ in Gabon,is
used for heavy construction in house building,
also for poles, and for canoes. The buttresses
have been used for rifle-butts. The wood is
suitable for heavy flooring, mine props, vehicle

bered axial parenchyma cells; (143: prismatic

crystals infibres).
(P. Mugabi, P. Baas & H. Beeckman)
Growth and developmentIn Gabon Cryptosepalum staudtii usually flowers in September—October when also young leaves develop;
the trees with their white flowers mixed with
pinkish young leaves are then very attractive.
The young leaves are eaten by monkeys, chimpanzees, gorillas and elephants. Fruits ripen in
January—February; they open explosively with
a sharp crack, dispersing the seeds over short
distances.
Ecology Cryptosepalum staudtii occurs in
lowland evergreen rainforest, often along rivers.

Ctenolophon englerianus — wild
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bodies, railway sleepers, sporting goods and
agricultural implements. It is used as firewood.
The bark is used for walls of huts.
Production and international trade The
wood of Ctenolophon englerianus is used locally
and rarely traded on the international market.
Properties The heartwood is reddish brown,
sometimes with purplish streaks, and indistinctly demarcated from the sapwood. The
grain is usually straight, texture fine. The
wood contains oil deposits and tyloses.
The wood is heavy, with a density of 920-970
kg/m? at 12% moisture content, hard and

tough. The tendency of warping, checking and
splitting during drying is high andit is recommended to dry the wood carefully and slowly.
The shrinkage rates are quite high, from green
to oven dry 5.9-6.5% radial and 9.0—9.3% tangential. Once dry, the wood is moderately stable in service. At 12% moisture content, the

modulus of rupture is 182-240 N/mm?, modulus of elasticity 14,600-16,850 N/mm2?, compression parallel to grain 71-96 N/mm2, shear
9.5-10.5 N/mm?, cleavage 14-27 N/mm and
Chalais-Meudonside hardness 7.5—18.2.
The wood is rather difficult to saw and work
with both hand and machinetools. The blunting effect on saw teeth and cutting edges is
quite severe. Mortising, moulding and planing
operations are difficult, although the results
are usually satisfactory. Pre-boring is needed
for nailing and screwing. The woodis durable,
being resistant to termite and Lyctus attacks,
but liable to marine borers. It is resistant to
treatment with preservatives.
Description Small to medium-sized tree up
to 25(-30) m tall; bole usually straight, up to
80 cm in diameter, fluted at base and with

Ctenolophon englerianus — 1, base of bole; 2,
flowering twig; 8, flower.
Redrawn and adapted by Iskak Syamsudin
style long, 2-lobed. Fruit a cylindrical capsule
1.5-2 em long, longitudinally striped, glossy
brown, dehiscing with 2 valves, 1-seeded. Seed

irregular; twigs with stellate hairs. Leaves
opposite, simple and entire; stipules interpetio-

up to 1.5 cm long, with comb-like, fibrousaril.
Other botanical information Ctenolophon
is a small genus comprising 2 widely separated
species, one occurringin tropical Africa and the
other in tropical Asia. Formerly, it has been
placed in the family Linaceae.
Anatomy Wood-anatomical description (LAWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indis-

lar, caducous; petiole 3-6 mm long, slightly

tinct or absent. Vessels: 5: wood diffuse-porous;

grooved; blade ovate to elliptical, 3.5-8.5 cm x

9: vessels exclusively solitary (90% or more);

steep buttresses; bark surface smooth, brown,

becoming scaly with irregular, small, peeling
scales,

inner bark pinkish;

crown rounded,

2-5 em, cuneate at base, short-acuminate at

14: scalariform perforation plates; 16: scalari-

apex, leathery, glabrous, pinnately veined with
6-8 pairs of lateral veins. Inflorescence a terminal panicle, short-hairy with stellate hairs.

form perforation plates with 10-20 bars: 17:
scalariform perforation plates with 20—40 bars;
(21: intervessel pits opposite); 22: intervessel
pits alternate; 25: intervessel pits small (4-7
um); 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 41: mean tangential
diameter of vessel lumina 50-100 um; 48: 20—
40 vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids

Flowers bisexual,

regular,

5-merous,

sweet-

scented; pedicel c. 2 mm long; sepals free,
rounded, 2—4 mm in diameter, minutely hairy;
petals free, oblong, 1-1.5 cm long, minutely
hairy outside, greenish yellow to pinkish; stamens 10, free, 1-1.5 cm long, whitish; ovary
superior,

elongated,

densely hairy,

2-celled,
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and fibres: 61: fibres with simple to minutely
bordered pits; 62: fibres with distinctly bordered pits; (63: fibre pits commonin both radi-

al and tangential walls); 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 76: axial parenchyma diffuse; 77:
axial parenchyma diffuse-in-aggregates; 78:
axial parenchyma scanty paratracheal; 92: four
(38-4) cells per parenchyma strand; 93: eight
(5-8) cells per parenchyma strand. Rays: 97:
ray width 1-3 cells; (98: larger rays commonly
4- to 10-seriate); (102: ray height > 1 mm); 107:
body ray cells procumbent with mostly 2—4
rows of upright and/or square marginalcells;
108: body ray cells procumbent with over 4
rows of upright and/or square marginal cells;
113: disjunctive ray parenchyma cell walls
present; 115: 4-12 rays per mm. Mineral inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells; 138: prismatic crystals in procumbent ray
cells; (140: prismatic crystals in chambered
upright and/or square ray cells); 142: prismatic
crystals in chambered axial parenchyma cells.
(E.E. Mwakalukwa, P. Baas & H. Beeckman)
Growth and development In Nigeria Ctenolophon englerianus flowers from March to
April and from August to September, in Gabon
from March to August. Fruits ripen soon after
flowering, and flowers and ripe fruits can
sometimes be found on the sametree.
Ecology Ctenolophon englerianus occurs in
freshwater swampforest and riverine forest at
low altitudes.
Management Ctenolophon englerianus is
locally gregarious. In some forests in western
Gabon an average wood volume of 1.1 m%/ha
has been recorded.
Genetic resources Ctenolophon englerianus

Sources of illustration de Saint-Aubin,
1968; Keay, 1989.

Authors E.A. Obeng

CURTISIA DENTATA (Burm.f.) C.A.Sm.
Protologue Journ. S. Afr. For. Ass. 20: 50
(1951).
Family Cornaceae (APG: Curtisiaceae)
Chromosome number n = 13
SynonymsCurtisia faginea Aiton (1789).
Vernacular names Assegaitree (En).
Origin and geographic distribution Curtisia dentata occurs in eastern Zimbabwe, southern Mozambique, eastern and southern South
Africa, and Swaziland.
Uses The wood has been used for furniture,
heavy flooring, wagons, spokes and tool handles. It is suitable for interior trim, ship building, sporting goods, toys, novelties, agricultural

implements, musical instruments, carving,
pattern making and turnery.
Bark extracts are used in traditional medicine,
especially by Zulu people, to treat diarrhoea
and stomach complaints, to purify the blood,
and as aphrodisiac. The bark is also used to
treat pimples and in skin lighteners. It has
been used for tanning leather. Curtisia dentata
is planted as ornamental in gardens and in
hedges.
Production and international trade In 1998
the annual trade of Curtisia dentata bark in
KwaZulu-Natal Province (South Africa) was
estimated at 23.9 t.
Properties The heartwoodis greyish brown
to purplish red and not distinctly demarcated
from the slightly paler, fairly wide sapwood.

has a limited area of distribution, but it is lo-

cally common in suitable habitats. It is not
commercially exploited and it does not seem to
be liable to genetic erosion at present.
Prospects Ctenolophon englerianusis a useful local source of wood, particularly valued
because of its durability. It does not seem to
have potential as a commercial timber source
because it occurs only locally abundantly and
often has a poor bole shape with deep grooves.
Major references Badré, 1973a; Bolza &
Keating, 1972; Burkill, 1985; de Saint-Aubin,

1963; Keay, 1989; Raponda-Walker & Sillans,
1961; Tailfer, 1989; Takahashi, 1978.

Other references Badré, 1972a; Keay, 1958b;
Normand & Paquis, 1976; Sallenave, 1955;
Sallenave, 1964.
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The grain is straight, texture fine and even.
The wood is heavy, with a density of 870-930
kg/m? at 12% moisture content. It is difficult to
dry, often developing deep cracks on the surface. Very mild schedules are needed in kiln
drying. The rates of shrinkage are rather high.
Once dry, the wood is stable in service.
At 12% moisture content, the modulus of rup-

ture is 116-131 N/mm?, modulus ofelasticity
16,660-18,720 N/mm?, compression parallel to
grain 72 N/mm?, shear 13.5-15 N/mm?, Janka

side hardness 11,290—11,550 N and Janka end
hardness 12,620-13,110 N. Although the wood
is heavy, hard and tough, it saws and works
fairly well. It can be planed well and produces
a smooth and glossy surface. Pre-boring is necessary in nailing and screwing. The wood glues
and turns well. It is fairly durable, also when
used in contact with water andsoil.
The bark contains up to 21% of tannin, which
is probably responsible for the medicinal properties against diarrhoea. Lupeol, betulinic acid,
ursolic acid and 2a-hydroxyursolic acid have
been isolated from the leaves; the three latter

compounds showed pronounced antifungal activity, especially against Candida albicans.
Leaf extracts also showed considerable antibacterial activity against a wide panelof bacteria.
Botany Evergreen shrub or small to medium-sized tree up to 20 m tall; bole usually cylindrical, up to 180 cm in diameter, without
buttresses; bark surface smooth and brown in

young trees, becoming fissured and dark brown
in older trees; twigs densely reddish brown
hairy when young,later becoming moreorless
glabrous. Leaves opposite, simple; stipules
absent; petiole up to 2.5 cm long; blade ovate to
elliptical or nearly circular, 2.5—-10 cm x 2.5—
5.5(—7.5) em, cuneate to rounded at base, acute

to rounded at apex, margins distinctly toothed
especially in upper part of leaf, densely reddish
brown hairy below when young, but becoming
glabrous, pinnately veined with 6-10 pairs of
prominent lateral veins. Inflorescence a terminal panicle up to 12 cm long, densely hairy,
many-flowered. Flowers bisexual, regular, 4-

merous, sessile; calyx fused with the ovary,
with broadly triangular teeth, hairy; petals
free, ovate, 1-1.5 mm long, hairy outside; stamens free, alternating with the petals, c. 1 mm

long; ovary inferior, top-shaped, hairy, 4-celled,
style short, stigma 4-lobed. Fruit an ovoid to
globose drupe 5-10 mm in diameter, white
becoming red whenfully mature, crowned with
the remainsof calyx andstyle, 4-seeded

Trees grow comparatively slow under natural
conditions, but may be fast-growing in cultivation. They flower from October to March.
Curtisia dentata is almost entirely selfpollinating. Fruits ripen 6-10 months after
flowering, but they often develop sporadically.
They remain onthetree for a long time and are
eaten by birds, monkeys and wild pigs, which
may act as seed dispersers; the lourie and the
bush dove have been recorded as the main seed
dispersers.
Curtisia comprises a single species. It has long
been included in Cornaceae, but recently it has
been classified in its own family Curtisiaceae,
mainly becauseof differences in anatomy of the
ovary. Phylogeny reconstruction based on molecular data grouped Curtisia close to Grubbia,

a genusof 3 shrub species endemic to southern
South Africa, and it has been suggested to
place both genera in Grubbiaceae, also because
of morphological similarities; however, the
fruits are completely different.
Ecology Curtisia dentata occurs in evergreen forest, grassland on mountain slopes and
coastal scrub forest, from sea-level up to 1800

m altitude. Trees develop best in mediummoist forest. Curtisia dentata seems to be a
later successional species in the forest in
southern South Africa, where it is often associated with Olea capensis L., Podocarpus latifolius (Thunb.) R.Br. ex Mirb., Afrocarpus falcatus (Thunb.) C.N.Page and Ocotea bullata
(Burch.) Baill.
Management The germination rate of fresh
seed is about 50%. Under natural conditions
seeds take 6-12 months to germinate after the
fruits have fallen. Whenthefleshy fruit pulp is
removed, germination may start after 3-4
weeks. For good growth, seedlings should be
planted in deep, fertile soil with plenty of compost, lightly covered with soil, and under light
shade. They are susceptible to drought; regular
watering is needed until the young trees are
about 3 years old. Once established, the tree
can withstand moderate drought. Seedlings
and saplings are sensitive to frost.
Curtisia dentata occurs scattered in the forest
and is never dominant or even co-dominant.
Trees respond to harvesting by producing vigorous coppice shoots, both from woundsin the
bark as well as from stumps. Root suckers may
also develop. The centre of boles is often defective with purplish brown heart rot dueto incipient decay. Therefore, logs are often quartersawn before drying and the central portion of
the bole is often discarded. Trees are often

256

TIMBERS2

heavily parasitized by fungi and insects. The
seedlings are liable to attack by damping-off
fungi.
Genetic resources and breeding Curtisia
dentata occurs only very locally in tropical Africa. In South Africa it has a wider distribution, but taller specimens have become rare
because of exploitation for its timber in the
past. The popularity of the bark as medicine
also contributes considerably to the existing
pressure on populations of Curtisia dentata. In
KwaZulu-Natal Province in South Africa, the
species has alreadybeen considered as vulnerable and declining in 1988 because of overexploitation of the bark.
Prospects Curtisia dentata is too uncommon
in tropical Africa to have prospects as a commercial timber tree. This seemsalso the case in
South Africa, where it is more widespread and
common, because large trees have become rare
because of over-exploitation and because of the
rather slow growth under natural conditions. It
seems to have much better prospects as ornamental shrub or tree. It deserves more research attention concerning its pharmacological properties. Recent investigations demonstrated pronounced antibacterial and antifungal properties, supporting the use of Curtisia
dentata in traditional medicine.
Major references Bolza & Keating, 1972;
Cannon, 1978c; Coates Palgrave, 1983; Notten,
2004; Takahashi, 1978.

Other references Cunningham, 1990; Fan
& Xiang, 2003; Grace et al., 2002a; Grace et al.,
2002b; Grierson & Afolayan, 1999; Kubitzki,

2004; Palmer & Pitman, 1972-1974; Shai et
al., 2008a; Shai et al., 2008b; van Wyk, van
Oudtshoorn & Gericke, 1997.
Authors R.H.M.J. Lemmens

CUSSONIA ZIMMERMANNII Harms
Protologue Bot. Jahrb. Syst. 53: 361 (1915).
Family Araliaceae
Vernacular names Mbomba maji, mpapayi
mwitu (Sw).
Origin and geographic distribution Cussonia zimmermannii occurs in eastern Kenya,
eastern Tanzania and northern Mozambique.
Uses The wood is used for coffins, drums,
boats and carvings. It is suitable for furniture
and light interior construction. It is also used
as firewood, although of low quality for this
purpose.
Roots are used in the treatment of mentalill-

Cussonia zimmermannii — wild
ness and bleeding after childbirth, and also to
facilitate childbirth. Root decoctions are taken
or used as a wash to treat fever and malaria,
and administered against gonorrhoea. The
marrow of stem and branches is eaten as a
treatmentof epilepsy.

Properties The heartwood is whitish and
indistinctly demarcated from the sapwood. The
texture is moderately fine. The woodis lightweight, with a density of about 400 kg/m? at
12% moisture content, soft and brittle. The

woodis easy to air dry, with little degrade. It is
easy to saw and work, and planes to a smooth
surface. The woodis not durable; it is susceptible to fungal attacks such asbluestain.
Extracts of the root bark showed promising
results in the y-aminobutyric acid type-A
(GABAa) receptor binding assay, and also
showed in-vitro antiprotozoal activity against
Trypanosoma brucei rhodesiense and Plasmodium falciparum. Several polyacetylenes and
stigmasterol have been isolated from the root
bark. Some of the polyacetylenes showed activity against Trypanosoma brucei rhodesiense,
Trypanosoma cruzi, Plasmodium falciparum
and Leishmania donovani. These results support the use of Cussonia zimmermannii in traditional medicine.
Botany Small to medium-sized tree up to
25(—45) m tall; bole straight; bark surface grey
to greenish grey, fissured and scaly; crown
rounded, dense; twigs glabrous. Leaves arranged spirally, clustered at ends of branches,
digitately compound with 5-7(-9) leaflets;
stipules partly fused with petiole; petiole up to
50 cm long; leaflets sessile, elliptical to obovate, 5-25 cm X 2-8 cm, cuneate at base, acute
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to acuminate at apex, margins toothed to nearly entire, papery to leathery, glabrous, pinnately veined. Inflorescence a spike-like raceme 8—
34 cm long, up to 14 together at ends of
branches; bracts up to 4 mm long, often many
close together at base of inflorescence. Flowers
bisexual, regular, usually 5-merous, 4-8 mm in

diameter, greenish white; pedicel 3-5 mm long;
calyx with short teeth; petals free; stamens
alternating with petals, inserted on a disk;
ovary inferior, 2-celled, styles 2, short, fused at

base. Fruit an obconical to globose drupe-like
berry up to 6 mm long, greenish white, glabrous or slightly hairy. Seeds ovoid-globose,
slightly compressed, with ruminate endosperm.
Cussonia comprises about 20 species and is
restricted to mainland tropical Africa. The
wood of several other species is used, but is
usually considered of little value and only
available in smaller sizes because the tree
boles are often smaller and more poorly shaped
than those of Cussonia zimmermannii.
One of the most widely distributed species is
Cussonia arborea Hochst. ex A.Rich., of which
the primaryuse is for medicinal purposes, as is
the case for Cussonia spicata Thunb. occurring
in mountain forest in East and southern Africa.
The whitish, soft wood of Cussonia bancoensis
Aubrév. & Pellegr., a medium-sized tree up to
20(—30) m tall with a bole diameter up to 60(—
100) cm occurring from Liberia to Nigeria (although it has been suggested that it is only native to Ghana and planted elsewhere), is used
in Ghanafor drums, utensils and tool handles.
The bark showed antinociceptive and antiinflammatory activities, possibly due to the
presence of terpenoids such as 23-hydroxyursolic acid. Saponins have also been isolated
from the bark,as well as stigmasterol.
The wood of Cussonia holstii Harms ex Engl. is
also whitish and soft, and used for doors, beehives, utensils, tool handles and musical in-

struments. Cussonia holstii is a small to medium-sized tree up to 15(—20) m tall with a bole
diameter up to 60(—100) cm occurring from DR
Congo to Ethiopia and Somalia, and south to
Tanzania. A bark decoction is used to expel the
placenta after childbirth, to stop vomiting, and
against diarrhoea in livestock. Bark and root
decoctions are administered to improve the
health of children and to treat blood diseases.
The leaves serve as forage for goats, donkeys
and camels. A bark extract showed pronounced
activity against Trichomonas vaginalis; the
pentacyclic triterpenoid hederagenin was isolated as the active constituent.

Ecology Cussonia zimmermannii is found in
coastal evergreen forest and bushland, also in
forest margins, up to 400 m altitude. It occurs
in rainforest as well as drier evergreen forest.
Genetic resources and breeding Cussonia zimmermannii has a rather limited distribution in an area wherethere is much pressure
on the forest. It may easily become threatened
by genetic erosion and protection measures
may be necessary, as is the case for the West
African Cussonia bancoensis, which is already
included in the IUCN Red List as vulnerable.
Prospects The wood of Cussonia zimmermannii is of rather poor quality, as is the case
for other Cussonia spp., but it will probably
remain of some importance for local applications. Interesting pharmacological activities of
the bark have been demonstrated. These warrant more attention, also in the view of the
promising results of pharmacological research
on other Cussonia spp. and their constituents.
Major references Beentje, 1994; Chikamai
et al., undated; Senn, 2006; Senn et al., 2007;

Tennant, 1968.
Other references Cannon, 1978b; Gessler et
al., 1994; He et al., 2003; Heine & Heine, 1988;
Holmgren et al., 2004; Jansen, 1981; Kokwaro,

1993; Maundu & Tengnäs (Editors),
Maunduet al., 2001; Neuwinger, 2000.
Authors R.H.M.J. Lemmens

2005;

CUVIERA MACROURA K.Schum.
Protologue Bot. Jahrb. Syst. 33(2): 352
(1903).
Family Rubiaceae
SynonymsCuviera djalonensis A.Chev.(1920).
Origin and geographic distribution Cuviera macroura is distributed from Guinea and
Sierra Leone eastward to Cameroon.
Uses Larger boles are used for dug-out canoes, whereas branches are used as yam
stakes.
Botany Shrub or small tree up to 12 m tall;
crown spreading; branches with opposite
spines between the nodes; twigs often hollow
and ant-infested. Leaves opposite, simple and
entire; stipules often with ear-shaped lobes,
persistent; petiole short; blade oblong-elliptical
to narrowly oblong, more or less asymmetrical,
up to 20 cm X 6 cm, base obliquely cuneate to
rounded, margins wavy, leathery, glabrous,
shiny, pinnately veined with 6-10 pairs oflateral veins. Inflorescence an axillary cyme c. 7.5
cm long, branched from the base; bracts
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bréville, 1959c; Burkill, 1997; Hepper & Keay,

1963.
Other references Fauna & Flora International, undated; Hawthorne, 1990; Hawthorne,

1995; Hawthorne & Jongkind, 2006; Irvine,
1961; Tchouto, 2004.

Authors M. Brink

CYNOMETRA ALEXANDRI C.H. Wright

Cuviera macroura — wild
thread-like, glabrous. Flowers bisexual, regular, 5-merous, white turning yellow, fragrant;
bracteoles subulate, c. 1 cm X 1 mm; calyx gla-

Protologue H.H.Johnst., Uganda Prot. 1:
325 (1902).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Tuna (Sw).
Origin and geographic distribution Cynometra alexandri occurs from DR Congo east to
western Uganda and western Tanzania.
Uses The wood, traded from Uganda as ‘muhimbi’ or ‘Uganda iron wood’, is used for heavy

2 cm long, lobes lanceolate, with thread-like

construction, heavy flooring, ship building,
vehicle bodies, mine props, railway sleepers,
furniture, cabinet work, sporting goods, toys,

tips at apex; stamens inserted in corolla tube,

novelties, agricultural implements, tool han-

alternating with corolla lobes; ovary inferior, 5celled. Fruit a nearly globose drupe c. 4.5 cm
long, 5-ridged.
In Benin Cuviera macroura flowers in August
and fruits ripen in November—February.
Cuviera comprises about 30 species, all in tropical Africa, but the genusis poorly known. It is
possibly close to Vangueriella, but the group of
Vanguerieae, in which Cuviera is classified, is
in need of revision to elucidate the relationships between taxa.
Cuviera acutiflora DC. is a shrub or small tree
up to 10 m tall distributed from Guinea and
Sierra Leone to Gabon and DR Congo. In Sierra Leone the wood is used for making house
wattles. In Nigeria the leaf is made into a laxative for children.
Ecology Cuviera macroura occurs in wet

dles, draining boards, carving and turnery. It
has a high resistance to abrasion and is very
suitable for heavy-duty flooring. The wood is
also used as firewood and for charcoal production.
In Uganda Cynometra alexandri is planted to
control erosion and occasionally as an ornamental shrub. Flowering trees are a source of
pollen for honey bees. The bark serves to make
baskets and is also used as an arrow poison. In
DR Congo bark powderis applied to wounds.
Caterpillars feeding on the leaves are collected
in DR Congoto serveas bait for fishing.

brous, lobes subulate, c. 1 cm X 1 mm; corolla c.

locations in savanna, secondary forest, forest

edges and swampforest.
Genetic resources and breeding In view
of its wide distribution and wide range of habitats, Cuviera macroura seems not threatened

with genetic erosion.
Prospects Cuviera macroura is only locally
used as a source of wood for canoes and stakes.
Information on its wood properties is lacking,
but in view of its limited actual use and small
size its importance is unlikely to increase.
Major references Akoègninou, van der
Burg & van der Maesen (Editors), 2006; Au-

Cynometraalexandri — wild
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Production and international trade The
wood of Cynometra alexandri is used locally
and only occasionally traded on the international market, mostly as flooring blocks and
strips. Trade statistics are not available. Much
Cynometra alexandri timber has been exported
in the 1950s and 1960s from western Uganda
to Europe.
Properties The heartwood is pinkish brown,
darkening upon exposure to reddish brown
with darker streaks. It is distinctly demarcated
from the 5—7.5 cm wide, greyish white sapwood
which turns pale yellow upon exposure. The
grain is usually interlocked, texturefine.
The wood is moderately heavy to heavy, with a
density of 760-940 kg/m? at 12% moisture content. It air dries slowly with only slight distortion, but checking and end splitting may occur.
Drying should therefore be done with care,
especially kiln drying. The rates of shrinkage
are moderate, from green to 12% moisture content about 2.5% radial and 4.5% tangential,
and from green to oven dry 4.3% radial and
7.8% tangential. Once dry, the wood is only
moderately stable in service.
At 12% moisture content, the modulus of rupture is 109-202 N/mm2, modulusof elasticity
10,900-17,500 N/mm?, compression parallel to
grain 51-72 N/mm?, shear 17-23 N/mm?,
cleavage 22 N/mm, Janka side hardness
11,300-11,830 N, Chalais-Meudon side hardness 5.4 and Janka end hardness 13,160 N.
The wood is difficult to saw and work, and has

severe blunting effect on cutting edges and saw
teeth; the use of tungsten-tipped cutting edges
is recommended. Resin may build up on saw
teeth. In planing operations a 15° cutting angle
is recommended to obtain a good finish, and
cutting edges should be kept sharp. The wood
takes a fine polish. Boring and mortising properties are less favourable with a tendency of
splitting at exits. Pre-boring is needed for nailing and screwing, but the wood holds nails and

screws well. It glues moderately well and can
be stained satisfactorily requiring little filling.
It turns well. The steam bending properties are
moderate. The wood is durable, being resistant
to termite and Lyctus attacks, but occasionally
liable to pinhole borer and longhorn beetle attacks. It is also durable in water and resistant
to marine borers. The heartwoodis resistant to
impregnation with preservatives, but the sapwood is permeable.
Description Evergreen medium-sized to large
tree up to 50 m tall; bole branchless for up to
25 m but often shorter, straight and cylindrical

Cynometra alexandri — 1, base of bole; 2, leafy

twig; 3, flowering twig; 4, flower;5, fruits.
Redrawn and adapted by Iskak Syamsudin
or twisted, up to 150(-180) cm in diameter,
with large, thin plank buttresses up to 5 m
high; bark surface smooth but irregularly flaking, grey to reddish grey or pale brown, inner
bark reddish brown; crown flattened with
spreading branches; twigs short-hairy but becoming glabrous. Leaves arranged spirally,
paripinnately compound with 2(-3) pairs of
leaflets; stipules linear, 0.5-1 em long; petiole
up to 0.5 cm long, rachis up to 3.5 cm long,
widely grooved above; leaflets opposite, sessile,
obliquely lanceolate to elliptical or ovate, 1-10
cm X 0.5—4 cm, upper ones largest, acuminate
at apex, glabrous. Inflorescence an axillary or
terminal panicle up to 6 cm long, short-hairy,

_with densely crowded flowers; bracts small.
Flowers bisexual, nearly regular, whitish or

sometimes pinkish, fragrant; pedicel up to 1.5
cm long, glabrous, jointed near apex andpersistent after shedding of flowers; sepals 4(—5),
c. 4.5 mm long,reflexed; petals 5, free, obovatelanceolate, 5-6 mm long; stamens usually 10,
free, 6-8 mm long, slightly unequal; ovary superior, c. 2.5 mm long, with stipe c. 2 mm long,
hairy, 1-celled, style 3-4 mm long. Fruit an
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obliquely oblong to obovate, flat pod 5-10 cm x
3-5 cm, with 0.5-1 cm long stipe, rounded or
short-pointed at apex, smooth and brown, dehiscent with 2 woody, twisting valves, fewseeded. Seeds rounded, flat, 1.5—2 cm in diame-

ter, brownish. Seedling with epigeal germination; hypocotyl 4-11 cm long, epicotyl 5.5-13
cm long, short-hairy; first 2 leaves opposite,
with 4 leaflets, subsequent leaves alternate.
Other botanical information Cynometra
comprises about 90 species and occurs in the
tropical regions of the world. Approximately 25
species can be found in mainland tropical Africa and about 10 in Madagascar. Tropical Asia
and tropical America have about 25 species
each.
Cynometra webberi Bakerf. also occurs in East
Africa, where it is restricted to coastal dry ev-

ergreen forest in south-eastern Kenya and
eastern Tanzania. It is a small tree up to 12 m
tall with short bole. The pinkish brown, heavy
and durable wood is used for heavy construction and furniture. Cynometra webberi is included in the IUCN RedList as vulnerable.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 24: intervessel pits minute (< 4 um);
29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size
and shape throughout the ray cell; 41: mean
tangential diameter of vessel lumina 50-100
lum; 47: 5-20 vessels per square millimetre; 48:
20-40 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids andfibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: (78: axial parenchyma scanty paratracheal); (79: axial parenchyma vasicentric);
80: axial parenchyma aliform; (81: axial parenchymalozenge-aliform); (82: axial parenchyma
winged-aliform); 83: axial parenchyma confluent; 86: axial parenchyma in narrow bands or
lines up to three cells wide; (91: two cells per
parenchyma strand); 92: four (8-4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchyma strand. Rays: 96: rays exclusively
uniseriate; 97: ray width 1-8 cells; 104: all ray
cells procumbent; (106: body ray cells procumbent with one row of upright and/or square
marginalcells); 116: > 12 rays per mm. Storied
structure: 118: all rays storied; 120: axial pa-

renchyma and/or vessel elements storied; 121:
fibres storied. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells; (143:
prismatic crystals in fibres).
(P. Mugabi, P. Baas & H. Beeckman)
Growth and development Young plants
require shade until they are established. Trees
grow slowly. In natural forest in western
Uganda, it has been estimated that trees reach

a bole diameter of 60 cm after about 80 years.
Older trees have large, widely spreading buttresses and spreading roots, making establishment on shallow soils and slopes more easy.
Trees lose their leaves irregularly. In DR Congo they flower in March—May. In the Budongo
forest reserve in western Uganda, chimpanzees
have a preference for Cynometra alexandri
trees to build their nests. The presence of vesicular-arbuscular mycorrhizae has been recorded.
Ecology Cynometra alexandri occurs in evergreen and semi-deciduous forest at 700—1200(—
1400) m altitude. In Budongo forest reserve in
western Uganda, where dense stands of
Cynometra alexandri occur, the temperature
range is 11—30°C, mean temperature 21°C and
mean annual rainfall about 1500 mm, with a
pronounced dry season in January—February.
Forest dominated by Cynometra alexandri is
considered a climax vegetation type. Cynometra alexandri is susceptible to forest fires.
Propagation and planting Natural regeneration of Cynometra alexandri is good in natural forest in western Uganda with different
histories of logging and other disturbances.
Cynometra alexandri is normally propagated
by seeds and wildings. There are about 290
seeds per kg. Seeds are usually collected during the raining season from the ground, and
sown in pots. Pretreatment of seeds before sowing is not necessary. Storage of seeds is difficult due to insect infestation; it is reeommend-

ed to add ashor apply insecticides.
ManagementIn the 1950s and 1960s when
intensive logging took place in forest in western Uganda, Cynometra alexandri was often
considered an undesired species and treated
with arboricides. The reason wasthat in later
stages of forest succession, the slow-growing
Cynometra alexandri suppressed more highly
valued timber species such as Lovoatrichilioides Harms, Milicia excelsa (Welw.) C.C.Berg,

Khaya anthotheca (Welw.) C.DC. and Entandrophragma spp. However, in several forests,
such as the Budongoforest reserve, Cynometra
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alexandri is still the most dominant tree species. Trees can be managed by coppicing, pruning andpollarding.
Harvesting Cynometra alexandriis not easy
to cut because of the often large and high buttresses, the hard and heavy wood, and the often hollow bolesin large trees.
Genetic resources Cynometra alexandriis
fairly widespread and locally common to even
dominantin the forest. It does not appear to be
liable to genetic erosion.
Prospects The low growth rate, the hard and
heavy wood, and the often poor bole shape of
Cynometra alexandri are serious drawbacksfor
commercialization

efforts.

However,

its

a

4
CO

fair

regeneration rate in natural forest, and the
high natural durability and high resistance to
abrasion of the wood offer possibilities for
commercial timber production for special purposes such as heavy-duty flooring, as long as
long rotation cycles are acceptable. Further
research is recommended on the growth rates
under favourable conditions and appropriate
management systems.

Major references ATIBT, 1986; Bolza &
Keating, 1972; Brenan, 1967; Eggeling & Dale,
1951; Fouarge, Quoilin & Roosen, 1970;
Katende, Birnie & Tengnäs, 1995; Takahashi,
1978.
Other references Chikamaiet al., undated;
Dawe, 1910; Liben, 1970b; Mwavu & Witkowski,
2009; Neuwinger, 2000; Plumptre, 1996; Sheil,
Jennings & Savill, 2000; Tailfer, 1989; Terashima

& Ichikawa, 2003; Terashima, Ichikawa &
Sawada, 1988; Wilczek et al., 1952.
Sources of illustration Eggeling & Dale,
1951.
Authors J.R. Cobbinah & E.A. Obeng

CYNOMETRA ANANTAHutch. & Dalziel
Protologue Fl. W. trop. Afr. 1(2): 331 (1928).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Cynometra ananta is restricted to West Africa,

whereit occurs from Liberia east to Ghana.
Uses The wood, known as ‘apomé’ or ‘ananta’, is suitable for heavy construction, heavy

flooring, bridge building, exterior joinery, interior trim, ship building, vehicle bodies, mine

props, poles, railway sleepers, sporting goods,
toys, novelties, agricultural implements, pattern making and turnery.
Production and international trade The

©

Cynometra ananta — wild
wood of Cynometra ananta is used locally and
only rarely traded on the international market.
Properties The heartwood is reddish brown
with darker streaks, and distinctly demarcated
from the 2.5-7.5 cm wide, yellowish to pinkish
brown sapwood. The grain is usually interloeked, texture fine.

The wood is heavy, with a density of 910—1000
kg/m? at 12% moisture content. It air dries
slowly with a tendency of checking and end
splitting. Drying should therefore be done with
care. The rates of shrinkage are moderately
high, from green to oven dry 5.2% radial and
9.3% tangential. Once dry, the woodis not very
stable in service.
At 12% moisture content, the modulus of rupture is 126-187 N/mm2, modulus ofelasticity
14,700-17,840 N/mm2, compression parallel to
grain 72-83 N/mm?, cleavage 18.5-19.5 N/mm,
Janka side hardness 11,700 N, Chalais-Meudon side hardness 8.5-14.8 and Janka end
hardness 12,940 N.

The woodis difficult to saw and work, and has
severe blunting effect on cutting edges and saw
teeth; the use of tungsten-tipped cutting edges
is recommended. In planing operations a 15°
cutting angle is recommended to obtain a good
finish, and cutting edges should be kept sharp.
Pre-boring is needed for nailing and screwing.
The corrosion rate of iron and steel in the wood
is high. The wood glues moderately well and
can be stained and polished satisfactorily requiring little filling. It turns well. The steam
bending properties are moderate. The wood is
durable, being resistant to termite and Lyctus
attacks, but occasionally liable to pinhole borer
and longhorn beetle attacks. The heartwoodis
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resistant to impregnation with preservatives,
but the sapwood is moderately permeable.
Some imidazoline alkaloids have been isolated
from the leaves.
Description Evergreen medium-sized to
fairly large tree up to 35(-45) m tall; bole
branchless for up to 18 m, straight to twisted,
often angular and knotty, up to 120 cm in diameter, with thin plank buttresses up to 3(-4.5) m high; bark surface irregularly flaking
with small scales, grey with yellowish to reddish marks, inner bark fibrous, reddish, becoming reddish brown upon exposure, exuding a
reddish resin; crown rounded or widely spread-

ing, heavily branched; twigs glabrous, with
lenticels. Leaves arranged spirally, paripinnately compound with 1 pair of leaflets; stipules triangular, c. 1 mm long, caducous; petiole

0.5-1 cm long, rounded; petiolules 2-4 mm
long; leaflets opposite, sickle-shaped, 3.5-15 cm
x 1-5 cm, acute to acuminate at apex, thin-

leathery, glabrous. Inflorescence an axillary or
terminal panicle up to 10 cm long, short-hairy,
with densely crowded flowers; bracts small.
Flowers bisexual, nearly regular, whitish; pedicel c. 0.5 cm long; sepals 4(—5), c. 4 mm long,

reflexed; petals 5, free, obovate, 3-5 mm long;

stamens 10, free, 5-7 mm long; ovary superior,
c. 1 mm long, with stipe c. 0.5 mm long, hairy,
1-celled, style 3-4 mm long. Fruit an obliquely
oblong to obovate, flat pod 8-12 cm x 4—5 cm,
with short stipe, short-pointed at apex, smooth
and brown, dehiscent with 2 woody, twisting
valves, 1-2-seeded. Seeds roundedtoelliptical,
flat, 2-2.5 cm long, pale brown. Seedling with
epigeal germination; hypocotyl 3-9 cm long,
epicotyl 4-18 cm long; cotyledons 1.5—2.5 cm
long, thick and fleshy; first 2 leaves opposite,
with 2 leaflets, subsequent leaves alternate.
Other botanical information Cynometra
comprises about 90 species and occurs in the
tropical regions of the world. Approximately 25
species can be found in mainlandtropical Africa and about 10 in Madagascar. Tropical Asia
and tropical America have about 25 species
each.
Cynometra megalophylla Harms, a small to
medium-sized tree up to 20 m tall with bole up
to 100 cm in diameter, is also restricted to
West Africa, occurring from Côte d'Ivoire east

to Nigeria, mostly along rivers. Its reddish
brown, heavy, hard and durable wood is used

for poles, posts and frames in house building.
Bark decoctions are used in traditional medicine to treat kwashiorkor, and leaf decoctions

to treat measles and chickenpox. Cynometra
megalophylla has been suggested to be useful
for reafforestation of swampy areas.
Cynometra vogelii Hook.f. is a small tree up to
10(—20) m tall with bole up to 100 cm in diameter, occurring from Senegal east to Nigeria. Its
reddish brown, hard wood is locally used for
tool handles; it is also used as firewood. The
foliage is fed to cattle. The seed is reportedly
edible.
Anatomy Wood-anatomical description (AWA
hardwood codes):

Growthrings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 24: intervessel pits minute (< 4 um);
29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size
and shape throughout the ray cell; 42: mean
tangential diameter of vessel lumina 100—200
um; 46: < 5 vessels per square millimetre; 47:

Cynometra ananta — 1, base of bole; 2, leafy
twig; 3, flower;4, fruit.
Redrawn and adapted by Iskak Syamsudin

5-20 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids andfibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:
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fibres very thick-walled. Axial parenchyma:
(76: axial parenchyma diffuse); (77: axial parenchyma diffuse-in-aggregates); 80: axial parenchyma aliform; 82: axial parenchyma
winged-aliform; 83: axial parenchyma confluent; 85: axial parenchyma bands more than
three cells wide; (86: axial parenchyma in narrow bands or lines up to three cells wide); (89:
axial parenchyma in marginal or in seemingly
marginal bands); 92: four (3-4) cells per parenchyma strand; (93: eight (5-8) cells per parenchyma strand). Rays: 96: rays exclusively uniseriate; 97: ray width 1-8 cells; 104: all ray

cells procumbent; (106: body ray cells procumbent with one row of upright and/or square
marginal cells); 115: 4-12 rays per mm. Storied
structure: (118: all rays storied); (120: axial
parenchyma and/or vessel elements storied);
(122: rays and/or axial elements irregularly
storied). Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chamberedaxial parenchymacells.
(L. Awoyemi, P.E. Gasson & E.A. Wheeler)
Growth and developmentOlder trees have
large, widely spreading buttresses and spreading roots, making establishment on shallow
soils and slopes more easy. Shedding of old
leaves is immediately followed by new flushes,
which are initially brilliant red. In Liberia
trees flower in September—October, in Côte
d'Ivoire in Oectober-December. In Liberia, Côte
d’ivoire and Ghana fruits ripen in December
January, in Côte d'Ivoire also in June—July.
The fruits are explosively dehiscent, dispersing
the seeds over short distances.
Ecology Cynometra ananta occurs mainly in
humid evergreen forest, only occasionally in
moist semi-deciduous forest. It is most abundant in regions with an annual rainfall of more
than 1500 mm and a dry period of less than 4
months. It usually occurs on sandy soils, but in
Côte d'Ivoire it has been recorded to prefer
humid, even slightly swampy soils.
Propagation and planting Seedlings and
saplings are often abundant near mother trees.
They are shade tolerant, but in Liberia it has

been reported that saplings of more than 2 m
tall are uncommon. It seems that regeneration
is better in logged-over forest. There are about
650 seeds per kg, and the germination rate is
high within 15 days after sowing.
ManagementLocally Cynometra ananta has
gregarious stands and may even be semidominant. In forest in Liberia it has been reported to occur at an average density of 0.3
boles of more than 60 cm in diameter per ha,

but locally it is much more common, in some
areas having an average density of 3 large
boles per ha. In Côte d'Ivoire and Ghanait is
also locally abundant.
Harvesting Cynometra ananta is not easy to
cut because of the often large and high buttresses and the hard and heavy wood. In Ghana the recommended minimum bole diameter
allowedfor felling is 70 cm.
Genetic resources Cynometra ananta does
not appear to be liable to genetic erosion at
present becauseit occurslocally in large stands
and does not seem to be subject to selective
logging. However, with the ongoing fragmentation of evergreen forest in West Africa, monitoring of populations is recommended.
Prospects The hard and heavy wood and
the often poor bole shape of Cynometra ananta
are serious drawbacks for commercialization
efforts. However, its fair regeneration rate in
natural forest, and the high natural durability
and high resistance to abrasion of the wood
offer possibilities for commercial timber production for special purposes such as heavyduty flooring, as long as long rotation cycles
are acceptable. Research is recommended on
the growth rates under favourable conditions
and appropriate management systems.
Major references Bolza & Keating, 1972;
Burkill, 1995; de Koning, 1983; Holmgren et
al., 2004; Oteng-Amoako (Editor), 2006; Sallenave, 1955; Sallenave, 1964; Takahashi,
1978; Voorhoeve, 1979.

Other references Arbonnier, 2004; Aubréville, 1959b; Cooper & Record, 1931; de la
Mensbruge, 1966; Hall & Swaine, 1981; Hawthorne, 1995; Hawthorne & Jongkind, 2006;
Irvine, 1961; Kryn & Fobes, 1959; Kunkel,
1965; Neuwinger, 2000; Normand & Paquis,
1976; Taylor, 1960.

Sources

of

illustration

Oteng-Amoako

(Editor), 2006; Taylor, 1960; Voorhoeve, 1979.

AuthorsC. Essien & A.A. Oteng-Amoako

CYNOMETRA HANKEI Harms
Protologue

Notizbl.

Bot.

Gart.

Berlin-

Dahlem, App. 21(2): 39 (1911).

Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Cynometra hankei occurs from south-eastern Nigeria and western Cameroon to DR Congo.
Uses The wood, known in Cameroon as ‘nko-

kom’ or ‘nganga’, is used for heavy construc-
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permeable. Wood dust may causeirritation to
the respiratory tracts and eyes.
Some imidazole alkaloids have been isolated
from the bark and seeds.
Botany Evergreen medium-sized to large
tree up to 45 m tall; bole branchless for up to
22 m, usually straight and cylindrical, up to
150 cm in diameter, with thin buttresses up to
8 m high; bark surface flaking with small
scales, grey with reddish brown marks, inner
bark brown, becoming reddish brown upon
exposure; crown dome-shaped, with ascending
branches; twigs short-hairy, with reddish lenti-

cels. Leaves arranged spirally, paripinnately
compound with 7-15 pairs of leaflets; stipules
linear, c. 0.5 cm long, caducous; petiole and

Cynometra hankei — wild
tion, bridge building, heavy flooring, joinery,
railway sleepers, tool handles and sliced veneer. It is suitable for ship building, vehicle
bodies, mine props, sporting goods, toys, novelties, agricultural implements, carving and
turnery.

Properties The heartwood is reddish brown,
often with slightly shiny ribbon-like markings
on quarter-sawn surfaces, and distinctly demarcated from the up to 3 cm wide, pale brown
sapwood. Thegrain is straight or interlocked,
texturefine.
The wood is heavy, with a density of (740-)
870-980 kg/m? at 12% moisture content. It air
dries slowly with a tendency of checking and
end splitting. Drying should therefore be done
with care. The rates of shrinkage are high,
from green to oven dry 5.1—5.7% radial and
9.9-11.0% tangential. Once dry, the wood is

not stable in service.
At 12% moisture content, the modulus of rup-

rachis together 2-10 cm long, grooved above
and often slightly winged, short-hairy; leaflets
opposite, sessile, oblong, 0.5-3 cm x 0.2—1 cm,
rounded to slightly notched at apex, glabrous
or slightly hairy below. Inflorescence an axillary or terminal panicle up to 12 cm long,
short-hairy;

bracts

small.

Flowers bisexual,

nearly regular, whitish; pedicel 0.5-1.5 cm
long, short-hairy, jointed near apex andpersistent after shedding of flowers; sepals 4, ovate
to rounded, 3-3.5 mm long,reflexed; petals 5,
free, obovate to lanceolate, 3-4 mm long; stamens 10, free, 5-6 mm long, slightly unequal:

ovary superior, ellipsoid, c. 2 mm long, with
short stipe, hairy,

1-celled, style 2.5-3 mm

long. Fruit a slightly obliquely oblong-obovate,
flat pod 6-9 cm x 3-4 cm, with short stipe,
short-pointed at apex, smooth and brown, dehiscent with 2 woody, twisting valves, 1-2seeded. Seeds rounded, dark brown. Seedling
with epigeal germination; hypocotyl 2.5—3.5 em
long, epicotyl 3-6.5 cm long; cotyledons oblong,
thick and fleshy, wrinkled; first 2 leaves opposite, with many leaflets, subsequent leaves

ture is 150-213 N/mm2, modulus ofelasticity

alternate.

15,500 N/mm2, compression parallel to grain 75
N/mm?, cleavage 21-24 N/mm and ChalaisMeudonside hardness 7.2—10.3.
The wood saws slowly but quite well. In planing operations a 15° cutting angle is recommended to obtain a good finish, and cutting
edges should be kept sharp. Pre-boring is needed for nailing and screwing, but the wood holds
nails and screws well. Sanding gives smooth
surfaces and the woodpolishes and turns well.
It is durable, being resistant to fungal, termite,
Lyctus and marine borer attacks, but occasionally liable to pinhole borer attack. The heartwood is resistant to impregnation with preservatives, but the sapwood is moderately

The plants described as Cynometra hankei in
DR Congo differ slightly from those in Nigeria
and Cameroon and may represent another,

undescribed species. The leaflets are often
smaller and completely glabrous, the rachis is
slightly winged between the pairs of leaflets,
and thepedicels are longer.
Cynometra comprises about 90 species and
occurs in the tropical regions of the world. Approximately 25 species can be found in mainland tropical Africa and about 10 in Madagascar. Tropical Asia and tropical America have
about 25 species each.
The distribution area of Cynometra mannii
Oliv. is largely similar to that of Cynometra
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hankei, occurring from south-eastern Nigeria
to south-western DR Congo, often along rivers.
It is a small to medium-sized tree up to 17 m
tall with short, irregular bole. The reddish
brown and hard wood is occasionally used, for
instance to make fish traps. In Congo bark
decoctions are taken to treat cough; the bark is
considered purgative and emetic.
Ecology Cynometra hankei occurs in evergreen forest up to 1000 m altitude, usually on
well-drained and sandy soils. It is often found
in small groups.
Management In western Cameroon the average density of Cynometra hankei trees with a
bole diameter of more than 60 cm is 0.4—0.5 per
ha, and the average timber volume 2.6—3.5
m%/ha. The minimum bole diameter for harvesting is 60 cm in Cameroon. In DR Congo a
tree of 35 m tall with a bole of 18 m long and a
diameterof 60 cm yielded 3.5 m3 of wood.
Genetic resources and breeding Cynometra hankei is fairly widely distributed and
not uncommon, and does not seem to be
threatened by genetic erosion. However, the
populations in south-western Nigeria and
western Cameroon could easily become endangered with ongoing deforestation.
Prospects The hard and heavy wood and
the often high buttresses of Cynometra hankei
are serious drawbacks for commercialization
efforts. However, the high natural durability
and high resistance to abrasion of the wood
offer possibilities for commercial timber production for special purposes such as heavyduty flooring, as long as long rotation cycles
are acceptable. Research is recommended on
the growth rates under favourable conditions
and appropriate management systems. The
biosystematics of populations in Nigeria and
Cameroon on the one hand and in DR Congo on
the other should be studied because they may
representdifferent species.
Major references Bolza & Keating, 1972;

CYNOMETRA LUJAE De Wild.
Protologue Ann. Mus. Congo Belge, Bot., sér.
5, 1: 250 (1906).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Cynometra lujae occurs in southern Gabon, southern Congo, south-western DR Congo and Cabinda (Angola).
Uses The wood is suitable for heavy and
hydraulic construction, bridges, joinery, doors,
window frames, vehicle bodies, furniture, rail-

way sleepers, sporting goods, tool handles and
precision equipment.
The bark is used in traditional medicine in
Congo to treat toothache, cough and rheumatism.
Properties The heartwood is reddish brown
with a purplish tinge and with yellowish brown
markings, distinctly demarcated from the up to
8 cm wide, brownish yellow sapwood. The grain
is usually straight, sometimes interlocked,
texture fine.
The wood is heavy, with a density of (760-)
855-995 kg/m? at 12% moisture content. The
rates of shrinkage during drying are moderately high.
At 12% moisture content, the modulus of rupture is 174-205 N/mm2, modulusofelasticity
15,000 N/mm2, compression parallel to grain
55-90 N/mm?, cleavage 21.5 N/mm and Chalais-Meudonside hardness 13.5.
The wood sawsslowly. Planing may occasionally result in rough surfaces due to the presence
of interlocked grain. Pre-boring is needed for
nailing and screwing, but the wood holdsnails
and screws well. It is durable, being resistant

Fouarge, Gérard & Sacré, 1953; Fouarge, Sacré

& Mottet, 1950; Takahashi, 1978; Vivien &
Faure, 1985.
Other references Aubréville, 1968; Aubréville, 1970; Burkill, 1995; Neuwinger, 2000;
Raponda-Walker & Sillans, 1961; Tailfer, 1989;
Waterman & Faulkner, 1981; Wilczek et al.,

1952.
Authors R.H.M.J. Lemmens

Cynometra lujae — wild
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to fungal and termite attacks, but liable to

marine borer attack.
Several imidazole alkaloids have been isolated
from the bark and leaves.
Botany Evergreen small to medium-sized
tree up to 20(-30) m tall; bole branchless for up
to 12(-20) m, up to 45(-65) cm in diameter;
bark surface smooth, greenish brown, inner
bark brown; twigs short-hairy, with whitish

lenticels. Leaves arranged spirally, paripinnately compound with 5-11 pairs of leaflets;
stipules linear, 1-1.5 cm long, caducous; petiole
and rachis together 3-15 cm long, grooved
above and slightly winged, short-hairy;leaflets
opposite, sessile, oblong to elliptical, 1-6 cm x
0.5-2.5 cm, usually rounded at apex, slightly
hairy below. Inflorescence an axillary or terminal panicle up to 12 cm long, short-hairy;
bracts small. Flowers bisexual, nearly regular,
whitish or slightly pinkish; pedicel 0.5-1.5 cm
long, short-hairy, jointed near apex and persistent after shedding of flowers; sepals 4, ovate
to oblong, 3.5-4 mm long, reflexed; petals 5,
free, oblong, 4—4.5 mm long; stamens 10, free,
6-8 mm long,slightly unequal; ovary superior,
ellipsoid, c. 2 mm long, with shortstipe, hairy,
1-celled, style 3-4 mm long. Fruit a slightly
obliquely oblong-obovate, flat pod 6.5—-7 cm x
3-3.5 cm, with short stipe, short-pointed at
apex, smooth and brown, dehiscent with 2
woody, twisting valves, 1—2-seeded. Seeds
rounded, dark brown. Seedling with epigeal
germination; hypocotyl 2.5-3.5 cm long, epicotyl
6.5-8 cm long; cotyledons oblong, thick and
fleshy, wrinkled; first 2 leaves alternate, with
8-10 leaflets.
Cynometra lujae closely resembles Cynometra
hankei Harms, which differs in its leaves generally having more and smaller leaflets; moreover, the leaflets of Cynometra hankei are usually notched at apex and glabrous.
Cynometra comprises about 90 species and
occurs in the tropical regions of the world. Approximately 25 species can be found in mainland tropical Africa and about 10 in Madagascar. Tropical Asia and tropical America have
about 25 species each.
Ecology Cynometra lujae occurs in evergreen
lowland forest.
ManagementA bole harvested in southern
DR Congo of 19.5 m long and 65 cm in diameter yielded 4 m3 of wood.
Genetic resources and breeding Although
Cynometra lujae seemsto have a rather limited

Prospects The high natural durability and
high resistance to abrasion of the wood offer
possibilities for timber production for special
purposes. However, the often small size of the
bole makes Cynometra lujae less interesting for
commercialization.
Major references Aubréville, 1968; Fouarge
& Gérard, 1964; Tchissambou, Benechie &
Khuong-Huu, 1982; Wilczek et al., 1952.

Other references Simpson, 1996; Tailfer,
1989.
Authors R.H.M.J. Lemmens

CYNOMETRA MADAGASCARIENSIS Baill.
Protologue Bull. Mens. Soc. Linn. Paris 1:
375 (1883).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Cynometra madagascariensis is endemic to eastern
Madagascar, where it occurs from Sambava
south to Taolafiaro.
Uses The wood, known as ‘mampay’ together
with the wood of several other Cynometra spp.
from Madagascar, is used for posts and planks
in house construction.
Properties Ethanolic leaf extracts of Cynometra madagascariensis showed potent antiviral activity against herpes simplex.
Botany Evergreen small to medium-sized
tree up to 20(-30) m tall; bole up to 50(-100)
cm in diameter; twigs short-hairy, with lenticels. Leaves arranged spirally, paripinnately
compound with (5—)6—-16 pairs of leaflets; stipules threadlike, 0.5—-1 cm long, caducous; petiole 1-3 mm long, thick, wrinkled, rachis 1-10

area of distribution, there are no indications

that it is threatened by genetic erosion.

Cynometra madagascariensis — wild
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cm long, grooved above, short-hairy; leaflets
opposite, sessile, obliquely oblong to oblongovate, 0.5-2(-2.5) cm x 0.2-0.6(-0.8) cm,
notched at apex, glabrous. Inflorescence an
axillary raceme up to 1.5 cm long, short-hairy;
bracts small. Flowers bisexual, nearly regular,
whitish; pedicel 0.5—1 cm long; sepals 4(—5), 2—
3 mm long, reflexed; petals 5, free, narrowly
obovate, 3.5-5 mm long; stamens 10, free, c. 7

mm long; ovary superior, with short stipe,
hairy, 1-celled, style 3-5 mm long. Fruit a
slightly obliquely oblong-elliptic, flat pod 1-2
cm X 0.5-2 cm, with short stipe, warty, 1-

seeded. Seed with thin seed coat.
Cynometra madagascariensis has been subdivided into 3 subspecies, differing in number
and size of the leaflets and length of the leaf
rachis. Trees flower from August to December.
Cynometra comprises about 90 species and
occurs in the tropical regions of the world. Approximately 25 species can be found in mainland tropical Africa and about 10 in Madagascar. Tropical Asia and tropical America have
about 25 species each.
The wood of several other Cynometra spp. is
used in Madagascar for similar purposes as
that of Cynometra madagascariensis. Cynometra abrahamii Du Puy & R.Rabev.is a mediumsized tree up to 30 m tall with bole up to 50 cm
in diameter, widespread in deciduous woodland
and evergreen forest. Its wood is used for posts
in houseconstruction andas roof support.
Cynometra aurita R.Vig. is a small to mediumsized tree up to 25 m tall with bole up to 100
cm in diameter, endemic to lowland northeastern Madagascar. The hard woodis used for
construction.
Cynometra commersoniana (DC.) Baill. is a
small tree up to 12 m tall with bole up to 30 cm
in diameter, occurring in lowland evergreen
forest in eastern Madagascar. The hard and
resilient wood is used for construction and tool
handles, and as firewood.
Cynometra dauphinensis Du Puy & R.Rabev.is
a small tree up to 15 m tall with bole up to 30
cm in diameter, also occurring in lowlandevergreen forest in eastern Madagascar. Its darkcoloured wood is used for poles and planks in
house construction, for carpentry, and asfirewood.
Cynometra sakalava Du Puy & R.Rabev.is a
small to medium-sized tree up to 25 m tall with
bole up to 40 cm in diameter, fairly widespread
in deciduous forest in northern and western
Madagascar. The hard woodis used for poles in
house construction, for carpentry, and asfire-

wood.
Ecology Cynometra madagascariensis occurs
in evergreen coastal forest and hill forest up to
600 m altitude, on sandyandlaterite soils.
Genetic resources and breeding Cynometra madagascariensis does not appear to be
liable to genetic erosion at present becauseit is
widespread in eastern Madagascar. However,
with the ongoing fragmentation of evergreen
forest, monitoring of populations is recommended.
Prospects The wood of Cynometra madagascariensis and other Cynometra spp. will remain
of some importance in Madagascar for local
applications, especially in house building. Little is known about nearly all aspects, and research is needed to do recommendations for
future applications of the wood and sustainable
exploitation of the trees.
Major references du Puyet al., 2002; Hudson, Lee & Rasoanaivo, 2000.
Other references Schatz, 2001.
Authors R.H.M.J. Lemmens

CYRTOGONONE ARGENTEA(Pax) Prain
Protologue Bull. Misc. Inform. Kew 1911:
232 (1911).
Family Euphorbiaceae
Origin and geographic distribution Cyrtogonone argentea occurs from eastern Nigeria to
Gabon.
Uses The wood, known as ‘akikubu’ in Cameroon, is used for general carpentry, joinery
and furniture. The seeds are eaten, often to-

gether with sauce made from fruit kernels of
Irvingia gabonensis (Aubry-Lecomte ex O’Rorke)
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Baill. The grated bark, mixed with sugar-cane
juice and cooked with palm cabbageor groundnuts, is taken against stomach-ache. It has an
acrid taste and is strongly purgative. In western Cameroon unspecified parts of the plant
are used as anodyne.
Properties The wood is reddish white to
pale brown. The texture is fine, and the wood is

moderately hard and not durable. Roots of Nigerian material have been found very effective
as a molluscicide giving 100% mortality
against the fresh-water snail Bulinus globatus
at an extract concentration of 100 ppm; leaf
extracts showed no activity. Extracts of the
leaf, stem and fruit showed significant activity
in a phorbol dibutyrate receptor binding assay,
indicating that the extracts have tumour promotingproperties.
Botany Dioecious, medium-sized tree up to
30(—35) m tall; bole often fluted at base, up to

Cyrtogonone argenteais restricted to rainforest
and has a limited area of distribution, it seems

to be quite common in most of its distribution
area, and does not seem to be threatened at
present.

Prospects Cyrtogonone argentea is likely to
remain of local use only, unless research on
this poorly known species would reveal new
opportunities.
Major references Burkill, 1994; Normand
& Paquis, 1976; Radcliffe-Smith, 2001; Raponda-Walker & Sillans, 1961; Wilks & Issembé,

2000.
Other references Anonymous, 2001; Beutler et al., 2006; Brown, Hutchinson & Prain,
1909-1913;

Keay,

1989;

Neuwinger,

2000;

Sunderland, 2005; Van der Veen & Bodinga
bwa Bodinga, undated; van Welzen & Stuppy,
1999; Westra & Koek-Noorman, 2004.

Authors L.P.A. Oyen

35 cm in diameter; bark surface greyish brown
to dark brown, smooth to rough with horizontal
lines, inner bark granular, brown, with yellow
innermost layer; twigs densely silvery scaly.
Leaves alternate, simple; stipules minute; petiole 6-10 cm long, with 2 distinct glands at the
apex; blade elliptical or obovate-oblong, sometimes deeply 3-lobed, 15-35 cm x 7.5—-12.5(—30)
cm, base cuneate to rounded, apex abruptly
acuminate, margin entire or occasionally with
2 teeth or minute lobes near the apex,leathery,
densely silvery scaly below, pinnately veined.
Inflorescence a terminal, narrowly pyramidal
panicle up to 30 cm long, scaly, with many
branches up to 7.5 cm long, with 3—7-flowered
cymes. Flowers unisexual, regular, pedicel up
to 5 mm long; male flowers with globose calyx

Protologue Brittonia 31: 486 (1979).
Family Chrysobalanaceae
SynonymsAcioa scabrifolia Hua (1897).
Origin and geographic distribution Dactyladenia scabrifolia occurs from Guinea to Côte
d'Ivoire.
Uses The wood is locally used for construction, planks and utensils such as rice pestles
and mortars. It produces excellent charcoal. A
leaf decoction is taken to treat dysentery. The
seed is reportedly edible.
Properties The heartwood is pale brown to

in bud, up to 8 mm in diameter, at flowering

reddish brown, sometimes with narrow darker

DACTYLADENIA SCABRIFOLIA (Hua) Prance
& F.White

irregularly (2—)3(-4)-lobed, densely scaly, petals 5(-6), free, orbicular, contorted, glabrous,
white, stamens about 30, free, glabrous, disk

glands many; female flowers with 4—5-lobed
calyx, petals as in male flowers, disk shallowly
cup-shaped, ovary superior, 3-celled, with 2-fid
styles. Fruit a 3-lobed capsule up to 5 cm in
diameter, brown hairy, splitting into 3 parts,
each 2-valved and 1-seeded. Seeds globose.
In Nigeria trees flower in May and mature
fruits can be found in July-September.
Cyrtogonone comprises a single species and
seemsto be closely related to Crotonogyne and
Manniophyton.
Ecology Cyrtogonone argentea occurs in
evergreen rainforest, often in secondaryforest,
up to 1000 m altitude.
Genetic resources and breeding Although
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streaks, and not distinctly demarcated from
the paler sapwood. The texture is moderately
coarse. The wood is fairly heavy, hard and
moderately durable.
Botany Small to medium-sized tree up to

other Dactyladenia spp. seem to be uncommon
or rare.
Prospects Trees of Dactyladenia scabrifolia
are usually too small to be of importance for
their timber. Very little is known about this

20(-27) m tall; bole usually straight, slightly

species, but research could be worthwhile in

fluted, up to 50 cm in diameter, without buttresses; bark surface scaly, grey to pale brown,
inner bark hard, granular, pale brown to reddish, with clear exudate; crown fairly dense,
heavily branched with often drooping branches;
twigs glabrous, with pale lenticels. Leaves alternate, simple and entire; stipules linear, c. 4
mm long, persistent; petiole 3-5 mm long;
bladeelliptical to oblong, 6—13(—15) em x 2.5—

the light of the good prospects of the related
Dactyladenia barteri in agroforestry systems
and in fuelwood plantations managed by coppicing.
Major references Burkill, 1985; Ladipo &
Kang, 2002; Prance & Sothers, 2003b; Savill &

5.5 em, cuneate at base, acuminate at apex,

Fobes, 1959.

leathery, glabrous, upper surface rough to the
touch, with a few glands near base of lower
surface, pinnately veined with 4-8 pairs of
lateral veins. Inflorescence a terminal or axillary raceme 6-10 cm long, slightly hairy. Flowers bisexual, zygomorphic, 5-merous, greenish
white to pinkish; pedicel 6-14 mm long; receptacle tube narrowly obconical, 4-8 mm long,
glabrous; sepals 4-6 mm long; petals 4-6 mm
long, caducous; stamens c. 20, fused, 1.5—2.5
cm long; ovary superior, inserted at mouth of
receptacle tube, 1-celled, style slightly longer
than stamens,slightly 3-lobed at apex. Fruit
an ovoid drupe 4-5 cm X 2-3 cm, smooth and
glabrous, 1-seeded. Seedling with epigeal germination.
In Sierra Leoneflowering trees of Dactyladenia
scabrifolia have been recorded throughout the
year; fruits are most commonly found in August—September.
Dactyladenia comprises about 30 species and is
confined to West and Central Africa. Dactyladenia scabrifolia is closely related to Dactyladenia barteri (Hook.f. ex Oliv.) Prance &
F.White, which has some reputation as a fallow
crop in Nigeria, but the latter species has a
hairy receptacle tube and more smooth leaves.
Ecology Dactyladenia scabrifolia is usually
an understorey tree of primary and old secondary rainforest, but also occurs in riverine forest
and in abandoned farmland. It is found up to
1100 m altitude in Mount Nimba. It is locally
abundant.
Management Dactyladenia scabrifolia has
been considered a weed in managed forest, and
trees have been poisoned.
Genetic resources and breeding Dactyladenia scabrifolia is locally abundant in different types of forest and does not seem to be under threat of genetic erosion. However, many

Fox, 1967.

Other references Aubréville, 1959b; Hawthorne & Jongkind, 2006; Irvine, 1961; Kryn &
Authors R.H.M.J. Lemmens

DANIELLIA KLAINEI Pierre ex A.Chev.
Protologue Bois du Gabon: 172 (1917).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

Origin and geographic distribution Daniellia klainei occurs in Cameroon, Equatorial
Guinea, Gabon, DR Congo and Cabinda (Angola).
Uses The wood, traded as ‘faro’ together
with the wood of other Daniellia spp., is suitable for light construction, light flooring, joinery,
interior trim, canoes, furniture, toys, novelties,
boxes, crates, agricultural implements, vats,

draining boards, turnery, veneer, plywood,
hardboard and particle board. Cylindrical boxes are made from the bark of young trees. The
resin from the woodyields gum copal. In Gabon
the gum is externally applied to treat scabies,

Daniellia klainei — wild

270

TIMBERS 2

ringworm and lice on the head.
Production and international trade The
timber of Daniellia klainei is only used on a
local scale.
Properties The heartwood is pinkish grey to
pale yellow-brown, with irregular green-brown
markings, and fairly well demarcated from the
wide, whitish or pale yellow sapwood. The
grain is slightly interlocked, texture moderately coarse. Quarter-sawn surfaces show a nice
figure. The wood is scented and has a lustrous
surface.
The wood is lightweight to medium-weight,
with a density of about 510 kg/m? at 12% moisture content, moderately soft but tough and
strong. It usually air dries well without de-

grade. In thick boards there might be slight
distortion and collapse, but the defects are negligible. Once dry, the woodis stable in service.
At 12% moisture content, the modulus of rupture is 65-101 N/mm2, compression parallel to

surface smooth, greenish grey, with lenticels in
horizontals rows, becoming scaly, inner bark
thick, hard, fibrous, pinkish brown with fine
lines; crown flattened; twigs glabrous. Leaves
alternate, paripinnately compound with 4—7
pairs of leaflets; stipules up to 8 cm x 1 cm,
soon falling; petiole (2-)2.5—4(-9) em long, rachis 11—20(—30) cm long, shallowly channelled
at base, with a pair of glands at insertion of
basal pair of leaflets; petiolules 4.5-8 mm long;
leaflets opposite, oblong-lanceolate to lanceolate, up to 22(-38) em X 7(-9) cm, basal and
apical leaflets smaller than middle ones, base
rounded, asymmetrical, apex acuminate, margins slightly wavy, papery to leathery, glabrous, with many translucent glandular dots,
pinnately veined with 13-29 pairs of lateral
veins. Inflorescence an axillary or terminal
compound raceme 20-31 em long, glabrous to
short-hairy, with 7—9 lateral branches. Flowers
bisexual, zygomorphic; pedicel (1—)1.5-2(-2.5)
mm long, glabrous, enlarging in fruit, near the
middle with 2 caducous bracteoles c. 1.5 cm
long; sepals 4, oblong-ovate, (1—)1.5—2 cm long,
glabrous but margins hairy, with few gland
dots on external surface; petals 5, violet, unequal, oblong-ovate to ovate-elliptical, 3 petals
1—1.5 cm long and 2 up to 0.5 cm long, glabrous

grain 31-42 N/mm?, cleavage 8.5-13 N/mm
and Chalais-Meudon side hardness 1.9-2.8.
The wood sawseasily and is easy to work with
both hand and machine tools. It planes to a
nice finish, but needs careful filling beforehand. It nails and glues well, but is rather difficult to split with tools. It joints well and can
be readily peeled into veneer. The steam bending properties are very poor.
The wood is not durable, being susceptible to
attacks by fungi, termites, pinhole borers, Lyctus and marine borers. The heartwood is moderately resistant to impregnation, but the sapwoodis easier to treat with preservatives.
The wood contains 47% cellulose, 25.5% lignin,
21% pentosan, 1.0% ash and 0.02% silica. The

united at base and 1 free; ovary superior, lanceolate, 0.5-1 cm long, glabrous but covered
with gland dots, with stipe up to 0.5(-1) cm
long, style c. 3 cm long. Fruit an obliquely oblong, flattened pod (8-)10-12 cm x 4-5 cm,
with stipe of c. 1 cm long, glabrous, green becoming brown, dehiscing with 2 woody valves,
1-seeded. Seed oblong, flattened, 4-5 cm long,

solubility is 4.9% in alcohol-benzene, 3.5% in

smooth, deep red to brown, attached to one of

hot water and 25.6% in a 1% NaOH solution.
The heartwood contains a dark brown, oily,
sticky, resinous gum which can be saponified,
although it has a low saponification value. One
of the main compoundsof the gum is the diter-

the valves by a c. 1 cm long funicle. Seedling
with epigeal germination.
Daniellia klainei flowers from August to December and fruits from October to February.
Daniellia comprises 10 species, which are nearly all confined to the forest areas of West and
Central Africa, with only 1 species extending to
Sudan and Uganda. The wood of some other
Daniellia spp. is used for similar purposes as
that of Daniellia klainei.
Daniellia alsteeniana P.A.Duvign. is a medium-sized tree up to 25 m tall with bole up to

pene oleoresin daniellic acid (illurinic acid), as

well as ozic acid and thealcoholozol.
The essential oil distilled from the roots contained as major component myrcene (55%), and
as minor components o-humulene (8.1%), ger-

macrene-D (6.1%), @-pinene (5.4%), linalool (4.9%)
and B-caryophyllene (3.6%). The oil showed
antioxidant and radical scavenging activities,
as well as inhibition of lipid peroxidation. It
also showedin-vitro antibacterial activity.
Botany Deciduous, medium-sized tree up to
30 m tall; bole straight and cylindrical, up to
100 cm in diameter, without buttresses; bark

to short-hairy; stamens 10, 3-4 cm long, 9

150 cm in diameter, occurring in Gabon, DR

Congo, Zambia and Angola, mainly in savanna.
In Zambia the wood is used in house building
and for canoes, veneer and plywood. It is also
used as firewood and for charcoal making. The
wood yields gum copal. The inner bark from
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saplings is made into string.
Daniellia oblonga Oliv. is poorly known, occurring in Cameroon, Equatorial Guinea and Gabon, possibly also in Benin and south-eastern
Nigeria. It is a large tree up to 40 m tall with
bole up to 150 cm in diameter, and is closely
related to Daniellia ogea (Harms) Rolfe ex Holland and often confused with it. The wood is
used for boats, canoes and railway sleepers,
and is also suitable for boxes, crates and veneer. The wood yields gum copal. Daniellia
oblonga is threatened by habitat loss and exploitation, and has been classified as vulnerable in the IUCN RedList of threatened species.
Daniellia pynaertii De Wild. is a large tree up
to 40 m tall with bole up to 240 cm in diameter,
occurring in the Central African Republic, Ga-

1990; Onangaet al., 1999; Raponda-Walker &
Sillans, 1961; Savard, Besson & Morize, 1954;

Vivien & Faure, 1985; Wilczeket al., 1952.
Authors G.H. Schmelzer

DANIELLIA OGEA (Harms) Rolfe ex Holland
Protologue Bull. Misc. Inform. Kew, addit.
ser. 9: 268 (1911).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

Vernacular names Accra copal, Benin gum
copal, gum copal tree (En). Arbre 4 encens, faro
d’Agboville (Fr). Incenso (Po).

Origin and geographic distribution Daniellia ogea occurs in West and Central Africa,

from Senegal east to Cameroon and south to
Gabon.
Uses The wood, traded as ‘faro’, ‘ogea’ or
‘daniellia’, is suitable for light construction,
light flooring, joinery, furniture, toys, novelties,

bon, Congo and DR Congo. The woodis probably used for similar purposes as other Daniellia
spp. In DR Congo the inner bark is eaten by
men to increasevirility. The wood yields gum
copal.
Daniellia soyauxii (Harms) Rolfe is a fairly large
tree up to 35 m tall with bole up to 120 cm in

boxes, crates, agricultural implements, vats,
draining boards, veneer, plywood, hardboard

diameter, occurring in Cameroon, Equatorial

and particle board. It can be used for paper

Guinea, Gabon, DR Congo and Cabinda (Angola). Its wood has similar uses as that of other
Daniellia spp.
Ecology Daniellia klainei occurs in evergreen,
primary as well as secondary forest, also in
gallery forest and swampylocalities, from sealevel up to 250(-800) m altitude.
Management The minimum bole diameter
for harvesting is 60 cm in Cameroon and 70 cm
in Gabon. Logs should be processed quickly
after felling or treated with preservatives because the wood is susceptible to discoloration
by blue-stain fungi andto insect attacks.
Genetic resources and breeding Daniellia klainei has a relatively large area of distribution, but has been classified as lower
risk/near threatened in the IUCN Red List of
threatened species as it is under pressure by
habitat loss and exploitation.
Prospects International demand for sawn
wood of Daniellia klainei may remain limited
because of the poor durability of the wood, but
the straight and cylindrical boles are suitable
for rotary peeling for veneer and plywood production.
Major references Bolza & Keating, 1972;

making, and is suitable for firewood and char-

coal production.
The quantity of gum, knownas ‘aguja gum’ or
‘sum copal’, in the wood is limited and commercial tapping has not been successful. The
gum is used in cosmetics, to scent clothes and
fumigate huts, and also for medico-magical
treatments. It is used to repair broken pottery
by placing it along the broken edges and setting fire to it to make the reparation stronger.
It is also used as varnish. The gum, mixed with
soot and oil, is burnt and is used for tattooing.
In Senegal the gum is applied to skin com-

CIRAD Forestry Department, 2008; de la Estrella et al., 2010; Koudou et al., 2008; Takahashi, 1978.

Other references Burkill, 1995; Chilufya &
Tengnäs, 1996; Gérard et al., 1998; Ngavoura,
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plaints. In Ghana the gum, pounded together
with a seed of Dioclea reflexa Hook.f. and some
kaolin, is taken in water to treat cough and
asthma. The gum is also applied to Buruli ulcers, caused by Mycobacterium ulcerans. In
Benin leaf infusions are taken to treat dysentery. In Ghana and Nigeria root decoctions or
macerations are taken to treat malaria and
gonorrhoea. The gum is chewedas a purgative
and together with other ingredients applied to
snakebites. In Nigeria the seeds are considered
edible.
Production and international trade In 1983
Côte d'Ivoire exported 73,000 m3 of logs of faro
(Daniellia spp.). Currently Daniellia ogea and
other Daniellia spp. have no importance on the
international timber market, but their wood is

commonly usedlocally.
In 1876 one of the first exports of 500 t gum
copal was made from Ghana to Europe. Lumps
of gum copal arestill sold in local markets,
although they are often contaminatedwithsoil.
Properties The heartwood is pale pinkish
brown to reddish brown with dark streaks, and

is distinctly demarcated from the up to 15 cm
wide, whitish or pale yellow resinous sapwood.
The grain is interlocked, texture medium
coarse. The woodis scented and has a lustrous
surface.
The wood is lightweight to medium-weight,
with a density of about 515 kg/m? at 12% moisture content, moderately soft but tough and of
medium strength. The shrinkage rates are
moderate, from green to oven dry about 2.6%
radial and 5.6-8.2% tangential. Kiln drying is

Lyctus, longhorn beetles and marine borers.
The heartwood and inner sapwood are moderately resistant to impregnation, but the outer
sapwood is easy to treat with preservatives.
The cellulose content of the wood is 46-48%.
The woodfibres are strong and about 1.5 mm
long.
The gum from the heartwood is dark brown,
oily and sticky, and can be saponified, although
it has a low saponification value. One of the
main compounds of the exudate is the diterpene oleoresin daniellic acid (illurinic acid), as
well as ozoic acid and the alcohol ozol. Chemical analyses revealed that the gum contained
6.0% water, 1.8% protein, 13.0% fat, 42.8%
crude fibre and 2.0% ash. It had 8.0% foaming
capacity, and oil and water absorption capacity
were 12.0% and 24.3%, respectively.
The seed contains low levels of protein (10.1%)
and fat, but high levels of total carbohydrate
(74%) and minerals. It contains much of the

amino acid cysteine. The seed oil contains high
amounts of linoleic acid (27.7%), followed by
lignoceric acid (9.2%), palmitic acid (7.5%),
oleic acid (6.6%) and behenic acid (3.3%).
A range of sesquiterpenoids were isolated from
the leaf oil, with as main component caryophyllene oxide (20.1%), followed by humulene
oxide (7.0%), &-humulene(3.8%) and B-selinene

fairly fast with little degrade. In thick boards,

(3.8%).
Adulterations and substitutes The wood
of Daniellia ogea is similar to that of Daniellia
thurifera Benn. and Daniellia klainei Pierre ex
A.Chev. and has similar uses.
Description Deciduous, medium-sized to
large tree up to 40(-50) m tall; bole straight

there might be slight distortion and collapse,
but the defects are not severe. At 12% moisture
content, the modulus of rupture is 77-84
N/mm’, modulus of elasticity 8820-9700

without buttresses; bark surface smooth, greyish white to greenish grey, with elongated horizontal patches in various colours, inner bark

N/mm?, compression parallel to grain 40-47
N/mm?, shear 7—11 N/mm?, Janka side hard-

ness 3160 N and Janka end hardness 4310 N.
The wood is easy to work with both hand and
machine tools, with little blunting effect on
cutting edges. Although the wood planes
smoothly, tearing of quarter-sawn surfaces
may occur due to interlocked grain, and thin,
sharp cutting edges are more useful in obtaining a good finish than a reduced cutting angle.
The wood stainssatisfactorily but needsa filler
before polishing. It nails well and gluescorrectly. It can be readily peeled into veneer. The
steam bending properties are very poor. The
wood is not durable, being susceptible to attacks by fungi, borers, termites, pinhole borers,

and cylindrical, up to

125 cm in diameter,

thick, hard, fibrous, pinkish brown with fine

lines; crown rather small, flattened. Leaves
alternate, paripinnately compound with 5-9
pairs of leaflets; stipules up to 8.5 cm long,
soon falling; petiole 2—4(—-4.5) cm long, rachis
(11—)15—24(-27) cm long, shallowly channelled

at base, quadrangular at apex, with a pair of
glands at insertion of basal pair of leaflets;
petiolules 3-9 mm long;leaflets opposite, elliptical-lanceolate to lanceolate, up to 11(-15) cm
x 4 cm, basal andapical leaflets smaller than
middle ones, base cuneate to rounded, asymmetrical, apex acuminate, margins entire, pa-

pery to leathery, glabrous, with many translucent glandular dots, pinnately veined with 8—
16 pairs of lateral veins.

DANIELLIA 273

glabrous; cotyledons fleshy, c. 2.5 cm long,
rounded; first leaves alternate, with 1-2 pairs
of leaflets.
Other botanical information Daniellia
comprises 10 species, which are nearly all confined to the forest areas of West and Central
Africa, with only 1 species extending to Sudan
and Uganda.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; (26: intervessel pits medium (7-10
Lm)); 27: intervessel pits large (> 10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and

shape throughout the ray cell; 43: mean tangential diameter of vessel lumina > 200 um; 46:
<5 vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
andfibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
(68: fibres very thin-walled); 69: fibres thin- to
thick-walled. Axial parenchyma: 78: axial parenchymascanty paratracheal; 79: axial parenDaniellia ogea — 1, leaf; 2, flowers and fruits; 8,

chyma vasicentric; (89: axial parenchyma in

flower with one sepal and one petal removed; 4,
fruit valve with seed.
Redrawn and adapted by W. Wessel-Brand

marginal or in seemingly marginal bands); 91:
two cells per parenchyma strand; (92: four (3—
4) cells per parenchyma strand). Rays: 97: ray
width 1—8 cells; 98: larger rays commonly 4- to
10-seriate; 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; (107: body ray cells procumbent with
mostly 2—4 rows of upright and/or square marginal cells); 115: 4-12 rays per mm. Storied

Inflorescence an axillary or terminal compound
raceme (7—)15—20(—22) cm long, densely woolly
hairy,

with

5-12 lateral branches.

Flowers

bisexual, zygomorphic; pedicel 9-15(-17) mm
long, glabrous, enlarging in fruit, near the
middle with 2 caducous bracteoles 0.5-1 cm
long; sepals 4, oblong, 1-1.5(—2) cm long, shorthairy, with gland dots on external surface; petals 5, blue to lilac, unequal, oblong to oblongelliptical or oblong-lanceolate, 3 petals 0.5-1(—
1.5) cm long and 2 up to 0.2 cm long, glabrous
to short-hairy; stamens 10, 2—3(—3.5) cm long, 9
united at base and 1 free; ovary superior, oblong to rounded, c. 0.5 em long, densely woolly
hairy, with stipe 0.5—-1 cm long, style 1.5-2(-3)
cm long. Fruit an obliquely oblong, flattened
pod 6—7(-9) cm x 2.5-38.5(-5) cm, with stipe
0.5-1 cm long, densely short-hairy mainly at
margin, green becoming brown, dehiscing with
2 woody valves, 1-seeded. Seed oblong, flattened, c. 3 cm long, smooth, dark brown, at-

tached to one of the valves by a c. 1.5 cm long
funicle. Seedling with epigeal germination;
hypocotyl c. 9 cm long, epicotyl c. 6 cm long,

structure: 118: all rays storied; 120: axial pa-

renchyma and/or vessel elements storied; 121:
fibres storied. Secretory elements and cambial
variants: 129: axial canals diffuse. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchyma cells.
(L. Awoyemi, E. Ebanyenle, P.E. Gasson &
E.A. Wheeler)
Growth and development Daniellia ogea
is considered a pioneer, and seedlings of more
than 50 cm tall are light demanding and found
in forest gaps. The tree usually sheds its leaves
at the end of the rainy season, and flowering
occurs whenthetree is leafless. Daniellia ogea
has been found flowering from September to
Mayand fruiting from November to March.
Ecology Daniellia ogea occurs in evergreen
and semi-deciduous forest, also in swampy
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localities near water courses, from sea-level up
to 800 m altitude. In Nigeria it occurs in old
tree plantations after felling of the plantation

Sources of illustration Voorhoeve, 1965.
Authors G.H. Schmelzer

trees.

Management In forest management, there
is generally no focus on Daniellia ogea because
it is not a preferred timber tree. In Sierra Leone the average density of trees with a bole diameter of more than 60 cm has been estimated
to be 0.06 per ha.
Harvesting The minimum bole diameter
allowed for harvesting is 60 em in Côte d'Ivoire
and Cameroon, 70 cm in Liberia and 90 cm in
Ghana.
Yield In Sierra Leone it has been reported
that trees with a bole diameter of 90-100 cm
yield 6—9 m3 of usable wood.
Handling after harvest Cross-breaks may
occur near the heart of the bole. Logs should be
processed quickly after felling or treated with
preservatives because the wood is susceptible
to discoloration by blue-stain fungi and attacks
by insects.
Genetic resources Daniellia ogea has a large
area of distribution, but occurs sparsely. However, it does not seem to be threatened by genetic erosion as its wood is generally mainly
locally used and not subject to commercial exploitation. Seeds are stored at the IITA Gene
bank.
Prospects Daniellia ogea has not been considered a timber tree of commercial importance
because its wood is susceptible to fungal attacks. However, the wood may have good prospects for the production of veneer and plywood
by rotary peeling. More information is needed
on growth rates and methods to improve regeneration to be able to draw conclusions about
possibilities for sustainable exploitation from
natural forest. Further research of the exudate
is needed on the possible usage in the varnish
and cosmetic industry.
Major references Asekun & Ekundayo,

DANIELLIA OLIVERI(Rolfe) Hutch. & Dalziel
Protologue Bull. Misc. Inform. Kew 9: 382

(1928).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 22
Vernacular names West African copal tree,
African copaiba balsam, Ilorin balsam, Accra
copal, Benin gum copal (En). Arbre a vernis
(Fr). Pau-incenso(Po).
Origin and geographic distribution Daniellia oliveri occurs from Senegal east to Sudan
and Uganda.
Uses The wood,traded as ‘West African gum
copal’ and ‘daniellia’, is used for light flooring,
joinery, interior trim, furniture, boat building,
toys, novelties, cattle-troughs, drums, bowls,

rice-mortars, packing cases, draining boards,
carvings, veneer, plywood, hardboard and particle board. However, the gum makesit rather
too gummy for high-quality joinery and carvings. It is popular as firewood, as it has a fragrant smoke and is slow-burning. It is also
made into charcoal. The wood has been used
for paper making. The wood ash is sometimes
used in soap production.
Large strips of bark are made into beehives.
The resin or gum, traded as ‘gum copal’ and
‘African copaiba balsam’, is fragrant and is
used as torch or as incensein religious ceremonies and to fumigate houses and clothes to
chase insects. The gum is furthermore used to
fix spearheads to the shaft. The powdered gum

2004; Bolza & Keating, 1972; Burkill, 1995; de

la Estrella et al., 2010; Ezeagu et al., 1998;
Ezeagu et al., 2002; Neuwinger, 2000; Oteng-

Amoako(Editor), 2006; Takahashi, 1978.
Other references Abbiw, 1990; Ahonkhai,
1988; Ajibesin et al., 2008; Allabi et al., 2011;

Bevan, Ekong & Okogun, 1968; CTFT, 1955a;
de la Estrella, Aedo & Velayos, 2009; Ezeagu,

2005; Ezeagu et al., 1996; Gérard et al., 1998;
Hawthorne, 1995; Hawthorne & Jongkind,
2006; Keay, 1989; Oladipo, 2005; Petzkeetal.,
1997; Sandermann, Ehlers & Feht, 1963; Savill

& Fox, 1967.
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is applied to cloth the make it shiny, and it is
applied to furniture as a polish or varnish, to
make it shiny and more resistant to termites.
It is not suitable for commercial furniture
polish as it is not soluble in turpentineoralcohol. However, it can be esterified to produce a
lacquer. In Nigeria drums are soaked in a solution of the gum, a treatment which deepens the
tone.

The gum and stem bark, and to a lesser extent
the roots and leaves, are widely used in traditional medicine. The gum, bark and leaves are
burnt and the smoke inhaled to treat headache
and migraine; the smoke is also used as mosquito repellent. The gum is chewed and swallowed as a purgative to treat diarrhoea. In Côte
d'Ivoire the gum is considered aphrodisiac and
diuretic, and it is chewed to treat cough, headache, tachycardia and painful menstruation.
The gum is externally applied to treat itching
skin and skin diseases. The gum and bark are
taken in various preparations, internally and
externally, and sometimes with other plant
parts, to treat venereal diseases, ulcers and
sores, circumcision wounds, leprosy, dysentery,

colic, menstrual problems, cough, colds, angina,
bronchitis, tuberculosis, kidney problems, appendicitis, headache, back-ache, rheumatism,
fever pains, hernia, tooth-ache and snakebites.

The root is considered diuretic and a decoction
is taken to treat venereal diseases, absence of
menses, anxiety, insanity, food poisoning and

skin diseases. Leafy twigs are put in baths and
used as vapour baths to treat fever and jaundice, and also as a tonic. A decoction of the
leafy twigs with salt is taken as a purgative, to
treat constipation and stomach-ache. A leaf
bud infusion is taken to treat migraine and
feverish pain in teething children. Pounded
young leaves are applied to wounds, burns and
abscesses to ripen them; they are also applied
to painful parts of the body. A leaf decoction is
gargled to treat toothache and drunk to treat
colic. The large stipules are used to coversores,
ulcers and injuries, and are also used as tampon for menstruating women. In Burkina Faso
sheep and goats are given a stem bark decoction to treat intestinal worms. In Nigeria the
gum is applied to the skin of horses to treat
mange.
The young leaves are eaten with condiments or
cooked in soup, as famine food. The seeds and

fruits are eaten occasionally as well. Cattle
browse the leaves readily, and the leaves are
used as fodder. From the roots excellent chewsticks are made. The gum is sometimes chewed

for its sweetness, or used as filling in dental
practices. It is also made into false amber
beads. The bark is added to accelerate fermentation in brewing beer. Grilled branches are
added to palm-wine to improve digestibility.
The burnt bark is used to blacken the interior
of pots. The tree is used in reforestation programmes, and is also planted as a windbreak
and avenue tree. The leaves are used for
mulching. The flowers are much visited by
honey bees for nectar. In Ghana Daniellia oliveri is considered an indicator of underground
water. Children wear a piece of gum around
their neck as a charm against bad luck.
Production and international trade Daniellia oliveri is not important on the international
timber market, but it is commonly usedlocally
throughout its distribution area, similar to
other Daniellia spp.
Properties The heartwood is red-brown,grey
or red with dark streaks and is moderately
clearly demarcated from the up to 8 cm wide,
whitish sapwood with a pink or brown tinge.
The grain is interlocked, texture medium to
coarse. The wood is lustrous and contains a
yellow or brown oleoresin.
The wood is lightweight to medium-weight,
with a density of 510-680 kg/m3 at 12% moisture content, moderately soft but tough and
strong. The shrinkage rates of the wood are
moderate, from green to oven dry are 2.8-3.5(—
5.6)% radial and 3.7—7.0(—9.3)% tangential. Air
drying is fairly fast with little degrade. Once
dry, the wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 56-114 N/mm2, modulus of elasticity
6280-9700 N/mm?, compression parallel to
grain 25-63 N/mm?, shear 5-15 N/mm?, cleav-

age 12-28 N/mm and Chalais-Meudon side
hardness 1.2—3.4(—5.8).

The wood is easy to saw and work with both
hand and machinetools, with little blunting
effect on saw teeth and cutting edges. The
wood stains satisfactorily but needs a filler
before polishing. In general it nails and screws
well and glues correctly. It can be readily
peeled into veneer, but the veneer may warp
during drying. The wood is not durable, being
susceptible to attacks by fungi, termites, pinhole borers, Lyctuws and marine borers. The
heartwood is resistant to impregnation with
preservatives and the sapwood has a variable
permeability.
The wood contains 40.5-42% cellulose, 27.5—

28% lignin, 18-19% pentosan and 0.8-1.0% ash.
The solubility is 3.6—-7.3% in alcohol-benzene,
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2.38-4.2% in hot water and 19.4—20.2% in a 1%
NaOH solution.
The gum from the heartwoodis yellow to dark
brown, oily and sticky. It is rich in essential
oils (80-35%), and one of the main compounds
is the diterpene oleoresin daniellic acid (illurinic acid), as well as ozic acid and the alcohol

ozol. The essential oils from the leaves contain
mainly sesquiterpenoids, with as major compounds 6-cadinene (24.2-31.1%) and o-copaene
(7.0-8.3%).

The

flavonoid

glycosides

rutin,

quercitrin and quercimeritrin were isolated
from the leaves. The dried leaves contain c.
5.5% protein. The essential oil from the bark
yielded only sesquiterpenoids, with as major
compounds o-copaene (6.0—12.0%), germacrene
D (4.5-79.5%) and ò-cadinene (25.5-29.8%).
Tannins, saponins, and cyanogenetic and cardiac glycosides were also isolated from the
bark. The seeds have a very high protein content of 33.4% and a moderately high carbohydrate content of 44.6%. The most abundant
mineral in the seeds is Ca (263 mg/100 g), the
least abundant minerals are Zn, Cu and Mn.
Several compounds considered as antinutritional were also found to be present in low
amounts, including cyanide, polyphenols, phytate and oxalate.
Hexane and methanol extracts of the bark were
tested for analgesic, antipyretic and antiinflammatory activities. Hexane extracts exhibited a dose-related analgesic activity in
mice, and methanol extracts inflammatory
properties in rats. Metabolic cage studies
showed that the ethanol extract significantly
decreased body weight, food intake, urine and
stool output of rats. This extract also exhibited
a competitive antagonism on histamineinduced contraction of the guinea pig ileum
and a non-competitive inhibition of acetylcholine-induced contraction of the frog rectus abdominis muscle. An aqueousextract of the bark
showed significant and dose-dependent antinociceptive activities when intraperitoneally
injected in rats and mice. The extract showed a
non-dose dependent anti-inflammatory activity. The effect was significant at doses of 100
and 200 mg/kg. The LDso of a bark decoction in
sheep was found to be 3500 mg/kg. The cardiac
glycosides in the methanol bark extract showed
to be non-competitive antagonists for muscarinic receptors. The methanolic leaf and bark
extracts were found to possess neuromuscular
blocking properties in rats.
Different water and ethanolic extracts of
leaves, bark and roots showed moderate to

significant antibacterial activity in vitro
against a range of pathogenic bacteria. An ethanolic leaf extract also showed significant antifungal activity against Tricophyton rubrum. A
crude bark extract showed significant and
dose-dependent anthelmintic activity against
the gastro-intestinal parasite Haemonchus contortus in vitro. A pot experiment showed that
mulching with Daniellia oliveri leaves showed
an inhibitory effect on the germination of soybean, cowpea, maize, sorghum and millet.
Adulterations and substitutes The wood
of other West African Daniellia spp. is used for
similar purposes as the wood of Daniellia oliveri.
Description Deciduous, medium-sized tree
up to 25(—35) m tall; bole straight and cylindrical, up to 200 cm in diameter, without buttresses; bark surface smooth, greyish white,
becoming scaly in older trees, flaking off in
large, circular patches, inner bark thick, deep
red; crown dense, inversely cone-shaped; twigs

glabrous. Leaves alternate, paripinnately compound with (3—)6-11 pairs of leaflets; stipules
up to 6.5(-9) em x 0.5 cm, soon falling; petiole
(2-)2.5-3.5(—5.5) cm long, rachis (17-)24—-33(—

Daniellia oliveri — 1, tree habit; 2, leaf; 3, part

of inflorescence; 4, dehisced fruits.
Redrawn and adapted by J.M. de Vries
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52) cm long, shallowly channelled, becoming
quadrangular towards apex, sparsely shorthairy, with glands at insertion of leaflets; petiolules 3-15 mm long; leaflets opposite, oblong-ovate to lanceolate, up to 15(-21) cm X 7(—
10) cm, basal and apical leaflets smaller than
middle ones, base cuneate, asymmetrical, apex

acuminate, papery to leathery, marginsslightly wavy, sparsely to densely short-hairy to
nearly glabrous, with few translucent glandular dots, pinnately veined with 9-17 pairs of
lateral veins. Inflorescence an axillary or terminal compound raceme 15—20(—25) cm long,
glabrous to densily hairy, with 6-16 lateral
branches. Flowers bisexual, zygomorphic,
scented; pedicel 7-13 mm long, glabrous, enlarging in fruit, below the middle with 2 caducous bracteoles c. 0.5 cm long; sepals 4, oblong,
c. 1.5 cm long, glabrous but margins hairy;
petals 5, white to creamy, unequal, ovateelliptical, 4 petals 1-1.5(-3) mm long andonec.
1 cm long, nearly glabrous, with few glandular
dots; stamens 10, free, (2-)3—4 cm long; ovary
superior, oblong-lanceolate, 0.5-1 cm long,glabrous, with stipe c. 0.5 cm long, style up to 3
cm long. Fruit an obliquely lanceolate, flattened pod 6-10 cm x 3—4.5 cm, with stipe c. 1
cm long, glabrous, green becoming brown, de-

hiscing with 2 papery valves, 1-seeded. Seeds
obovoid-ellipsoid, flattened, 2-2.5 cm long,
smooth, dark brown, attached to one of the
valves by a 1-2 cm long funicle. Seedling with
epigeal germination.
Other botanical information Daniellia
comprises 10 species, which are nearly all confined to the forest areas of West and Central
Africa, with only Daniellia oliveri extending to
Sudan and Uganda.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):

Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7—10 um);

27: intervessel pits large (> 10 um); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100—200 um;
43: mean tangential diameter of vessel lumina
> 200 um; 46: < 5 vessels per square millimetre;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres

present; 69: fibres thin- to thick-walled. Axial
parenchyma: (79: axial parenchyma vasicentric); 80: axial parenchyma aliform; 81: axial
parenchyma lozenge-aliform; 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; 91:
two cells per parenchymastrand; 92: four (3-4)
cells per parenchyma strand. Rays: 97: ray
width 1-3 cells; 98: larger rays commonly 4- to
10-seriate; 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; (107: body ray cells procumbent with
mostly 24 rows of upright and/or square marginal cells); 115: 4-12 rays per mm. Storied
structure: 118: all rays storied; 120: axial parenchyma and/or vessel elements storied; (121:
fibres storied). Secretory elements and cambial
variants: 127: axial canals in long tangential
lines; 128: axial canals in short tangential
lines.
(L. Awoyemi, P.E. Gasson & E.A. Wheeler)
Growth and development Daniellia oliveri
is considered a relatively fast-growing tree. In
Mali seedlings reached 18 cm tall 10-15 weeks
after sowing, and in Cote d'Ivoire and Burkina
Faso 45 cm and 32 cm, respectively, 32 months

after planting. Saplings had an average height
of 90 em in Côte d'Ivoire when 4.5 years old
and 130 cm after 5.5 years, with a survival rate
of 57%. In Mali root suckers reached 2.4 m tall
after 5.5 years. In Côte d'Ivoire and Benin average increase in bole diameter is 6 mm/year,
but in Burkina Faso growth rings up to 20 mm
wide have been observed. Daniellia oliveri
flowers during the first half of the dry season
from October to March, usually when trees are
leafless or are developing new leaves, and
fruits from January to June.
Ecology Daniellia oliveri occurs in tree savanna, bush savanna and in more open grassland, on any type of soil, but often on sandy
soils, from sea-level up to 1500 m altitude. It is
often one of the dominant trees in more humid
savanna and may locally constitute nearly pure
stands, e.g. in temporarily flooded localities in
the Sahel region. It is sometimes found ontermite mounds. It is resistant to fires if these are
not too frequent and not too late in the dry
season.
Propagation and planting Daniellia oliveri is a light-demanding species. Natural regeneration is often well. There are about 600
seeds per kg. Theseedis liable to insect attack
and ash should be added duringstorage to prevent damage. It should be soaked in water for
72 hours before sowing. The germination rate
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is 75-95% in 2-3 weeks. Growthin the nursery
is slow and irregular. Transplanting of seedlings is not very successful; tap roots are
formed rapidly, and frequent pruning of the
roots is essential for successful planting. In
Côte d'Ivoire and Burkina Faso the best survival rate 3 years after planting was 60%, but
in most cases it was less than 20%. Seeds may
also be sown directly into the field. Daniellia
oliveri can also be propagated by root suckers.
Management Weeding after transplanting
is needed because of the slow growth of seedlings. As Daniellia oliveri produces many root
suckers, many small trees are often found together. It can be coppiced. In Ghana it is being
planted experimentally to provide fodder for
cattle. It can be pruned regularly for fodder.
Diseases and pests Daniellia oliveri is an
alternative host of leaf spot of shea butter tree
(Vitellaria paradoxa C.F.Gaertn.), caused by
Pestalotia spp. Leaves are frequently eaten by
elephants and baboons.
Harvesting The resin or gum is extracted
by removing a part of the bark or by cutting a
hole to the heart of the bole, after which the

resin starts flowing. When fire is made in the
hole, the process is accelerated, but this practice can kill small trees.
Yield In natural woodland in Cote d'Ivoire,
trees with a mean bole diameter of 80 cm had
an average yield of 2.25 m3 of log wood and 3.4
m3of firewood. The firewood yield and the profitability of a traditional Daniellia oliveri shortrotation coppice on fallow lands in northern
Benin increased significantly when weeding
was done three times during 42 months, when
total biomass reached on average 3.67 t/ha of
dry matter in weedyplots and 11.63 t/ha in
weed-free plots. Most of the biomass was marketable in local markets.
Handling after harvest Logs should be processed soon after felling or treated with preservatives to avoid fungal and insect attacks.
Genetic resources Daniellia oliveri has a
large but irregular distribution, and is locally
common, often gregarious. It is therefore not
considered to be threatened by genetic erosion,
although noinformationis available on its current exploitation for timber and firewood, and
as medicinalplant.
Prospects Daniellia oliveri is an important
timber tree in the drier forest zone of West
Africa, as it is fast-growing, fairly large andits
wood is easy to work. It has a range of other
uses, and especially its gum and bark are extensively used medicinally. More research is

needed, however, on the pharmacology of the
gum and bark to evaluate their potential. At
this moment the antibacterial and anthelmintic activities seem promising. More information
is also needed concerning its potential as a
fodderplant.
Major references Arbonnier, 2004; Avohou
et al., 2011; Baerts & Lehmann, 2012; Bolza &
Keating, 1972; Burkill, 1995; de la Estrella et

al., 2010; Katende, Birnie & Tengnäs, 1995;
Neuwinger, 2000; Oteng-Amoako (Editor),
2006; Takahashi, 1978.
Other references Adama et al., 2009; Adu-

biaro, Olaofe & Akintayo, 2011; Ahmaduetal.,
2003; Ahmaduet al., 2004; Balogun & Adebayo,
2007; Bellefontaine et al., 2000; CTFT, 1955a;
El Mahmood, Doughari & Chanji, 2008; Ha-

yashi & Carsky, 1997; Kaboré et al., 2010;
Louppe & Ouattara, 1996; Louppe, M’Bla &
Coulibaly, 1994; Menut et al., 1994; Onwu-

kaeme, 1995; Onwukaeme, Lot & Udoh, 1999;
Osakwe, Steingass & Drochaner, 2004; Schwob
et al., 2008; SEPASAL,
Wilczek et al., 1952.

2012; Taita,

2000;

Sources of illustration Brenan, 1967;
Eggeling & Dale, 1951.
Authors G.H. Schmelzer & D. Louppe

DANIELLIA THURIFERA Benn.
Protologue Pharm. Journ. Trans. 14: 253
(1854).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Copal tree, frankincense tree, gum copal, Niger copal, Sudan copal
(En). Acacia copal do Sudao (Po).
Origin and geographic distribution Daniellia thurifera occurs from Senegal east to western Nigeria.
Uses The aromatic wood of Daniellia thurifera, traded as ‘faro’ and ‘daniellia’, is used

for light construction, planks, light flooring,
joinery, interior trim, boat building, furniture,
toys, novelties, boxes, crates, agricultural implements, draining boards, turnery, hardboard

and particle board. It is suitable for veneer,
plywood and pulpwood, as well as firewood and
charcoal production.
Beehives are made from the bark. The twigs
are used as chew sticks. The tree yield a resin
or gum, known as ‘gum copal’ and used for
cosmetics, perfume, pomades, varnish, soap
and fumigation. The gum is rubbed on the body
for its fragrance, usually mixed with clay, and
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6.5-7 N/mm2, cleavage 11-18 N/mm, Janka
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it can be used to mend broken pottery. The
seeds yield a clear oil, which is made in Liberia
into a hair dressing.
In Ghana a decoction prepared from the powdered gum is taken by the Krobo people to
treat cough. The gum is used as embrocation to
treat skin diseases, including ringworm. In
Sierra Leone Daniellia thurifera is planted as
ornamental tree along roadsides. The gum is
burnt to keep awayevil spirits.
Production and international trade In
1983 Côte d’Ivoire exported 73,000 m3oflogs of
faro (Daniellia spp.). Currently Daniellia thurifera and other Daniellia spp. have no importance on the international timber market,
but their wood is commonly used locally in
WestAfrica.
Properties The heartwood is pale pinkish
brownto reddish brown with dark streaks and
is distinctly demarcated from the wide, whitish
or pale yellow sapwood. The grain is inter-

side hardness 5560 N, Janka end hardness
6850 N and Chalais-Meudon side hardness
1.2-3.8.
The wood is easy to saw and work with both
hand and machine tools, with little blunting
effect on saw teeth and cutting edges. Worked
surfaces tend to be woolly, so cutting edges
must be kept sharp. Although the wood planes
smoothly, tearing of quarter-sawn surfaces due
to interlocked grain may occur and a reduced
cutting angle of 20° is recommended. The wood
stains satisfactorily but needs a filler before
polishing. It nails well and glues correctly. It
can be readily peeled into veneer, but gluing of
veneer can be difficult due to warping during
drying. The wood is not durable, being susceptible to attacks by fungi, termites, pinhole borers and Lyctus. The heartwood is moderately
resistant to impregnation, but the sapwood is
easy to treat with preservatives.
The wood contains 42—43% cellulose, 27.5—29%
lignin, 19-19.5% pentosan and 1.0-1.1% ash.
The solubility is 2.5-2.8% in alcohol-benzene,
2.5-3.1% in hot water and 18.0—20.4% in a 1%
NaOH solution.
The resin from the heartwood is dark brown,

oily and sticky, and can be saponified, although
it has a low saponification value. One of the
main compounds of the gum is the diterpene
oleoresin daniellic acid (illurinic acid), as well
as ozic acid and thealcoholozol.
Adulterations and substitutes The wood
of Daniellia thurifera is similar to that of Daniellia ogea (Harms) Rolfe ex Holland and Daniellia klainei Pierre ex A.Chev., and has similar uses.
Description Deciduous, medium-sized to
fairly large tree up to 35(—45) m tall; bole
straight and cylindrical, up to 150 cm in diam-

locked, texture medium coarse. The wood is

eter, without buttresses; bark surface smooth

strongly scented and has lustrous andoily surfaces.
The wood is lightweight to medium-weight,
with a density of 490-660 kg/m? at 12% moisture content, moderately soft but tough and
strong. It air dries easily, although in thick
boards there might be slight distortion and
collapse. The shrinkage rates are moderate,
from green to oven dry 2.6-4.5% radial and
5.6-8.2% tangential. Kiln drying is fairly fast

becoming scaly in older trees, greyish white or
greenish with horizontal brownish bands, inner

with little degrade. Once dry, the wood is mod-

erately stable in service. At 12% moisture content, the modulusof rupture is 66-122 N/mm?,
modulus of elasticity 8130-9220 N/mm?2, compression parallel to grain 30-46 N/mm?, shear

bark thick, orange brown to reddish brown;
crown dense, wide, flattened; twigs glabrous.

Leaves alternate, paripinnately compound with
5-9 pairs of leaflets; stipules up to 10(-15) cm
x 1(—1.5) em, soon falling; petiole 1.5-—3.5(—5.5)

cm long, rachis (10—)13—17(-27) cm long, shallowly channelled, at least at base, with small

glands at insertion of basal pair of leaflets;
petiolules 4.5-8 mm long; leaflets opposite,
ovate-elliptical to oblong-lanceolate, up to 12(—
18) cm X 6 cm, basal and apical leaflets smaller
than middle ones, base cuneate, asymmetrical,
apex acuminate, papery to leathery, glabrous,
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Daniellia thurifera — 1, flowering twig; 2, flower; 3, fruit; 4, seed.

Redrawn and adapted by J.M. de Vries
with many translucent glandular dots, pinnately veined with 10—25 pairs of lateral veins.
Inflorescence an axillary or terminal compound
raceme (6—)9-11(—15) cm long, glabrous, with
6-10 lateral branches. Flowers bisexual, zygomorphic, slightly scented; pedicel 8—11(—17)
mm long, glabrous, enlarging in fruit, near the
middle with 2 caducous bracteoles; sepals 4,
oblong, 1.5-2 cm long, glabrous but margins
hairy, with few gland dots on external surface;

petals 5, white to yellowish, unequal, oblong to
triangular, 3 petals 1-1.5 cm long and 2 petals
1-3 mm long, short-hairy to nearly glabrous,
with few glandular dots; stamens 10, 3—4.5 cm

long, 9 united at base and 1 free; ovary superior, oblong to rounded, 0.5—1 cm long, glabrous,

with stipe c. 0.5 cm long, style up to 2.5 cm
long. Fruit an obliquely oblong, flattened pod
7-9 cm X 3.5—5 cm, with stipe up to 1 cm long,
glabrous, green becoming brown, dehiscing
with 2 woody valves, 1-seeded. Seed oblong,
flattened, 1.5-3 cm long, smooth, deep red to

brown, attached to one of the valves by ac. 1.5
cm long funicle. Seedling with epigeal germination; hypocotyl 4-5 cm long, epicotyl c. 6 cm

long, glabrous; cotyledons fleshy, oblong, 2.5—3
cm long, erect; first leaves alternate, with 2-3
pairs ofleaflets.
Other botanical information Daniellia
comprises 10 species, which are nearly all confined to the forest areas of West and Central
Africa, with only 1 species extending to Sudan
and Uganda.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(9: vessels exclusively solitary (90% or more));
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 27: intervessel pits large (@ 10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 43: mean tangential diameter of vessel lumina > 200 um; 46:
< 5 vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
(68: fibres very thin-walled); 69: fibres thin- to
thick-walled. Axial parenchyma: 78: axial parenchymascanty paratracheal; 85: axial parenchyma bands more than three cells wide; (89:
axial parenchyma in marginal or in seemingly
marginal bands); 91: two cells per parenchyma
strand; 92: four (3-4) cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; 106: body
ray cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2-4 rows of upright and/or square marginal cells; 115: 4-12
rays per mm. Storied structure: 118: all rays
storied; 119: low rays storied, high rays nonstoried; 120: axial parenchyma and/or vessel
elements storied; 121: fibres storied. Secretory
elements and cambial variants: 127: axial canals in long tangential lines; 129: axial canals
diffuse.
(L. Awoyemi, P.E. Gasson & E.A. Wheeler)
Growth and development Seedlings reach
about 12 cm tall after 1.5 months and 15 cm
tall after 2.5 months. In Guinea growth in the
field has been reported to be quite slow; seedlings reached 35 cm in height after 1 year, 60
cm after 2 years and 150 cm after 5 years. In
Liberia fruit bearing Daniellia thurifera trees
of about 10 m tall were observed. The tree usually sheds its leaves at the end of the rainy
season, and flowering occurs whenthetree is
leafless, mainly from August to January.
Fruits ripen about 5 months after flowering.
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When the fruit dries, the two valves start to
curl, releasing the seed, which remains at-

tached to one of the valves by a long funicle.
When the valve with the seed falls, it rotates
rapidly and may be spread by wind far from
the mothertree.
Ecology Daniellia thurifera occurs in scattered groups in evergreen forest, in primary as
well as secondary forest, sometimes also in
gallery forest and wooded savanna, from sealevel up to 400 m altitude. It prefers damp areas but avoids swampyconditions.
Propagation and planting Natural regeneration of Daniellia thurifera is abundant in
forest gaps and disturbed forest, as it is a pioneer and light demander. There are 600-800
seeds per kg. The germination rate of fresh
seeds is usually high, 50-95%, and germination
starts about 2 weeks after sowing. Shading
should be removed soon after germination. The
seedlings are ready for planting into the field
after one year in the nursery. In Guinea the
mortality of seedlings planted in full sun was
50% after 5 years, but this was probably due to
a lack of weedingafter planting.
Management In evergreen forest in Côte
d'Ivoire, the average density of trees with a

bole diameter of more than 90 cm was locally
10 trees/ha, and of saplings with a bole diame-

ter of 10-20 cm about 20 per ha. In Sierra Leone plantations of Daniellia thurifera have been
established. Systematic thinning of the forest
was found to be beneficial in terms of recruitment and growth. However, the difference between heavy and light thinning was negligible,
and the maximum recommended thinning intensity was 28% of the initial basal area (5-6
m2/ha removed).
Diseases and pests Logs should be processed quickly after felling or treated with preservatives because the wood is susceptible to
discoloration by blue-stain fungi and attacks by
insects. Fallen seeds are often eaten by rodents.
Harvesting Trees are harvested by the selective logging system; larger trees are occasionally defective. Some caution is needed during harvesting operations because logs may
havebrittle heart.
For harvesting of the gum a deep hole is cut
near the base of the tree, and the exudate is

collected. However, Daniellia thurifera does
not yield commercial quantities of gum.
Genetic resources Daniellia thurifera is
fairly widespread and there are no indications
of overexploitation; therefore it does not seem

to be threatened by genetic erosion. However,
it is probably much confused with other Daniellia spp., and therefore its exact status is
not known.
Prospects Daniellia thurifera has not been
considered a timber tree of commercial importance becauseits wood is susceptible to fungal attacks and the gum mayinterfere with
processing. However, it may have good prospects for the production of veneer and plywood. More information is needed on growth
rates and methods to improve regeneration to
be able to draw conclusions about possibilities
for sustainable exploitation from natural forest. Further research of the exudate is needed
on the possible usage in the varnish and cosmetic industry.
Major references Bolza & Keating, 1972;
Burkill, 1995; CIRAD Forestry Department,
2008; Cooper & Record, 1931; de la Estrella et
al., 2010; Hawthorne & Jongkind, 2006; Hu-

bert, undated; Irvine, 1961; Kryn & Fobes,
1959; Takahashi, 1978.

Other

references ATIBT,

1986;

CTFT,

1955a; de la Mensbruge, 1966; Durrieu de Ma-

dron et al., 1998a; Gérard et al., 1998; Hawthorne, 1995; Hawthorne & Gyakari, 2006;
Keay, 1989; Sandermann, Ehlers & Feht, 1963;
Savard, Besson & Morize, 1954; Savill & Fox,
1967; Voorhoeve, 1965.
Sources of illustration de la Estrella et al.,
2010.
Authors N. Nyunai

DASYLEPIS INTEGRA Warb. ex Engl.
Protologue Abh. Preuss. Akad. Wiss.: 44
(1894).
Family Flacourtiaceae (APG: Achariaceae)
SynonymsDasylepis leptophylla Gilg (1908).
Origin and geographic distribution Dasylepis integra is restricted to south-eastern
Kenya and north-eastern Tanzania.
Uses The wood is locally used for furniture,
utensils, clubs and tool handles, and also as

firewood.
Properties The woodis moderately hard.
Botany Evergreen shrub or small tree up to
15(-35) m tall; bole slender; bark surface
smooth, becoming flaky, grey-brown, inner
bark orange-red. Leaves alternate, simple;
stipules early caducous; petiole 5—7(-10) mm
long; blade elliptical to lanceolate or oblong, 8—
16 cm X 2.5-6 cm, cuneate to obtuse at base,
short-acuminate at apex, margins entire to
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Prospects The wood of Dasylepis integra
will remain of limited importance for local applications. The small size of the bole makes
that it has no prospects for the international
timber market, and focus should be primarily
on its protection.
Major references Lovett & Clarke, 1998;
Lovett, Ruffo & Gereau, 2003; Obama &
Breteler, 2004; Sleumer, 1972a; Sleumer, 1975.

Other references Beentje, 1994; Chase et
al., 2002; InsideWood, undated; Miller, 1975.
Authors R.H.M.J. Lemmens

DEINBOLLIA GRANDIFOLIA Hook.f.

Dasylepis integra — wild
remotely toothed, papery to thin-leathery, glabrous, pinnately veined with 5-9 pairs of looping lateral veins. Inflorescence a drooping axillary raceme up to 12 cm long, glabrous, laxly
flowered. Flowers bisexual or male, regular;
pedicel slender, 5-8(-20) mm long; sepals 3-4,
slightly fused at base, rounded to elliptical, c. 5
mm long, pinkish-reddish, glabrous; petals 7-8,
similar to sepals but slightly longer, more whitish and with basal hairy appendage inside;
stamens 15-20, c. 5 mm long; ovary superior,

glabrous, 1-celled, style very short, with 3 short
branches. Fruit a globose capsule 1.5—2 cm in
diameter, short-pointed, with 3—4 longitudinal
grooves, glabrous, pale purple, tardily dehiscent with 3 valves, 1-2(-5)-seeded. Seeds
ovoid-angular, 8-9 mm long,glabrous.
Flushesof young leaves are reddish.
Dasylepis comprises 6 species and is related to
Erythrospermum, Rawsonia and Scottellia.
Dasylepis integra resembles Dasylepis racemosa Oliv., which is a small to medium-sized
tree up to 20 m tall with bole up to 45 cm in
diameter with a much larger area of distribution, from Guinea east to western Uganda and
south to Gabon and DR Congo. Although uses
of Dasylepis racemosa have not been recorded,
its wood is possibly locally used for similar
purposesas that of Dasylepis integra.
Ecology Dasylepis integra usually occurs in
the understorey of moist forest at 900-2250 m
altitude. It is locally co-dominant.
Genetic resources and breeding Dasylepis integra hasa restricted area of distribution,
which is severely fragmented. Therefore, it has
been included in the IUCN RedList as vulnerable.

Protologue Hook., Niger FI.: 249 (1849).
Family Sapindaceae
Origin and geographic distribution Deinbollia grandifolia occurs from Sierra Leone to
Togo and also in Cameroon, Chad, the Central

African Republic and Gabon.
Uses The wood of Deinbollia grandifolia is
used in West Africa for house building and for
planks. The fleshy fruit pulp is edible and the
slightly oily seeds are eaten as well. Juice from
the mashed inner bark is used as eye-drops to
treat jaundice.
Properties The woodof Deinbollia grandifolia is pinkish white and not durable.
Botany Shrub or small palm-like tree up to
8(-15) m tall; bole up to 30 cm in diameter;

bark surface grey, scaly; twigs often zigzag,
reddish with small white lenticels. Leaves alternate, paripinnately compound, up to 100 cm
long, with (5—-)7(-10) pairs of leaflets; stipules
absent; petiole 10-27 cm long, rachis up to 60
cm long, grooved; petiolules c. 1 cm long; leaf-

Deinbollia grandifolia — wild
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lets often alternate, sometimes opposite, oblong
to narrowly obovate, 13-30 cm X 5-8 cm, cune-

ate and asymmetrical at base, acuminate at
apex, papery, minutely hairy or scaly, pinnately veined with 12-16 pairs of lateral veins.
Inflorescence an axillary panicle 10—20(—50) cm
long, yellowish or brownish short-hairy. Flow-

& Jongkind, 2006; Menninger, 1977.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Brownet al., 2009; Davies
& Verdcourt, 1998; de la Mensbruge, 1966;

Fouilloy & Hallé, 1973a; Hauman, 1960; Lisowski, 2009; Martin et al., 2009; Schatz, 2001.

Authors C.H. Bosch

ers unisexual, regular, 5-merous, greenish yel-

low; pedicel 1.5—2 mm long; sepals free, rounded, up to 5 mm long, nearly glabrous; petals
free, ovate, up to 4 mm long, hairy at margins,
inside with 2 small scales at base; stamens 8—
17; disk annular; ovary superior, 2—3-lobed,
style up to 5 mm long. Fruit a globose to ovoid
berry up to 1.5 cm long, fleshy, glabrous, orange when ripe, indehiscent, 1-seeded. Seed
ovoid, c. 1 cm long, brownto blackish. Seedling
with hypogeal germination; epicotyl c. 6 cm
long, hairy; first 2 leaves opposite, with 2 elliptical leaflets up to 3.5 cm X 1.5 cm.
Deinbollia comprises 30—40 species and occurs
in tropical mainland Africa and Madagascar.
The wood of many species developing into a
tree is used. Deinbollia cuneifolia Baker is
found from Guinea to Côte d'Ivoire and in
Cameroon and Gabon. Although it is only a
small tree up to 4 m tall, the wood is very hard
and used for building. The fruit pulp is eaten.

DETARIUM MACROCARPUM Harms

Protologue Bot. Jahrb. Syst. 30: 78 (1901).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Detarium macrocarpum occurs in south-eastern Nigeria, Cameroon, Central African Republic,
Equatorial Guinea and Gabon.
Uses The wood, often traded as ‘mambode’,
‘enouk’ or ‘alen’ from Gabon, ‘amouk’ from
Cameroon and ‘enuk’ from Equatorial Guinea,
is used for flooring, joinery, interior panelling,
stairs, furniture, cabinet work, turnery and

sliced veneer.
In Cameroonthe bark is an ingredient of hunting poison.
Production and internationaltrade Detarium macrocarpum timber is traded in small

to which crushed bark and

amounts on the international market, but sta-

leaves are added, is prepared to overcome fatigue and as a curefor painful fevers.
Deinbollia fulvo-tomentella Baker f. (synonym:
Deinbollia molliuscula Radlk.), a small tree of
up to 9 m tall, occurs in the Central African
Republic, Gabon, DR Congo, Uganda, Tanzania
and Angola. In DR Congo its wood is used for
construction.
At least 2 of the 7 endemic Deinbollia spp. of
Madagascar are sought after for their wood.
The wood of Deinbollia macrocarpa Capuronis
used in boat building and for firewood. Deinbollia pervillei (Blume) Radlk. is appreciated for
the quality and red colour of its wood, which is
also used in boat building. It is also used as a
support in vineyards and as firewood.
Ecology Deinbollia grandifolia is usually
found in the undergrowth of deciduousforest.
It is quite shade tolerant.
Genetic resources and breeding As Deinbollia grandifolia is widespread and not intensively exploited there seem to be no serious
threats.
Prospects The small stature of Deinbollia
grandifolia and other Deinbollia spp. limits
their usefulness as timber-producingtrees.
Major references Burkill, 2000; Hawthorne

tistics are not available.
Properties The heartwood is reddish brown
to coppery brown, often with dark brown
streaks, and distinctly demarcated from the 7—
10 cm wide, pinkish sapwood. The grain is
straight or interlocked, texture medium.
The wood is medium-weight, with a density of
480-660 kg/m’ at 12% moisture content. It air
dries slowly, with minimal risk of distortion

A steam bath,

Detarium macrocarpum — wild
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and checking. The rates of shrinkage from
green to oven dry are 3.3-4.3% radial and 4.8—
6.0% tangential. Once dry, the wood is moderately stable in service. At 12% moisture content, the modulus of rupture is 83-115 N/mm?,
modulus of elasticity 11,100-13,100 N/mm2,
compression parallel to grain 46-64 N/mm?
and Monninside hardness 3.2—4.6.
The wood saws and workssatisfactorily with
moderate blunting effect on saw teeth and cutting edges. However, the presence of resin may
cause some difficulties. The use of a filler is
needed to obtain a good finish. Pre-boring is
recommended in nailing and screwing. The
wood glues satisfactorily except when much
resin is present. It is moderately durable, being
only moderately resistant to fungi, termites
and marine borers. The sapwoodis susceptible
to dry-wood borers. The wood is moderately
permeable to preservatives.
Botany Medium-sized to very large tree up
to 60 m tall; bole branchless for up to 20 m,

usually straight, cylindrical, up to 150(—200)
cm in diameter, with small buttressesor slightly swollen at base; bark surface fissured, becomingscaly, silvery grey to dark grey or greyish brown, inner bark hard, fibrous, brown
outside, pinkish inside; crown dome-shaped;

twigs glabrous. Leaves alternate, paripinnately
or imparipinnately compound with 8-20 leaflets; stipules minute, early caducous; petiolules

5-7 mm long;leaflets alternate, ovate to elliptical, 4-8 cm X 2—4.5 cm, slightly unequal at
base, acuminate at apex, papery, with translucent dots, glabrous, pinnately veined with
many lateral veins. Inflorescence an axillary,
lax panicle c. 8 cm long, glabrous. Flowers bisexual, slightly zygomorphic; pedicel 2-3 mm
long; sepals 4, ovate to lanceolate, c. 5 mm
long, 1 slightly broader than other 3, whitish,

important role in seed dispersal, although the
yellow-backed duiker may swallow the stones.
Gorillas, chimpanzees, mandrills and pigs can
break the tough wall of the stone and eat the
seed.
Detarium comprises 3 species and is confined
to Africa. It is related to Copaifera. The 3 species are morphologically quite similar, but ecologically different.
Ecology Detarium macrocarpum occurs in
humid lowlandforest, also in gallery forest. In
Equatorial Guinea and Gabon it is usually
found inland and not close to the coast. The
annual rainfall in the area of distribution is
about 1400 mm. Detarium macrocarpum usually occurs on well-drained sites.
Management In general, larger trees of
Detarium macrocarpum occur scattered and in
low densities in the forest. In south-western
Cameroon the average density of boles of more
than 60 cm in diameter is 0.07 per ha, with an
average wood volumeof 0.73 m3/ha. In Gabon
the average wood volume has been recorded as
0.08 m3/ha only. Freshly harvested logs are
reported to float in water, and can thus be
transported by river. The durability in the forest is moderate, and it is recommended to treat

the logs with preservatives or to process them
rapidly.
Elephants often feed on the bark and the bole
is often damaged and swollen at the base.
However, the bark fibres break apart, prevent-

ing the elephants from removing large slabs.
Genetic resources and breeding Detarium macrocarpum is not very widespread and
occurs scattered in the forest, usually in low

densities. This may make it liable to genetic
erosion and caution is needed in case of increasing exploitation.
Prospects Detarium macrocarpum is a val-

glabrous outside, hairy inside; petals absent;

uable timber tree that, however, occurs in too

stamens 10, free, c. 5 mm long; ovary superior,
ellipsoid, c. 2 mm long, densely hairy, 1-celled,
style c. 3 mm long, curved. Fruit a drupe-like,
globose to ovoid pod 7—8(—-10) cm in diameter,
slightly flattened, indehiscent, smooth and
olive-green, pulp pale green andfibrous, stone
up to 6 cm in diameter, wrinkled, 1-seeded.
Seedling with epigeal germination; hypocotyl
6-14 cm long, epicotyl 13-28 cm long; cotyledons thick and fleshy, spoon-shaped; first
leaves alternate, with 8-10 leaflets.
The fruits usually ripen in the dry season. Elephants eat them and disperse the stones. Duikers feed on the fruit pulp, but usually do not
swallow the stones and thus do not play an

low density to be commercially important. Virtually no technical information exists on many
aspects, including growth rates, propagation
and management in natural forest and plantations, and much research is still needed to as-

sess its possibilities for exploitation on a sustainable basis.
In view of the presence of edible fruits and
seeds and widespread medicinal applications in
other Detarium spp., phytochemical and pharmacological investigations of Detarium macrocarpum are recommended.
Major references CIRAD Forestry Department, 2008; Neuwinger, 1996; Neuwinger,
1998a; Vivien & Faure, 1985; White & Aber-
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Protologue Syst. nat. 2(1): 700 (1791).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Detarium heudelotianum Baill.
(1866).
Vernacular names Tallow tree, dattock,
detah (En). Grand détar (Fr).
Origin and geographic distribution Detarium senegalense occurs from Senegal and Gam-

feed. In Nigeria the seed flour is used traditionally as a thickening agent in foods. The
gum from the bark is used to fumigate clothing
and houses. Roots have been used to prepare
bird-lime and root sap as coating in brass casting.
Detarium senegalense is an important medicinal plant. Several plant parts are used in traditional medicine. Bark decoctions or macerations are taken in case of heavyloss of blood, to
treat digestive disorders, bronchitis, pneumonia and stomach-ache, and to expel the placenta after childbirth. Bark powderis applied to
wounds, burns and skin complaints, and bark
pulp is eaten against tuberculosis and as a
tonic. The bark is also used as arrow poison
and soap substitute, and is added to palm wine
to accelerate fermentation and to make it more
bitter. Root decoctions are administered as
anodyne and to treat intestinal complaints,

bia east to Sudan, and south to northern DR

marasmus,

Congo. It is planted as fruit tree and as ornamental shade tree within its area of distribution and has been planted in the Caribbean
region.
Uses The woodis used in house construction
for planks, posts, poles and piles, and for furni-

shoot decoctions are used to treat fever, trypanosomiasis, dysentery, anaemia, conjunctivitis,

nethy, 1997.
Other references Aubréville, 1968; Aubréville, 1970; Christy et al., 2003; de Saint-Aubin,
1963; Keay, 1989; Léonard & Doucet, 1997;
Lewis et al., 2005; Normand & Paquis, 1976;
Tailfer, 1989; Wilks & Issembé, 2000.
Authors R.H.M.J. Lemmens

DETARIUM SENEGALENSE J.F.Gmel.

ture, fences, mortars, tool handles, boat-ribs

and canoes. It is suitable for flooring, joinery,
interior trim and framework, mine props, vehicle bodies, boxes, crates, veneer and plywood. It
is also used as firewood.
The greenish and sweet-acidulous fruit pulp is
edible, and can be eaten raw or cooked. It is

also used to prepare sweetmeat or as an ingredient of ice-cream. However, it may also be
toxic, and caution is needed. The seedis oily
and edible, and pounded seed is used as cattle

debility and anaemia.

Leaf and

arthritis, inflammations, fractures, boils and

skin complaints. Fruit pulp is applied for the
treatment of kidney pain, spinal tuberculosis,
syphilis, cough, rheumatism and leprosy, and
in mixtures with other fruits as a stimulant.
Seeds are taken as antidote against arrow poison and as emetic, and the smoke of burnt

seeds as mosquito repellent. Detarium senegalense is planted as an ornamental shadetree.
Production and international trade In the
past there has been some export of the wood
from West Africa to the United Kingdom and
the United States. In Gambia Detarium senegalense belongs to the most important timber
trees. The wood is sold on local markets in Sudan. The fruits are commonly sold on local
markets in West Africa. However, statistics are

not available, neither for the wood nor for the
fruits.
Properties The heartwood is pale yellow,
becoming reddish brown towards the centre of
the bole, and distinctly demarcated from the
paler, thick sapwood. The grain is straight to
interlocked, texture medium to fine. The wood

Detarium senegalense — wild

is lustrous and has a pleasant odour.
The wood is moderately heavy, with a density
of (600—)710—850(—900) kg/m3 at 12% moisture
content. It should be air dried carefully because
it has a tendency to surface checking and splitting. The rates of shrinkage are moderate, from
green to oven dry 3.7—-6.2% radial and 5.7—8.4%
tangential. Once dry, the wood is only moderately stable in service. At 12% moisture con-
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tent, the modulus of rupture is 84—148 N/mm?,
modulus of elasticity 11,380-15,290 N/mm?,
compression parallel to grain 38-54(-63) N/mm?,
cleavage 11-19 N/mm, Janka side hardness
8220 N, Janka end hardness 9340 N and Chalais-Meudonside hardness 1.7-3.3.
The woodis rather difficult to saw and work,
but with care it can be finished well. It is sometimesdifficult to plane due to the presence of
interlocked grain. It nails satisfactorily without
splitting, and it glues well. It is durable, being
resistant to termites and moderately resistant
to pinhole borers and marine borers. The sapwoodis susceptible to Lyctus attack.
The fruits are edible, but those of some trees

are toxic. The poisonous fruits can be recognized in the forest because they are left beneath the mother tree by animals, while the
edible ones are soon eaten or taken. A toxic,
bitter compound has been isolated from the
fruit, as well as an acid-tasting compound
called detaric acid.
The composition of the fruit pulp per 100 g
edible portion is: water 67 g, energy 485 kJ
(116 kcal), protein 1.9 g, fat 0.4 g, carbohydrate
29.6 g, fibre 2.3 g, Ca 27 mg, P 48 mg, thiamine
0.14 mg andriboflavin 0.05 mg. Thefruit pulp
is rich in ascorbic acid, 1000-2000 mg per 100
g.
An anthocyanidin alkaloid has been isolated
from the bark. This compound showedantibacterial activity against a panel of pathogenic
bacteria. Leaf extracts showed antiviral activity against a panel of human and animalviruses. Flour prepared from the seeds contains
significant amounts of water-soluble nonstarch polysaccharides. In tests the flour reduced postprandial blood glucose and insulin
concentrations in humans. The main polysaccharide is a xyloglucan.

Detarium senegalense — 1, flowering twig; 2,

Adulterations and substitutes The bark,

nate, ovate to elliptical, 3-8 cm x 2-4 cm,

roots, leaves and fruits of Detarium microcarpum Guill. & Perr. are used for similar medicinal purposes as those of Detarium senegalense and thefruits are also eaten. The woodis
similar, but Detarium microcarpum is usually
a smaller tree and therefore its major use is as
medicinal plant. The wood of Copaifera spp.
may be confused with that of Detarium senegalense.
Description Medium-sized to fairly large
tree up to 35(—40) m tall; bole branchless up to
12(—15) m, straight or irregular, cylindrical, up
to 60(-100) cm in diameter, without buttresses

slightly unequal at base, rounded to slightly
notched at apex, papery, with translucent dots,
minutely hairy beneath, pinnately veined with
manylateral veins. Inflorescence an axillary,
lax panicle up to 10(—15) cm long, short-hairy.
Flowers bisexual, slightly zygomorphic, nearly

but sometimes swollen at base; bark surface

finely fissured, becoming scaly,

greyish to

sepals, 3, flower with sepals removed;4, fruit.

Source: Flore analytique du Bénin
blackish, with large, round lenticels, inner
bark thick, fibrous, red-brown, with some
sticky gum; crown large, dark green, with
spreading branches; twigs slightly hairy to
glabrous. Leaves alternate, paripinnately or
imparipinnately compound with (6—)8-12 leaflets; stipules minute, early caducous; petiole

and rachis together 10-23 cm long, swollen at
base; petiolules 3-6 mm long; leaflets alter-

sessile;

sepals 4,

ovate,

3.5-4 mm long,

1

slightly broader than other 3, whitish, sparsely
hairy to glabrous outside, hairy inside; petals
absent; stamens 10, free, 4-5 mm long; ovary

superior, ellipsoid, c. 2 mm long, densely hairy,
1-celled, style 3-4 mm long, curved. Fruit a

drupe-like, globose to ovoid pod 4—6(—7) cm in
diameter,
slightly flattened,
indehiscent,
smooth and greenish, eventually blackish, pulp
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greenish and very fibrous, stone up to 4.5 cm in
diameter, 1-seeded. Seedling with epigeal germination; hypocotyl 2-6.5 cm long, epicotyl 8—
15 cm long; cotyledons thick and fleshy, spoonshaped; first leaves alternate, with 8-10 leaf-

lets.
Other botanical information Detarium
comprises 3 species and is confined to Africa. It
is related to Copaifera. The 3 species are morphologically quite similar, but ecologically different. Detarium microcarpum Guill. & Perr. is
typically for dry savanna areas and differs
from Detarium senegalense in its smaller tree
size, usually fewer, larger and more leathery
leaflets, more compact inflorescences, sepals

hairy outside and slightly smallerfruits.
Detarium macrocarpum Harms occurs in humid forest.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 27:
intervessel pits large (=> 10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 43: mean tangential
diameter of vessel lumina > 200 um; 46: < 5
vessels per square millimetre; 47: 5-20 vessels
per square millimetre. Tracheids and fibres:
61: fibres with simple to minutely bordered
pits; 66: non-septate fibres present; 69: fibres
thin- to thick-walled. Axial parenchyma: 79:
axial parenchymavasicentric; 80: axial parenchyma aliform; 81: axial parenchyma lozengealiform; (83: axial parenchyma confluent); 85:
axial parenchyma bands more thanthreecells
wide; 86: axial parenchymain narrow bands or
lines up to three cells wide; 91: two cells per
parenchyma strand; 92: four (3-4) cells per
parenchyma strand. Rays: (97: ray width 1-3
cells); 98: larger rays commonly 4- to 10seriate; 104: all ray cells procumbent; (106:
body ray cells procumbent with one row of upright and/or square marginalcells); 115: 4-12
rays per mm. Secretory elements and cambial
variants: 127: axial canals in long tangential
lines. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells.
(R. Shanda, A.A. Oteng-Amoako & P.E. Gasson)

Growth and developmentTrees are usually leafless for about 3 weeks, and flowering

occurs when young leaves have developed, often towards the end of the dry season. In Cote
d'Ivoire trees flower in February-May and in
Sudan in February-August. Fruits take about
6 months after flowering to mature. They are
eaten by elephants, which disperse the stones.
Chimpanzees also eat the fruit pulp, and in
some regions they crack the fruit stone by using stones and eat the seed. Trees sucker
abundantly.
Ecology Detarium senegalense occurs in
lowland dry forest and gallery forest in savanna areas. It is often found along watercourses.
The tree has someresistancetofire.
Propagation and planting Detarium senegalense is usually propagated by stones. There
are about 40 stones per kg. They germinate
after 6-10 weeks, but the germinationrate is
low. Grafting is possible. In tests in Senegal,
apical grafts (cleft graft and splice graft) gave
the best results. For grafting, the end of the
dry seasonis the best time.
Management Locally Detarium senegalense
is very common, but in other regions it occurs
only scattered or is even rare. In Sierra Leone
the average density of Detarium senegalense
trees of over 60 cm bole diameter has been recorded as only 0.025—0.15 per ha.
In Senegal Detarium senegalense is used together with Neocarya macrophylla (Sabine)
Prance in agroforestry programmes, which are
important for local human populations. The
average density in these agroforestry systems
is 17 boles per ha. The fruits are considered
valuable and this makesit worthwhile for local
populations to harvest in a sustainable way.
Yield In agroforestry systems in Senegal,
the average fruit production is 3.1 t per ha.
Genetic resources Detarium senegalense is
quite widespread and locally common and thus
does not seem to be in direct danger of genetic
erosion. However, in several regions within its
distribution area it is uncommonor even rare
and has been over-exploited or subject to regular forest fires. Detarium senegalense is valued
in agroforestry systems in Senegal and is as
such protected.
Breeding A domestication programme has
been carried out in Senegal, aiming at selecting
and cloning trees of a superior phenotype before introducing them to local populations.
Prospects Detarium senegalense is a multipurpose species with several opportunities for
increased use. It is useful as a timber tree, but
also produces edible fruits and good-quality
seed flour, and is considered a valuable medic-
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inal plant. It is worth domesticating at a larger
scale. The selection of superior trees for different purposes, e.g. good bole shape andsize for
timber production and optimal fruit quality,
should be stimulated, and more research is
needed on proper methods of vegetative propagation and on optimization of growth rates.
Phytochemical analyses are needed to support
the uses in traditional medicine andto be able
to judge the risk of toxic compounds in the
fruits.
Major references Arbonnier, 2004; Bolza &
Keating, 1972; Burkill, 1995; Duke, 2001; Jan-

ick & Paull (Editors), 2006; Niane & Moctar,
2002; Pousset, 2004; Savill & Fox, 1967;
Takahashi, 1978; Wilczek et al., 1952.
Other references Abubakar et al., 2007;
Aubréville, 1959b; Bouquet & Debray, 1974; El
Amin, 1990; Hawthorne, 1995; Hawthorne &
Jongkind, 2006; Hegnauer & Hegnauer, 1996;
Inngjerdingen et al., 2004; Keay, 1989; Kerharo & Adam, 1974; Kudi & Myint, 1999; Lewis et al., 2005; Neuwinger, 2000; Normand &

Paquis, 1976;
Onyechi, Judd

Okwu & Uchegbu, 2009;
& Ellis, 1998; Richter &

Dallwitz, 2000; Soloviev & Gaye, 2004; Tailfer,

1989; Wanget al., 1996.
Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.

Authors H.H. El-Kamali

DIALIUM AUBREVILLEI Pellegr.
Protologue Bull. Soc. Bot. France 80: 463

(1933).

Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 28
Origin and geographic distribution Dialium aubrevillei occurs in Guinea, Sierra Leone,

Liberia, Côte d'Ivoire and Ghana.
Uses There are few recorded uses of the
wood of Dialium aubrevillei. It is said that the
use of the wood is limited because the boles are
often short and crooked and because the wood
is very hard. In Sierra Leone the wood is used
for tool handles, but undoubtedly it is used for

other purposes as well, similarly to other Dialium spp. It is suitable for heavy construction
such as bridges, stairs and for poles and posts
in house building, heavy flooring, mine props,
ship building, vehicle bodies, railway sleepers,
ladders, sporting goods, toys, novelties, vats
and agricultural implements. In Sierra Leone
the wood is used for charcoal production.

Dialium aubrevillei — wild
Theslightly acidulousfruit pulp is edible.
Properties The heartwood is pale brown to
yellowish brown, often with reddish brown
streaks, and distinctly demarcated from the
greyish white to greyish yellow, up to 7 cm
wide sapwood. The grain is usually straight,
texture fine. The wood is heavy, with a density
of 900-1050 kg/m? at 12% moisture content,
hard and tough. It air dries slowly and drying
should be done with care to avoid warping and
excessive surface and end checking. Proper
stacking is needed, and it is recommended to
quarter-saw logs for best results. The rates of
shrinkage are quite high, from green to oven
dry 5.2% radial and 10.4% tangential. At 12%
moisture content, the modulus of rupture is
165-203 N/mm?, modulus ofelasticity 20,600—
25,500 N/mm2, compression parallel to grain
96-128 N/mm? and Janka side hardness
10,900-15,100 N.
The woodis difficult to saw due to the presence
of silica; saw blades often heat up andstain the
wood. The blunting effect on saw teeth and
cutting edges is very high. Theuseofstellitetipped saw teeth and tungsten-carbide cutting
edges is recommended. It is difficult to work
with both hand and machinetools, but planes
to a good finish with a nice polish without the
use ofa filler. The wood has a tendencyofsplitting upon nailing and screwing, and pre-boring
is recommended. It is durable, usually being
very resistant to fungi and marine borers, and

resistant to termite attacks. The heartwoodis
resistant to treatment with preservatives. The
saw dust may cause irritation to mucous membranes in wood workers.
Description Evergreen medium-sized to
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Dialium aubrevillei — 1, flowering twig; 2, flower; 8, fruits.

Redrawn and adapted by G.W.E. van den Berg
fairly large tree up to 35(-65) m tall; bole
branchless for up to 15(-30) m, straight or
crooked, angular, up to 90(-120) cm in diame-

ter, with small to fairly large buttresses up to 2
m high; bark surface scaly with small, irregular scales, greyish with yellowish brown patches, inner bark thin, brittle, yellowish outside,

reddish inside, with a reddish, sticky exudate;
crown rounded, dense; twigs with scattered

lenticels, soon glabrous. Leaves alternate, imparipinnately compound with (3-)5 leaflets;
stipules 2-3 mm long, caducous; petiole 1-3 cm
long, rachis 3-5 cm long; petiolules c. 0.5 cm
long; leaflets alternate, sometimes nearly opposite, obovateto elliptical, 4—13(—16) cm x 2-6
cm, cuneate to rounded at base, acuminate at

apex, margins recurved, thick-papery, glabrous, pinnately veined with 4—9 pairsoflateral veins. Inflorescence a terminal or axillary
panicle up to 15 cm long, short-hairy. Flowers
bisexual, zygomorphic, fragrant; pedicel 2-3
mm long; sepals 5, free, triangular to broadly
elliptical, c. 2.5 mm long, hairy; petal 1, spatulate, c. 2.5 mm long, pale yellow; disk c. 1.5 mm
in diameter, finely hairy; stamens 2; ovary

superior, ovoid, sessile, hairy, 1-celled, style
curved. Fruit a nearly globose, flattened pod
1.5-2 cm in diameter, glabrous, black, with
spongy pulp, indehiscent, 1(-2)-seeded. Seeds
rounded, flattened, c. 1 cm long, brown,finely
veined. Seedling with epigeal germination;
hypocotyl 4—6 cm long, epicotyl 2—3.5 cm long;
cotyledons fleshy, elliptical, up to 1.5 cm long,
greenish; first leaves opposite, simple.
Other botanical information Dialium
comprises nearly 30 species and is pantropical.
Approximately 15 species occur in mainland
tropical Africa and 3 in Madagascar, whereas
tropical Asia has about 7 species and tropical
America one.
Apart from Dialium aubrevillei in West Africa
and Dialium pachyphyllum Harms in Central
Africa, several other Dialium spp. produce useful wood. For some of these, the use of their
edible fruits is more important than that of the
wood. This is the case for Dialium guineense
Willd. from West and Central Africa, Dialium
angolense Welw. ex Oliv. and Dialium englerianum Henriq. from Central and southern Africa, and Dialium schlechteri Harms from southern Africa.
Dialium bipindense Harms (synonym: Dialium
fleuryi Pellegr.) is a medium-sized tree up to 35
m tall with bole up to 100 cm in diameter, occurring in Cameroon, Equatorial Guinea and
Gabon. Its reddish brown to dark brown wood,
which is heavy, with a density of about 1070
kg/m3 at 12% moisture content, and very hard,
is suitable for similar purposes as that of Dialium aubrevillei. It is also used as firewood
and for charcoal production.
Dialium corbisieri Staner is a medium-sized to
fairly large tree up to 35 m tall with bole up to
100 cm in diameter, occurring in Congo and DR
Congo, and possibly Gabon. Its pinkish brown
wood, which is heavy, with a density of about
1020 kg/m? at 12% moisture content, and very
hard, is suitable for similar purposes as that of
Dialium aubrevillei. It is also used as firewood
and for charcoal production.
Dialium dinklagei Harms is a small to medium-sized tree up to 20(-30) m tall with bole up
to 50(-90) cm in diameter, occurring from
Guinea and Sierra Leone eastward to Gabon
and western DR Congo. Its wood is used for
utensils; it is similar to that of Dialium aubre-

villei and suitable for the same purposes. It is
also used as firewood and for charcoal production. The fruit pulp is edible; a refreshing drink
is made by maceration of the fruit pulp in water. The acid-tasting leaves are eaten as vege-
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table and to treat complaints of the respiratory
organs, whereas leaf decoctions are taken as a
treatment for jaundice, haematuria and fever.
Bark infusions are applied as purgative and
externally to treat arthritis.
Dialium zenkeri Harms (synonym: Dialium soyauxii Harms) is a small to large tree up to 40
m tall with bole up to 100 cm in diameter, occurring in Cameroon, Equatorial Guinea, Gabon, Congo and DR Congo. Its dark pinkish
brown wood, which is fairly heavy, with a density of about 800 kg/m? at 12% moisture content, and fairly hard, is suitable for similar
purposes as that of Dialium aubrevillei. It is
also used as firewood and for charcoal production. Dialium zenkeri is possibly conspecific
with Dialium guineense Willd.
Dialium excelsum Steyaert is a medium-sized
to very large tree up to 50 m tall with bole up
to 150 cm in diameter, occurring in DR Congo
and Uganda. Its dark brown wood, which is
heavy, with a density of about 910 kg/m? at
15% moisture content, and hard, is suitable for

similar purposes as that of Dialium aubrevillei.
Dialium pentandrum Steyaert is a mediumsized to large tree up to 40 m tall with bole up
to 100 cm in diameter, restricted to DR Congo.
Its pinkish brown wood, whichis heavy, with a
density of about 930 kg/m? at 12% moisture
content, and hard, is suitable for similar purposes as that of Dialium aubrevillei.
Dialium holtzii Harms (called ‘mpepeta’ in
Swahili) is a shrub or small to medium-sized
tree up to 25 m tall, occurring in dry evergreen
forest and riverine forest in eastern Tanzania
and northern Mozambique. The heavy (density
785-835 kg/m3 at 12% moisture content), hard,
brown wood with darker streaks is used for
poles in construction, boat ribs, mortars and

tool handles, and as firewood and for charcoal
production. The whitish fruit pulp is edible; a
refreshing drink is made by maceration of the
fruit pulp in water with sugar.
Dialium orientale Bakerf. (also called ‘mpepeta’ in Swahili) is a small tree up to 12(-18) m
tall with short bole, occurring in dry evergreen
forest and wooded grassland in southern Somalia, eastern Kenya and north-eastern Tanzania. The heavy (density about 930 kg/m? at
12% moisture content), hard, reddish brown

wood is used for poles in construction, joinery,
furniture, boat ribs, mortars and tool handles,
and as firewood and for charcoal production.
The whitish fruit pulp is edible; a refreshing
drink is made by maceration of the fruit pulp
in water with sugar, and the pulp is also used

for flavouring porridge and beer.
In Madagascar 3 Dialium spp. are found, and
the woodof all these is used. Dialium madagascariense Baill. is a medium-sized tree up to
30(—40) m tall with bole up to 100 cm in diameter, occurring in humid evergreen forest in
eastern Madagascar. The heavy and hard wood
is used in construction of houses and bridges,
and for carpentry; the boles are used to make
dug-out canoes. In traditional medicine, bark
and roots are used in preparations to reduce
tension.
Dialium occidentale (Capuron) Du Puy &
R.Rabev. is a medium-sized tree up to 20 m tall
with bole up to 90 cm in diameter, occurring in
seasonally dry deciduousforest in western and
central Madagascar. The heavy and hard wood
is used for construction and carpentry.
Dialium unifoliolatum Capuron is an evergreen medium-sized tree up to 30 m tall with
bole up to 100 cm in diameter, occurring in
humid evergreen forest in eastern Madagascar.
Its wood is also used for construction.
Growth and development In Liberia trees
of Dialium aubrevillei flower from July to October, and fruits ripen about 6 monthsafter
flowering. The sweetish fruit pulp is eaten by
monkeys, which possibly disperse the seeds.
Ecology Dialium aubrevillei occurs scattered
in evergreen and moist semi-deciduous forest,
up to 500 m altitude. It is occasionally found in
secondary forest. It is most common on hills
and seems to avoid swampylocations. It prefers regions with an annual rainfall of 1500—
2000 mm andbase-pooracidsoils.
Propagation and planting Natural regeneration is most abundantin undisturbedforest.
Seedlings have been reported to prefer shade
and mineral soils, and are often abundant in
the vicinity of parent trees. There are about
4000 seeds per kg. Seeds may take 2 weeks to 8
months to germinate and the germination rate
is moderate.
Management Inforest in Liberia, the average number of Dialium trees with a bole diameter of more than 60 cm hasbeen estimated at
0.1-0.3 per ha, whereas the wood volume has
been estimated at 0.7 m?/ha for trees with a
bole diameter of more than 50 cm. In Ghana
Dialium aubrevillei is locally quite common.
Harvesting The minimum bole diameter
allowed for harvesting in Ghanais 70 cm.
Handling after harvest Conversion of the
logs after harvesting is not easy because of the
hardness and high silica content of the wood.
Special equipment is needed including band-
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saws with stellite-tipped teeth. Even then,
sawing operations give much waste and comparatively low yields of sawn wood.
Genetic resources Dialium aubrevillei seems
fairly common in at least some parts of its
range, e.g. in Liberia and Ghana. Although it
often occurs scattered and seems to prefer undisturbed forest, there are at present no indications of threats by genetic erosion. However,
with the ongoing logging of forest in West Africa, it may become threatened in the nearfuture.

Prospects Dialium aubrevillei has been suggested as a substitute of azobé (Lophira alata
Banks ex P.Gaertn.) because the woodis suitable for heavy construction for exterior use, but
this seems to be unrealistic because azobé timber is more widely available and has superior
characteristics. Dialium aubrevillei does not
seem to have good prospects as a timbertree of
commercial importance with sustainable production because it does not regenerate easily in
disturbed forest.
The taxonomyof Dialium in mainlandAfrica is
quite confusing, and a revision is badly needed.
Major references Aubréville, 1959b; Burkill,
1995; de la Mensbruge, 1966; Dudek, Förster &

Dialium pachyphyllum — wild
Uses In Gabon the wood, knownas ‘omvong’,
is used for posts in house building and in DR
Congo for turnery. It is suitable for heavy construction including hydraulic works, heavy
flooring, joinery, interior trim, mine props, ship
building, vehicle bodies, furniture, railway
sleepers, ladders, sporting goods, toys, novel-

& Paquis, 1976; Okai, 2001; Raponda-Walker
& Sillans, 1961; Ruffo, Birnie & Tengnäs, 2002;

ties, vats, agricultural implements, tool handles, turnery andsliced veneer. In DR Congo,it
is valued for charcoal production.
In Congo ground young leaves with salt are
taken to treat cough, whereas bark macerations are administered for the same purpose in
Gabon. In DR Congo bark decoctions are administered as enema to treat sterility. Gum
resin from the bark is considered poisonous
and has been used in DR Congo asordeal poison and to prepare arrow poison; however, in
Congoit is applied to heal wounds.
Properties The heartwoodis brownto pink-

Sallenave,

ish brown, sometimes with darker streaks and

Klissenbauer, 1981; Hawthorne, 1995; Holm-

gren et al, 2004; Oteng-Amoako (Editor), 2006;
Rojo, 1982; Taylor, 1960; Voorhoeve, 1979.

Other references Brenan, 1967; Brummitt
et al., 2007a; Bryce, 1967; Chikamai et al., un-

dated; CIRAD Forestry Department, 2008; du
Puy et al., 2002; Fouarge, Quoilin & Roosen,
1970; Fouarge, Sacré & Mottet, 1950; Hawthorne & Jongkind, 2006; Lovett et al., 2007;
Maundu & Tengnas (Editors), 2005; Normand

1955;

Sallenave,

1964: Vivien &

Faure, 1996.
Sources of illustration Voorhoeve, 1979.
Authors R.H.M.J. Lemmens

DIALIUM PACHYPHYLLUM Harms
Protologue Bot. Jahrb. Syst. 53: 468 (1915).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Dialium macranthum A.Chev. (1916),
Dialium yambataense Vermoesen (1923).
Origin and geographic distribution Dialium pachyphyllum occurs from south-eastern
Nigeria east to the Central African Republic
and south to northern Angola.

markings, and is distinctly demarcated from
the yellowish white or pale brown, wide sapwood. The grain is usually straight, sometimes
slightly interlocked, texture fine. The woodis
resinous. It is heavy, with a density of 890—
1060 kg/m? at 12% moisture content, hard and
tough. Drying may cause distortion and splitting, and should be donewith care. Therates of
shrinkage are high, from green to oven dry 5.3—
5.8% radial and 10.4—11.0% tangential. It is
recommended to quarter-saw logs for best results. Once dry, the wood is unstable in service.
At 12% moisture content, the modulus of rupture is 172-263 N/mm2, modulus ofelasticity
20,100-25,200 N/mm?, compression parallel to
grain 73-116 N/mm?, compression perpendicu-

292

TIMBERS 2

lar to grain 4-17 N/mm?, shear 10 N/mm?,

Janka side hardness 14,000 N, Janka end
hardness 14,100 N and Chalais-Meudon side
hardness 11.4—14.7.
The wood is very difficult to saw due to the
presence of silica; saw blades blunt extremely
rapidly and often heat up and stain the wood.
It is difficult to work with both hand and machine tools, but planes to a good finish with a
nice polish without the useofa filler. The wood
holds nails and screws well, but pre-boring is
required. It glues well, turns well and is suitable for sliced veneer. The wood is durable; it is
usually resistant to fungal, dry-wood borer,
termite and marineborer attacks. The sapwood
is susceptible to Lyctus attack. The heartwood
is extremely resistant to impregnation with
preservatives. The sawdust may cause irritation to mucous membranesin wood workers.
Description Small to medium-sized tree up
to 20(-30) m tall; bole branchless for up to 15
m, usually straight and cylindrical or slightly
fluted at base, up to 90 cm in diameter, with
small to fairly large buttresses; bark surface
scaly with small, irregular scales, yellowish
brown to reddish brown, inner bark thin, brit-

tle, yellowish white to pinkish, with a reddish,
sticky exudate; crown rounded, dense, with
sinuous branches; twigs with numerous lenticels, soon glabrous. Leaves alternate, imparipinnately compound with 3-5 leaflets; stipules
linear, caducous; petiole and rachis together 8—

17 cm long; petiolules c. 0.5 cm long; leaflets
alternate to nearly opposite, oblong-elliptical,
8-23 cm x 3-8 cm, cuneate to rounded at base,

acuminate at apex, leathery, glabrous, pinnately veined with about 10 pairs of lateral veins.
Inflorescence a terminal or axillary panicle up
to 20 cm long, yellowish brown hairy. Flowers
bisexual, zygomorphic, fragrant; pedicel short;
sepals 5, free, triangular, c. 4 mm long, hairy;

petal 1, spatulate, c. 4 mm long, yellowish; disk
pentagonal, c. 2 mm in diameter, dark brown
hairy; stamens 2; ovary superior, ovoid, sessile,

hairy, 1-celled, style curved. Fruit a globose to
obovoid, slightly flattened pod c. 2.5 cm x 1.5
cm, densely dark brown hairy, with greenish
white pulp, sepals persistent at base, indehiscent, 1(-2)-seeded. Seed flattened ellipsoid, c. 1
cm long, dark brownto black.
Other botanical information Dialium
comprises nearly 30 species and is pantropical.
Approximately 15 species occur in mainland
tropical Africa and 3 in Madagascar, whereas
tropical Asia has about 7 species and tropical
America one.
Dialium pachyphyllum is close to Dialium angolense Welw. ex Oliv. and possibly conspecific.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7-10 um);
(27: intervessel pits large (= 10 um)); 30: vesselray pits with distinct borders; similar to inter-

Dialium pachyphyllum — 1, base of bole; 2,
flowering twig; 3, flower, 4, fruits.
Redrawn and adapted by W. Wessel-Brand

vessel pits in size and shape throughout the
ray cell; 42: mean tangential diameter of vessel
lumina 100-200 um; 47: 5-20 vessels per
square millimetre. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 69: fibres thinto thick-walled. Axial parenchyma: 78: axial
parenchyma scanty paratracheal; 86: axial
parenchyma in narrow bands or lines up to
three cells wide; 92: four (3-4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-8 cells;
104: all ray cells procumbent; 115: 4-12 rays
per mm. Storied structure: 118: all rays storied; 120: axial parenchyma and/or vessel ele-
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ments storied. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells; 159:
silica bodies present; 161: silica bodies in axial
parenchymacells.
(R. Shanda, A.A. Oteng-Amoako & P.E. Gasson)
Growth and development In Gabon trees
most commonly flower from November to January, and fruits ripen about 6 months after
flowering. The sweetish fruit pulp is eaten by
monkeys, which possibly disperse the seeds.
Ecology Dialium pachyphyllum occurs in

DIDELOTIA IDAE J.Léonard, Oldeman & de Wit
Protologue Blumea 12(2): 227 (1964).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Didelotia idae is distributed in Sierra Leone, Liberia,
Côte d'Ivoire and Ghana.
Uses The wood of Didelotia idae, traded as
‘broutou’, ‘gombe’ or ‘bondu’, is used in Liberia

for planks. It is suitable for light construction,
light flooring, joinery, interior trim, ship build-

dense evergreen rainforest, up to 700 m alti-

ing, vehicle bodies, furniture, ladders, toys,

tude. It is found on well drained as well as
swampylocalities.
Management Inforest in Gabon, the average wood volume of Dialium pachyphyllum has
been recorded to be 6 m3 per ha. In a transect

novelties, boxes, crates, tool handles, draining

in Equatorial Guinea, a mean density of 0.6

trees with a bole diameter of more than 70 cm
has been foundper ha.
Harvesting In Gabon the minimum bole
diameter allowed for harvesting is 70 cm.
Genetic resources Dialium pachyphyllum
has a fairly wide distribution area and seems
fairly common in manyparts of its range. Although it often occurs scattered in the forest
and seems to prefer primary forest, at present
there are no indications of threats by genetic
erosion.
Prospects Although Dialium pachyphyllum
provides a useful timber that is particularly
valued for heavy construction, there is little
information available on many aspects. Further research on its growth, development and
proper management in natural forest is warranted. Difficulties in sawing and working of
the wood hamper exploitation for domestic
usage.
Major references Aubréville, 1970; Bolza &
Keating, 1972; Burkill, 1995; de Saint-Aubin,
1963; Neuwinger, 1996; Rojo, 1982; Tailfer,
1989; Takahashi, 1978; Vivien & Faure, 1985;

boards, turnery, veneer, plywood, hardboard
and particle board.
Production and international trade Trade
statistics of Didelotia idae are not available.
Other Didelotia species such as Didelotia africana Baill., Didelotia brevipaniculata J.Léonard
and Didelotia letouzeyi Pellegr. are also traded
as ‘gombe’ or ‘bondu’. Cameroon exported
18,000 m3 of ‘gombe’ logs in 1997, 5000 m? in
1999 and 2300 m3 in 2000, and Gabon exported
25,000 m3 of ‘gombe’ logs in 1997, 8900 m3 in
1999, 5000 m3 in 2000, 4850 m3 in 2001, 4450
m? in 2002, 8900 m3 in 2008, 8150 m? in 2004

and 8450 m? in 2005. However, as Didelotia
idae is not present in these countries, these
export figures must refer to other Didelotia
species.
Properties The heartwood is pinkish red,
turning reddish brown upon drying, and is
distinctly demarcated from the up to 7.5 cm
wide, yellowish brown to reddish brown sapwood. The grain is straight or slightly interlocked, texture coarse and even.

The wood is medium-weight, with a density of

Wilczek et al., 1952.

Other references Allen & Allen, 1981; Aubréville, 1968; CIRAD Forestry Department,
2008;
1989;
2000;
1993;

Fouarge, Quoilin & Roosen, 1970; Keay,
Konda ku Mbutaet al., 2010; Neuwinger,
Nkeoua & Boundzanga, 1999; Pauwels,
Raponda-Walker & Sillans, 1961; Sal-

lenave, 1964; van Reeth & Ngomo, 1997; Wilks
& Issembé, 2000.
Sources of illustration Aubréville, 1970;
Wilks & Issembé, 2000.

Authors J.K. Mensah
Didelotia idae — wild
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about 650 kg/m3 at 12% moisture content. It
must be dried with care to avoid checking and
splitting, but mild schedules give excellent
results. It takes 5-6 days to kiln dry boards of
2.5 cm thick to 12% moisture content. The
rates of shrinkage are moderately high, from
green to oven dry 4.2% radial and 8.1% tangential. Once dry, the wood is moderately stable in

service. At 12% moisture content, the modulus
of rupture is 107 N/mm?, modulus of elasticity
12,400 N/mm2, compression parallel to grain 55
N/mmz2, Brinell side hardness 19 N/mm? and
Brinell end hardness 39 N/mm?.
The wood worksfairly well with both hand and
machine tools. It planes to a good finish on
tangential surfaces, but for radial surfaces a
reduced cutting angle of 20° is recommended to
prevent picking up due to the presence of interlocked grain. A filler is necessary to obtain
nicely polished surfaces. The wood holds nails
and screws well, and glues satisfactorily. The
wood has good moulding properties and the
slicing and peeling properties are satisfactory;
sliced veneer is decorative. The heartwood is
only moderately durable, being susceptible to
attacks by fungi, termites and pinhole borers.
The sapwood is susceptible to Lyctus attacks.
The heartwood is resistant to impregnation
with preservatives, but can be treated satisfactorily by pressure; the sapwood is permeable.
Tests showed that the woodis suitable for kraft
pulp.
Adulterations and substitutes Didelotia
idae can be substituted with other Didelotia
species, such as Didelotia africana, Didelotia
brevipaniculata and Didelotia letouzeyi. It has
been traded in mixtures with ‘sipo’ (Entandrophragma utile (Dawe & Sprague) Sprague)
timber.
Description Evergreen, medium-sized to
very large tree up to 55 m tall; bole branchless
for up to 27 m, straight, cylindrical, up to 150
cm in diameter, without buttresses but with

slightly swollen base; bark surface smooth or
slightly rough, with horizontal ridges, greygreen to dark brown, inner bark hard, fibrous,
pink to bright red turning brown upon exposure, exuding a sticky, red gum; crown deltoid,

fairly open, with ascending branches; twigs
slender, hairy but becoming glabrous. Leaves
distichously alternate, with a single leaflet;
stipules narrowly ovate, 2-5 mm long, with
bifid apex, caducous except for the base; petiole
and petiolule together 2-6 mm long, with 2
caducous, 1-2 mm long stipels at the transition; leaflet ovate to ovate-oblongorelliptical,

Didelotia idae — 1, flowering twig; 2, flower; 3,
valve of dehisced fruit with seed.
Redrawn and adapted by W. Wessel-Brand
(2-)6.5-10(-22) em x (1.5-)4-6(-11) cm, base

cuneate to rounded, apex usually acute, margins entire, leathery, glabrous, pinnately
veined with 6-8 pairs of lateral veins of which
2-3 pairs from nearthe base of the leaflet. Inflorescence an axillary or terminal, pendulous
panicle 6-15 cm long, with branches c. 2 cm
long along a slender rachis, densely hairy.
Flowers bisexual, nearly regular, 5-merous;
pedicel slender, 4-9 mm long, at apex with 2
broadly elliptical to ovate, concave, brownish
red bracteoles c. 4 mm X 4 mm; sepals free,
broadly ovate, c. 1 mm X 1 mm, hairy at margins; petals free, linear, 1-2 mm long; stamens
free, (6-)8-12 mm long, pale purple, rising
from betweendisk lobes; ovary superior, slightly rectangular, 1-celled, slightly hairy, style 6—
8 mm long. Fruit an oblong pod up to 12 cm x 5
cm, flattened, pointed at apex, with 1-2 longi-

tudinal veins, smooth, yellowish brown, dehiscent with 2 thin-woody, curling valves, fewseeded. Seeds disk-shapedorelliptical, 1-2 em
x 1-1.5 cm, flattened, smooth, dark brown.
Seedling with epigeal germination; hypocotyl
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5-10 cm long, epicotyl 4-6.5 cm long, hairy;
cotyledons thick andfleshy, c. 12 mm X 6 mm,
sessile; first 2 leaves opposite.
Other botanical information Didelotia
comprises about 10 species, with about 7 species in Central Africa and 3 in WestAfrica. It is
particularly characterized by its 5 fertile stamens. The woodof several other Didelotia spp.
is used for similar purposesas that of Didelotia
idae.
Didelotia africana Baill. is a medium-sized to
large evergreen tree up to 40 tall, with a
straight bole branchless for up to 25 m and up
to 100(-200) em in diameter, distributed in
Nigeria, Cameroun, the Central African Republic, Equatorial Guinea and Gabon. The pale
reddish brown or pinkish wood is suitable for
construction, light flooring, joinery, interior
trim, vehicle bodies, furniture, sporting goods,
musical instruments, toys, novelties, carvings,

pattern making, turnery, veneer and plywood.
Didelotia afzelii Taub. is an evergreen, small to
medium-sized tree up to 25 m tall with a bole
up to 60 cm in diameter, distributed in Guinea,

Sierra Leone, Liberia and Ghana, but it has
also been recorded from Cameroon and Gabon.
In Sierra Leone the reddish brown, moderately
hard and heavy wood hasbeen used for making
boards for the ‘warri’ game and is used for
making charcoal; seeds have been used as
counters for the warri game. A decoction of
youngleaves is applied as a remedyforpiles.
Didelotia brevipaniculata J.Léonard (synonym:
Toubaouate brevipaniculata (J.Léonard) Aubrév. & Pellegr.) is an evergreen, large to very
large tree up to 55 m tall with a straight, cylindrical bole branchless for up to 25 m and up
to 150 cm in diameter, distributed in Liberia,

Côte d'Ivoire, Cameroon, Equatorial Guinea,
Gabon and Congo. The reddish brown, medium-weight wood, with a density of 640-750
kg/m’ at 12% moisture content, is suitable for

construction, light flooring, joinery, interior
trim, ship building, vehicle bodies, furniture,
ladders, sporting goods, toys, novelties, boxes,
crates, tool handles, draining boards, turnery,
veneer, plywood, hardboard, particle board and

pulpwood.
Didelotia letouzeyi Pellegr. is a medium-sized
to large tree up to 40(-60) m tall, with a
straight and cylindrical bole branchless for up
to 25 m and up to 150 cm in diameter, distrib-

tion, light flooring, joinery, interior trim, ship
building, vehicle bodies, sporting goods, toys,
novelties, boxes, crates, draining boards, turnery, veneer, plywood, hardboard, particle board
and pulpwood.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4-7 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; (42: mean tangential diameter of vessel lumina 100—200 um);
43: mean tangential diameter of vessel lumina
> 200 um; 46: <5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre). Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 79: axial parenchyma vasicentric;
80: axial parenchyma aliform; 81: axial parenchyma lozenge-aliform; (83: axial parenchyma
confluent); 92: four (3-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
106: body ray cells procumbentwith one row of
upright and/or square marginal cells; 107: body
ray cells procumbent with mostly 2-4 rows of
upright and/or square marginalcells; 115: 4-12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells; 143:
prismatic crystals in fibres.
(R. Shanda, P.E. Gasson & E.A. Wheeler)
Growth and development Natural regeneration of Didelotia idae is often abundant,
with the seedlings tolerating dense shade. In
Sierra Leoneflushes of young leaves appear in
August-September, at the peak of the rainy
season. Floweringis in May—June, but does not
occur annually; fruits are ripe in August—
November. In Liberia flowering has been recorded in the rainy season, in May and August,
and fruits have been found in October—
January. Didelotia idae does not regrow from
stumps.

Ecology Didelotia idae occurs in evergreen
forest, in valleys and on slopes. It is also found
in coastal thickets. It occurs from sea-level up

uted in Cameroon, Equatorial Guinea, Gabon

to 350 m altitude, and its occurrence increases

and Congo. The reddish pink, medium-weight
wood, with a density of 600-700 kg/m? at 12%

with rainfall up to about 2600 mm peryear. In
Sierra Leone and Liberia it does not grow in
marshylocations and near water, but in Ghana

moisture content, is suitable for light construc-
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it is mostly found on riverbanks and wet parts
of evergreen forest. In Liberia it occurs scattered, often in evergreen forest dominated by
Tetraberlinia tubmaniana J.Léonard, and den-

sities of over 40 trees with a diameter over 60
cm per km? have been recorded. In Sierra Leone it is locally gregarious and even dominant,
but in Ghana it is fairly rare.
Propagation and planting The 1000-seed
weight is about 670 g. The germination rate is
usually high. In Sierra Leone seeds sown in
January gave 90% germination in 15 days.
Initial growth in the nursery is often slow, with
the seedlings only being 30 cm tall after a year.
Genetic resources Didelotia idae is included in the IUCN Red List, where it is considered

to be at lower risk although near threatened.
However, its status needs revision. It is locally
common, but human activities such as mining,

logging and commercial forestry have caused a
significant decrease in the extent of its occurrence.
Prospects The wood of Didelotia idae has
good strength properties and is decorative, and
can be used for a wide range of purposes. Its
durability is relatively low, however, making it
less suitable for exterior uses. It is not known
to what extent the wood of Didelotia idae is
currently commercially exploited and exported,
but the wood of other Didelotia species with
similar properties is exported from tropical
Africa.
Major references Bolza & Keating, 1972:
Burkill, 1995; Fox, 1968; Gottwald et al., 1968;
Hawthorne & Jongkind, 2006; Oldeman, 1964;
Poorter et al., 2004; Savill & Fox,
Takahashi, 1978; Voorhoeve, 1979.

1967;

Other references Allen & Allen, 1981;
Anonymous, 1988; ATIBT, 2002; ATIBT, 2005;
Aubréville, 1968; Aubréville, 1970; Chudnoff,

Origin and geographic distribution Dilobeia thouarsii is endemic to Madagascar,
where it is widespread in the eastern parts of
the island and occurslocally in the central regions.

Uses The wood, most commonly known as
‘vivaona’, is widely used in house construction,

and for joinery and railway sleepers. It was
popular for parts of wagons such as hubs, felloes and spokes. It is suitable for hydraulic
works in fresh water, mine props, vehicle bodies, furniture, sporting goods, toys, novelties,
agricultural implements and turnery.It is not
recommended for flooring because of its high
shrinkage rates. Branches are used as firewood
and the wood produces a good charcoal.
Oil is extracted from the seeds. It is used as
cookingoil, but only in timesof scarcity of regular cooking oil because it has a slightly disagreeable taste. It is more commonly used as
cosmetic, in soap production and for illumination. The bark is used in traditional medicine.
It has emetic properties and bark decoctions
are administered to treat gonorrhoea, and as
diuretic and vermifuge.
Production and international trade The
wood of Dilobeia thouarsii is commonly used
locally, but not traded on the international
timber market.
Properties The heartwood is yellowish
brown to pale reddish brown and indistinctly
demarcated from the narrow andslightly paler
sapwood. The grain is straight to slightly interlocked,

texture

coarse

1980; CIRAD Forestry Department, 2008; de
Saint-Aubin, 1963; Doumenge, 1992; Gérard et
al., 1998; Hawthorne, 1990; Hawthorne, 1995;

Hawthorne & Gyakari, 2006; Léonard, 1996a;
Sallenave, 1964; Vivien & Faure, 1985; Wilks
& Issembé, 2000; World Conservation Monitor-

ing Centre, 1998.
Sources ofillustration Voorhoeve, 1979.
Authors E.A. Obeng

DILOBEIA THOUARSII Roem. & Schult.
Protologue Syst. veg. 3: 476 (1818).
Family Proteaceae
Chromosome number2n = 52

and

rather

uneven.

Fresh wood is somewhatoily to the touch.
The wood is heavy, with a density of 940-1070
kg/m3 at 12% moisture content. It air dries
slowly and great care is needed to avoid exces-

Dilobeia thouarsii — wild
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sive distortion and splitting. It is recommended
to quarter-saw logs before drying. The rates of
shrinkage are high to very high, from green to
oven dry 6.8-9.5% radial and 9.8-15.0% tangential. Once dry, the wood is unstable in ser-

acids are oleic acid (about 72%), stearic acid

(12%) and palmitic acid (6%).
Description Dioecious, evergreen, small to
medium-sized tree up to 20(-30) m tall; bole
branchless for up to 15 m, usually straight, up
to 80 cm in diameter; bark surface scaly, reddish brown, inner bark reddish brown with
blackish spots; branches thick, with distinct

leaf scars, twigs densely reddish to greyish
short-hairy. Leaves arranged spirally near tips
of branches, simple; stipules absent; petiole up
to 11 cm long; blade heart-shaped, 7.5—20(—25)
cm X 5-15(-19) cm, cuneate at base, with 2

large, rounded lobes at apex, with a gland between the lobes at the end of the midrib, leath-

ery, glabrous, midrib branching into 3 main
veins at 1.5-5 cm from the base, finer venation

distinct at lower leaf surface. Inflorescence
axillary, densely short-hairy, male one a manyflowered panicle up to 15 cm long, female one a
short raceme up to 6 cm long. Flowers unisex-
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rupture is 196-255 N/mm?, modulus of elasticity 18,030-22,850 N/mm?, compression parallel
to grain 82-104 N/mm2, shear 7-11 N/mm2,
cleavage 20-32 N/mm and Chalais-Meudon
side hardness 6.9—11.4.
The wood is rather difficult to saw and work
because of its high density; machine tools are
needed. It can be planed to a smooth finish and
polishes well. The nailing and screwing properties are moderate; the wood is liable to split
and pre-boring is needed. Theuse ofa filler is
recommended to obtain a good finish. The gluing properties are usually satisfactory and
turning properties good. The woodpaintssatisfactorily, and is not suitable for slicing and
peeling. It is fairly durable, being moderately
resistant to fungi and resistant to termites, but
susceptible to marine borer attack. The sapwood is liable to Lyctus attack. The heartwood
can be treated with preservatives under pressure with satisfactory results.
Wood dust may cause irritation to eyes and
mucous membranes; this is reportedly due to
the presence of a whitish irritant substance in
the vessels.
The seeds contain 60-65% of a brownish yellow
oil with a characteristic strong smell that disappears rapidly upon cooking. The oil has a
solidification point of 15°C. The main fatty

A
KeMe

vice. At 12% moisture content, the modulus of

Dilobeia thouarsii — 1, tip of branch with male
inflorescences; 2, female inflorescence; 3, fruit;
4, fruit in cross section.
Redrawn and adapted by Achmad Satiri Nurhaman
ual, regular, with 4 free elliptical-oblong tepals
4-6 mm long, hairy outside, caducous; male
flowers sessile, with 4 free stamens opposite
the tepals and rudimentary ovary; female flowers with short pedicel, 4 rudimentary stamens
and superior, globose, hairy, 1-celled ovary 2.5—
4 mm in diameter, style very short, stigma
large and deeply 2-lobed. Fruit an ellipsoid
drupe 3-4 cm x 2—2.5 cm, with 4 low ridges,

pale brown short-hairy but becoming glabrous
when mature, with thin layer of fleshy pulp
and bony stone, 1-seeded. Seed with thick, oily
cotyledons.
Other botanical information Dilobeia comprises only 2 species, with Dilobeia tenuinervis
Bosser & R.Rabev. only known from forest near
Taolanaro. The heart-shaped persistent leaves
are very characteristic for Dilobeia thouarsii.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
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13: simple perforation plates; 22: intervessel
pits alternate; 24: intervessel pits minute (< 4
uum); 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; (42: mean tangential
diameter of vessel lumina 100-200 um); 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre.
Tracheids and fibres: (61: fibres with simple to
minutely bordered pits); (62: fibres with distinctly bordered pits); (63: fibre pits common in
both radial and tangential walls); 66: nonseptate fibres present; 70: fibres very thickwalled. Axial parenchyma: (76: axial parenchyma diffuse); 80: axial parenchymaaliform;
82: axial parenchyma winged-aliform; 83: axial
parenchyma confluent; 84: axial parenchyma
unilateral paratracheal; 92: four (3-4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; (98: larger rays commonly 4- to 10seriate); 104: all ray cells procumbent; 106:
body ray cells procumbent with one row of upright and/or square marginal cells; 115: 4-12
rays per mm.
(F.D. Kamala, P. Baas & P.E. Gasson)

Growth and developmentLeaves of young
plants of Dilobeia thouarsii are quite distinct
from those of older trees; they have 2 or 4 nar-

row lobes up to 30(—50) cm long. Trees flower
from October to March andfruits can be found
nearly throughout the year, although they
seem to ripen only in Novemberto January.
Ecology Dilobeia thouarsii occurs in humid
evergreen forest from sea-level up to 1800 m
altitude, but most commonly at 700-1300 m. It
is locally abundant.
HarvestingFelling the trees with their dense
and hard wood requires special equipment, and
the heavy logs are not easy to transport.
Handling after harvest The fruit stones
are pounded with a mortar and the fragments
are boiled in a small amount of water. The oil
is collected from the surfaceof the liquid.
Genetic resources Dilobeia thouarsii is
widespread in eastern Madagascar andlocally
common. There are no indications that it is in
immediate danger of genetic erosion, although
the splitting up of forest in its area of distribution may threaten it in the near future.
Prospects Dilobeia thouarsii is valued by
the local people, mainly for its strong and durable wood and for its oil-rich seeds. Little is
knownabout its growth rates and propagation,
and research is warranted to be able to draw
up recommendations for sustainable exploita-

tion.
Major references Bolza & Keating, 1972;
Bosser & Rabevohitra,

1991; Decary,

1946;

Guéneau, Bedel & Thiel, 1970-1975; Parant,
Chichignoud & Rakotovao, 1985; Ralaibiharison, 1995; Schatz, 2001; Takahashi, 1978.
Other references Boiteau, Boiteau & Allorge-Boiteau,

1999;

Brown

et

al,

2009;

Guéneau & Guéneau, 1969; Kubitzki, 2007;
Lanyon, 1979; Rakotovaoet al., en préparation;

Sallenave, 1955; Sallenave, 1971.
Sources of illustration Schatz, 2001.
Authors S. Rakotonandrasana

DIOSPYROS ABYSSINICA (Hiern) F.White
Protologue Bull. Jard. Bot. Etat 26: 241
(1956).
Family Ebenaceae
Synonyms Maba abyssinica Hiern (1873).
Vernacular names Black bark, giant diospyros (En). Mueluili, mdaa-mwitu (Sw).
Origin and geographic distribution Diospyros abyssinica is widespread, occurring from
Guinea and Mali eastward to Eritrea, Ethiopia
and Kenya, and south to Angola, Zimbabwe
and Mozambique.
Uses The wood of Diospyros abyssinica is
used for heavy flooring, poles, interior trim,
mine props, furniture, cabinet making, masts
of dhows, agricultural implements, musical
instruments, tool handles, ladders, toys, novelties, pestles, mortars, golf club heads, sticks,
carving and turnery. It is also in demand for
loom shuttles in weaving sisal cloth in Kenya.
The wood is commonly used as firewood and for
charcoal production.

Diospyros abyssinica — wild
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Various parts of the plants are used in traditional medicine. In Ghana bark and roots are
used by the Krobo people against various diseases. In Mali leaf and roots decoctions are
used to treat malaria and dysentery, and to
promote wound healing. In Tanzania a root
decoction is taken to treat leprosy.
Production and international trade In Tanzania the wood is considered suitable for the
handles of pick-axes and other tools. A yearly
production of up to 20,000 axe handles has
been recorded in the 1960s.
Properties The heartwood is whitish yellow
to pale grey-brown, often with irregular black
streaks or entirely black in the centre; it is not
distinctly demarcated from the wide, whitish to
yellowish sapwood. The grain is generally
straight, sometimes interlocked, texture usual-

ly fine. Freshly cut wood has an unpleasant
smell.
The woodis hard, tough and moderately heavy
with a density of 720-860 kg/m* at 12% moisture content. The rates of shrinkage are moderately high, from green to 12% moisture content 3.7% radial and 6.6% tangential. The wood
air dries satisfactorily, with little distortion or
splitting, but with a risk of severe cupping in
over 5 cm thick boards. Boards of 5 cm thick
take about 5 months to air dry. The wood is
liable to distortion when kiln dried and low
temperature schedules are recommended. At
12% moisture content, the modulus of rupture

is recommended.
Extracts of the root bark are potent inhibitors
of 15-lipoxygenase and showeddistinct radical
scavenging activity. The triterpenoids betulin,
betulinic acid and lupeol have been isolated
from Diospyros abyssinica. These compounds
are known to have anti-inflammatory activity.
The bisnaphthoquinones diospyrin and isodiospyrin have been isolated from the bark. They
showed activity against protozoan parasites
and tumours in mice, as well as inhibition of

blood platelet aggregation.
Description Evergreen, dioecious, small to

fairly large tree up to 35(-40) m tall; bole
branchless for up to 18 m, straight and slender,
up to 60(-75) cm in diameter, often with small
buttresses; bark surface smooth in youngtrees,
later becoming rough and scalingoff in strips
or oblong plates, grey to dark green, dark
brown or black, inner bark thin, fibrous, yel-

low-brown, darkening upon exposure; crown
often small and narrow, with branches at right
angles to main stem; twigs pendulous and usually glabrous. Leaves alternate, simple and
entire; stipules absent; petiole 4-8 mm long;
blade elliptical to oblong-elliptical, 3-15.5 cm x
7
/

is 114-116 N/mm2, modulus ofelasticity 10,800

N/mm?, compression parallel to grain 51-55
N/mm?, shear 17 N/mm? and Janka side hardness 5380 N.
The wood saws well, but considerable power is

required and packing of large amounts of wet
sawdust around the rim should be avoided. The
wood works satisfactorily with hand tools. The
wood planes well with standard 30° cutting
angles, but for quarter-cut material with irregular grain smaller cutting angles are recommended to avoid tearing and picking-up. The
wood moulds and sands satisfactorily. Nailing
is difficult, and pre-boring is recommended.
Mortising and boring are somewhat difficult;
boring causes some checking at the exits. The
wood has a low durability and is susceptible to
attacks by fungi and pinhole borers and moderately susceptible to termite attack. The service life in contact with the groundis only 8-12
months. The wood is moderately resistant to
impregnation with preservatives. The fine
sawdust may cause dermatitis andirritation to
nose and eyes, and the use of a dust extractor

Diospyros abyssinica — 1, tree habit; 2, twig
with fruits; 3, leaf; 4, male flower.
Redrawn and adapted by Achmad Satiri Nurhaman
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1—5.5 cm, cuneate to rounded at base, obtuse to
slightly acuminate at apex, thinly leathery,
shining, nearly glabrous, pinnately veined with
5-12 pairs of lateral veins. Inflorescence in
axils of leaves or on older branchlets, in male
trees a 10-18-flowered contracted cyme, in
female trees a (1-_)3-5(-8)-flowered fascicle.
creamy white to yellowish, scented; pedicel 1-2
mm long; male flowers with cup-shaped calyxc.
2 mm long, corolla 5-6 mm long, deeply lobed
with lobes broadly elliptical, stamens 10-15, 2—
4 mm long, ovary rudimentary; female flowers
with cup-shaped calyx c. 6 mm long, divided
nearly to the base, corolla similar to that of

fuse-in-aggregates; 78:
axial parenchyma
scanty paratracheal; 86: axial parenchyma in
narrow bands or lines up to three cells wide;
92: four (3-4) cells per parenchyma strand.
Rays: 96: rays exclusively uniseriate; (97: ray
width 1-3 cells); 106: body ray cells procumbent with one row of upright and/or square
marginal cells; 107: body ray cells procumbent
with mostly 2—4 rows of upright and/or square
marginal cells; 116: > 12 rays per mm. Storied
structure: (118: all rays storied); 122: rays
and/or axial elements irregularly storied. Mineral inclusions: 136: prismatic crystals present;
142: prismatic crystals in chambered axial parenchymacells.

male flowers, rudimentary stamens 3—4, ovary

(E.E. Mwakalukwa, P. Baas & H. Beeckman)

superior, conical, c. 4 mm long, 6-celled, style
short. Fruit an ellipsoid to nearly globose berry
8-14 mm x 8-9 mm, glabrous, yellow to orange, with persistent calyx at basis and style
at apex, 1(—2) seeded. Seed globose to ellipsoid,

Growth and developmentIn general Diospyros abyssinica is reported to grow slowly, but
in Uganda it seems to be able to grow faster
when planted in farmland. Trees have a full
crown of leaves through the dry season, but
most individuals drop their leaves during the
wet season when new flushes appear. Fruits
ripen about 3 months after flowering. They are
eaten by various animals, such as baboons in

Flowers

unisexual,

regular,

3—4-merous,

c. 9 mm X 6 mm, with smooth endosperm.

Other botanical information Diospyros is
a large pantropical genus of about 500 species:
in tropical Africa about 90 species occur and
several produce valuable timber or edible
fruits. There is quite some variation in the
shape,

size,

venation

and

indumentum

of

leaves over the enormous eco-geographical
range of Diospyros abyssinica, and some of this
variation resulted in the recognition of 4 subspecies. Subsp. abyssinica covers the whole
distribution area of the species, the other 3
subspecies are restricted to small regions in
East and southern Africa.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(7: vessels in diagonal and/or radial pattern);
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
intervessel pits alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small
(4-7 um); 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; (40: mean tangential diameter of vessel lumina < 50 um); 41:

mean tangential diameter of vessel lumina 50—
100 um; 48: 20-40 vessels per square millimetre; (49: 40-100 vessels per square millimetre);
58: gums and other deposits in heartwood vessels. Tracheids andfibres: 61: fibres with simple to minutely bordered pits; 66: non-septate
fibres present; 70: fibres very thick-walled.
Axial parenchyma: 77: axial parenchyma dif-

Ghana, bulbuls in Malawi and hornbills in

Zimbabwe; these may serve as seed dispersers.
Ecology Diospyros abyssinica can be found
in a wide diversity of forest types, and also in
woodland and thickets. In its entire distribution area the altitudinal range is 200-2500 m
and the mean annual rainfall range 650-2050
mm. However, its most characteristic habitat is
moist semi-deciduous forest with well-distributed rainfall between 1250 and 1500
mm/year. Its presence in drier areas depends
on the availability of water along watercourses,
from runoff from rocky outcrops, or in waterretainingsoils of termite mounds.
Propagation and planting Usually Diospyros abyssinica is considered a pioneer species

that is particularly characteristic for the early
stages of forest succession, but may persist in
old forest and may even regenerate there under
shady conditions. However, light is reported to
have a positive influence on seed germination
and seedling growth. Seedlings are often commonclose to mother trees, but mortality is considered to be high.
Diospyros abyssinica is only propagated by
seeds. One kg contains 2500-3000 seeds. Germination is slow. In a test in Kenya, 12% of
fresh seeds had germinated after 3 weeks and
20% after 7 weeks. Seeds can be stored for several vears if they are protected from insects.
Ash is added to reduce insect damage. Pre-
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treatment of seeds before sowing is not necessary. Wildlings are sometimes used for planting.
Management Diospyros abyssinica trees can
be managed by pruning, pollarding and coppicing.
Diseases and pests In mature trees, butt rot
seems common. The fruits of Diospyros abyssinica are susceptible to attacks by the Mediterranean fruit fly (Ceratitis capitata), which is
a pest of many fruit crops.
Genetic resources In view of its wide distribution in tropical Africa and its occurrence
in various habitats, Diospyros abyssinica does
not seem to be threatened by genetic erosion.
However, in many regions in West Africa it is
uncommon. There are no indications of overexploitation or unsustainable usage.
Prospects The wood of Diospyros abyssinica
is presently not commercially important. The
heartwood has not the dark colour and high
durability of other Diospyros spp. but the wood
is locally important for domestic uses. The medicinal properties are promising and more research is recommended on pharmacological
activities in relation to drug development.

Diospyroscrassiflora — wild

Maiga et al., 2006; Noad & Birnie, 1989; Coates Palgrave, 1983; White, 1983; White, 1988.
Other references Aubréville, 1959c; Bekele-

east to the Central African Republic, and south
to Gabon and DR Congo.
Uses The black heartwood (traded from Cameroon as ‘mevini’, from Equatorial Guinea as
‘ébano’ and from Gabon as ‘evila’) is used for
heavy flooring, interior trim, ship building,
vehicle bodies, furniture, cabinet making, musical instruments (especially the black keys of
pianos, but also guitar fingerboards), precision
equipment, turnery, carvings, knife-handles
and brush backs. The sapwood and sometimes
also the heartwoodis used for poles, posts, vehicle bodies, agricultural implements, toys,

Tesemma,

novelties, sporting goods, combs, ladders, box-

Major references Beentje, 1994; Bolza &

Keating, 1972; Dale & Greenway, 1961; Katende, Birnie & Tengnäs, 1995; Keay, 1989;

2007;

Burkill,

1994;

Bussmann,

2000; Chikamai et al., undated; Dakora, 1995;
Duncan & Duncan, 2000; Hawthorne, 1995;
Hawthorne & Jongkind, 2006; Irvine, 1961;
Lieberman & Li, 1992; Maundu et al., 2001;
Neuwinger, 2000; Odlo, 2009; Swaine, Lieber-

man & Hall, 1990; Takahashi, 1978; White,
1956; White, 1987.

Sources of illustration Hawthorne & Jongkind, 2006; Noad & Birnie, 1989; White, 1987.
Authors E.A. Obeng

DIOSPYROS CRASSIFLORA Hiern
Protologue Monogr. Eben.: 260 (1873);
Trans. Camb. Phil. Soc. 12: 260 (1873).
Family Ebenaceae
Vernacular names African ebony, West
African ebony, Benin ebony (En). Ebéne
d'Afrique, ébène noir, Ébénier véritable du Ga-

bon (Fr).
Origin and geographic distribution Diospyros crassiflora occurs from southern Nigeria

es, crates, crossbows, veneer and plywood. The

woodis also used as firewood.
In traditional medicine, a bark decoction is
drunk and used as a wash to treat ovarian
problems, and the bark powder is applied to
heal sores and wounds. The leaf sap is applied
as eye drops to treat eye inflammations. In
Gabon the bark is used in a mixture with the
heartwood of Pterocarpus soyauxii Taub. to
treat yaws.

Production and international trade The
wood of Diospyros crassiflora is considered the
true ebony of commerce from Africa and has
been for a long time an important export product from Nigeria, Cameroon and Gabon. The
total volumes exported from these countries
are unknown, but are low at present because of
dwindling stands. In the 1960s around 70 m3of
wood were exported annually from Cameroon
and 56 m? in 1972, and in 1960 Gabon exported
130 m3 and in 1994 35 m°. Currently, export
and utilization of the wood requires special
permission in Cameroon. DR Congo is consid-
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ered the major exporter at present. The highquality carvings are in great demand by tourists.
Properties The heartwood is jet-black to
black-brown or dark brown with black streaks.
It is distinctly demarcated from the sapwood,
which is pinkish to pale red after cutting darkening to pale reddish brown upon exposure,
and up to 12 cm thick. The grain is straight,
occasionally interlocked or curly, texturefine.
The wood is heavy with a density of 900-1010
kg/m* at 12% moisture content. It air dries
slowly, with high risks of distortion and checking, but in small dimensions it maydry fairly
rapidly and with little degrade. The rates of
shrinkage are high, from green to 12% moisture content about 5.5% radial and 6.5% tangential and from green to oven dry 7.0% radial
and 11.0% tangential. Once dried, the wood is
often poorly stable in service.
At 12% moisture content, the modulus of rupture is 130-179 N/mm2, modulus of elasticity

15,500—18,900 N/mm2, compression parallel to
grain 58-88 N/mm?, shear 17 N/mm, Janka
side hardness 14,8320 N and Monnin hardness

7.0.

that of other African Diospyros spp. with blackish heartwood such as Diospyros mespiliformis
Hochst. ex A.DC. African blackwood (from Dalbergia melanoxylon Guill. & Perr.) resembles
the wood of Diospyros crassiflora and is used
for similar purposes.
Description Dioecious medium-sized tree
up to 25 m tall; bole cylindrical or fluted,

branchless for up to 15 m, up to 120 cm in diameter, without buttresses; bark surface with
fine longitudinal fissures, exfoliating in rather
thick scales, blackish grey to black, inner bark
black and brittle in outer layer, pale salmon
pink with creamy streaks in inner layer;
branches reddish grey-brown, with longitudinal cracks; young twigs glabrous. Leavesalternate, simple and entire; stipules absent; petiole
up to 1.5 cm long, grooved above, nearly glabrous; blade lanceolate-elliptical to oblongelliptical, 10-21 cm x 4-10 cm, cuneate to
rounded and slightly asymmetrical at base,
abruptly acuminate at apex, thin-leathery,
nearly glabrous, glossy dark green above, paler
below, pinnately veined with 5-8 pairsoflateral veins, finest veins perpendicularto lateral
veins. Inflorescence an axillary fascicle, often

The wood is difficult to saw and work, with

serious dulling effect on saws and cutting edges. Stellite-tipped sawteeth and tungstencarbide cutting tools are recommended, and
powerful machines are needed for machining.
The wood surfaces take an excellent polish, but
picking up of interlocked or curly grain may
occur in planing and a reducedcutting angle is
recommended. The wood has a tendency to
split upon nailing, and pre-boring is advised. It
has good slicing properties, but powerful machines are needed. The gluing properties are
satisfactory. A preliminary surface treatment
with alcohol is recommended for coatings. The
wood is moderately durable, being moderately
resistant to termite attack, but susceptible to
pinhole borers and marineborersattacks. It is
extremely resistant to preservative treatment.
Saw dust may cause allergic contact dermatitis
in wood workers.
The stem bark showedsignificant in-vitro antibacterial and antifungal activities. Plumbagin,

cyclocanaliculatin,

gerberinol,

lupeol,

lupenone andbetulinic acid have been isolated
from the stem bark, and the naphthoquinone
crassiflorone has also been isolated. Some of
these compounds havealso shownantibacterial
and antifungal properties.
Adulterations and substitutes The wood
of Diospyros crassiflora is often mixed with

Diospyros crassiflora — 1, base of bole; 2, leafy
twig; 3, flowering branch,4, fruit; 5, seed.
Redrawn and adapted by Iskak Syamsudin
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on older branches, 3—6-flowered for male inflorescence, 1—2-flowered for female one. Flowers
unisexual, regular, nearly sessile; calyx fleshy,
up to 10 mm long, pinkish red, with tube
slightly longer than the (4—)5 lobes; corolla 2.5—
3 cm long, fleshy, short-hairy, pinkish white,
with ellipsoid tube and 4—6 short lobes; male
flowers with numerous stamens up to 1.5 cm

long, with very short filaments, ovary rudimentary; female flowers with rudimentary stamens, ovary superior, globose, c. 5 mm in di-

ameter, 8—10-celled, styles 4—5. Fruit an ellipsoid to obovoid berry, up to 10 cm X 6.5 cm,
sparsely hairy to glabrous, yellowish when
ripe, enclosed at base by enlarged calyx up to 4
cm in diameter, up to 10-seeded. Seeds oblong,

up to 5 cm X 2 cm X 1.5 cm, glossy brown to
black.
Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in tropical Africa about 90 species occur and
several produce valuable timber or edible
fruits.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
intervessel pits alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small
(4-7 um); 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 77: axial parenchyma diffuse-inaggregates; 78: axial parenchyma scanty paratracheal; 86: axial parenchyma in narrow
bands or lines up to three cells wide; 87: axial

parenchymareticulate; 92: four (38—4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchymastrand. Rays: 96: rays exclusively
uniseriate; 97: ray width 1-8 cells; 106: body
ray cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2—4 rows of upright and/or square marginal cells; 108: body
ray cells procumbent with over 4 rows of upright and/or square marginal cells; (109: rays
with procumbent, square and upright cells
mixed throughout the ray); (118: disjunctive

ray parenchymacell walls present); 116: > 12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchymacells.
(E.E. Mwakalukwa, P.E. Gasson & E.A. Wheeler)
Growth and development Diospyros crassiflora is slow growing. In natural forest in
Cameroon the mean diameter growth was 4.5
mm/yearfor trees with a mean height of 14.5 m
and a mean age of 50 years. However, twotrees
measured over a period of 10 years in central
Gabon had an average annual growth rate of
only 1 mm in diameter. In a 50-years-old plantation in Cameroon, dominant trees were on

average 24 m tall and 22 cm in bole diameter,
whereas the standing volume wasestimatedat
320 m%ha.
In Cameroon flowering of trees has been recorded from February to May, in Gabon from
September to October. Fruits ripen about 6
months later. They are eaten by animals,
which probably serve as seed dispersers.
Ecology Diospyros crassiflora occurs in lowland semi-deciduous and evergreen forest up to
1000 m altitude, but usually avoids the most
humid forest types.
Management Diospyros crassiflora is in
general uncommonin the forest, usually occurring as isolated trees or in small groups of 2-3.
In western Cameroon the average wood volume
of boles of more than 15 cm diameter was recorded as 0.25 m3/ha. Trees coppice well.
Diseases and pests In Cameroon attacks of
jumping plant-lice and other leaf-defoliating
insects on Diospyros crassiflora have been recorded.
Harvesting Trees are harvested by the selective logging system. Somecaution is needed
during harvesting operations because logs may
have brittle heart. In Gabon and the Central
African Republic the minimum bole diameter
allowed for felling is 40 cm, in DR Congo and
Cameroon 60 cm.
Handling after harvest Due to the high
density of the wood logs do not float in water
and cannot be transportedbyriver.
Genetic resources Nearly all big trees of
Diospyros crassiflora have been heavily overexploited with few remaining stands in the
most remote areasof its range, and the species
seems to have poor natural regeneration.
Therefore, Diospyros crassiflora is classified as
endangered in the IUCN Red List of threatenedspecies.
Prospects In spite of the fact that Diospyros
crassiflora is highly demanded for its commer-
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cial ebony wood, very little research has been
carried out on its propagation and management in natural forest. Therefore, requirements for sustainable exploitation are still
unclear, but the long time needed for the production of black heartwood of sufficient diameter to be interesting for the timber market and
the scarcity of large trees seem to preclude
sustainable commercial exploitation. More research is recommendedin natural regeneration
measuresto protect the species.
Major references Bolza & Keating, 1972;
Burkill, 1994; Dalziel, 1937; Dzoyem et al.,
2006; Keay, 1989; Kennedy, 1936; Letouzey &

White, 1970a; Neuwinger, 2000; White, 1978b;
White, 1987.
Other references African Regional Workshop, 1998; ATIBT, 1986; Burkhardt & Lebel,
undated; CIRAD Forestry Department, 2008;
Foahom, 2003; Maisonneuve & Manfredini (Editors), 1988b; Meier, 2009; Owona Ndongoet al.,

2009; Raponda-Walker & Sillans, 1961; Takahashi, 1978; UNEP-WCMC, 2006; Vivien &
Faure, 1985; White, 1963; White & Abernethy,
1997; Wilks & Issembé, 2000; Worbes et al.,

2003.
Sources of illustration Vivien & Faure,
1985; White, 1987.
Authors E.A. Obeng

DIOSPYROS GRACILIPES Hiern

ros gracilipes is endemic to Madagascar, where
it is widespread in the northern and eastern
parts of the island.
Uses The black heartwood, known as ‘hazomainty’, is used for high-quality joinery, furniture, musical instruments, pegs, ornaments,

inlay work, handles, carvings and turnery. The
bark, leaves and fruits are used in mixtures to
stimulate contractions of the uterus during
childbirth, and as an abortive. This practice is
not without danger; fatal cases have been reported.
Production and international trade Export
of Madagascar ebony started in the 16!» century by the Portuguese. Together with rosewood
(from Dalbergia spp.), ebony from some Diospyros spp., of which Diospyros gracilipes is
one of the most important, is considered the
most precious and valuable wood in Madagascar. It fetches extremely high prices, even
when traded in smaller dimensions. In recent
years, the export of Madagascar ebony,as well
as that of rosewood, is nearly entirely to China.
Properties Distinction between Diospyros
spp. of Madagascar producing black ebonyis
usually not made, and the wood properties are
said to be quite similar. The heartwood near
the centre and base of old boles is black, some-

times with whitish streaks, and distinctly demarcated from the whitish sapwood which becomes yellowish upon exposure. The grain is
usually straight, sometimes wavy to slightly
interlocked, texture very fine. The wood is

Protologue Monogr. Eben.: 191 (1873).
Family Ebenaceae
Vernacular names Madagascar ebony (En).
Ebène de Madagascar (Fr).
Origin and geographic distribution Diospy-

heavy, with a density of 900-1100 kg/m? at
12% moisture content. It dries rather slowly,
with little tendencyto distort. It takes about 4
months to air dry boards of 2.5 cm thick. The
rates of shrinkage are moderately high, from
green to oven dry about 4.5% radial and 9.2%
tangential. Once dry, the woodis stable in service. At 12% moisture content, the modulus of

rupture is about 190 N/mm?2, modulusofelasticity 22,700 N/mm?, compression parallel to
grain 63 N/mm? and Chalais-Meudon side
hardness 12.
The woodis fairly easy to saw and work, but
needs high-power tools because of its high density, abrasiveness and presence ofsilica (about
0.1%). It takes a smooth and nice finish with-

Diospyros gracilipes — wild

out the useof filler. It has a tendencyto split
upon nailing and screwing, and pre-boring is
recommended. The wood is durable; it is resistant to impregnation with preservatives.
The exudate from the bark may cause black
marks andvesicles on the skin.
Botany Evergreen small tree up to 15 m
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tall; bole usually low-branching, up to 30(—40)
cm in diameter; bark surface smooth to more or
less rough, blackish brown, inner bark thin;

crown with spreading branches; twigs usually
glabrous. Leaves alternate, simple and entire;
stipules absent; petiole 3-10 mm long; blade
elliptical-lanceolate to ovate-lanceolate, (8—)6—
12 cm X (1.5-)2-6 cm, cuneate to rounded at

base, short-acuminate at apex, wavy at margins, thin-leathery, pinnately veined with 4—7
pairs of lateral veins. Inflorescence an axillary
fascicle, often on older branchesor on the bole,
up to 20-flowered. Flowers unisexual, regular;

pedicel slender, up to 5 cm long, strongly elongating in fruit; calyx cup-shaped, 3-8 mm long,
short-hairy, with tube about as long as the 4
lobes, strongly enlargingin fruit; corolla slightly longer than calyx, with long tube and 4-6
rounded lobes; male flowers with 8-16 sta-

mens, filaments very short; female flowers
larger than male ones, with c. 6 rudimentary
stamens, ovary superior, ovoid, reddish brown

hairy, 8-10-celled, styles 8-10, fused at base.
Fruit an ovoid to oblong berry c. 3 cm long,
brownish green, covered by a whitish powder,
up to 8-seeded. Seeds elongate, flattened, c. 12
mm long, blackish. Seedling with epigeal germination.
Diospyros gracilipes is variable and somevarieties have been distinguished. It grows slowly
and tolerates shade. It usually flowers in May—
June and September—Decemberandfruits ripen 3-6 monthslater. Ripe fruits are eaten by
lemurs, which maydispersethe seeds.
Diospyros is a large pantropical genus of about
500 species; in mainland tropical Africa about

90 species occur and several produce valuable
timber or edible fruits. Over 100 species have
been recorded for Madagascar, several of which
provide valuable ebony wood, and possibly the
total numberof species is around 200. About 14
species are endemic to the Mascareneislands.
Diospyros perrieri Jum. is the main producer of

disappearedfrom theforests.
Ecology Diospyros gracilipes occurs mainly
in humid evergreen forest, from sea-level up to
1350(—1650) m altitude. The mean annual rain-

fall is (500—)1000-2500(-3000) mm, with 1-7
dry months, and the mean annual temperature

is 20-24°C. It occurs on a variety of soils, from
sandy to limestone and rockysoils.
Management The 1000-seed weight is 600—
650 g. Germination starts 3-7 weeks after sowing and the germination rate of fresh seed is
about 65%. The seeds are extracted from the
fruit and usually sown in pots or polythene
sacs. Propagation by root suckers is possible.
The tree coppices well. Enrichment planting of
natural forest with Diospyros gracilipes is
sometimes practised.
Genetic resources and breeding Largescale unauthorized logging of Madagascar ebony occurs in the forests of Madagascar. In
2009 large amountsof ebony trees were logged
in Madagascar, together with even larger
amounts of rosewood (Dalbergia spp.) trees,
and the export was mainly to China. Only
small quantities were shipped to Germany and
Mauritius.
Several Diospyros spp. in Madagascar are being considered for inclusion in the CITES Appendix II list, including Diospyros gracilipes,
Diospyros perrieri and Diospyros platycalyx.
Prospects Most Diospyros spp. providing
valuable black ebony wood in Madagascar and
the Mascarene islands are under strong pressure caused by over-exploitation. Sustainable
production of this type of timber is unlikely on
a commercial basis because the black heartwood is only available in the bole core of old
trees; moreover, the trees grow slowly. En-

richment planting might be an option, but will
require very long rotation cycles. Because of
the high value of the wood, studies on optimal
management could be useful, but for the time
being protection measuresare needed.

ebony wood in western Madagascar; it has

Major references Blaser et al., 1993; De-

black heartwood similar to that of Diospyros
gracilipes. However, nearly all larger trees of
Diospyros perrieri have disappeared.
Diospyros platycalyx Hiern is also reported to
provide blackish heartwood, but is also under
high pressure caused by exploitation in its distribution area in western Madagascar.
Diospyros tessellaria Poiret is as small to me-

bray, Jacquemin & Razafindrambao, 1971;
Normand, Sallenave & Rothe, 1960; Perrier de

dium-sized tree up to 20 m tall, with slender,

straight bole, endemic to Mauritius. It provided
the ebony of commerce of Mauritius (‘bois
débéne noir’), but larger trees have nearly all

la Bathie, 1952; Rakotovao et al., en prépara-

tion.
Other references Ballet, Lopez & Rahaga,
2010; Innes, 2010; Richardson, 1981; Schuur-

man & Lowry, 2009.
Authors R.H.M.J. Lemmens & D. Louppe
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DIOSPYROS KAMERUNENSIS Gürke
Protologue Engl. Bot. Jahrb. 26: 69 (1898).
Family Ebenaceae
Vernacular names Cameroon ebony, African
ebony (En).

Origin and geographic distribution Diospyros kamerunensis is distributed from Liberia to
Ghana and from Cameroon to Gabon.
Uses The wood of Diospyros kamerunensis is
used for posts in house construction, poles,
implements, handles, household utensils and
drums. It is suitable for heavy flooring, joinery,
mine props, ship building, vehicle bodies, sporting goods,

toys,

novelties,

draining boards,

carvings, turnery and sliced veneer. The tough
stem of saplings is sometimes used as rope.
Thefruit pulp of fully ripe fruits is edible.
Production and international trade The
wood of Diospyros kamerunensis is mainly used
locally and occasionally traded on the international market in mixtures with other ebony
woods, often as ‘Cameroon ebony’.
Properties The heartwood is pinkish when
freshly cut, often becoming grey to grey-brown
upon drying, and indistinctly demarcated from
the paler and wide sapwood. Nearthe centre of
the bole the wood is sometimes blackish. The
grain is generally straight, sometimes interlocked, texture usually fine.
The woodis heavy, with a density of about 990

kg/m* at 12% moisture content, hard and
tough. Duringair drying,it is liable to splitting
and twisting, and it is recommended to dry the
wood in smaller dimensions. The rates of
shrinkage are high. At 12% moisture content,
the modulus of rupture is 169 N/mm?, modulus
of elasticity 15,580 N/mm? and Janka side

hardness 14,850 N.

The wood is relatively easy to work in spite of
its high density, but the dulling effect on saw
teeth and cutting edges may be serious. It
planes to a good finish and takes a high polish.
Pre-boring is needed for nailing and screwing;
the wood holds nails and screws well. The
heartwood is quite durable, being resistant to
termite attack, but less resistant to pinhole
borers and marine borers. The sapwood is not
durable and susceptible to Lyctus attack, butit
is moderately permeable for preservatives by
impregnation. The wood dust may cause dermatitis and irritation to mucous membranesin
wood workers.
Description Evergreen, dioecious shrub or
small tree up to 15(—20) m tall; bole usually
straight and slender, up to 30 cm in diameter;
bark surface rough, finely fissured, greenish
grey, inner bark thin; twigs golden-brownish
hairy when young, becoming glabrous. Leaves
alternate, simple and entire; stipules absent;
petiole 1-2 cm long, grooved above, short-hairy;
blade lanceolate-elliptical to ovate or oblongelliptical, 15-20 cm x 5-9 cm, obtuse at base,
acuminate at apex, papery or thin-leathery,
yellowish short-hairy below especially when
young, pinnately veined with 3—7(-8) pairs of
lateral veins. Inflorescence an axillary fascicle,
3-6(—20)-flowered for male inflorescence, 1—2(—
3)-flowered for female one. Flowers unisexual,
regular; pedicel up to 3 mm long; calyx up to 8
mm long, yellowish red hairy, with tube slightly shorter than the 4 lobes; corolla salvershaped, c. 2 cm long, fleshy, short-hairy, white
or yellowish, with c. 1 cm long tube and 4(-—5)
lobes c. 1 cm long; male flowers with 12 stamens c. 6 mm long, with very short filaments,
hairy at base of anthers; female flowers with
8-12 rudimentary stamens, ovary superior,
ovoid, c. 5 mm long, 8(—10)-celled, styles 4(—5).

Diospyros kamerunensis — wild

Fruit a depressed-globose to ellipsoid berry, up
to 4 cm long, sparsely hairy to glabrous, yelloworange to orange-red when ripe, up to 8(—10)seeded. Seeds c. 3 cm X 2 cm X 1 cm. Seedling
with epigeal germination.
Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in mainland tropical Africa about 90 species
occur and several produce valuable timber or
edible fruits.
Diospyros monbuttensis Gürke is a shrub or
small tree up to 10 m tall with bole up to 40 cm
in diameter. It occurs in semi-evergreen forest
and gallery forest from Côte d'Ivoire east to the
Central African Republic and northern DR
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intervessel pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small
(4-7 um); 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwoodvessels.
Tracheids andfibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:

Diospyros kamerunensis — 1, leaf; 2, part of
twig with male flowers; 8, part of twig with
female flowers; 4, fruit.
Redrawn and adapted by Iskak Syamsudin
Congo. The whitish yellow wood is used for
similar purposes as that of Diospyros kamerunensis, but mainly for implements, utensils and handles. The flexible branches are
used for game traps. In traditional medicine
decoctions of bark and leafy twigs are administered, often in mixtures with other medicinal

plants, to treat leprosy, skin affections caused
by fungi, jaundice, excessive uterine bleeding
and chickenpox.
Diospyros thomasii Hutch. & Dalziel is a small
tree up to 10 m tall, occurring in humid forest
in Guinea, Sierra Leone and Liberia, particu-

larly in secondary forest. The wood, which is
pinkish when freshly cut, is used for drums
and oars. The flexible branches are used for
gametraps. The sweet fruit pulp is edible. The
bark is used to treat diarrhoea.
Anatomy Wood-anatomical description (LAWA
hardwood codes):

Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:

fibres very thick-walled. Axial parenchyma: 77:
axial parenchyma diffuse-in-aggregates; 78:
axial parenchyma scanty paratracheal; 86:
axial parenchyma in narrow bandsorlines up
to three cells wide; 87: axial parenchymareticulate; 92: four (3-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
108: body ray cells procumbent with over 4
rows of upright and/or square marginal cells;
109: rays with procumbent, square and upright
cells mixed throughout the ray; (118: disjunctive ray parenchyma cell walls present); 115:
4-12 rays per mm; 116: > 12 rays per mm.
Mineral inclusions: 136: prismatic crystals
present; 138: prismatic crystals in procumbent
ray cells; 142: prismatic crystals in chambered
axial parenchyma cells.
(E.A. Obeng, P.E. Gasson & H. Beeckman)
Growth and development Diospyros kamerunensis is a shade bearer with slow but
steady growth. In West Africa, flowering of
trees usually occurs in September—October.
Fruits ripen about 3 monthsafter flowering.
Ecology Diospyros kamerunensis is most
commonin moister evergreen forest, but it can
also be found in more dry forest types. It is
characteristic for the understorey of undisturbed forest, usually on acid, well-drained
soils, but has also been reported from secondary forest.
Propagation and planting Diospyros kamerunensis may regenerate well under shady
conditionsin the forest.
Harvesting Somecaution is needed during
harvesting operations because logs may have
brittle heart.
Handling after harvest Freshly harvested
boles do not float in water and thus cannot be
transported byriver.
Genetic resources Although Diospyros kamerunensis does not seem to be abundant in
most of its geographical distribution area,it is
unlikely to be under threat of genetic erosion.
There are no indications of overexploitation.
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Prospects Diospyros kamerunensis will remain useful as a source of wood for local applications, e.g. for poles, implements and utensils.
However, prospects as a timber tree of commercial importance for export are poor because
of the small size of boles. Chemical and nutritional analyses of the fruits are recommended.
Major references Aubréville, 1959; Bolza &
Keating,

1972;

Burkill,

1994;

Irvine,

1961:

Letouzey & White, 1970a; Oteng-Amoako (Editor), 2006; Vivien & Faure, 1996.

Other references Cooper & Record, 1931;
Hall & Swaine, 1981; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Letouzey & White,
1970b; Takahashi, 1978; White, 1963; White,
1978b.
Sources ofillustration Letouzey & White,
1970a.
Authors A.A. Oteng-Amoako & E.A. Obeng

DIOSPYROS MESPILIFORMIS Hochst. ex A.DC.
Protologue Prodr. 8: 672 (1844).
Family Ebenaceae
Chromosome number2n = 30
Vernacular names African ebony, wild
African ebony, West African ebony, swamp
ebony, Transvaal ebony, ebony diospyros, monkey guava, jackal berry (En). Ebéne d’Afrique,
ébéne de Mozambique, kaki de brousse (Fr).

Ebano africano (Po). Mgiriti, mjoho, mgombe,
msindi, mpweke, mkadi (Sw).
Origin and geographic distribution Diospyros mespiliformis is extremely widespread,
occurring from Senegal east to Eritrea, Ethiopia and Kenya, and south to Namibia, northern
South Africa and Swaziland, but it is nearly

absent in the more humid forest zones of West
and Central Africa. It is also found in Yemen.
Trial plantings for fruit production exist in
Israel, and Diospyros mespiliformis has also
been planted in the southern parts of the United States.
Uses The wood is used for posts in house
construction, flooring, joinery, furniture, ship
building, vehicle bodies, musical instruments
such as drums, household utensils such as

cups, spoons, pestles and mortars, tool handles,
walking sticks, combs, agricultural implements
such as ploughs, boxes, carvings and turnery.
The heartwood is sometimes blackish and is
then used as a substitute for Diospyros crassiflora Hiern, e.g. for decorative flooring and
interior trim. The bole is used traditionally for
dug-out canoes. The wood is also used asfirewood, andis valued for charcoal production.
The fruit is sweet but acidulous with a slight
lemon-like taste. It is often eaten raw when
fully ripe, particularly by children, but sometimes also dried and kept for later use when
food is scarce at the end of the dry season. The
fruits are also used in the production of fruit
juice and alcoholic drinks. They can be ground
into a flour, which is sometimes an ingredient
of porridge. The seeds are also eaten; they have
a nut-like flavour. The leaves are occasionally
eaten as vegetable, and the foliage is browsed
by livestock. The gum from the bark is used to
mend broken pottery, and fruit pulp to glaze
and varnish pottery. Diospyros mespiliformis is
planted for re-afforestation, as ornamental
shade tree and as windbreak. Theflowers serve
as source of nectar for honeybees.
Various parts of the tree are usedin traditional
medicine. Roasted and pulverized roots are
taken to treat jaundice, and root decoctions as
anthelmintic, to ease childbirth, and to treat
malaria, pneumonia and syphilis. Bark preparations are administered to treat cough, bronchial diseases, tuberculosis, syphilis and leprosy, and applied externally to wounds, ulcers,
bruises and furuncles. The bark is also used in
veterinary medicine as vermifuge. Leaf decoctions or infusions are taken to treat fever, diar-

rhoea, dysentery, trypanosomiasis, menorrhagia, whooping cough, hiccough and poisoning.
Leaf preparations are externally applied to
treat fever, pneumonia, conjunctivitis and oti-

Diospyros mespiliformis — wild

tis, and as haemostatic and antiseptic to
wounds, yaws and furuncles. Fruit decoctions
or infusions are taken to treat dysentery, diarrhoea and menorrhagia. Fruit ash is applied to
fungal skin infections and fruit powderto ul-
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cers, whereas seed decoctions are administered

against headache. Twigs are chewed to clean
the teeth. Various parts of the tree are used in
ritual ceremonies.
Production and international trade The
wood of Diospyros mespiliformis is only traded
in very small amounts on the international
timber market, and then usually together with
the wood of more important ebony producers
such as Diospyros crassiflora. It is available in
local markets, e.g. in Sudan.
In Gambia Diospyros mespiliformisis classified
amongst the 20 most important timberspecies.
Locally high-quality carvings are in great demandby tourists. The fruits are traded on local
markets and mayprovide vital supplementary
incomefor poor households.
Properties The heartwoodis pinkish grey to
pinkish brown, darkening to dark brown upon
exposure. Some boles have a blackish core up
to 25 cm wide. The heartwood is indistinctly
demarcated from the slightly paler sapwood.
The grain is wavy to interlocked, texture fine
and even.
The woodis heavy with a density of (640—)800—
900 kg/m? at 12% moisture content. It air dries
slowly, with some risk of distortion and checking. It takes about 8 weeksto air dry boards of
2.5 cm thick from 60% to 12% moisture content. Kiln drying should be done with care because of a severe risk of case-hardening. The
rates of shrinkage are moderate, from green to
12% moisture content 2.5—2.9% radial and 3.9—
5.1% tangential, and from green to oven dry
about 3.6% radial and 7.3% tangential. Once
dried, the wood is stable in service. At 12%

moisture content, the modulus of rupture is
93-111 N/mm2, modulus of elasticity 11,100—
11,960 N/mm2, compression parallel to grain
51-57 N/mm2, shear 15-19 N/mm2?, Janka side

hardness 6750-9470 N and Janka end hardness 10,400 N.

The wood is moderately difficult to saw and
work, particularly with hand tools. It may
cause serious blunting of saw teeth and cutting
edges. The wood surfaces take an excellent
polish, but picking up of interlocked grain may
occur in planning: a reduced cutting angle of
20° is recommended. The wood finishes well
without the use of a filler. It has a tendency to
split upon nailing, and pre-boring is advised.
The heartwood is durable, being resistant to
termite attack, but sometimes susceptible to
boring beetles such as Anobium spp. The sapwood is liable to attack by blue stain fungi,
brown and white rot fungi and Lyctus, but it is

moderately easily to treat with preservatives
by impregnation. Saw dust may cause allergic
contact dermatitis and irritation of mucous
membranes in wood workers.
The composition of fruits per 100 g edible portion is: water 69 g, energy 404 kJ (97 kcal),
protein 1.1 g, fat 0.4 g, carbohydrate 22 g, fibre
6.2 g, Ca 96 mg, Mg 28 mg, P 46 mg, Fe 1 mg,
thiamin 0.01 mg, riboflavin 0.04 mg, niacin
0.24 mg and ascorbic acid 24.6 mg. Analysis of
the fruits in northern Nigeria showed that only
low amounts of antinutritional factors such as
oxalate, phytate, saponin and tannin are present. The seeds contain about 9% water and
their protein content is 4.9 g per 100 g fresh
weight. Fruit extracts showed high radicalscavenging capacity.
The results of tests with mice and rats suggested that stem bark extracts contain an
agent with neuropharmacological activity that
may be sedative in nature, and the extracts
showed antipyretic, analgesic and anti-inflammatory activities, supporting the applications
in traditional medicine for relieving pain and
fever. Tests with rat skeletal muscle cells
showed that bark extracts inhibited intracellular calcium release, which could explain the
use of the bark as antihypertensive and antidiarrhoeal agents. Root, bark and leaf extracts

showed antimicrobial activities against bacteria and fungi. The naphthoquinone epoxide
diosquinone has been isolated from the root
bark. It showed pronounced in-vitro antibacterial as well as cytotoxic activity against several
human cancer cell lines. Plumbagin has also
been isolated from the roots; this compound
also has antibacterial activity.
Adulterations and substitutes The wood
of Diospyros mespiliformis is sometimes mixed
with that of Diospyros crassiflora Hiern, which
is a more highly valued ebony with blackish
heartwood.
Description Evergreen or semi-deciduous,
dioecious, small to medium-sized tree up to
25(—40) m tall; bole usually straight and cylindrical, branchless for up to 18 m, up to 150(—
200) em in diameter, sometimes fluted at base
or with buttresses; bark surface with longitudinal fissures, exfoliating in rather thin rectangular scales, blackish grey, inner bark black
in outer layer, pinkish in inner layer; crown
rounded, dense; branches often knobby, grey,

young twigs short-hairy. Leaves alternate,
simple and entire; stipules absent; petiole 0.5—
1 cm long; blade narrowly elliptical to oblongelliptical or narrowly obovate, 3.5-19 cm x 1.5—
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cm long, flattened; cotyledons leafy but slightly
fleshy, elliptical, c. 1.5 cm long, early caducous;
first two leaves opposite.
Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in mainland tropical Africa about 90 species
occur and several produce valuable timber or
edible fruits.
Diospyros bussei Gürke (synonym: Diospyros
cornii Chiov.) is a small evergreen tree up to
15(-18) m tall, occurring in open woodland and
wooded grassland in Somalia, eastern Kenya
and eastern Tanzania. Its dark brown heartwood is used in ship building andfor poles and
walking sticks. The fruit is edible.
Diospyros ferrea (Willd.) Bakh. is a small tree
up to 15 m tall, with bole up to 30 cm in diameter. It is even more widespread than Diospyros
mespiliformis, occurring in a wide variety of
habitats from Senegal east to Kenya and south
to Angola, Zimbabwe, Mozambique and Madagascar, but also in tropical Asia, Australia,

Diospyros mespiliformis — 1, male flower; 2,
female flower; 3, part of fruiting branch.
Redrawn and adapted by Iskak Syamsudin
7.5 cm, cuneate to rounded at base, acute to
slightly acuminate or rounded at apex, thinleathery, minutely hairy below, pinnately
veined with 12-20 pairs of indistinct lateral
veins. Flowers axillary, unisexual, regular, 4—
5-merous, nearly sessile; calyx with tube about

as long as lobes, woolly hairy outside; corolla
short-hairy, white to greenish yellow, with
narrowly urn-shaped tube and short lobes;
male flowers 3 together on a 4-6 mm long peduncle, with c. 3 mm long calyx and c. 6 mm
long corolla, stamens c. 14, 4 mm long, with

short filaments, ovary rudimentary; female
flowers usually solitary, with c. 8 mm long calyx having large lobes with wavy margins and
10-12 mm long corolla, stamens rudimentary,
ovary superior, ovoid-conical, c. 3 mm long, 4—
6-celled, stigma sessile, 2—3-lobed. Fruit a globose berry up to 2.5 cm in diameter, warty,
hairy but becoming glabrous, yellowish and
finally purplish whenripe, enclosed at base by
calyx, 3-6-seeded. Seeds compressed oblongellipsoid, up to 1 cm long, reddish brown to
dark brown. Seedling with epigeal germination; hypocotyl c. 6 cm long, thick, epicotyl c. 1

Melanesia and Polynesia. In tropical Asia,
where Diospyros ferrea trees can reach larger
dimensions, the heavy woodis used for joinery,
furniture, musical instruments, sporting goods,
utensils, carvings and turnery. The heartwood
can be blackish, often with yellowish streaks,
and is sometimes traded as a substitute of Diospyros ebenum J.König, which is considered to
produce the best commercial black ebony and is
native to southern India and Sri Lanka, but

has occasionally been planted in botanical gardens in Africa. The fruit pulp of Diospyros ferrea is edible. In Madagascar leaf decoctions are
used to treat stomach-ache.
Diospyros greenwayi F.White is a shrub or
small tree up to 15 m tall, endemic to eastern
Kenya and eastern Tanzania. Its wood is occasionally used for poles in house building.
Diospyros kabuyeana F.White is an evergreen
small tree up to 15(—25) m tall, endemic to
moister forest and riverine forest in eastern
Kenya and Tanzania. Its wood is used in house
construction, especially for posts, and has been
used for making bows.
Diospyros quiloensis (Hiern) F.White is a small
deciduous tree up to 10 m tall, native to Tanzania, Malawi, Zambia, Zimbabwe and Mozambique. The black heartwood is distinctly demarcated from the yellowish sapwood andis in
great demandfor carvings, e.g. for masks and
animals for the tourist industry. The woodis
sometimesalso used in construction because of
its great durability. The fruit pulp is edible.
Diospyros senensis Klotzsch is a spiny shrub or
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small tree up to 12 m tall, occurring in dry deciduous forest and thickets in southern DR
Congo, Malawi, Zambia, Zimbabwe and Mo-

zambique. Its tough wood is used in construction and for tool handles. Root infusions are
applied to the chest of children to treat colds.
Diospyros squarrosa Klotzsch is a shrub or
small tree up to 12 m tall, occurring from
southern DR Congo, Somalia and Kenya south
to Zimbabwe and Mozambique. The wood is
used for poles and tool handles. The fruit pulp
is edible. Decoctions of roots, bark and leaves
are administered to treat malaria.
Diospyros verrucosa Hiern is a shrub or small
tree up to 15(-18) m tall, endemic to southern
Tanzania and northern Mozambique. Its wood
is used for poles in house construction and for
utensils. The fruit pulp is edible.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
intervessel pits alternate; 23: shape of alter-

nate pits polygonal; 24: intervessel pits minute
(< 4 um); 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
42: mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; 47: 5-20 vessels per square millimetre;
58: gums and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate
fibres present;

70: fibres very thick-walled.

Axial parenchyma: 77: axial parenchyma diffuse-in-aggregates; 78: axial parenchyma
scanty paratracheal; 86: axial parenchyma in
narrow bands or lines up to three cells wide;
(87: axial parenchymareticulate); 92: four (3—
4) cells per parenchymastrand; 93: eight (5-8)
cells per parenchyma strand. Rays: (96: rays
exclusively uniseriate); (97: ray width 1-3
cells); 109: rays with procumbent, square and
upright cells mixed throughout the ray; 116: >
12 rays per mm. Mineralinclusions: 136: prismatic crystals present; 137: prismatic crystals
in upright and/or square ray cells; 138: prismatic crystals in procumbent ray cells; (154:
more than one crystal of about the same size
percell or chamber).
(E. Ebanyenle, A.A. Oteng-Amoako & P. Baas)
Growth and development Diospyros mespiliformis grows quite slowly. Seedlings reach

about 10 cm tall 2.5 months after germination
and 20-30 cm tall after 6 months, and young
trees are often only 1—1.5 m tall after 5 years.
In northern Cameroon in a region with a mean
annual rainfall of 800 mm, the survival rate
was 54% and the mean height only 2.4 m 18
years after planting, but in a region with a
mean annual rainfall of 1000 mm trees reached
an average height of 4.0 m after 12 years. In
natural forest in Côte d'Ivoire, the diameter
growth was estimated at 5 mm/year over a
period of 60 years, and in Benin at 6 mm/year.
Young foliage is pinkish to reddish brown, and
old leaves become yellow before they fall. The
foliage is commonly eaten by elephants, antelopes and buffaloes. The flowers are pollinated
by insects such as bees. In West Africa trees
usually flower in the second part of the dry
season, but elsewhere flowering usually takes
place in the rainy season. In southern Africa
flowers are most common in October—November. Fruits ripen about 6 months later. They
are eaten by baboons, which serve as seed dispersers, although tests in Ghana showed that
the germination rate of seeds that passed the
digestive organs of baboons was not improved.
The fruits are also eaten by other monkeys,
antelopes, elephants, jackals, birds such as
hornbills, pigeons, parrots and turacos, and
fruit bats, which all may disperse seeds. It is

said that the tree can live for more than 200
years.
Ecology Diospyros mespiliformis occurs in
woodland and wooded savanna, sometimes also

in fringes of more humid forest, up to 1350 m
altitude, rarely up to 2000 m. In many drier
regions it is commonly foundin riparian forest.
The mean annualrainfall in the area of distribution is 300-2000 mm, with a dry season of
up to 8 months. Diospyros mespiliformis is
usually found on more fertile, deep soils, often
on alluvial soils and termite mounds, but it is

occasionally found on rocky hill slopes. Young
trees have been recorded to be sensitiveto fire.
Propagation and planting In natural forest in northern Benin, natural regeneration
has been reported to be quite good, with about
290 seedlings and 60 saplings per ha. In central Côte d'Ivoire about 280 seedlings and saplings were counted per ha. Diospyros mespiliformis often regenerates abundantly in dry
secondaryforest.
Diospyros mespiliformis is usually propagated
by seeds. Fruits should be collected from the
tree when they start to become yellow, to avoid
competition by animals such as birds. Seeds
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should be depulped and cleaned in running
water, and subsequently dried in the sun before storage. There are 2400-3200 seeds per
kg. The seeds usually germinate within 6
weeks. They can be stored for several years in
airtight containers at 3°C and about 5% moisture content, but at room temperature for not

more than one year. Scalding the seeds for 3-7
minutes accelerates germination, as well as
partial removal of the seed coat by nicking.
However, in Malawi a germination rate of more
than 80% wasachieved by simply cleaning and
soaking the seeds. In Burkina Faso grafting
experiments showed promising results. Root
suckers can also be used for propagation.
Young trees are difficult to transplant; sowing
on the permanent site is recommended.
Management In most parts of its distribution area, Diospyros mespiliformis is neither
particularly rare nor particularly abundant.
Only very locally it is abundant or dominant.
In the Sudano-Sahelian zone, Diospyros mespiliformis is characteristic for terrace sites in
agroforestry landscapes with millet and maize
cultivation. In southern Africa trees are often
left when clearing land for agricultural fields
so that fruits can be harvested. Tests in Côte
d'Ivoire and Ghana showed that the application of an inorganic NPK fertilizer may have
significant effect on the height and diameter
growth of seedlings. Trees can be coppiced and
pruned.
Diseases and pests Fruits are eaten by
numerous animals, often already before they
are fully ripe. Seeds are commonly attacked by
boring insects and should be protected when
stored.
Harvesting Some caution is needed during
harvesting operations because logs of large
trees may have brittle heart or may be hollow.
In Benin a minimum bole diameter of 35 cm
and a cutting cycle of 25 years have beenrecommendedfor harvesting, but this seems to be
inadequatefor sustainable harvesting.
Yield A bole of 50 cm in diameter harvested
in northern Côte d'Ivoire was estimated to
yield 1 m3 of wood.
Handling after harvest Due to the high
density of the wood logs do not float in water
and cannot be transported by river. After cutting, the heartwood of logs slowly becomes
darker, sometimes to black, and burying has
been reported to accelerate the process of darkening.
Genetic resources Diospyros mespiliformis
is extremely widespread and there is no reason

to consider it as threatened by genetic erosion.
However, it is locally extensively exploited for
timber and firewood and may be under pressure in some regions.
Prospects Diospyros mespiliformis is a true
multipurpose tree, which is of great importance
to local communities of African people. It does
not only provide wood, but also edible fruits,
traditional medicines and forage. Moreover,it
plays an important role in the ecosystem,
providing food to numerous animals. More research on this species is therefore warranted,
particularly on propagation and planting, and
on growth rates underdifferent circumstances.
More detailed pharmacological studies are recommended because the interesting medicinal
properties found in research might be developed into new drugs.
Major references Bolza & Keating, 1972;
Burkill, 1994; CAB International, 2010; Chilu-

fya & Tengnäs, 1996; Janick & Paull (Editors),
2006; Maundu & Tengnäs (Editors), 2005:
Neuwinger, 2000; Orwa et al., 2009; White,

1987; White, 1988.
Other references Adeniyiet al., 2003; Adzu
et al., 2002a; Adzu et al., 2002b; Ahawaadong,
2006; Arbonnier, 2004; Chikamai et al., undated; CIRAD Forestry Department, 2008; Coates
Palgrave, 1983; de la Mensbruge, 1966; Dupriez

& De Leener, 1989; Keay, 1989; Lajubutu et
al., 1995; Osei-Begyina, 2007; Palmer & Pitman, 1972-1974; Prins & Maghembe, 1994;
Takahashi, 1978; Umaru et al., 2007; van Wyk

& Gericke, 2000; White, 1983; White & Verdcourt, 1996.

Sources of illustration White, 1963; White,
1987.
Authors H.H. El-Kamali

DIOSPYROS SANZA-MINIKA A.Chev.
Protologue Veg. Ut. Afr. Trop. Frang. 5: 155
(1909).
Family Ebenaceae
Chromosome number 2n = 30
Vernacular names African ebony, Liberia
ebony (En).

Origin and geographic distribution Diospyros sanza-minika occurs from Sierra Leone to
Ghana, and from Cameroon to Gabon and Con-

go.
Uses The wood of Diospyros sanza-minika is
used for poles and wattles in house construction, mine props, implements, utensils, handles, game traps, cages, shafts of spears and
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hardly attacked by termites but susceptible to
marine borers and occasionally to pinhole borers. The sapwood is permeable to preservatives
by impregnation. Saw dust may cause irritation of skin and throat in wood workers.
Several norbergenin derivatives have been
isolated from the bark, some of which showed
radical scavenging properties and in-vitro antimalarial activity against Plasmodium falciparum.
Description Evergreen small to mediumsized tree up to 25(-40) m tall; bole branchless
for up to 20 m,straight, cylindrical, up to 60(—
100) cm in diameter, usually without buttresses; bark surface deeply fissured, blackish, very

hard, inner bark thin, pinkish; crown usually
small,

Diospyros sanza-minika — wild

narrow

to

rounded,

with

horizontal

branches; young twigs nearly glabrous. Leaves
alternate, simple and entire; stipules absent;

harpoons, and turnery. It is suitable for heavy
flooring, joinery, ship building, vehicle bodies,
sporting goods, toys, novelties, draining boards
and carvings. The wood is also used as firewood. In traditional medicine, a poultice of
pulped leaves is applied as anodyne.
Production and international trade The
wood of Diospyros sanza-minika is rarely exported and almost exclusively used domestically. There is no information available on trade
statistics.
Properties The heartwood is greyish white
to pinkish when freshly cut, darkening to
brownish with black streaks or occasionally
black near the centre of the log; it is indistinctly demarcated from the sapwood. The grain is
straight to interlocked, texturefine.
The wood is medium-weight to heavy, with a
density of 630-980 kg/m* at 12% moisture content, and hard. The rates of shrinkage are
quite high. Once dry, the wood is unstable in

petiole 0.5—1(-1.5) cm long, grooved above,
glabrous; blade lanceolate-elliptical to oblongelliptical, 12-27 cm x 3-10 cm, cuneate at base,
short-acuminate at apex, leathery, dark short-

hairy below when young, pinnately veined with
7-12 pairs of lateral veins. Inflorescence an
axillary fascicle, often on older branches, (1-)

service. At 12% moisture content, the modulus

of rupture is 132-180 N/mm?, modulus of elasticity 13,130-15,880 N/mm?, compression parallel to grain 54-72 N/mm?, cleavage 15-19
N/mm, Janka side hardness 10,850 N and
Chalais-Meudon side hardness 8.1-8.8.
The wood is rather difficult to saw and work
with both hand and machine tools: it causes a

serious dulling effect on saw teeth and cutting
edges. The wood planes to a good finish and
takes a high polish, but some picking up may
occur when interlocked grain is present; a redueced cutting angle is recommended. The wood
holds nails moderately well, but pre-boring is
advised. The wood is liable to attacks by sap
stain fungi. It is moderately durable, being

Diospyros sanza-minika — 1, leaf; 2, part of
branch with male flowers; 3, male flower; 4,

female flower;5, fruit; 6, seed.
Redrawn and adapted by Iskak Syamsudin
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3-5-flowered. Flowers unisexual, regular; pedicel up to 3(-5) mm long; calyx cup-shaped, up
to 8 mm long, yellowish brown short-hairy,
entire or indistinctly lobed at apex; corolla c. 2
cm long, fleshy, densely appressed brownish
hairy outside, white or pinkish inside, with c. 1
cm long tube and (3—)4—5 lobes up to 1 cm long;
male flowers with corolla lobes about as long as

used for poles, utensils and handles. Bark infusions are administered in local medicine to
treat bronchitis.
Diospyros mannii Hiern is a small to mediumsized tree up to 20(-30) m tall, with bole up to
30(-60) cm in diameter. Its distribution area is
quite similar to that of Diospyros sanza-

tube, stamens 20-24, c. 5 mm long, with very

African Republic and south to Cabinda (Angola). The blackish heartwood with greyish
streaks which is present in the core of the bole
of old trees is heavy, with a density of about
950 kg/m? at 12% moisture content, and is locally used for utensils and handles. The wood
is suitable for similar purposes as the wood of
Diospyros sanza-minika, but is rarely available
in larger dimensions. The large fruits, which
are up to 10 cm long and haveirritating hairs,
provide edible pulp and seed arils, which are
said to have an excellent taste similar to
muskmelon. In traditional medicine, pulped
bark is applied to fractures and used in mixtures to treat intestinal complaints.
Diospyros polystemon Gürke is an evergreen
small to medium-sized tree up to 20(-30) m
tall, occurring from Cameroon to DR Congo
and northern Angola. Its wood is locally used
for implement handles.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundariesindis-

short filaments, usually glabrous; female flowers with corolla lobes shorter than tube, rudimentary stamens 5-6, ovary superior, ovoid, c.
4 mm long, densely hairy, 6-8-celled, styles 3—
4. Fruit an ellipsoid-cylindrical to slightly 4angled berry, up to 5 cm X 4.5 cm, reddish
brown hairy but becoming glabrous, yellow
when ripe, 4-8-seeded. Seeds oblong-cylindrical, 2-3 cm long, brown to blackish. Seedling
with epigeal germination; hypocotyl 4-7 cm
long, thick, epicotyl 3-5 cm long, hairy; cotyledons staying within the seedcoat, leafy, c. 3 cm
long, early caducous; first 2 leaves opposite,
darkred.
Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in mainland tropical Africa about 90 species
occur and several produce valuable timber or
edible fruits.
Diospyros boala De Wild. is a small to mediumsized tree up to 25 m tall, occurring in Cameroon, Gabon and DR Congo. Its wood is locally
used for implement handles.
Diospyros conocarpa Gürke & K.Schum. is a
small tree up to 10 m tall, occurring from Nigeria to DR Congo and Cabinda (Angola). Its
wood is locally used in house building.
Diospyros cooperi (Hutch. & Dalziel) F.White is
a shrub or small tree up to 13 m tall, occurring
from Sierra Leone to Ghana. The slender boles
are used for posts and rafters in house construction. A leaf decoction produces a black
dye.

Diospyros elliotii (Hiern) F.White is a small
tree up to 11 m tall with short bole up to 40 cm
in diameter, characteristic for gallery forest in

savanna regions and the inner edges of mangroves from Senegal to Nigeria. The wood is
used for implements and handles, and branches for gametraps. The tree is a source offirewood. Twigs serve as chewsticks and thefruit
pulp is edible.
Diospyros iturensis (Gürke) Letouzey &
F.White is a small to medium-sized tree up to
20 m tall, occurring from Nigeria east to the
Central African Republic and south to DR
Congo and northern Angola. Its wood is locally

minika, from Sierra Leone east to the Central

tinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 24: intervessel pits minute (< 4 um);
25: intervessel pits small (4-7 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 41: mean tangential diameter of vessel
lumina 50-100 um; 47: 5-20 vessels per square
millimetre; 58: gums and other deposits in
heartwood vessels. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 70: fibres very
thick-walled. Axial parenchyma: 77: axial parenchyma diffuse-in-aggregates; 78: axial parenchyma scanty paratracheal; 86: axial parenchyma in narrow bands or lines up to three
cells wide; 87: axial parenchyma reticulate; 92:
four (8-4) cells per parenchyma strand; 93:
eight (5-8) cells per parenchyma strand. Rays:
96: rays exclusively uniseriate; (97: ray width
1-8 cells); 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; 107: body ray cells procumbent with
mostly 2—4 rows of upright and/or square mar-
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ginal cells; 115: 4-12 rays per mm. Mineral
inclusions: 136: prismatic crystals present;
(137: prismatic crystals in upright and/or
square ray cells); 142: prismatic crystals in
chambered axial parenchymacells.
(L. Awoyemi, A.A. Oteng-Amoako & P. Baas)
Growth and development Diospyros sanza-minika grows slowly. Young foliage of trees
is red. In West Africa flowering is usually from
March to July, but in Côte d'Ivoire sometimes
also in November-December. Fruits ripen
about 3 months later, often towards the end of

the rainy season, but they may persist for more
than 6 months. They are eaten by animals such
as chimpanzees, which probably serve as seed
dispersers.
Ecology Diospyros sanza-minika occurs in
humid evergreen forest up to 500 m altitude,
preferring well-drained, base-poor and acidic
soils and avoiding swampsandrockysites.
Propagation and planting Although Diospyros sanza-minika is considered a shade bearer, vigorous saplings are most commonin small
to medium-sized gaps in the forest. In forest in
Ghana germinationof seeds is usually recorded
in May—June.
Harvesting Caution is needed during harvesting operations because logs may havebrittle heart.
Genetic resources Diospyros sanza-minika
is locally common in WestAfrica, e.g. in some
regions in Cote dIvoire and Ghana, but it
seems to be less common in Central Africa. It
may become endangered by genetic erosion as
a result of on-going deforestation.
Prospects Although Diospyros sanza-minika
does not produce the blackish ebony wood
which is in high demand on the international

1978; Tangmouoet al., 2009; Tangmouoetal.,
2010; Taylor, 1960; Vivien & Faure, 1985;
White, 1963; White, 1978b; White, 1987.

Sources ofillustration Letouzey & White,
1978c.

Authors E.A. Obeng & A.A. Oteng-Amoako

DISTEMONANTHUS BENTHAMIANUSBaill.
ProtologueHist. pl. 2: 135 (1870).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 24
Vernacular names African satinwood, yellow satinwood (En). Movingui (Fr).
Origin and geographic distribution Distemonanthus benthamianus occurs from Guinea
and Sierra Leone eastward to Cameroon, and

southward to Gabon and southern Congo.
Uses The wood, traded as ‘movingui’,, ‘African
satinwood’ and‘yellow satinwood’, is used for a
variety of purposes such as heavy construction
including hydraulic works, heavy flooring, carpentry, mine props, ship building, vehicle bodies, railway sleepers, furniture for interior as
well as exterior use, cabinet making, sporting
goods, musical instruments, crates, boxes, agricultural implements,

tool handles,

market, its wood is valued for domestic uses. It

seems to have little prospects as commercial
timber tree, but research on its propagation
and sustainable managementin natural forest
is recommended. The antimalarial properties of
the bark deserve more research attention because they mayoffer possibilities for the developmentof new drugs.
Major references Bolza & Keating, 1972;
Burkill, 1994; de Koning, 19838; Irvine, 1961;

Kryn & Fobes, 1959; Kunkel, 1965; Letouzey &
White, 1978c; Sallenave, 1955.
Other references Aubréville, 1959c; Cooper
& Record, 1931; Danforth & Noren, 1997; de la
Mensbruge, 1966; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Letouzey & White,

1970b; Neuwinger, 2000; Raponda-Walker &
Sillans, 1961; Savill & Fox, 1967; Takahashi,

vats for

chemical products, shingles, carvings, turnery,
veneer and plywood. It is also used as firewood
andfor charcoal production.
The bark is used in traditional medicine.
Pounded bark is applied to skin complaints
including furuncles and abscesses, used as a
sniff against epilepsy, taken to treat palpitation and used as an enemato treat hepatitis.
Bark decoctions are used in a bath or as a va-

Distemonanthus benthamianus — wild
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pour bath to treat bronchitis, rheumatism, and

fever including malaria. In Nigeria twigs are
used as chewing sticks. The yellow dye from
the roots has been used for body decoration.
The tree is used in many local ritual ceremonies.
Production and international trade In 1983
Cote d'Ivoire exported 38,000 m3 of ‘movingui’
logs, but only 180 m3 in 1996. In 1999 ‘movingul timber ranked 10on the list of most
important export timbers of Gabon, with
28,000 m3 of logs exported. In 2000 Gabon exported 36,000 m3 of logs, but the amount decreased to 12,000 m3 in 2009. In 2004 Congo
exported 4000 m? of sawn Distemonanthus
benthamianus wood at an average price of US$
134/m?, and 1200 m3 in 2009. In 2005 export of
sawn wood from Cameroon was 14,000 m? at
an average price of US$ 340/m?, and in 2006
12,000 m? at an average price of 514/m3. In
2009 Cameroon exported 5000 m? of logs and
5500 m3 of sawn wood. Thebarkis sold in local
markets in Gabon for medicinal purposes. In
Ghana considerable volumes of Distemonanthus benthamianus wood are exported, mainly
as sliced veneer and mouldings.
Properties The heartwoodis yellow to golden yellow, darkening to orange-brown upon
exposure, sometimes with pinkish brown
streaks, and distinctly demarcated from the
whitish to greyish or straw-coloured, up to 4
cm wide sapwood. The grain is wavyto interlocked, texture medium to fine and even. The

woodis slightly lustrous and quite decorative.
Radial surfaces show ribbon figure. The wood
is not recommended for the manufacture of
laundry and kitchen equipment because it often contains a yellow, water-soluble extractive.

The wood is medium-weight to fairly heavy,
with a density of 570-860 kg/m? at 12% moisture content, and fairly hard. It air dries well
but quite slowly, with little degrade, but with a
slight tendency of developing end checks and
surface checks. The rates of shrinkage are low
to medium, from green to oven dry 3.0—4.4%
radial and 5.0—7.2% tangential. Once dry, the
wood is moderately stable to stable in service.
At 12% moisture content, the modulus of rupture is (103—)140—207 N/mm2, modulus ofelas-

ticity 8400-12,950(-14,740) N/mm?, compression parallel to grain 45-69(-85) N/mm?, shear

12.5-14.5 N/mm?, cleavage 12.5-21.5 N/mm,
Janka side hardness 5470-6290 N, Janka end
hardness 7330 N and Chalais-Meudon side
hardness (2.9—)4.3—7.7.
The sawing and working characteristics are

variable depending on the amounts of silica
and exudate in the wood. Fresh wood is quite
easy to saw, but dry wood more difficult and
may cause over-heating of saw blades. When
the silica content is high, stellite-tipped saw
teeth and tungsten-carbide cutting edges are
recommended; the wood may contain up to
1.8% silica. Quarter-sawn surfaces may show
picking up of grain in moulding and planing
operations, and a reduced cutting angle of 20°
is recommended. The wood can take a nice finish and polishes well when filler is used. The
nailing and screwing characteristics are variable; splitting may be a problem and pre-boring
is advised, but the wood holds nails and screws

well. It glues satisfactorily. The useofa filler is
recommendedbefore painting. The steam bending properties are good. The wood canbesliced
for the production of good-quality veneer. It
can also be peeled, but this is rarely done because the veneer is not nicely figured. Steaming of the wood for 48 hours before slicing or
peeling is needed to obtain veneer with a good
flexibility. Tests showed that the wood is well
suited for the production of glued laminated
elements.
The heartwood is moderately durable, being
moderately resistant to fungal and termite
attacks, and quite resistant to dry-wood borer
attack. In tests in Turkey, the wood showed
good durability against marine borers, but this
may depend on thesilica content. The heartwood is resistant to impregnation with preservatives. The saw dust may cause dermatitis
in wood workers.
The wood contains 37% cellulose, 27% lignin,
12.5% pentosan, 2.7% ash and (0.2—)0.4—0.8 (—
1.3)% silica. The solubility is 13.0% in alcoholbenzene, 1.3% in hot water and 16.1% ina 1%

NaOHsolution.
Aqueous and chloroform extracts of the bark
showed in-vitro antibacterial activity against
several bacteria implicated in oral and dental
infections. The extract contained tannins, ster-

oids, saponins andalkaloids.
Adulterations and substitutes In Ghana
the wood of Distemonanthus benthamianus is
considered a substitute for the woods of Sterculia oblonga Mast., Nauclea diderrichii (De
Wild. & T.Durand) Merr. and Piptadeniastrum
africanum (Hook.f.) Brenan. The wood properties are comparable to European beech and
oak.
Description Deciduous medium-sized to large
tree up to 40 m tall; bole branchless for up to
25 m, usually straight and cylindrical, up to
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becomingpale green to yellowish, peeling off in
large, irregular patches, inner bark thin, fibrous, cream-coloured to orange or pink-brown,
sticky; crown umbrella-shaped, fairly open;
twigs short-hairy but soon glabrous, purplish.
Leaves alternate, imparipinnately compound
with (4-)7-11(-18) leaflets; stipules narrowly
oblong, c. 7 mm long, caducous; petiole (1—)2—4
cm long, rachis 6-18 cm long; petiolules 3-6
mm long; leaflets alternate, ovate to elliptical,

0.5 cm long, brown hairy, 1-celled, style c. 0.5
cm long, glabrous. Fruit a flattened elliptical
pod 7-13 cm X 2.5-3.5 cm, papery, reticulately
veined, indehiscent, 2—5-seeded. Seeds flattenedelliptical, c. 1 em x 0.5 cm, glossy brown.
Seedling with epigeal germination; hypocotyl
4—5 cm long, quadrangular, epicotyl c. 0.5 cm
long; cotyledonsleafy, obovate, up to 2 cm long;
first 2 leaves opposite, simple.
Other botanical information Distemonanthus comprises a single species and seems to
havea ratherisolated position.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 26:
intervessel pits medium (7-10 um); (27: intervessel pits large (= 10 um)); 30: vessel-ray pits
with distinct borders; similar to intervesselpits
in size and shape throughoutthe ray cell; 42:
mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre; 58: gums and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres
with simple to minutely bordered pits; 66: nonseptate fibres present; 69: fibres thin- to thickwalled. Axial parenchyma: 80: axial parenchyma aliform; 82: axial parenchyma wingedaliform; 83: axial parenchyma confluent; (85:
axial parenchyma bands morethan threecells
wide); (89: axial parenchyma in marginal or in
seemingly marginal bands); 92: four (3—4) cells
per parenchymastrand; 93: eight (5-8) cells
per parenchymastrand. Rays: 97: ray width 1—
3 cells; 106: body ray cells procumbent with one
row of upright and/or square marginal cells;
107: body ray cells procumbent with mostly 2—4
rows of upright and/or square marginal cells;
113: disjunctive ray parenchyma cell walls
present; 115: 4-12 rays per mm. Storied struc-

(3.5-)5-10 cm Xx (1.5-)2.5-5 cm, rounded at

ture: 118: all rays storied; 120: axial paren-

base, usually short-acuminate at apex, thickpapery, slightly hairy below, pinnately veined
with 8-13 pairs of lateral veins. Inflorescence
an axillary panicle-like cyme up to 10(—-30) cm
long, short-hairy. Flowers bisexual, slightly
zygomorphic, showy; pedicel slender, up to 1
cm long, hairy; sepals 5, free, lanceolate, c. 1

chyma and/or vessel elements storied. Mineral
inclusions: 136: prismatic crystals present; 140:
prismatic crystals in chambered upright and/or
square ray cells; 142: prismatic crystals in
chambered axial parenchymacells; 159: silica
bodies present; 160: silica bodies in ray cells;
161: silica bodies in axial parenchymacells.

cm long, 2 broader than other 3, recurved, red-

(R. Shanda, P.E. Gasson & E.A. Wheeler)

dish brown; petals 3, free, narrowly elliptical,

Growth and development Growthof seedlings in the nursery is slow; they reach 10—25
cm in height after 5 months. In Guinea they
were on average 100 cm tall when planted in

Distemonanthus benthamianus — 1, base of
bole; 2, flowering twig; 3, flower; 4, fruit.

Redrawn and adapted by G.W.E. van den Berg
130 cm in diameter, often with short, rounded
buttresses; bark surface smooth, orange to red,

slightly longer than sepals, 1 slightly broader
than other 2, white; stamens 2, up to 1.5 cm

long, rudimentary stamens3; ovary superior,c.
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moderate shade and 160 cm in full sun 2 years
after planting. The survival rate of seedlings
planted at 625 plants/ha in Gabon was 100%
after one year when plantedin the open as well
as in opened-upforest, and after 6 years it was
80% and 60%, respectively. After 6 years the
mean height was 11 m and the meanbole diameter 10 cm whenplantedin the open and 6.5
m and 4.5 cm, respectively, when planted in
the forest. After 11 years the mean height was
16.5 m and the mean bole diameter 11.5 cm in
the open and 11 m and 6 cm, respectively, in
the shade. The mean annual diameter growth
of the bole in naturalforest is estimated at 3—4
mm. In an arboretum in Cameroon, the mean

annual diameter growth of planted trees without thinning was 5 mm, but it varied widely
from 1 mm to 11 mm.
Trees may start to fruit when the bole is only
20 cm in diameter, but only trees with a bole
diameter of more than 40 cm fruit regularly.
Thetree is leafless for a short period. New foliage is coppery red and followed by the quite
conspicuous flowers. In Liberia flowering is in
January—February and in Ghana usually in
February—July, and fruits ripen about 6
months later. Fruiting is reported to be sparse
and not annually. In Central Africa fruiting
usually occurs at the end of the short dry season. The fruits are dispersed by wind up to 50
m from the mother tree. Monkeys and parrots
feed on the seeds. The roots are associated with
mycorrhizae.
Ecology Distemonanthus benthamianus occurs In evergreen and moister types of semideciduous forest, also in disturbed forest but
not in swampylocations. In West Africa it is
more common in moist semi-deciduous forest
than in evergreen forest. It prefers regions
with a mean annual rainfall of 2000 mm. It
does not appearto have anysoil preference.
Propagation and planting Distemonanthus benthamianus is classified as a nonpioneer light demander, and natural regeneration is limited in mature forest; few saplings
are found in forest with a closed canopy. However, seedlings and saplings can be found in
the understorey of the forest and tolerate
shade. Regeneration in disturbed forest may
occur, but is neither abundant. However, in

Gabon seedlings have been reported to be locally abundant in secondary and planted forests.
To promote regeneration, it was proposed to
open the forest canopy just before the trees
fruit.
The seeds are difficult to collect, mainly be-

cause fruiting is irregular. There are about
2500 seeds per kg. The seeds take 2-6.5 weeks,
sometimes to 5 months, to germinate after sow-

ing and the germination rate is generally moderate, in Guinea 13-26%, although it has also
been reported to be 90%. Soaking the seeds in
water for 24 hoursor in sulphuric acid for 30
minutes promotes germination. The fastest
growing seedlings are about 40 cm tall and
ready for planting when 4—5 months old, but
generally they need to stay in the nursery for
at least one year. Wildlings are occasionally
collected for planting. A spacing of 3 m X 3 mis
recommended for planting in the field. Distemonanthus benthamianus is sometimes planted in mixtures with other species having similar growth rates, such as Nauclea diderrichii
(De Wild. & T.Durand) Merr., Afzelia bella
Harms, Bussea occidentalis Hutch. and Para-

macrolobium coeruleum (Taub.) J.Léonard.
Management Distemonanthus benthamianus
usually occurs scattered in the forest, occasionally in small groups. In Ghana the average
wood volume has been estimated at 0.6 m3/ha
and the total exploitable volumeof trees with a
bole diameter of more than 70 cm at 250,000

m2; the annual allowable cut volume is 6300
m?. In Cameroon the average density is up to
0.3 trees with a bole diameter of more than 60
em per ha, with a mean wood volume of up to 2
m%ha. In Gabon the average wood volume has
been estimated at 0.3 m3/ha.
Harvesting Somecaution is needed atfelling
because the bole may have internal stresses
and wind shakes. The minimum bole diameter
allowed for harvesting is 60 cm in Cote d’Ivoire
and Cameroon and 70 cm in Ghana and Gabon.
Yield One large tree may yield 8-15 m? of
wood.
Handling after harvest Logs are fairly
durable and can be left in the forest for some
time after felling without serious deterioration.
However, the sapwood is susceptible to fungal
and borer attacks, and deep splits may develop
in the logs if they are left too long. Logs sink in
water and cannot be transported by river.
Genetic resources Distemonanthus benthamianus is widespread, but usually occurs scattered in the forest in low densities. In general,
it does not seem to suffer from genetic erosion
at present, also because it is commonly found
in secondary forest and is exploited on a moderate level, but locally it may be vulnerable,
e.g. in southern Cameroon whereit is considered to be susceptible to genetic erosion due to
logging activities. Monitoring of the popula-
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tions is recommended.
An analysis of the spatial genetic structure of
Distemonanthus benthamianus in Cameroon
and Gabon showed the existence of 3 clearly
differentiated gene pools, probably as a result
of forest fragmentation in cool and dry periods
in the past when the species survived in some
relict populations, from which it expanded
again when the climate became warmer and
wetter.

Prospects There is an export market for the
durable and multipurpose timber of Distemonanthus benthamianus. In Ghana it has been
suggested as a substitute of similar timbers
which have become rare due to overexploitation, whereas in several Central African countries it already has established a position amongst the more important export timbers. Natural regeneration is sparse, and this
may hamper sustainable exploitation from the
forest. Research is needed on appropriate
methodsofsilvicultural management.
Major references Bolza & Keating, 1972;
Burkill, 1995; CIRAD Forestry Department,
2008; CTFT, 1947; Debout, Doucet & Hardy,
2011; Guiscafre & Sales, 1975; Koumba Zaou et
al., 1998; Oteng-Amoako (Editor), 2006; Taka-

Drypetes gerrardii — wild
babwe, Mozambique, eastern South Africa and

Swaziland.
Uses The wood knownin Kenya as ‘munyenye’
and in southern Africa as ‘white bastard wood’
is locally used, mainly for poles in construction,
and for joinery, furniture, tool handles and
utensils. It is suitable for flooring, mine props,
ship building, vehicle bodies, sporting goods,

hashi, 1978; Voorhoeve, 1979.

boxes,

Other references Adjanohoun et al. (Editors), 1988; Aiyegoro et al., 2008; ATIBT, 1986;

turnery. Locally in South Africa small Drypetes
gerrardii trees with a bole diameter of 3-10 cm
are popular for poles in house building and
fencing. The woodis also used as firewood and
for charcoal production.
In traditional medicine, a root decoction is taken to treat stomach-ache, and ground roots and
leaves are administered with water to treat
gonorrhoea. The flowers provide nectar for
honey bees.
Properties The heartwood is whitish, turning pale yellowish to greyish upon exposure,
with occasional brownish streaks, and indistinctly demarcated from the wide sapwood. The
grain is straight, occasionally slightly interlocked, texture fine and even.
The wood is medium-weight to heavy, with a
density of 710-815 kg/m* at 12% moisture con-

Aubréville, 1968; Aubréville, 1970; Christy et
al., 2003; de la Mensbruge, 1966; de SaintAubin, 1963; Gassita et al. (Editors), 1982;

Hawthorne, 1995; Hawthorne & Jongkind,
2006; Irvine, 1961; Keay, 1989; Neuwinger,
2000; Ngavoura, 1990; Raponda-Walker & Sillans, 1961; Siepel, Poorter & Hawthorne, 2004;

Tailfer, 1989; Vivien & Faure, 1985; White &
Abernethy, 1997.
Sources of illustration Voorhoeve, 1979;
Wilks & Issembé, 2000.
Authors F.W. Owusu & D. Louppe

DRYPETES GERRARDIHutch.
Protologue Dyer, Fl. cap. 5(2): 405 (1920).
Family Euphorbiaceae (APG: Putranjivaceae)
Synonyms Drypetes battiscombei Hutch.
(1924).
Vernacular names Bastard white ironwood,

forest ironwood, forest ironplum, hairy drypetes (En). Kihambie (Sw).
Origin and geographic distribution Drypetes gerrardii is widespread from southern Sudan, Uganda and Kenya south to Angola, Zim-

crates,

agricultural

implements

and

tent, and hard. It air dries slowly but well,

with only slight end-checking and warping.
The rates of shrinkage during drying are quite
high. Oncedry, the woodis stable in service. At
12% moisture content, the modulus of rupture
is 147 N/mm?, modulus of elasticity 18,230

N/mm? and compression parallel to grain 68
N/mm?
The wood saws and works moderately well
with machine tools. It planes to a smooth sur-
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face. It has a tendencyto split upon nailing and
screwing, and pre-boring is advised. The peeling andslicing characteristics are not favourable. The wood is moderately durable. It is liable
to termite attack, but in South Africa it has
been recorded to be resistant to termites. The
sapwood is liable to Lyctus attack, and the
wood is susceptible to marine borers. The
heartwood is resistant to treatment with preservatives, the sapwood is moderately resistant.
Several triterpenoids, a steroid and a flavone
dimer have beenisolated from the leaves.
Description Evergreen, dioecious shrub or
small to medium-sized tree up to 20(-35) m
tall; bole branchless for up to 10 m, straight, up
to 40(—50) cm in diameter, often fluted at base
or with sharp buttresses; bark surface grey or
greyish brown, usually smooth, sometimes
flaking in roundedscales, inner bark yellowish
white to orange with white flecks; crown dense
and narrow with more or less horizontal
branches; twigs drooping, greyish, finely hairy.
Leaves alternate, simple; stipules triangular, c.
1 mm long, soon caducous; petiole 3-10 mm

long; blade ovate to rhombic-elliptical or lanceolate, 2-14(-17) cm x 1—7(-9) cm, cuneate to
rounded and asymmetrical at base, acute to
acuminate at apex, margins toothed to nearly
entire, thin-leathery, yellowish hairy along
midrib or nearly glabrous, pinnately veined
with 5-9 pairs of lateral veins. Flowers unisexual, regular, 4-merous; pedicel up to 4 mm
long; sepals rounded, c. 3 mm in diameter,
whitish yellow, densely yellowish hairy; petals
absent; male flowers in an axillary fewflowered fascicle, with 4 stamens c. 3 mm long,
disk 4-lobed; female flowers solitary, with shal-

lowly cup-shaped disk, ovary superior, densely
hairy, 2-celled, styles 2, free, reflexed, up to 1.5

mm long. Fruit an obovoid to nearly globose,
slightly 2-lobed, fleshy drupe 1-1.5 cm long,
short-hairy, yellowish to reddish-orange when
ripe, indehiscent, 1-2-seeded. Seeds compressed-ovoid, c. 1 mm long, brownish with
whitish streaks.
Other botanical information Drypetes
gerrardii is variable and some varieties have
been distinguished, mainly based on leaf sizes
and hairiness of young shoots andpetioles.
Drypetes comprises about 210 species and is
distributed throughout the tropics and subtropics. About 60 species occur in continental Africa and about 15 in the Indian Ocean islands.
The woodof several other Drypetes spp. is used
locally in tropical Africa.
Drypetes afzelii (Pax) Hutch. is a shrub or
small tree up to 10 m tall, occurring in West
Africa, from Sierra Leone to Ghana. Its greyish
to pale brown wood is hard, durable and quite
resistant to termites and probably used for
construction. The gum from the bole is rubbed
on the body becauseof its aromatic scent. Drypetes afzelii is classified as vulnerable in the
IUCN Red List because it is uncommon and
suffered from decline of its habitat, i.e. wet

evergreen forest.
Drypetes arguta (Müll.Arg.) Hutch. is a shrub
or small tree up to 8 m tall, occurring from
Tanzania south to eastern South Africa. In
South Africa small logs, with a mean length of
150 cm and mean diameter of 22 cm, are used
for wall laths in building traditional houses,

Drypetes gerrardii — 1, tree habit; 2, twig with
male fowers; 3, twig with fruit.
Redrawn and adapted by Achmad Satiri Nurhaman

and the woodis used for sticks. The fruits are
edible and used to make an intoxicating drink.
Drypetes aubrevillei Leandri is a small to medium-sized tree up to 25 m tall with bole up to
50 cm in diameter. It is found in West Africa,
from Sierra Leone to Ghana. Its pale yellow
wood is heavy, with a density of about 960
kg/m? at 12% moisture content, and hard. It is

DRYPETES 321

used in house construction. The bark is used in
traditional medicine; it is applied externally to
treat bronchitis, lumbago, rheumatism and
kidney pain, and is taken as expectorant.
Drypetes aylmeri Hutch. & Dalziel is a small
tree up to 13 m tall, with bole up to 25 cm in
diameter. It is also found in West Africa, from

Sierra Leone to Ghana. Its whitish wood is
hard, durable and quite resistant to termites,
and used in house construction.
Drypetes bathiei Capuron & Leandri is a shrub
up to 4 m tall, occurring in northern and eastern Madagascar. Its hard wood is used for construction, tool handles and sticks.
Drypetes caustica (Frapp. ex Cordem.) Airy
Shaw is a small to medium-sized tree up to 20
m tall, endemic to Réunion and Mauritius. The

wood has been used for construction, but Drypetes caustica has becomerare and exploitation
should be discouraged.
Drypetes floribunda (Mill.Arg.) Hutch. is a
small tree up to 10 m tall, occurring from Senegal east to DR Congo in dry forest and savanna. Its whitish wood is hard and used in house
construction and for poles, and also as firewood. The pulp of the orange-red fruits is edible, and twigs are used as chew-sticks for
cleaning theteeth.
Drypetes gilgiana (Pax) Pax & K.Hoffm. is a
shrub or small tree up to 10(-15) m tall, with
bole up to 25 cm in diameter. It occurs from
Senegal east to Cameroon in various forest
types. Its pale brown woodis hard, and used in
traps for animals and probably also for construction. The pulp of the orange-red fruits is
sweet and edible, but not commonly consumed.

Drypetes gossweileri S.Moore is a medium-sized
tree up to 30(—40) m tall, with bole up to 100(—
120) cm in diameter, occurring from Nigeria

east to the Central African Republic and DR
Congo. Its pale yellowish brown wood, with a
density of 760-800 kg/m? at 12% moisture content, is commonlyused in house building and
for joinery. However, the applications of the
bark in traditional medicine are more important.

Drypetes mossambicensis Hutch. is a shrub or
small to medium-sized tree up to 20 m tall,
with bole up to 60 cm in diameter. It is found
in woodland, often along rivers, in Malawi,
Zambia, Zimbabwe, Mozambique and northern

South Africa. The pale brown to yellowish
brown wood, which has a density of about 970
kg/m? at 12% moisture content, is used for
household utensils and ornaments. The fruits
are edible andlocally popular.

Drypetes parvifolia (Mill.Arg.) Pax & K.Hoffm.
is a shrub or small tree up to 6 m tall. It occurs
in West Africa from Sierra Leone to Nigeria,
and in East Africa in Kenya and Tanzania. Its
wood is locally used in house construction,
mainly for poles.
Drypetes roxburghii (Wall.) Hurus. originates
from tropical Asia and has been introduced in
some regions of West and East Africa, whereit
is mainly planted as ornamental shadetree. In
tropical Asia its wood is used for construction
and turnery, whereas the leaves and fruits are
used in traditional medicine and the leaves as
forage.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
intervessel pits alternate; 25: intervessel pits
small (4—7 um); 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
47: 5-20 vessels per square millimetre. Tracheids andfibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present;
70: fibres very thick-walled. Axial parenchyma:
76: axial parenchyma diffuse; 77: axial parenchyma diffuse-in-aggregates; (86: axial parenchyma in narrow bandsor lines up to three
cells wide); 87: axial parenchyma reticulate;
(93: eight (5-8) cells per parenchymastrand);
94: over eight cells per parenchyma strand.
Rays: 97: ray width 1-3 cells; (100: rays with
multiseriate portion(s) as wide as uniseriate
portions); 102: ray height > 1 mm; 106: body
ray cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2—4 rows of upright and/or square marginal cells; 116: > 12
rays per mm. Mineral inclusions: (136: prismatic crystals present); (137: prismatic crystals
in upright and/or square raycells); (138: prismatic crystals in procumbentraycells).
(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development Young leaves of
Drypetes gerrardii are reddish. Larvae of the
butterfly Coeliades libeon feed on the leaves. In
southern Africa, flowering trees have been recorded from September to November, and ripe
fruits from October to April. The fruits are
eaten by animals such as birds and monkeys,
whichserve as seed dispersers.
Ecology Drypetes gerrardii occurs in ever-
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green forest andriverine forest, sometimes also
in scrub vegetation, at 600-2300 m altitude. It
is usually found in more dry forest types, but
occasionally also in more humid rainforest.
Propagation and planting The 1000-seed
weight is about 12 g. In an experiment in
Uganda, seeds germinated on average 39 days
after sowing at a low germination rate of
17.5%.

Management Small-sized Drypetes gerrardii
trees (up to 10 cm in bole diameter) are locally
commonin the forest understory in South Africa, with recorded average densities of 130
stems per ha, of which an average of 18 stems

per ha are harvested to serve as poles. Trees
can be coppiced. In South Africa nearly 50% of
cut stems showedcoppice regeneration.
Genetic resources Drypetes gerrardii is not
only widespread but also locally common; its
exploitation seems to be moderate, and therefore it is not threatened by genetic erosion,
although locally over-exploitation for poles and
firewood mayoccur.
Prospects Drypetes gerrardii and other Drypetes spp. do not play a role on the international timber market, and in view of their usually
small bole size it is unlikely that this will
change. However, the usually quite heavy,
hard and fairly durable wood is locally important for construction, especially for poles,
and research on growth rates and regeneration
is recommended to draw up directives for proper managementpractices to ensure sustainable
production.
Major references Beentje, 1994; Bolza &
Keating, 1972; Boudreau et al., 2005; Burkill,

1994; Chikamai et al., undated; Coates Palgrave, 1983; Hyde & Wursten, 2010b; Palmer

DUGUETIA STAUDTII (Engl. & Diels) Chatrou
Protologue Changing Gen.: 70 (1998).
Family Annonaceae
Synonyms Pachypodanthium staudtii (Engl.
& Diels) Engl. & Diels (1900).
Origin and geographic distribution Duguetia staudtii occurs from Sierra Leone east to
the Central African* Republic and south to Gabon and DR Congo.
Uses The wood of Duguetia staudtii, known

as ‘ntom’ in Central Africa and as ‘aniouketi’ in
Côte d'Ivoire, is locally used, especially in
house construction for poles and planks, but
also for carpentry and utensils; it is suitable for
flooring, joinery, interior trim, mine props,
furniture, cabinet making, toys, novelties, boxes, crates, vats, food containers, turnery, ve-

neer and plywood.
The bark is used in hut construction for walls,

partitions and doors. It is commonly used in
traditional medicine. Bark decoctions are taken
to treat colds, cough and other complaints of
the respiratory tracts, and as anodyne, purgative, anthelmintic and aphrodisiac. They are
used as mouth wash against toothache, and to
wash the hair to get rid of lice. A paste of
pounded bark is applied externally to treat
smallpox and measles. The barkis also used to
treat tumours, oedema, leprosy and gonorrhoea. Pulped bark with cola nut is taken
against gastro-intestinal problems. Leaf decoctions are applied in mixtures to wash the body
to treat measles. In Céte d’Ivoire stem bark is
used as an ingredient in the preparation of
arrow poison.
Production and international trade The
wood of Duguetia staudtii is only used locally

& Pitman, 1972-1974; Radcliffe-Smith, 1996;
Takahashi, 1978.
Other references Coode, 1982; de Boer et
al., 2005; Dowsett-Lemaire & White, 1990;

Gaugris et al., 2007; Grace et al., 2002a; Ichikawa, 1987; Liu et al., 2008d; Long, 2005; Lovett
et al., 2007; Neuwinger, 2000; Ng’ang’a et al.,

2008; Obiri & Lawes, 2003; Obiri, Lawes &
Mukolwe, 2002; Radcliffe-Smith, 1987a; Schmidt,

Lotter & McCleland, 2002; Sharam, Sinclair &
Turkington, 2006; Tchinda & Sob, 2008; van

Wyk, 1972-1974; Vivien & Faure, 1996; Zanne,
Chapman & Kitajima, 2005.
Sources of illustration Noad & Birnie,
1989; Troupin, 1983.
AuthorsE.A. Obeng
Duguetia staudtii — wild
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and not or rarely traded on the international
market.
Properties The heartwood is pale yellow to
yellowish brown or greenish brown, indistinctly
demarcated from the slightly paler, up to 8 cm
wide sapwood. The wood is susceptible to discolouration to a greyish tinge. The grain is
straight, texture moderately coarse.
The wood is medium-weight to fairly heavy,
with a density of 670-830 kg/m? at 12% moisture content, moderately hard and tough. It air
dries well without serious degrade, except occasional end checking. Therates of shrinkage
are rather high, from green to oven dry 3.4—
5.9% radial and 8.2-10.6% tangential. In Liberia boards of 2.5 cm thick could be air dried
from green to 20% moisture content in 6 weeks.
No defects were observed in kiln drying the
wood from 60% to 20% moisture content in 72
hours.
At 12% moisture content, the modulus of rupture is 139-168 N/mm2, modulusof elasticity
8530-19,600 N/mm?, compression parallel to
grain 59-88 N/mm?, shear 8 N/mm?, cleavage
16-18 N/mm, Janka side hardness 9050 N and
Chalais-Meudonside hardness 4.0—4.2.
The wood works easily with both hand and
machine tools, and has little dulling effect on
cutting edges. It can be planed to an attractive
lustrous surface, and finishes smoothly. The
nailing and screwing properties are satisfactorily, and the wood glues well. It takes paints
and vanish well. The peeling andslicing characteristics are good. The wood is not durable,
being susceptible to attacks by fungi and termites, although it has also been reported to be
quite resistant to termite attack; the sapwood
is liable to Lyctus attack. The wood is moderately easy to treat with preservatives.
The wood contains about 42% cellulose, 29.5%
lignin, 16% pentosan, 1.7% ash and less than
0.02% silica. The solubility is 1.2% in alcohol-

is toxic to brine shrimp, but showed only weak
cytotoxic activity. It showed significant insecticidal activity against Callosobruchus maculatus, a pest in stored cowpea, and Sitophilus

zeamais, a pest of stored maize. The essential
oil from the bark contained more than 70% of
2,4,5-trimethoxystyrene, and the oil showedinvitro activity against Plasmodium falciparum.
Ethanol bark extracts showed high toxicity in
tests with rats. Bark extracts showed antifungal activity against Candida albicans and
Cladosporium cucumerinum.
Description Evergreen, medium-sized to
fairly large tree up to 35(—50) m tall; bole
branchless for up to 20 m, straight and cylindrical, up to 70(-90) cm in diameter, without
buttresses but sometimes slightly swollen at
base; bark surface smooth to slightly rough,
shallowly longitudinally fissured, yellowish to
greenish grey, inner bark thick, fibrous, with
thick granular to gritty stripes, yellow to orange-brown, turning darker upon exposure,
strongly scented; crown small, with horizontal
branches; twigs drooping, slightly hairy, becoming glabrous. Leaves alternate, simple;
stipules absent; petiole up to 1 cm long,flat-

benzene, 3.4% in hot water and 17.1% in a 1%

NaOH solution.
The bark and leaves contain alkaloids, mainly
isoquinoline alkaloids, and the presence of
tannins has been reported in the bark and
roots. Some bisnorlignans have been isolated
from the bark, as well as the flavonol pachypodol, which has potent antiviral activity against
poliovirus. Crude bark extracts killed microfilariae and adult females of Onchocerca volvulus, the causal organism of river blindness;
oliverine was identified as active compound.
2,4,5-Trimethoxystyrene has been isolated in
larger amounts from the bark. This compound

Duguetia staudtii — 1, base of bole; 2, flowering
twig; 3, fruit; 4, seed.
Redrawn and adapted by J.M. de Vries
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tened above; blade narrowly elliptical to narrowly obovate, 138-34 cm x 3-8 cm, cuneate to
rounded at base, sometimes slightly cordate,
acute to short-acuminate at apex, margins
wavy, leathery, sparsely appressed stellate
hairy below, pinnately veined with 10—22 pairs
of lateral veins. Inflorescence an axillary fascicle on a short peduncle up to 4(—6) mm long, 2—
4-flowered, densely stellate hairy; bracts up to

ple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
(24: intervessel pits minute (< 4 um)); 25: intervessel pits small (4-7 um); 30: vessel-ray

12

mm

long.

Flowers bisexual,

regular,

pits with distinct borders; similar to intervessel

pits in size and shape throughout the ray cell;
42: mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; (58: gums and other deposits in heart-

3-

wood vessels). Tracheids and fibres: 61: fibres

merous; pedicel up to 12 mm long, elongating
in fruit; sepals free, ovate, 1-1.5 cm long,
densely stellate hairy outside; petals free, in 2
whorls, 0.5—2.5 cm long, creamy white, nearly
glabrous; stamens numerous, arranged spirally, 1-1.5 mm long, anthers nearly sessile; carpels free, numerous, arranged spirally, ovaries
1-1.5 mm long, hairy, stigmas sessile, up to 1
mm long. Fruit globose to depressed ovoid, 2—7
cm in diameter, pinkish to reddish when ripe,
consisting of numerous pyramidal fruiting carpels fused at base; each fruiting carpel with
woody wall, fleshy reddish pulp and 1 seed.

with simple to minutely bordered pits; 66: nonseptate fibres present; 69: fibres thin- to thickwalled; 70: fibres very thick-walled. Axial parenchyma: 86: axial parenchyma in narrow
bandsor lines up to three cells wide; 88: axial
parenchyma scalariform; 92: four (8-4) cells
per parenchyma strand; 93: eight (5-8) cells
per parenchyma strand. Rays: 98: larger rays
commonly 4- to 10-seriate; 102: ray height > 1
mm; (103: rays of two distinct sizes); 104: all
ray cells procumbent; 106: body ray cells procumbentwith one row of upright and/or square
marginalcells; 115: 4-12 rays per mm. Secre-

Seeds obovoid, 1—-1.5 em long, glossy brown,

tory elements and cambial variants: (124: oil

with up to 4 mm long, whitish aril at base.
Seedling with epigeal germination; hypocotyl
5-7 cm long, epicotyl very short, 1-2 mm long;
cotyledonsleafy, sessile, rounded, up to 2 cm in

and/or mucilage cells associated with ray parenchyma).
(C. Essien, P.E. Gasson & E.A. Wheeler)
Growth and development In West Africa
flowering is most common from February to
May and fruits usually appear in July—
September, but flowers and especially fruits
can be found nearly throughout the year. Ripe
fruits fall apart in separate carpels and are
eaten by monkeys and birds, which may serve
as seed dispersers.
Ecology Duguetia staudtii usually occurs
rather scattered in closed evergreen and dense
riparian forest, up to 900 m altitude. It can be
found in primaryas well as secondary forest. It
prefers sandy localities. In Gabon it has been
reported to form occasionally nearly pure
stands in seasonally floodedsites.
Propagation and planting There are about
4500 seeds per kg. Seeds start germinating 2—4
weeks after sowing. The germination rate is
generally high. Natural regeneration of
Duguetia staudtii occurs in not too dense
shade; the species is considered to be a nonpioneer light demander.
ManagementIn general, Duguetia staudtii
occurs scattered in the forest, or in small
groups. In Liberia the average wood volumeof
trees with a bole diameter of more than 50 cm
has been estimated at 0.3 m3/ha. In forest in
Cameroon, the average number of trees with a
bole diameter of more than 15 cm is 0.3 per ha

diameter, soon caducous; first 2 leaves nearly

opposite.
Other botanical information Duguetia
comprises about 90 species, with the majority
in tropical America and 4 species in West and
Central Africa. The African species have been
considered to belong to a separate genus
Pachypodanthium, but the results of a cladistic
analysis based on morphological and anatomical data published in 1998 led to inclusion in
Duguetia.
Duguetia confinis (Engl. & Diels) Chatrou (synonym: Pachypodanthium confine Engl. &
Diels) is a medium-sized to fairly large tree up
to 35(—40) m tall with bole up to 85 cm in diameter, occurring in Cameroon, Equatorial
Guinea, Gabon and Congo. It differs from
Duguetia staudtii in its densely hairy lower
leaf surface with erect stellate hairs and in its
ellipsoid fruits consisting of nearly entirely
fused carpels. Its wood, with a density of about
710 kg/m? at 12% moisture content, is similar
to that of Duguetia staudtii and used for similar purposes, especially in house construction.
Anatomy Wood-anatomical description (LAWA
hardwood codes):

Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: sim-
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with a mean wood volumeof 0.5 m3/ha. In Gabon the mean wood volume has been estimated
at 0.6 m?/ha.

Handling after harvest Logs should be removed rapidly from the forest after felling because they are susceptible to attacks by fungi
and insects, and the wood is liable to discolour-

ation.
Genetic resources Duguetia staudtii is fairly widespread and there are no indications of
over-exploitation, and therefore it does not
seem to be threatened by genetic erosion.
Prospects Duguetia staudtii provides a goodquality timber that can be used for various
purposes, and that could be interesting for the
international market. Its usually straight and
cylindrical bole mayoffer good possibilities for
veneer production by peeling. However, more
information is needed on its natural regeneration and growth rates to ensure sustainable
exploitation. Further research with regards to
potential drug development is warranted because several of the uses of the bark in traditional medicine have been supported by pharmacological screening.
Major references Bolza & Keating, 1972;
Burkill, 1985; Chatrou, 1998; Dudek, Férster &
Klissenbauer, 1981; Neuwinger, 1998a; Oteng-

Amoako (Editor), 2006; Takahashi, 1978; Titanji et al., 1990; Vivien & Faure, 1985; Voorhoeve, 1979.

Other references Agnaniet, Menut & Bessiére, 2004; Atindehou et al., 2002; Aubréville,

1959b; Chatrou, Koek-Noorman & Maas, 2000;
Cooper & Record, 1931; de la Mensbruge, 1966;
de Saint-Aubin, 1963; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Irvine, 1961; Koona

& Bouda, 2004; Kryn & Fobes, 1959; Kunkel,
1965; Neuwinger, 2000; Normand & Paquis,
1976; Raponda-Walker & Sillans, 1961; Savill
& Fox, 1967; Tailfer, 1989; White & Abernethy,
1997; Wilks & Issembé, 2000.
Sources of illustration Voorhoeve, 1979;
Wilks & Issembé, 2000.

AuthorsR.B. Jiofack Tafokou & S. Konsala

DUPUYA MADAGASCARIENSIS(R.Vig.)
J.H.Kirkbr.

Dupuya madagascariensis — wild
ya madagascariensis is endemic to Madagascar, where it is widespread from the northern
to the south-western parts.

Uses The wood, known andlocally traded as
‘anakaraka’, is in demand becauseof its durability for beams, posts, frames and planks in
house construction, for parquet flooring, carpentry, naval construction and shingles, and in
boat building. It is suitable for mine props,
vehicle bodies, sporting goods, agricultural
implements, railway sleepers and turnery.
Dupuya madagascariensis is traditionally used
as fish poison.
Production and international trade The
wood of Dupuya madagascariensis is probably
not traded on the international timber market.
Properties The heartwood is yellowish
brown to dark brown and distinctly demarcated from the yellow-white, up to 6 cm wide sapwood. The grain is usually straight, texture
rather coarse. The woodis slightly oily to the
touch.
The wood is heavy, with a density of 870-1050
kg/m3 at 12% moisture content, and hard. It air
dries fairly well, but slowly. The rates of
shrinkage are moderate, from green to oven
dry 2.7-4.7% radial and 4.1-6.5% tangential.
Once dry, the woodis stable to moderately stable in service. At 12% moisture content, the

modulus of rupture is 140-208 N/mm2, modulus of elasticity 10,700-19,800 N/mm2, com-

Protologue Novon 15(2): 310 (2005).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Cordyla madagascariensis R.Vig.
(1949).
Origin and geographic distribution Dupu-

pression parallel to grain 65-85 N/mm? and
Chalais-Meudon side hardness 8-12.5. The
woodisfissile and low resistance to shocks.
The wood saws and workswell, but the dulling
effect on saw teeth can be considerable because
the wood maycontainsilica. It can be finished
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to a smooth but dull surface. Pre-boring is
neededfor nailing, but the holding capacity for
nails and screws is good. The wood polishes
well. The wood is durable, being resistant to
fungi, termites and moderately resistant to
borers, including marine borers. It is resistant
to impregnation with preservatives.
Description Deciduous medium-sized tree
up to 20(—25) m tall; bole usually straight and
cylindrical, up to 60(—-90) cm in diameter; bark
surface fissured and scaly with elongate scales,
greyish brown to dark grey; crown rounded,
large, dense; twigs glabrous. Leaves arranged
spirally, imparipinnately compound with 15-43
leaflets; stipules curved, up to 4 mm long, caducous; petiole and rachis together up to 18.5
cm long, with 2 narrow ridges; petiolules up to
1 mmlong; leaflets usually alternate, narrowly
obovate to narrowly elliptical or oblong, (1—)
1.5-4 em x 0.5-1(-1.5) cm, oblique at base,
rounded to notched at apex, marginsentire to
slightly crenate, nearly glabrous, with translucent dots and streaks, pinnately veined. Inflorescence a terminal raceme up to 18 cm long,

sparsely hairy; bracts small. Flowers bisexual,
regular; pedicel c. 0.5 cm long; hypanthium
cup-shaped, c. 2 mm long, greenish; calyx initially entire but splitting into 2(—4) lobes; petals absent; stamens numerous, inserted at rim
of hypanthium, 1-1.5 cm long, white, with inner row of rudimentary stamens up to 2.6 mm
long; ovary superior, ellipsoid, 1-celled, on a
long stipe, style short. Fruit an ellipsoid to
cylindrical, indehiscent, berry-like pod 3.5—
6.5(-10) cm x 2—3.5 cm, reddish brown to dark
brown,with stipe of up to 3.5 cm long, with 1-8
seeds embedded in whitish pulp. Seeds oblongellipsoid, 1.5-2 cm long, with reddish brown
seed coat and thick endosperm. Seedling with
hypogeal germination.
Other botanical information Dupuya
comprises 2 species and is endemic to Madagascar. It has recently been separated from
Cordyla based on the presence of staminodes
and on differences in seed morphology, but this
was not supported by a study on the distribution of flavonol pentaglycosides in the leaves of
Cordyla, Dupuya and theclosely related Mildbraediodendron. Traditionally, these genera
have been placed in Caesalpiniaceae (Leguminosae - Caesalpinioideae), but chemistry, cytology, palynology and wood anatomy support the
inclusion in Papilionaceae (Leguminosae - Papilionoideae), and this is also supported by
molecularstudies.
Dupuya haraka (Capuron) J.H.Kirkbr. (synonym: Cordyla haraka Capuron) is a mediumsized to fairly large tree up to 35 m tall, with
bole up to 80(-100) cm in diameter, occurring
in evergreen rainforest in northern and eastern
Madagascar, whereit is considered vulnerable.

It differs from Dupuya madagascariensis in its
leaves with 6-13 obovateto elliptical leaflets.
The reddish brown wood is used in house construction and for boats.
Dupuya madagascariensis is subdivided into
two subspecies; subsp. madagascariensis is
widespread, subsp. tamarindoides (Capuron)
J.H.Kirkbr., which has more numerous leaf-

Dupuya madagascariensis — 1, flowering twig;
2, leaflet; 3, flower in longitudinal section; 4,
fruit; 5, seed.

Redrawn and adapted by Achmad Satiri Nurhaman

lets, is restricted to northern Madagascar.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
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shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
46: < 5 vessels per square millimetre. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present.
Axial parenchyma: 80: axial parenchyma aliform; 82: axial parenchyma winged-aliform; 83:
axial parenchyma confluent; 89: axial parenchyma in marginal or in seemingly marginal
bands: 91: two cells per parenchyma strand;
92: four (8-4) cells per parenchyma strand.
Rays: 97: ray width 1-3 cells; 104: all ray cells
procumbent; 106: body ray cells procumbent
with one row of upright and/or square marginal
cells; 115: 4-12 rays per mm. Mineral inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchyma cells.
(P. Détienne)
Growth and development Seedlings prefer
much sunlight, and Dupuya madagascariensis
is considered a pioneer. The average annual
growth is about 40 cm. Trees flower in September—November. Fruits ripen 6-8 monthslater,
in May—June. They are eaten by sifaka (Propithecus) lemurs, which may disperse the
seeds.
Ecology Dupuya madagascariensis occurs in
dry forest up to 600(—900) m altitude, often
together with Commiphora spp. The mean annualrainfall in the area of distribution is 500—
1200 mm, with 5-7 dry months. The mean annual temperature is 24°C. Dupuya madagascariensis occurs on well-drained, sandy, sandyloamyor calcareous soils. Near Morondavait is
usually found on medium-fertile to infertile
soils.
Propagation and planting Ripe fruits,
characterized by a hard and brown wall, can be
collected from the tree or from the ground, but
it is recommended to pick them from the trees
to avoid insect attack. They are often beaten in
a bag to extract the seeds, which are dried in
the sun for 1-2 days. The 1000-seed weight is
1200-1300 g. Dried seeds stored in a cool and
dry locality still have a fair germination rate
after 1.5-2 years, up to 84%. However, seeds
stored for only 6 months showed a germination
rate of only 30-40%, which may be a result of

partial seed dormancy. Seeds are immersed in
water for 24—48 hours to promote germination.
They are sown in a seed bed in the nursery at a
distance of 10 cm x 10 cm in the shade, and are

covered by 2—8 cm of soil. Germination starts 9
days after sowing andit may continue for over
50 days. The seedlings are pricked out and

planted in nursery beds at the same spacing.
The seedlings can be planted into thefield after 12 months, when they have reached a
height of about 50 cm with a stem diameter of
1 cm. However, direct seeding into thefield is
also practised. Seedlings should be protected
from rodents and wild pigs. Propagation by
cuttings and suckersis possible.
Genetic resources Dupuya madagascariensis is widespread and not uncommon, but it
occurs in regions with a native vegetation that
is highly fragmented. Although several protected areas fall within its distribution, it is

found in the IUCN RedList, classified as lower
risk / near threatened. Dupuya harakais classified as vulnerable. The wood of both species
is highly valued andselective logging results in
more pressure on the populations.
Prospects Dupuya madagascariensis and
Dupuya harakaare both subject to more or less
uncontrolled harvesting. Much more _information is needed on standing stocks, growth
rates, propagation and adequate management
measures to give recommendations for sustainable harvesting.
Major references Blaseret al., 1993; Bolza
& Keating, 1972; CFPF, 2008; du Puy & Labat,
1998; du Puy et al., 2002; Guéneau, Bedel &
Thiel, 1970-1975; Kirkbride, 2005; Parant,
Chichignoud & Rakotovao, 1985; Takahashi,
1978.
Other references Bezzola, Schroff & Michaud, 1985; Boiteau, Boiteau & AllorgeBoiteau, 1999; Guéneau & Guéneau, 1969;
Schatz, 2001; Veitch, Kite & Lewis, 2008.
Sources of illustration du Puyet al., 2002.
Authors S. Rakotonandrasana

EHRETIA CYMOSA Thonn.
Protologue Schumach., Beskr. Guin. pl.: 129
(1827).
Family Boraginaceae
Origin and geographic distribution Ehretia
cymosa is very widespread, from Sierra Leone
east to Ethiopia and Kenya, and south to Zimbabwe and Mozambique; also in Comoros, Mayotte and Madagascar.
Uses The wood is used for furniture, cabinet

work, poles, tool handles and yokes. It is also
used as firewood and for making charcoal.
The twigs serve as chewing-sticks for maintaining tooth and gum hygiene. Many plant
parts are used in traditional medicine. A leaf
infusion is taken and used as a washto treat
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Ehretia cymosa — wild
fever and convulsions. Leaf sap is reportedly a
mild laxative and is applied as a haemostatic.
Leaf decoctions serve as a treatmentfor stiffness, toothache and hyperthermia. In Ghana
leaf poultices are applied to fractured bones to
promote healing. Leafy twigs are used in mixtures with parts of other plants to treat gastric
ulcers. Root and leaf decoctions are administered to treat tetanus and dysentery. Roots and
leaves are considered to be aphrodisiac. Bark
and root decoctions are taken as a treatment
for menstruation problems, and a bark decoction is applied externally against skin diseases.
The Maasai people use the roots to treat brucellosis. In Ethiopia crushed roots in water are
taken against stomach complaints. Root juice is
applied to wounds.
The leaves serve as fodder. Ehretia cymosa is
locally important as livestock feed in agroforestry systems in Ethiopia. The leaves make a
good mulch. The fruits are edible. The flowers
are a source of nectar and pollen for honey
bees. Ehretia cymosa is planted as an ornamentaltree, e.g. in Kenya and Uganda.
Properties The woodis greyish brown with
alternate darker and lighter bands, and lustrous. The texture is moderately fine and even.
The wood is moderately lightweight, with a
density of 480-550 kg/m3 at 12% moisture content, and not durable.

In an in-vitro test utilizing rat calvarial bone,
aqueous leaf extracts showed stimulation of
bone remodelling. Roots and leaves are reportedly toxic, but livestock browse on the leaves
apparently without adverse effects. Analyses of
the leaves even showed good nutritional values
for ruminants, except the micronutrient levels

of Na and Cu.
Botany Deciduous shrub or small to medium-sized tree up to 20(—25) m tall; bole often
low branching and crooked, up to 30 cm in diameter; bark surface grey to pale brown, with
prominent lenticels, inner bark soft, white,
spotted with orange-brown, quickly turning
brown upon exposure; crown spreading, often
with drooping branches; twigs short-hairy but
soon becoming glabrous. Leaves arranged spirally, simple and entire; stipules absent; petiole 1-3.5 cm long, slightly grooved; blade elliptical to ovate-oblong, (4—)7.5—20 cm x (2-)3.5—
12 cm, cuneate to rounded or slightly cordate
at base, acuminate at apex, thinly leathery,
nearly glabrous, pinnately veined with 3-8
pairs of lateral veins. Inflorescence an axillary
or terminal, strongly branched panicle up to 15
cm X 15 cm, composed of scorpioid cymes,
hairy. Flowers bisexual, regular, usually 5merous, heterostylous, fragrant; pedicel up to
2(—3) mm long, jointed at base; calyx campanulate, 1.5-2.5 mm long, lobes about as long as
tube; corolla campanulate, 4-8 mm long, white

to yellowish or pinkish white, lobes about as
long as tube, often reflexed; stamens inserted
at corolla, exserted; ovary superior, ovoid, c. 1
mm long, 2- or 4-celled, style 1-4 mm long, 2branched at apex. Fruit an ovoid to globose
drupe 2-6 mm long, orange to red and eventually turning black, splitting into 4 pyrenes,
each 1-seeded.
Some varieties have been distinguished within
Ehretia cymosa, based on flower size and hair-

iness of the inflorescence, but there is some
disagreement about the usefulness of this division.
Ehretia cymosa grows rapidly. The flowers are
commonly visited by bees, which collect nectar
and pollen and may serve as pollinator. In Côte
d'Ivoire trees flower from January to June. In
East and southern Africa fruits mature in October—December. Thefruits are eaten by birds,
which maydisperse the seeds.
Ehretia comprises about 35 species, most of
them in tropical Asia (about 20), about 10 in
mainland Africa, 7 in Comoros and Madagascar (5 endemic) and 3 in tropical America. The
wood of several Ehretia spp. is used in tropical
Africa in similar ways as that of Ehretia cymosd.
Ehretia amoena Klotzsch is a shrub or small
tree up to 8 m tall, found from Kenya south to
South Africa. It has been much confused with
Ehretia obtusifolia A.DC., and care is needed to
interpret the literature. Its wood is used for
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implements and kitchen tools, e.g. pestles. Root
decoctions are used in traditional medicine to
treat pain, bleedings, swellings, pneumonia,

tuberculosis, gonorrhoea, epilepsy, vomiting,
diarrhoea, hookworm infections and menstruation problems. Bark powder is administered to
skin diseases. Leaf pulp is applied to wounds.
Ehretia rigida (Thunb.) Druce is a shrub or
small tree up to 6(-12) m tall, occurring in savanna woodland from Zimbabwe and Mozambique to South Africa. It closely resembles Ehretia amoena and Ehretia obtusifolia. Its tough
andflexible wood is probably used in the same
way as thatof the 2 latter species. Root powder
is externally applied to wounds and burns, and
to treat pain. Root decoctions are taken to treat
menstruation problemsand infertility. Ehretia
rigida is commonly browsedbylivestock.
Ehretia trachyphylla C.H.Wright is a small to
medium-sized tree up to 20 m tall and bole up

portant for traditional medicine and mulch,
and as ornamental and bee plant. It is certainly of great value for agroforestry systems, and
more research on propagation techniques and
planting is justified, as well as on phytochemistry and pharmacological activities. The often
poor shapeof the bole is a serious drawback for
increased commercial exploitation of the timber.
Major references Bekele-Tesemma, 2007;
Burkill, 1985; Lewis & Avioli, 1991; Maundu &
Tengnas (Editors), 2005; Verdcourt, 1991.

Other references Beentje, 1994; Coates
Palgrave, 1983; Latham, 2007; Mamo, 1997;
Martins & Brummitt, 1990; Maundu et al.,

2001; Miller, 2002; Neuwinger, 2000; Retief &
van Wyk, 2001; Wondimu, Asfaw & Kelbessa,
2007.

Authors R.H.M.J. Lemmens

to 30 cm in diameter, occurring in evergreen

and riverine forest in Côte d’Ivoire and Ghana.
Its speckled woodis used for tool handles. Bark
decoctions are used in traditional medicine in
the same way as those of Ehretia cymosa, to
treat menstruation problems and skin diseases.
Ecology Ehretia cymosa has a wide ecological range, occurring in the understorey or at
edges of evergreen forest and in riverine forest,
forest patches, bushland and wooded savanna,
up to 2400 m altitude. It is classified as a pioneer andoften found in secondaryforest.
Management One kg contains 20,000—
30,000 seeds. Whole infructescences are usually harvested when about 80% of the fruits have
become ripe. Seeds are extracted and usually
sown directly into the field. Pre-treatment of
the seed is unnecessary. Seeds may start germinating already after 3 days, but germination
may continue for 5 weeks. The seeds can be
stored for some time.
Locally Ehretia cymosa is quite common, e.g. in
forest on Mount Elgon in Kenya an average
density of 15 boles with a diameter of more
than 15 cm per ha has been recorded. Trees
can be managed by pruning, pollarding, lopping and coppicing.
Genetic resources and breeding Ehretia
cymosa is not threatened, being very widely
distributed and adapted to a wide variety of
habitats. Locally it seems to be threatened by
over-exploitation, e.g. in northern Tanzania.
Prospects Ehretia cymosa is highly valued
as a multipurpose tree, yielding timber, firewood and forage, whereas it is considered im-

ELAEOCARPUS FLORIBUNDUS Blume
Protologue Bijdr. fl. Ned. Ind. 3: 120 (1825).
Family Elaeocarpaceae
Vernacular names Rugged oil fruit, Indian
olive (En).

Origin and geographicdistribution Elaeocarpus floribundus occurs from India eastward
to Vietnam, Peninsular Malaysia, Indonesia (to
Borneo) and the Philippines (Palawan). It has
been introduced in Madagascar and Mauritius.
In Mauritius it is fairly commonly cultivated
and occasionally naturalized.
Uses The woodis used for light construction
and for indoor uses such as furniture. The
acidulous fruits are eaten fresh or pickled in
vinegaror brine, whole or as chutney. In Mau-

Elaeocarpus floribundus — planted and naturalized
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ritius a leaf decoction is used to treat hypertension and diabetes. An infusion of the bark
andleaves is used in Sumatra as a mouthwash
against inflamed gums. In Malaysia the bark
and leaves are used in a poultice to treat ulcers, and an extract is drunk as a tonic.
Properties The heartwood is whitish to
greyish brown or olive-brown, occasionally
purplish grey with a pinkish tinge, and not
distinctly demarcated from the sapwood. The
grain is straight or sometimes wavy, texture
fine to medium. The wood is somewhat lustrous. It is lightweight to moderately heavy,
with a density of 400-700 kg/m? at 12% moisture content, and soft to moderately hard. The
wood is generally easy to air dry. It is easy to
saw and work, and can be planed to an even
surface. It holds nails well, stains and glues
satisfactorily, and has excellent bending properties. The wood is fairly durable under cover,
but not when exposed to the weather or soil.
Acidic fractions of water-soluble dietary fibre of
the fruits contain rhamnose (11%), arabinose
(26%), galactose (85%) and uronic acid (27%).

The polymeric fraction is composed of o-ngalactopyranosyl uronic acid chains with side
chains of arabinose, galactose and rhamnose

residues. A skin care product containing extracts from Elaeocarpus floribundus showed
excellent active-oxygen scavenging actions, and
is claimed to have excellent anti-aging and
skin-whitening activities. The flavonoid mearnsetin, a rare methyl ester of myricetin, was
isolated from the leaves, along with myricetin
and myricitrin.
Botany Evergreen small to medium-sized
tree up to 30 m tall; bole usually straight and
cylindrical, up to 80 cm in diameter; bark surface rough to fissured, brown, inner bark pale
yellow to reddish brown; twigs hairy but soon
becoming glabrous. Leaves arranged spirally,
often crowded at the ends of twigs, simple;
stipules minute, early caducous; petiole 1—5.5
cm long, with joint at apex; blade oblong to
elliptical or obovate, 6.5-19 cm x 3-8.5 cm,
base cuneate to obtuse, apex acuminate, mar-

gin slightly toothed, papery, glabrous, with
small dots, pinnately veined with 5-7 pairs of
lateral veins. Inflorescence an axillary raceme
up to 22 cm long, many-flowered. Flowers bisexual, regular, (4—)5-merous, pendulous; pedicel 4-12 mm long; sepals lanceolate or narrowly triangular, c. 6 mm long, often warty; petals
free, triangular, 5-7 mm long,finely fringed to

the middle, whitish; stamens 25-40, free, c. 4
mm long; disk lobed; ovary superior, conical, 3-

celled, short-hairy, style elongate. Fruit an
ellipsoid to spindle-shaped drupe up to 4 cm X
2 cm, glabrous, often with yellow dots; stone

woody, slightly grooved. Seedling with epigeal
germination.
Fruit development shows distinct phases. During 4-9 weeks after flowering fruits grow fast,
during 9-17 weeks they grow rather slow, and
from 17 weeks onwards growth is again fast
until maturity is reached about 26 weeksafter
flowering. Birds, bats, rodents and pigs eat the
fruits and may disperse the seeds.
Elaeocarpus comprises about 300 species occurring from Madagascarto tropical Asia, Polynesia, Australia and New Zealand, with cen-

tres of diversity in Borneo and New Guinea. In
Madagascar 8 species have been found,all endemic.
Elaeocarpus angustifolius Blume is a mediumsized to large tree up to 40 m tall of the evergreen rainforest of north-eastern India, Myanmar, Peninsular Malaysia, Java and Sulawesi.
It has been introduced into West Africa. The
wood is suitable for light carpentry. In tropical
Asia leaf sap, bark and seeds are occasionally
used in traditional medicine. The fruit is edible
and the tree is occasionally planted as ornamental or shade tree. In Asia the stones are
used as beads.
Elaeocarpus alnifolius Baker is a small to medium-sized tree up to 15(—30) m tall, occurring
in eastern Madagascar. Its woodis locally used
in construction andasfuel.
Elaeocarpus capuronii Tirel is a small to medium-sized tree up to 15 m tall, occurring in humid forest in eastern Madagascar. Its wood is
locally used in construction.
Elaeocarpus subserratus Baker is a small to
medium-sized tree up to 25(-40) m tall, occurring in northern, eastern and central Madagascar. Its wood is used locally in construction and
carpentry. The flowers yield nectar for honey
bees. The bitter bark is used to flavour local
rum.
Ecology In its natural area of distribution,
Elaeocarpus floribundus occurs in lowland
rainforest and lower mountain forest, up to
1500 m altitude.
Management Elaeocarpus floribundus can
be propagated by stones, which should be sown
in the shade and have about 15% germination
in 4-8 months.
Genetic resources and breeding There
are no indications that Elaeocarpus floribundus is in danger of genetic erosion in its natural distribution area. There is no information
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on the genetic variation in the planted trees in
Mauritius.
Prospects Elaeocarpus floribundusis likely
to remain of limited importance in Mauritius

dendron buchananii is widespread, from Sierra
Leone east to Kenya and south to Malawi,
Zambia and Angola.
Uses The wood is used for joinery and furni-

for use as timber and edible fruit, and for me-

ture.

dicinal purposes. However, as a multipurpose

heavy flooring, interior trim, ship building,
vehicle bodies, mine props, handles, ladders,
sporting goods, toys, novelties, turnery, pattern

tree it deserves more research, the more so

because other Elaeocarpus spp. showed rapid

It is

suitable for heavy construction,

growth in tropical Asia. Not much is known

making, veneer and plywood. The woodis also

about the endemic species of Madagascar, but
most of them are characteristic for humidprimary forest in eastern Madagascar, which is a
forest type under much pressure because of
ongoing deforestation. There seemsto belittle
scope for intensification of timber exploitation
of Elaeocarpus spp., unless they would show
good results in cultivation trials.
Major references Aggarwal, 2001; Chowdhury & Ghosh, 1958; Gurib-Fakim, Guého &
Bissoondoyal, 1996; Keating & Sosef, 1998;
Tirel, 1985.
Other references Burkill, 1994; Corner,
1988; Decary, 1946; Gasson, 1996; GuribFakim et al., 1994; Janick & Paull (Editors),
2006; Osumi et al., 2003; Pande, 2010; Rah-

used as firewood and for charcoal production.
Leaf extracts are taken as abortifacient, oxytocic, tonic and vermifuge, and to treat fever.
Leaves are chewed against diarrhoea. Root
decoctions are drunk to treat digestive upsets,
coughingwith blood, excessive uterine bleeding
and infertility. Root powder is taken to treat

man, Nahar & Mosihuzzaman, 2005; Whitmore

& Ng (Editors), 1972-1989.
Authors L.P.A. Oyen

ELAEODENDRON BUCHANANII (Loes.) Loes.
Protologue Engl. & Prantl, Nat. Pflanzenfam., II-IV Nachtr. 1: 223 (1987).
Family Celastraceae
SynonymsCassine buchananii Loes. (1893).
Vernacular names Elaeodendron (En).

Origin and geographic distribution Elaeo-

Elaeodendron buchananii — wild

syphilis, and it is applied to wounds.

Properties The heartwood is pale brown to
reddish brown anddistinctly demarcated from
the whitish sapwood. The grain is straight or
interlocked, texture moderately fine.
The woodis heavy, with a density of about 800
kg/m? at 12% moisture content. It has a slight
tendency of surface and end checkingin drying.
Once dry, it is stable in service. At 12% moisture content, the modulus of rupture is 128—
135 N/mm?, modulus of elasticity 14,800—
15,680 N/mm2, compression parallel to grain
66-69 N/mm?, shear 16-18 N/mm?, cleavage 18
N/mm, Janka side hardness 7650 N and Janka
end hardness 9065 N. The wood is fairly easy
to saw, although it is hard and tough. It planes
well and can be polished to a nice surface. It
turns well. The wood is moderately durable.
The heartwood is difficult to impregnate with
preservatives, the sapwood moderately difficult.
Feeding on the leaves may causedeath in livestock after dyspnoea, loss of coordination and
diarrhoea. Leaves andfruits are also very poisonous to humans.
A methanol extract of the bark showed cytotoxic activity against L-1210 leukaemiccells, with
elabunin, a dammarane-type triterpene, as
active principle. A steroidal glycoside, buchaninoside, wasisolated from the fruits; it exhibited antifeedant activity against African
armyworm (Spodoptera exempta) larvae. Mutangin, a sesquiterpene of the eudesmanetype,
was isolated from unripe fruits and exhibited
moderate antifeedant activity against larvae of
the stem borer Chilo partellus.
Botany Shrub or small to medium-sized tree
up to 30 m tall; bole often irregular, up to 60
cm in diameter; bark surface becoming fissured, with many lenticels, dark grey to pur-
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plish brown; crown rounded, dense; twigs flat-

to treat throat problems, and a leaf decoction is

tened to quadrangular and pale grey when
young, becoming rounded and red-brown,gla-

drunk against poisoning. The bark has been
used for tanning. The fruits are edible. Elaeodendron transvaalense is sometimes planted as
ornamental tree in gardens. Extracts showed
in-vitro activity against Trichomonas vaginalis, an important cause of urogenital infections.
In South Africa the brownish wood of Elaeodendron zeyheri Spreng. ex Turcz., a small tree
up to 13 m tall, is used for beams and furniture. The wood has rather similar properties as
that of Elaeodendron buchananii andis suitable for similar purposes. The bark has been
used for tanning and dyeing, andin traditional
medicine to treat snakebites. A root decoction
has been used as emetic and ordeal poison.
Elaeodendron zeyheri has been recorded from

brous. Leaves usually opposite, but sometimes

alternate, simple; stipules small, free, caducous; petiole 0.5—1.5 cm long; blade elliptical to
obovate, (5-)6.5-14(-18) cm X 2-8(-10) cm,
cuneate at base, shortly acuminate to acute or
obtuse at apex, margins toothed with incurved
or appressed teeth, leathery, glabrous, pinnately veined with few lateral veins. Inflorescence
an axillary cyme on specialized, 3-5 cm long
shoots, glabrous. Flowers unisexual, regular,
4—5-merous, sweet-scented; pedicel c. 1 mm

long; sepals rounded, c. 1 mm long; petals free,
ovate to oblong, 1.5—-2.5 mm long, spreading,
white to green or yellow; stamens alternating
with petals, c. 1 mm long, free; disk slightly
lobed; ovary superior, ovoid-conical, c. 1 mm
long, 2-3-celled, style short. Fruit an ellipsoid
to globose, fleshy drupe 1.5—2 cm long, usually
smooth, pale yellow to pale brown whenripe, 1seeded.
Elaeodendron buchananii growsslowly. It has
been reported that in Kenya young trees are
often covered by webs made by caterpillars.
The tree is evergreen and mayattract livestock
in the dry season, which can be problematic
because of the risk of poisoning.
Elaeodendron comprises about 40 species and
occurs in Asia, Australia, Central America and
Africa, where 8 species are found.
The wood of Elaeodendron matabelicum Loes.
(synonym: Cassine matabelica (Loes.) Steedman), a shrub or small tree up to 7(-20) m tall
occurring in eastern Botswana, Zimbabwe and
southern Mozambique, is used for carving
utensils such as spoons. Bark and root infusions or decoctions are taken to treat excessive
uterine bleeding, bloody diarrhoea and pains,

southern Mozambique, but is more widespread

in eastern South Africa. In the literature it has
been much confused with Elaeodendron croceum (Thunb.) DC. (synonym: Cassine papillosa
(Hochst.) Kuntze), a shrub or small tree up to
10 m tall occurring in eastern Zimbabwe and
eastern South Africa, of which the wood is

probably used for similar purposes. Elaeodendron croceum is better known as a medicinal
plant.
Ecology Elaeodendron buchananii occurs in
dry evergreen forest, gallery forest and wooded

grassland up to 2250 m altitude.
Management Only seeds are used for propagation. The tree can be managed by pollarding, lopping and pruning.

Genetic resources and breeding Elaeodendron buchananii is widespread and locally
common, and there are noindications that it is

threatened by genetic erosion. However, local
collection of the bark for medicinal purposes
maythreaten populations.
Prospects Elaeodendron buchananii will

and as aphrodisiac. The roots produce a yellow

probably remain of some importance for its

dye.
The whitish wood of Elaeodendron transvaalense (Burtt Davy) R.H.Archer (synonym: Cassine transvaalensis (Burtt Davy) Codd), a
shrub or small tree up to 10(-15) m tall from

timberin areas whereit is common,e.g. locally
in Kenya. It is not well suited for agroforestry
systems because of its slow growth and dense
foliage that is poisonousto livestock.
Major references Bolza & Keating, 1972;

southern Zambia, southern Angola, northern
Namibia, Botswana, Zimbabwe, southern Mo-

Chikamai et al., undated; Coates Palgrave,
1983; Maundu & Tengnäs (Editors), 2005;

zambique, eastern South Africa and Swaziland,
is used for implements and utensils. Bark infusions and decoctions are popular for the treatment of stomach complaints, fever, venereal
diseases, kidney and bladder complaints, skin

Takahashi, 1978.
Other references Beentje, 1994; Burkill,
1985: Fernandes et al., 2008; Kubo & Fukuha-

ra, 1990; Neuwinger, 2000; Palmer & Pitman,

diseases, swellings, haemorrhoids, and to im-

1972-1974; Robson et al., 1994; Tsanuo et al.,
1993; Tsujino et al., 1995; van Wyk & van Wyk,

prove appetite. Root extracts are sometimes
used for similar complaints. Leaves are chewed

1997.
Authors R.H.M.J. Lemmens
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EPHIPPIANDRA MADAGASCARIENSIS (Danguy)

Lorence
Protologue Ann. Missouri Bot. Gard. 72(1):
85 (1985).
Family Monimiaceae
Chromosome number 2n = 42
Synonyms Hedycaryopsis madagascariensis

Danguy (1928).
Origin and geographic distribution Ephippiandra madagascariensis is endemic to Madagascar, where it occurs in the northern and
eastern parts of the island.
Uses The timber, known as ‘ambora’, is used
for construction, joinery, furniture, coffins and
weatherboards. Boles are often hollow and
used for beehives. The bark is used as a mordant in dyeing tissue with indigo; it makes the
colour brighter. The leaves are used as a cholagogue.
Properties The heartwood is yellowish
white to greenish yellow and distinctly demarcated from the sapwood. It is light, tender and
brittle. Shrinkage during drying is moderate.
The wood workseasily, and the nailing properties are good. It is not durable under humid
conditions or in contact with the ground and
when used for weatherboards it should be
treated. It is extremely difficult to distinguish
the wood from that of Tambourissa spp., which
is much more durable.
Botany Evergreen, monoecious, small to
medium-sized tree up to 25 m tall; bole up to
50 em in diameter; twigs soft-hairy. Leaves
opposite, simple; stipules absent; petiole 1-1.5
cm long; blade elliptical to obovate, 3-9 cm Xx
2-6 cm, cuneate at base, apex obtuse to round-

hairy below, pinnately veined with 3—4 pairs of
lateral veins. Inflorescence an axillary cyme up
to 8 cm long, greyish short-hairy, 3-5-flowered
with 1 terminal female flower subtended by 2—
4 male flowers. Flowers unisexual, regular;
male flowers with 3—4 tepals, stamens 35-50,
anthers sessile; female flowers with 8-16 mi-

nute deltoid tepals c. 0.6 mm long, implanted
on margin offlat discoid receptacle 1-1.5 cm in
diameter, ovaries c. 150, superior. Fruit consisting of the enlarged, swollen receptacle 3.5—
6 cm in diameter, with 30-50 drupelets up to 1

mm long.
Ephippiandra comprises 7 species and is endemic to Madagascar. It is related to Tambourissa, of which the wood is used for similar

purposes.
Ecology Ephippiandra madagascariensis is
restricted to humid forest at 700-1000 m altitude.
Genetic resources and breeding Destruction of its habitat is a possible threat to Ephippiandra madagascariensis.
Prospects The wood of Ephippiandra madagascariensis will remain of some local importance, particularly for inside use, as long as
it is available in some quantity.
Major references Cavaco, 1959; Guéneau,
Bedel & Thiel, 1970-1975; Lorence, 1985.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Brown et al., 2009; Lo-

rence, 1999; Oginuma & Tobe, 2006; Renner et
al., 2010; Schatz, 2001.
Authors C.H. Bosch

ERIOCOELUM MICROSPERMUMRadlk.ex Engl.

ed or notched, margins wavy to toothed, soft-

Protologue Engl. & Drude, Veg. Erde9, III,
2: 282 (1921).
Family Sapindaceae
Origin and geographic distribution Eriocoelum microspermum occurs from Cameroon
and the Central African Republic south to DR
Congo and Angola.
Uses In DR Congo stems are usedfor poles.
The wood is suitable for construction, flooring,
joinery, interior trim, ship building, vehicle
bodies, furniture, sporting goods, handles, ladders, agricultural implements, boxes, crates,

Ephippiandra madagascariensis — wild

turnery, veneer, plywood, hardboard andparticle board. Eriocoelum microspermum provides
firewood of excellent quality. The bark is used
as traditional medicine to treat cough, enteritis
and venereal diseases.
Production and international trade The
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rounded at base, acuminate at apex, margins
entire, leathery, nearly glabrous, pinnately
veined with c. 15 pairs of lateral veins. Inflorescence a terminal or axillary panicle up to 30
cm long, short-hairy. Flowers unisexual, regular, 5-merous; pedicel often recurved, up to 5
mm long; sepals nearly free, c. 1.5 mm long,
short-hairy outside; petals free, 3-5.5 mm long,

whitish, inside with 2 densely hairy scales at
base; stamens 8, free, up to 5 mm long; disk
annular, with wavy margin; ovary superior,
nearly globose, hairy, 3-celled, style c. 2.6 mm
long; male flowers with rudimentary ovary,
female flowers with reduced stamens. Fruit a
globose capsule 1-2 cm X 1.5-2.5 cm, slightly 3lobed, orange when fresh, dehiscent with 3

Eriocoelum microspermum — wild
timber is known under the trade name‘kadiamikani’, but trade volumes are probably only
small.
Properties The heartwood is pinkish brown
to reddish brown, and distinctly demarcated
from the pale grey to brownish yellow, up to 7
cm wide sapwood. The grain is usually
straight, but with occasional irregular patches,
texture medium to fine and even. Radial surfaces show a mottled and ribbon figure, and the
woodis lustrous.
The wood is medium-weight, with a density of
560-670 kg/m? at 12% moisture content, and
very tough andresilient. The shrinkage rates
in drying are quite high. At 12% moisture content, the modulus of rupture is 97-139 N/mmz2,
modulus of elasticity 12,000 N/mm? and compression parallel to grain 53-66 N/mm?.
The wood is easy to saw. It planes well and
usually showsno picking-upof grain. It takes a
good finish. The wood has good nailing properties; it does not split and holds nails well.
Larger logs are suitable for veneer production
by peeling. The wood is moderately durable. It
is rarely attacked by termites, the sapwood is
not susceptible to Lyctus attack, but the wood
is liable to marine borer attack.
Botany Monoecious, small to medium-sized
tree up to 30(—35) m tall; bole usually straight,
branchless for up to 15 m, up to 80 cm in diameter; young twigs reddish brown short-hairy.
Leaves alternate, paripinnately compound with
2-3 pairs of leaflets; stipules absent; petiole
very short or absent, rachis 8-14 cm long; petiolules stout, up to 8 mm long;leaflets opposite,
elliptical, 12-85 cm X 5-13 cm, lowest pair of
leaflets smallest and stipule-like, cuneate to

woody valves, inside at base long-hairy, 3seeded. Seeds ellipsoid, c. 1.5 cm long, smooth,
brown, with red cup-shapedaril at base. Seedling with hypogeal germination; epicotyl 3-4
cm long,

short-hairy; first leaves alternate,

simple.
Eriocoelum comprises about 10 species andis
confined to mainland tropical Africa. Eriocoelum kerstingii Gilg ex Engl. occurs from
Guinea Bissau and Mali east to Sudan and
Uganda, and south to Gabon and DR Congo. It
is a small tree up to 15 m tall with a bole diameter up to 50 cm. Its pale brown wood is
strong and used for construction, furniture,

axe-handles and pestles.
Eriocoelum macrocarpum Radlk. ex Engl. is a
medium-sized tree up to 30(—35) m tall with
bole branchless for up to 20 m and up to 60 cm
in diameter. It occurs in Nigeria, Cameroon,
Equatorial Guinea, Gabon, Congo and western
DR Congo. Its pale brown to pinkish brown
wood has properties and uses similar to that of
Eriocoelum microspermum.
Eriocoelum pungens Radlk. is a shrub or small
tree distributed from Liberia to Nigeria. The

woodis used in house building andforrafters.
Ecology Eriocoelum microspermum is found
in humidforest, often in swampyor periodically inundated forest, up to1400 m altitude.
Management Logs have to be processed
quickly after felling to avoid serious checking.
In DR Congoa bole of 5.6 m long and 43 cm in
diameteryielded 0.5 m3 of wood.
Genetic resources and breeding Eriocoelum microspermum is fairly widespread and
there are no indications that it is under severe
pressure.
Prospects As a timber producer Eriocoelum
microspermum is not likely to become more
important because the bole dimension is often
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rather small and the trees usually occur scattered. However, very little is known about this
species and other Eriocoelum spp.
Major references Bolza & Keating, 1972;
Burkill, 2000; Fouarge & Gérard, 1964; Hauman, 1960; Vivien & Faure, 1985.
Other references Barner & Miller, 1942;
Davies & Verdcourt, 1998; Fouilloy & Hallé,
1973a; Hawthorne & Jongkind, 2006.
Authors C.H. Bosch

ERISMADELPHUS EXSUL Mildbr.
Protologue Bot. Jahrb. Syst. 49: 549 (1913).
Family Vochysiaceae
Vernacular names Angoa (Fr).
Origin and geographic distribution Erismadelphus exsul is distributed from southeastern Nigeria to DR Congo.
Uses In tropical Africa the wood is locally
used for rafters of huts. It is suitable for light
construction, furniture, interior trim, joinery
and plywood.
In traditional medicine in Cameroon, a decoction prepared from a boiled mixtureof the bark
of Erismadelphus exsul together with the barks
of Albizia adianthifolia (Schumach.) W.Wight,
Cola lateritia K.Schum., Garcinia kola Heckel,
Ongokea gore (Hua) Pierre and Vernonia conferta Benth. is drunk for the treatmentof urinary lithiasis.
Production and international trade The
wood is used domestically and hardly or not
traded on the international market.
Properties The heartwood is_ yellowish
brown, frequently with greenish brown markings near the centre of the log, and indistinctly

demarcated from the yellowish sapwood. The
grain is usually straight, sometimes interlocked, texture moderately coarse. The woodis
medium-weight, with a density of 630-800
kg/m* at 12% moisture content. It air dries
moderately fast with little tendencyof splitting
and checking, but twisting or cupping may
occur. Thicker boards may be subject to collapse. The shrinkagerates are high, from green
to oven dry 4.6-7.6% radial and 8.0—13.9%
tangential. Once dry, the wood is moderately
stable to unstable in service.
At 12% moisture content, the modulus of rupture is 117-160 N/mm?, modulusof elasticity
11,000—17,700 N/mm?, compression parallel to
grain 44-67 N/mm’, shear 5.5-9 N/mm’, cleav-

age 5-17 N/mm and Chalais-Meudon side
hardness 3.1-6.5.
The wood saws easily, but with considerable
blunting effect because it contains 0.1—0.5%
silica; the use of stellite-tipped saw teeth is
recommended. It works moderately well with
both hand and machinetools. Some picking up
of grain may occur during planing, and it is
necessary to take extra caution in sanding and
finishing. The wood polishes to a good finish
whena filler is used. The nailing properties are
good and the gluing properties satisfactory.
The steam bending properties are poor. The
wood is only moderately durable, being liable
to most insect attacks. The sapwoodis susceptible to attacks by Lyctus borers. Both heartwood and sapwood are moderately resistant to
treatment with preservatives.
Description Medium-sized to large tree up
to 40(—70) m tall; bole branchless for up to 25
m, straight and cylindrical, up to 100(—150) cm
in diameter, often with thin buttresses; bark

surface grey to reddish brown, smooth when
young, later becoming rough and scaly, inner
bark thin, granular, hard but brittle, pale
brown or pale pink; crown with spreading
branches; twigs slightly quadrangular, gla-—
brous. Leaves opposite, simple and entire; —
stipules reduced to small warts; petiole 0.5—1.5
cm long, flattened, glabrous or hairy; blade
obovate to elliptical, 4-20(—25) em x 3-11 cm,
cuneate to rounded or cordate at base, obtuse

Erismadelphus exsul — wild

to acuminate at apex, leathery, glabrous or
hairy on midrib and lateral veins below, pinnately veined with 5-10 pairsof lateral veins.
Inflorescence a terminal, umbel-like panicle
10—25 cm long, with opposite branches bearing
condensed, 3—4-flowered cymes, hairy, manyflowered; bracts sessile, kidney-shaped to
heart-shaped, 7-8 mm X 8-10 mm,persistent.
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Erismadelphus exsul — 1, base of bole; 2, flowering twig; 3, flower;4, fruit.
Redrawn and adapted by J.M. de Vries
Flowers bisexual, zygomorphic, 5-merous, ses-

sile; calyx spurred, lobes nearly equal, oblong
to nearly orbicular, up to 7.5 mm X 5 mm,

hairy, greenish yellow: petals free, obovaterhomboid, 9-10 mm x 4.5-6 mm, with a long
claw, finely hairy, white; fertile stamen 1, c. 3
mm long, rudimentary stamens 1-3, clubshaped; ovary inferior, 1-celled, style short.
Fruit a globose nut c. 8 mm in diameter,
brownish, indehiscent,

1-seeded, with sepals

enlarged into unequal wings up to 8 cm x 2.5
cm.
Other botanical information Erismadelphus comprises 2 species. Erismadelphus sessilis Keay & Stafleu occurs in Cameroon,
Equatorial Guinea and Gabon, and is apparently rare; it differs from Erismadelphus exsul
in its sessile and smaller leaves.
Within Erismadelphus exsul 2 varieties have
been distinguished: var. exsul distributed in
Cameroon, Gabon, Congo and DR Congo, and
var. platyphyllus Keay & Stafleu distributed in
Nigeria, Cameroon, Equatorial Guinea and
Gabon; the latter has more hairyleaves.
Anatomy Wood-anatomical description (AWA

hardwoodcodes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 27: intervessel pits large (=> 10 um); 29:
vestured pits; 31: vessel-ray pits with much
reduced borders to apparently simple: pits
rounded or angular; 43: mean tangential diameter of vessel lumina > 200 um; 46: < 5 vessels
per square millimetre; (47: 5-20 vessels per
square millimetre); 56: tyloses common. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 83: axial parenchyma confluent; 85:
axial parenchyma bands more thanthreecells
wide; 92: four (8-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
109: rays with procumbent, square and upright
cells mixed throughout the ray; 115: 4-12 rays
per mm. Secretory elements and cambial variants: 133: included phloem, concentric; 134:
included phloem, diffuse. Mineral inclusions:
159: silica bodies present; 160: silica bodies in
ray cells; 161: silica bodies in axial parenchyma
cells.
(C. Essien, H. Beeckman & P.E. Gasson)
Growth and development In Nigeria flowering is in April—August andfruiting in June—
November. Thefruits with their enlarged winglike sepals are dispersed by wind. In Gabon
seedlings have been reported in the understorey of old forest.
Ecology Erismadelphus exsul occurs in lowland primary and secondaryforest, also inlittoral forest, swamp forest and riverineforest.
In Gabon littoral savanna is colonized by pioneer species such as Aucoumea klaineana
Pierre, which are progressively replaced by
other species including Erismadelphus exsul.
Management Erismadelphus exsul trees
usually occur scattered in the forest, sometimes in small, occasionally large groups. In
Gabon as many as 40 trees per hectare were
counted in littoral forest, whereas the mean

wood volume in forest in Gabon has been reported to be 2 m3 perha. In forest dominated
by Aucoumea klaineana Pierre and Sacoglottis
gabonensis (Baill.) Urb., the standing volumeof
Erismadelphus exsul has been estimated at 10
m®/ha.
Harvesting In Gabon the minimum bole
diameter
allowed
for
harvesting
Erismadelphus exsul trees is 70 cm.
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Genetic resources Although Erismadelphus exsul has a limited distribution, it is probably not threatened by genetic erosion since
there are no indications of over-exploitation
within its range.
Prospects Because of its limited durability
andits instability in service the wood of Erismadelphus exsul does not have a wide range of
uses. It may have some potential for use for
interior joinery, furniture and plywood. If Erismadelphus exsul would become more important
as a source of timber, more information would

be required on its abundance, regeneration and
growth rate to make sustainable exploitation
possible.
Major references Anonymous, 1990; Bolza

& Keating, 1972; Burkill, 2000; de SaintAubin, 1963; Keay & Stafleu, 1953; Robyns,
1958; Sallenave, 1971; Senterre & Obiang,
2005; Vivien & Faure, 1985; Wilks & Issembé,
2000.
Other references Boulvert, 1977; Kawasaki, 2007; Keay, 1954g; Keay, 1989; Kenfack,
undated; Normand & Paquis, 1976; Noumi &
Ebwelle, 2011; Raponda-Walker & Sillans, 1961;

Sallenave, 1955; Sallenave, 1964; Takahashi,
1978.

Sources of illustration Keay & Stafleu,
1953; Robyns, 1958; Wilks & Issembé, 2000.
Authors E.E. Ewudzie, J.R. Cobbinah, S.

Britwum Acquah & E.A. Obeng

ERYTHROPHLEUM IVORENSEA.Chev.
Protologue Vég. util. Afr. trop. Frang. 5:
178 (1909).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Ordeal tree, sasswood
tree (En). Lim du Gabon, tali (Fr). Mancone
(Po).
Origin and geographic distribution Erythrophleum ivorense occurs from Gambia to the
Central African Republic and Gabon.
Uses The bark traded as ‘sassy-bark’, ‘mancona bark’, ‘casca bark’ or ‘écorce de tali’ has
several medicinal uses. A bark extract is taken
orally in Sierra Leone as an emetic and laxative, and is applied externally to relieve pain.
In Côte d'Ivoire water, in which the bark of

young branches of Erythrophleum ivorense is
erushed, is rubbed on the skin to treat small-

pox.
The bark and sometimes the seeds are widely
used as hunting and ordeal poison. In Liberia

Erythrophleum ivorense — wild
and Gabonthe bark of Erythrophleum ivorense
is preferred to that of Erythrophleum suaveolens (Guill. & Perr.) Brenan. The bark is used
as fish poison in Sierra Leone.
The timber of Erythrophleum ivorense is marketed as ‘erun’, ‘missanda’, ‘sasswood’, ‘alui’,
‘bolondo’ or ‘tali’. The wood is quite hard and
heavy, and suitable for joinery, flooring, railway sleepers, harbour and dock work, turnery,
construction and bridges. It is also used for
boat building and wheel hubs. It makes excellent charcoal and good firewood. In Sierra Leone and Côte d'Ivoire the bark is used for tanning. A bark decoction added to fermenting
palm wine would makeit a more potent drink.
Production and international trade In
trade statistics, the timber of Erythrophleum
ivorense and Erythrophleum suaveolens is usually not differentiated. In 2005 the export of
Erythrophleum (‘tali’) logs from Cameroon
amounted to 37,500 m3 and of sawn wood to
38,600 m3’, which made Erythrophleum the

fourth most important timber of Cameroon. In
2005 the price of logs free-on-board was US$
123-151/m3,

depending on the quality. The

major importeris China.
Properties The alkaloid content of Erythrophleum ivorense is similar to that of Erythrophleum suaveolens; only the distribution of the
main compounds is different. First investigations yielded the alkaloid erythrophleine, but
this was later identified as a mixture of different alkaloids with similar activities. The alkaloids are esters of tricyclic diterpene acids, and
2 main types exist: dimethylaminoethylesters
and monomethylaminoethylesters (nor-alkaloids).
In addition, compounds have been found in
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which the amine link is replaced by an amide
link, but it is not clear whether these are natural compounds or artefacts. The bark contains
as main componentsalkaloids of the dimethylaminoethylester type: cassaine, cassaidine and
erythrophleguine, but no dominantalkaloid of
the amide type. The alkaloid content of the
bark ranges from 0.2% to 1.1%. In high doses,
the bark extract is an extremely strong, rapidacting cardiac poison, in warm-blooded animals
causing shortness of breath, seizures and cardiac arrest in a few minutes.
The alkaloids have a stimulant effect on the
heart similar to that of the cardenolides digitoxine (from Digitalis) and ouabain (from Strophanthus gratus (Wall. & Hook.) Baill.), but
the effect is very short-lasting, as the alkaloids
are quickly metabolized in the organism. Cassaine and cassaidine have strong anaesthetic
and diuretic effects, and increase contractions
of the intestine and uterus. Apart from an increase of heart contraction in systole, the alkaloids also demonstrated an increasein diastole.
In addition, cassaidine caused depressive effects, while cassaine caused a violent state of
excitation. Although the alkaloid content in the
seeds is markedly lowerthan in the stem bark,
the seeds are moretoxic. This strong activity is
due to a strong haemolytic saponin, which acts
in a synergistic way with the alkaloids.
Wood from Erythrophleum ivorense and Erythrophleum suaveolens is not differentiated in
trade and the following wood description is
applicable to both species.
The heartwood is yellowish brown to reddish
brown,

darkening

on

exposure,

good.
The wood is durable and resistant to fungi, dry
wood borers and termites. It is suitable for use
in contact with the ground. It is not permeable
for preservatives. The sawdust may irritate
mucous membranes and maycause allergy and
asthmaof labourers in sawmills.
Adulterations and substitutes Erythrophleum alkaloids have similar pharmacological
activities as digitoxine and ouabain. The timber from Erythrophleum ivorense and Erythrophleum suaveolens is marketed indiscriminately underthe trade names: ‘tali’, ‘erun’, ‘bolondo’
and ‘alui’. The timber of Pachyelasma tessmanni (Harms) Harms resembles that of
Erythrophleum, hence the trade name ‘faux
tal’. Erythrophleum wood can be used as a
substitute for azobé (Lophira alata Banks ex
P.Gaertn.).
Description Large tree up to 40 m tall; bole
cylindrical, but sometimes fluted at base, with

or without buttresses; bark scaly, often fissured, grey, inner bark reddish, granular;
young twigs brown hairy. Leaves alternate,
bipinnately compound with 2-4 pairs of pinnae; stipules minute; petiole 2-7 cm long, rachis 5-15 cm long; leaflets alternate, (6—)8-14

sometimes

striped, clearly demarcated from the 3-6 cm
wide, creamy-yellow sapwood. The grain is
interlocked, texture coarse. The wood is moderately lustrous.
The density is about 900 kg/m? at 12% moisture content. The wood dries slowly with high
risks of distortion and checking. The shrinkage
rates from green to oven dry are 5.1-5.8% radial and 8.4—8.6% tangential. Once dry, the
wood is moderately stable in service.
At 12% moisture content, the modulusof rupture is 99-162 N/mm2, modulus of elasticity
10,550—19,500 N/mm?, compression parallel to
grain 56-97 N/mm? and Janka side hardness
13,000 N.
The wood is difficult to saw; stellite-tipped
sawteeth are recommended. Finishing is generally fair, but planing maybe difficult due to
interlocked grain. Pre-boring is necessary for
nails and screws. The gluing properties are

Erythrophleum ivorense — 1, branch with leaf
and inflorescence;2, fruit.
Redrawn and adapted by Achmad Satiri Nurhaman
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per pinna, elliptical to ovate, up to 8.5 cm x 4
cm, base asymmetrical, apex shortly acuminate. Inflorescence an axillary or terminal panicle consisting of spike-like racemes up to 8 cm
long, shortly reddish brown hairy. Flowers
bisexual, regular, 5-merous, red-brown; pedicel
c. 1 mm long, shortly hairy; calyx c. 1.5 mm
long, lobes c. 0.5 mm long; petals narrowly obovate, c. 2 mm xX 0.6 mm, densely hairy; stamens
10, free, 2-3.5 mm long; ovary superior, long
woolly hairy, 1-celled, stigma broadly peltate.
Fruit a flat, elliptical, dehiscent pod 5-10 cm x
3-5 cm, base rounded, apex obtuse or rounded,
thick leathery, pendulous, 2—6(—10)-seeded.
Seeds ovoid, compressed, c. 18 mm X 9 mm X 5

mm.
Other botanical information Erythrophleum comprises about 10 species, 4 or 5 of which
occur in continental Africa, 1 in Madagascar, 3

in eastern Asia, and 1 in Australia. The genus
is one of the few Caesalpiniaceae reported to
contain alkaloids. Erythrophleum ivorense and
Erythrophleum suaveolens share many uses,
vernacular names, trade names and properties
and therefore confusion is common. Especially
the results of earlier pharmacological work are
blurred by doubtful identifications. The 2 species differ in ecology, some morphological characteristics and the alkaloid profile in the bark.
Only in semi-deciduous forest does Erythrophleum ivorense co-occur with Erythrophleum
suaveolens, from where thelatter extends into
drier habitats like woodland savanna. However, it is often difficult to distinguish the two

species from each other. The leaflets of
Erythrophleum suaveolens are often wider, its
inflorescences wider (often 1.5 cm versus 1 cm
in Erythrophleum ivorense) and its pods longer.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 43: mean tangential diameter of vessel lumina > 200 um; 46:
< 5 vessels per square millimetre; 47: 5-20
vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
andfibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled; 70: fibres very

thick-walled. Axial parenchyma: 79: axial parenchyma vasicentric; 80: axial parenchyma
aliform; 81: axial parenchyma lozenge-aliform;
(83: axial parenchyma confluent); (84: axial
parenchyma unilateral paratracheal); 91: two
cells per parenchyma strand; 92: four (38-4)
cells per parenchyma strand; (93: eight (5-8)
cells per parenchyma strand). Rays: (96: rays
exclusively uniseriate); (97: ray width 1-38
cells); 104: all ray cells procumbent; 115: 4-12
rays per mm; 116: > 12 rays per mm. Mineral
inclusions: (136: prismatic crystals present);
(142: prismatic crystals in chambered axial
parenchymacells).
(E. Uetimane, H. Beeckman & P.E. Gasson)
Growth and development Erythrophleum
ivorense flowers during the rainy season. Nodulation was observed in primary rainforest and
the rhizobium involved belongs to the genus
Bradyrhizobium. In Côte d'Ivoire the mean
annual bole diameter increment has been recorded as 6.5 mm,in the Central African Republic 4.5 mm.
Ecology Erythrophleum ivorense occurs in
evergreen primary and secondary forest and
moist semi-deciduous forest. Erythrophleum
ivorense is essentially a tree of old secondary
forest.
Propagation and planting Erythrophleum
ivorense has been classified as a non-pioneer
light demander. Seedlings are often found in
smaller forest gaps. Erythrophleum ivorense
can be propagated in nurseries; seed takes 3
weeks to germinate. Inoculation with Bradyrhizobium is beneficial and results in increases
in height and diameter of about 40% after 4
months.
Management Erythrophleum ivorense trees
usually occur scattered in the forest. In Gabon
the average bole volume has been recorded as
1.4 m3/ha. In Liberia the mean density of trees
with a minimum bole diameter of 60 cm is 0.7
tree/ha. Reforestation with Erythrophleum
ivorense is an option in degraded forests where
natural regeneration of economically important
species is unlikely. In Gabon the clear-cut
method is superior to enrichment planting: 6
years after planting the survival rate was 97%
vs 79%, the height 16 m vs 11 m andthe bole
diameter 13.6 cm vs 6.8 cm for the 2 methods
respectively.
Harvesting Old Erythrophleum ivorense
trees very often have heart rot. The bark of
Erythrophleum ivorense is harvested from the
wild whenever the needoccurs.
Handling after harvest The logs sink in
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water and can consequently not be transported
by floating alonga river.
Genetic resources Erythrophleum ivorense
is often abundant in West and Central African
evergreen forest. Although logging of Erythrophleum ivorense for its timber has shown a
distinct increase in Cameroon, there are no
indications that the species is under too much
pressure yet.

Prospects Erythrophleum ivorense contains
pharmacologically interesting compounds and
further study of its pharmacology is justified.
Internal use of unpurified medicines made
from Erythrophleum ivorense is extremely dangerous. The differences in active ingredients
between individual trees in a single population
and the differences in composition related to
age of the plant are large. Although Erythrophleum ivorense has recently gained much importance as a timbertree, especially in Cameroon, comparatively little is known about proper management practices for sustainable harvesting in natural forest.
Major references Aubréville, 1959b; Aubréville, 1968; Burkill, 1995; Chudnoff, 1980;
CIRAD Forestry Department, 2003; Cronlund,
1976; de Saint-Aubin, 1963; ITTO, 2004; Neuwinger, 1996; Richter & Dallwitz, 2000.
Other references Bakarr & Janos, 1996;
Diabate et al., 2005; Durrieu de Madron, Nasi
& Détienne, 2000; Hegnauer & Hegnauer,

1996; Högberg & Alexander, 1995; InsideWood,
undated; Koumba Zaou et al., 1998; Siepel,
Poorter & Hawthorne, 2004; Sprent, 2005;
Voorhoeve, 1979.

Sources of illustration Voorhoeve, 1979.
Authors C.H. Bosch

ERYTHROPHLEUM SUAVEOLENS(Guill. &
Perr.) Brenan
Protologue Taxon 9: 194 (1960).
Family Caesalpiniaceae (Leguminosae- Caesalpinioideae)
Chromosome number2n = 24, 28
SynonymsErythrophleum guineense G.Don
(1832).
Vernacular names Forest ordeal tree, red

water tree, sasswood tree (En). Bois rouge,
poison d’épreuve, tali, grand tali, mancéne(Fr).
Mancone, muave (Po). Mwavi, mwavi dume,
mbaraka mkuu, mkelekele (Sw).
Origin and geographic distribution Lrythrophleum suaveolens is distributed from Senegal to Sudan and Kenya in the east and from

Erythrophleum suaveolens — wild
there south to Zimbabwe and Mozambique. It
has been introduced as an ornamentalin tropical Asia.
Uses Thebark, traded as‘sassy-bark’, ‘mancona bark’or ‘casca bark’ is used as emetic and
purgative. The crushed bark is applied to
swellings caused by Filaria. In DR Congo the
dried powderedbark is taken as a snuff to cure
headache. In Kenya a diluted decoction of the
roots is used as an anthelminthic, especially
against tapeworm. In Malawi a decoction of the
roots and bark is applied to soothe general
body pain. Pieces of root or bark are a protective and love charm. The bark has been used in
arrow poisons and as ordeal poison and the
bark and leaves as fish poison. The use as an
anaesthetic for fish in aquaculture is tricky as
small differences in dosage will kill, rather
than stupefy fish. In the Western world, bark
extracts were used in the late 19th century to
treat heart failure. Side effects and better results with digitoxine ended this practice.

The tree produces quite hard, heavy and durable wood, marketed as ‘alui’, ‘tali’, ‘erun’, ‘missanda’ or ‘sasswood’, which is suitable for joinery, flooring, railway sleepers, harbour and
dock work, turnery, construction and bridges.
It is also used for boat building and wheel
hubs. The bark has been used in West Africa
for tanning hides and skins; it is used in DR
Congo to colour leather brown. Erythrophleum
suaveolens is planted as an ornamental and
avenue tree. In West Africa the powdered bark
is mixed with the residue of palm oil processing, andafter boiling it is mixed with seeds
of maize, cowpea or cotton, which effectively
reduces pest damage to the seeds. Dried leaves
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are mixed with stored grains and pulses to
repel or kill storage insects. The usein agroforestry has been promoted: nitrogen fixation and
the large amount of leaf litter are advantageous to intercrops. However, in experiments a
negative effect of Erythrophleum suaveolens
leaf mulch on the yield of crops has been noted.
When clearing bush to prepare fields, trees are
often left standing because the wood is hard
andfelling is too taxing. Erythrophleum suaveolens woodis not highly valued as firewood but
charcoal made from it is excellent.
Production and international trade Export
of bark of Erythrophleum for medicinal purposes no longer plays a role. In local markets however, the bark is an important and expensive
article. In trade statistics, the timber of
Erythrophleum ivorense and Erythrophleum
suaveolens (Guill. & Perr.) Brenan is usually
not differentiated. In 2005 the export of
Erythrophleum (‘tali’) logs from Cameroon
amounted to 37,500 m3 and of sawn wood to

38,600 m3, which made Erythrophleum the
fourth most important timber of Cameroon. In
2005 the price of logs free-on-board was US$

123-151/m3, depending on the quality. The
major importer is China.
Properties The alkaloid content of bark was
found to range from 0.3% to 1.5%. The alkaloid
content was found to vary with the age of the
tree: a water extract of the bark contained
0.5% and 0.9% respectively in 60 year- and 150
year-old trees.
The alkaloid content of Erythrophleum suaveolens is similar to that of Erythrophleum ivorense; only the distribution of the main compounds
is different. First investigations yielded the
alkaloid erythrophleine, but this was later
identified as a mixture of different alkaloids
with similar activities. The alkaloids are esters
of tricyclic diterpene acids, and 2 main types
exist: dimethylaminoethylesters and monomethylaminoethylesters (nor-alkaloids). In addition, compounds have been found in which the
amine link is replaced by an amide link, butit
is not clear whether these are natural compoundsor artefacts. The bark contains as main
components alkaloids of the dimethylaminoethylester type: cassaine, erythrophlamine,
erythrophleguine and norcassamidine as well
as the amide erythrophlamide. The bark extract has excellent local anaesthetic activity on
eyes and skin, although its use on the eye was
disputed because of its irritant effect on the
conjunctiva. Trials using it as anaesthetic in
operations or tooth extractions were less suc-

cessful, as symptoms of poisoning appeared in
higherdoses. In high doses, the bark extract is
an extremely strong, rapid-acting cardiac poison, in warm-blooded animals causing shortness of breath, seizures and cardiac arrest in a
few minutes.
The alkaloids have a stimulant effect on the
heart similar to that of the cardenolides digitoxine (from Digitalis) and ouabain (from Strophanthus gratus (Wall. & Hook.) Baill.), but
the effect is very short-lasting, as the alkaloids
are rapidly metabolized in the organism. The
alkaloids also have strong diuretic effects, and
increase contractions of the intestine and uterus. Apart from an increase of heart contraction
in systole, the alkaloids also demonstrated an
increase in diastole. In addition, cassaine
caused a violent state of excitation. Although
the alkaloid content in the seeds is markedly
lower than in the stem bark, the seeds are

more toxic. This strong activity is due to a
strong haemolytic saponin, which acts in a
synergistic way to the alkaloids. Norcassamidine has local anaesthetic action, and is a con-

vulsant.
The bark further contains procyanidins (polyphenols) and hence has antioxidant properties.
The relaxant effect of the bark extract of
Erythrophleum suaveolens is due to its procyanidins.
The bark also contains the trihydroxystilbene
resveratrol. Resveratrol shows antiplatelet
aggregation, coronary vasodilator, antileukaemic, antifungal and protein-tyrosine kinase
inhibitory activities. Trihydroxystilbenes are
thought to protect against atherosclerosis and
coronary heart disease. Resveratrol is, however, only registered as a food supplement, not as
a medicine. The bark contains the flavone luteolin that colours orange after addition of magnesium powder and a few drops of hydrochloric
acid. This reaction allowsit to be distinguished
from the bark of Erythrophleum africanum
(Welw. ex Benth.) Harms, which colours violet

after treatment because of the presence of 2,3dihydroxymyricetin.
Wood from Erythrophleum ivorense and Erythrophleum suaveolens is not differentiated in
trade and the following wood description is
applicable to both species.
The heartwood is yellowish brown to reddish
brown,

darkening

on

exposure,

sometimes

striped, clearly demarcated from the 3-6 cm
wide, creamy-yellow sapwood. The grain is
interlocked, texture coarse. The wood is moderately lustrous.
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The density is about 900 kg/m? at 12% moisture content. The wood dries slowly with high
risks of distortion and checking. The shrinkage
rates from green to oven dry are 5.1-5.8% radial and 8.4-8.6% tangential. Once dry, the
wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 99-162 N/mm2, modulus of elasticity
10,550-19,500 N/mm?, compression parallel to

grain 56-97 N/mm? and Janka side hardness
13,000 N.
The wood is difficult to saw; satellite-tipped
sawteeth are recommended. Finishing is generally fair, but planing maybedifficult due to
interlocked grain. Pre-boring is necessary for
nails and screws. The gluing properties are
good.
The wood is durable and resistant to fungi, dry
wood borers and termites. It is suitable for use
in contact with the ground. It is not permeable
for preservatives. The sawdust may irritate
mucous membranes and maycauseallergy and
asthmaof labourers in sawmills.
Adulterations and substitutes Erythrophleum alkaloids have similar pharmacological
activities as digitoxine and ouabain. The timber from ZErythrophleum suaveolens and
Erythrophleum ivorense is marketed indiscriminately under the trade names ‘tali’, ‘erun’,
‘bolondo’ and ‘alui’.
Description Medium-sized tree up to 25(—
30) m tall, often branching low; bark finely
fissured, scaly, grey; twigs glabrous. Leaves
alternate, bipinnately compound with 2-4
pairs of pinnae; stipules minute, soon falling;
petiole and rachis up to 35 cm long, petiole
thickened at base; leaflets alternate, 7-14 per
pinna, ovate to ovate-elliptical, up to 9 cm x 5.5
cm, base asymmetrical, apex obtusely acuminate. Inflorescence an axillary panicle consisting

is one of the few Caesalpiniaceae reported to
contain alkaloids. Erythrophleum suaveolens
superficially resembles Burkea africana Hook.
Mistakes in identification have led to accidental poisoning and even death.
Erythrophleum lasianthum Corbishley, the
‘Swazi ordeal tree’, closely resembles Erythrophleum suaveolens. It is restricted to the area
from southern Mozambique south to Swaziland. In South Africa the powdered bark is

of spike-like racemes up to 12 cm long, shortly

taken as a snuff to relieve headache, as a rem-

yellowish hairy. Flowers bisexual, regular, 5merous, yellowish white to greenish yellow;
pedicel c. 1.5 mm long, reddish hairy; calyx
lobes 1-1.5 mm long; petals 2-3 mm X 0.5 mm,

edy for other pains andfever, and to cure lung
sickness in cattle. The bark has been used as
ordeal poison in the same way as Erythrophle-

short hairy at margins; stamens 10, free, c. 5

rat poison. The bark contains cardioactive alkaloids, mainly norcassamidine.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7-10 um);
(27: intervessel pits large (= 10 um)); 29: vestured pits; 30: vessel-ray pits with distinct bor-

mm long; ovary superior, rusty hairy, 1-celled,
stigma cup-shaped. Fruit a flat, slightly
curved, dehiscent pod 5-17 cm x 3-5 cm,stipe
often lateral, broadly rounded at apex, pendulous, 6-11-seeded. Seeds oblong-ellipsoid, c. 15
mm X 11 mm X 5 mm.
Other botanical information Erythrophleum comprises about 10 species, 4 or 5 of which
occur in continental Africa, 1 in Madagascar, 3
in eastern Asia, and 1 in Australia. The genus

Erythrophleum suaveolens — 1, branch with
part of leaf and inflorescence; 2, flower; 8, fruit.
Source: Flore analytique du Bénin

um suaveolens, and is also used as a fish and
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ders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
43: mean tangential diameter of vessel lumina
> 200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:
gums and other deposits in heartwoodvessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 80: axial parenchyma aliform; 81:
axial parenchyma lozenge-aliform; 83: axial
parenchyma confluent; 84: axial parenchyma
unilateral paratracheal; 91: two cells per parenchyma strand; 92: four (8—4) cells per parenchymastrand. Rays: 97: ray width 1-3 cells;
104: all ray cells procumbent; 115: 4-12 rays
per mm. Storied structure: 118: all rays storied; 122: rays and/or axial elements irregularly storied. Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchymacells.
(E. Uetimane, H. Beeckman & P.E. Gasson)
Growth and development Regeneration of
Erythrophleum suaveolensis best in fairly open
forest. Flowering has been noted to occur in
January—April in West Africa, December—
February in Kenya and in March—July in
southern Africa. Nodulation was observed and
the rhizobium involved belongs to the genus
Bradyrhizobium.
Ecology Erythrophleum suaveolens occurs in
moist semi-deciduousforests, gallery forest and
wooded grasslands, from sea-level up to 1100 m
altitude. It is absent from the evergreen forest.
Propagation and planting Erythrophleum
suaveolens can be propagated in nurseries;
seed takes 3 weeks to germinate. Inoculation
with Bradyrhizobium is beneficial, with increases in height and diameter of 20% and 28%
respectively after 4 months.
Management In Sierra Leone attempts
have been made to grow Erythrophleum suaveolens in plantations, but growth was slow.
Harvesting The main parts of Erythrophleum suaveolens harvested for medicinal purposes are roots and bark, while the wood is ex-

ploited for timber. Traditional herbalists use
ad hoe techniques to excavate the roots and
debark the stems. Virtually all trees are used,
from young to old ones.
Handling after harvest Erythrophleum
suaveolens roots and bark are washed and airdried before use or trade. In Malawi sawing of
the logs mainly takes place in the forest and
the timber is transported to timber merchants

before or after seasoning.
Genetic resources Erythrophleum suaveolens is widespread and locally common, and as
such not threatened by genetic erosion. However, locally it is heavily exploited. One can
hardly find a mature tree of Erythrophleum
suaveolens that has not been debarked in Malawi and therefore it is a species of conservation concern there.
Prospects Erythrophleum suaveolens is an
important medicinal plant and further study of
its pharmacology is justified. Internal use of
unpurified medicines made from Erythrophleum suaveolens is extremely dangerous. The
difference in active ingredients between individual trees in a single population and the differences in composition related to age of the
plant are not understood at all, which makes
use even more hazardous. Breeding and management programmes should be started in target countries to enhance deliberate propagation and establishment in indigenous forests
andplantations.
Major references Arbonnier, 2004; Ayensu,
1978; Betti, 2002; Brenan, 1967; Burkill, 1995;

Kamanyiet al., 2003; Marshall, 1998; OliverBever, 1986; Neuwinger, 1996.
Other references Abbiw, 1996; Aubréville,

1968; Beentje, 1994; Coates Palgrave, 1983;
Cronlund, 1976; Diabate et al., 2005; Hegnauer
& Hegnauer, 1996; InsideWood, undated; Lad-

ipo & Onyeachusim, 1993; McGaw, Jager &
van Staden, 1997; Mgbenka & Ejiofor, 1998;
Naderali, Doyle & Williams, 2000; Onuorah,
2001; Sprent, 2005; Wilczek et al., 1952.

Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.
Authors J.M. Okeyo

ERYTHROXYLUM MANNII Oliv.
Protologue FI. trop. Afr. 1: 274 (1868).
Family Erythroxylaceae
Chromosome number 2n = 24
Origin and geographic distribution LErythroxylum mannii occurs from Guinea and
Sierra Leone to Gabon and DR Congo.
Uses The wood of Erythroxylum mannii,
traded as ‘landa’, is used for furniture and cabinet work, although it may be made unsightly
by ‘pith-flecks’, small darkened streaks or
flecks on the face of boards created by the larvae of tiny flies. Logs are traditionally used to
make dug-out canoes. The woodis suitable for
construction, flooring, joinery, interior trim,
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mineprops, ship building, toys, novelties, rifle
butts,

boxes,

crates,

vats,

draining boards,

turnery, carvings, veneer and plywood. It is a
good firewood.
In Côte d'Ivoire a preparation from the bark is
used in massagingto treat pleuritic chest pain.
A decoction of leafy twigs is reputed to cure
fever.
Production and international trade Very
small amounts of ‘landa’ are traded internationally. Cameroon exported 125 m3 as sawnwoodin 2003. In Liberia the woodof Erythroxylum mannii has been classified as a secondclass commercial timber.
Properties The heartwood is pink to pale
reddish brown, darkening upon exposure, and
not distinctly demarcated from the up to 6 cm
wide, whitish or greyish sapwood. The grain is
straight to wavy or interlocked, texture fine
and generally even. A figure of broken stripes
or mottles is fairly common and numerouspith

machine tools, and has a normal dulling effect
on saw teeth and cutting edges. It planes well
in spite of the presence of wavy or interlocked
grain, but is sometimes brittle. It holds nails
and screws well. Moulding properties are good,
as well as gluing, polishing, painting and waxing properties. The wood is suitable for slicing
and peeling. The heartwood is moderately durable, being somewhat susceptible to fungal
attack but fairly resistant to termite attack.
The heartwood is resistant to impregnation
with preservatives, the sapwood moderately
resistant.
The wood contains 37% cellulose, 31% lignin,
20% pentosan, 0.5% ash and 0.03% silica. The
solubility is 6.9% in alcohol-benzene, 1.7% in
hot water and 18.5% in a 1% NaOH solution.
Adulterations and substitutes The wood
of Erythroxylum mannii has some resemblance
to that of Guarea spp.
Description Deciduous medium-sized tree
up to 25(—30) m tall; bole branchless for up to
15(-18) m,straight and cylindrical, up to 100(—
140) cm in diameter, sometimesslightly fluted
at base; bark surface fissured and scaly, greyish, inner bark soft, fibrous, with a pinkish
layer outside and a yellowish white layer inside, quickly turning brown upon exposure;
crown open andflattened, with few spreading
main branches; twigs flattened, with lenticels.

Leaves alternate, simple and entire, reddish
when very young; stipules fused at base, triangular, c. 1 mm long, persistent; petiole 0.5—1
cm long; blade obovateto elliptical, 3-12 cm x
1.5-4.5 cm, base cuneate, apex rounded or
slightly notched, papery, glabrous, pinnately
veined with up to 20 pairs of lateral veins, often with a faint vein-like line at each side of
the midrib. Inflorescence an axillary fascicle,
5-8-flowered. Flowers bisexual, regular, 5-

flecks 2.5-5 cm long may be present. The wood

merous, white; pedicel slender, 0.5—1 cm long;

is medium-weight, with a density of 630-700
kg/m? at 12% moisture content, and moderately
hard. It air dries rapidly, with low risk of surface checking or degrade. The shrinkage rates
are moderate, from green to oven dry 3.5-4%
radial and 5.8-9.6% tangential. Once dry, the
wood is moderately stable to unstable in service.
At 12% moisture content, the modulus of rupture is 91-184 N/mm?, modulus of elasticity
11,270-14,010 N/mm?, compression parallel to
grain 51-57 N/mm?, shear 7.5 N/mm?, cleavage
15-19 N/mm, Janka side hardness 4580 N and
Chalais-Meudon side hardness 2.1-—3.3.
The wood saws and works well with hand and

sepals fused at base, triangular, 1-2 mm x 1
mm; petals free, oblong, up to 5 mm long,
shortly clawed at base and with nectarproducing appendage at base inside; stamens
10, fused at base, 3-5 mm long; ovary superior,
obovoid, c. 1.5 mm long, 3-celled, styles 3, fused

for more than half their length, stigmas headshaped. Fruit an oblong to ovoid drupe c. 1 cm
long, red whenripe, stone 3-celled but only 1seeded. Seedling with epigeal germination;
hypocotyl 3-3.5 cm long, epicotyl 6-7 mm long,
glabrous; cotyledons leafy, narrowly oblong, c.
2 cm long; first leaves opposite.
Other botanical information Erythroxylum comprises approximately 200 species and
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intervessel pits alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small
(4-7 um); 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 31: vessel-ray
pits with much reduced borders to apparently
simple: pits rounded or angular; 42: mean tangential diameter of vessel lumina 100-200 um;
48: 20-40 vessels per square millimetre. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: (76: axial parenchyma diffuse);
78: axial parenchyma scanty paratracheal; 92:
four (8-4) cells per parenchyma strand; 93:
eight (5-8) cells per parenchyma strand. Rays:
97: ray width 1-3 cells; (106: body ray cells
procumbent with one row of upright and/or
square marginalcells); 107: body ray cells procumbent with mostly 2-4 rows of upright
and/or square marginal cells; 108: body ray
cells procumbent with over 4 rows of upright
and/or square marginalcells; 113: disjunctive
ray parenchymacell walls present; 115: 4-12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchymacells.
(E.A. Obeng, P.E. Gasson & E.A. Wheeler)

Erythroxylum mannii — 1, base of bole; 2, flowering twig; 3, flower; 4, twig with fruit.
Redrawn and adapted by W. Wessel-Brand
occurs throughout the tropics, most of them in
South America. Erythroxylum coca Lam. is best
known, as the source of coca leaves and co-

caine. In tropical Africa about 10 species are
found.
Erythroxylum fischeri Engl. is an evergreen,
much-branched shrub or small to mediumsized tree up to 18 m tall, with straight bole up
to 60 cm in diameter. It occurs in evergreen
and riverine forests and thickets up to 1350 m
altitude in DR Congo and from southern Sudan
and western Ethiopia southward to Tanzania.

Its hard and durable wood is used for poles in
house building and for utensils such as spoons.
It is suitable as garden ornamental or pot
plant, and in Ethiopia the leaves are used as
fodder for goats. The gum exudate is used as
glue andin the preparation of medicines.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 18: simple perforation plates; 22:

Growth and development Erythroxylum
mannii is considered to be a pioneer. In Guinea, Ghana and Gabon saplings have been recorded to be common in disturbed forest.
Growth of youngtrees is fast; in Guinea they
reached a height of about 12 m and a bole diameter of 11 cm 6 years after planting in the
open and a height of about 7 m in the understorey of degraded forest. The mortality was
low, less than 9% 6 years after planting. In
Ghanayoungtrees reportedly reached a height
of 20 m and a bole diameterof 15 cm on logging
roads of 4 years old. In natural forest in Côte
d'Ivoire, the mean annual diameter growth was
recorded as 3.5 mm over a period of 14 years,
and in an arboretum in Cameroon it was 5 mm
for trees of 50 years old, with sometrees reaching 12 mm/year.
Erythroxylum mannii is often not truly deciduous; it produces new leaves well before all old
ones are shed. In Sierra Leone it changes its
leaves in September—November. Flowering
occurs at the end of the dry season, in April—
May,fruiting mainly in July—August. In Céte
d'Ivoire fruits mature in June—July. They are
eaten by birds, which disperse the seeds.
Ecology Erythroxylum mannii occurs scattered or in small groups in evergreen forest
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andslightly more commonly in semi-deciduous
forest.
Propagation and planting Fruits are collected during the rainy season. In Guinea it
has been proposed to clear the understorey
underfruiting trees to facilitate fruit collection;
the seedlings developing from germinating
fruits can be transplanted to the nursery.
There are about 25,000 fruit stones per kg.
They start to germinate 2—4 weeks after sowing. The germination rate is usually low, 2—
30%. In each pot 3-5 fruit stones are placed.
Shading is not necessary during germination,
but is recommended after germination and is
progressively reduced 1.5 monthsbefore planting seedlings into the field. Seedlings can be
planted out after 9 months, when they reached
about 45 cm tall.
Management In forest in eastern Sierra
Leone average densities of 0.6 trees with a bole
diameter of 20-40 cm have been recorded per
ha, 0.2 trees with a bole diameter of 40-60 cm
per ha, and 0.05 trees with a bole diameter of
more than 60 cm per ha. In Cameroon average
densities of up to 0.15 trees with a bole diameter of more than 60 cm have been recorded per
ha, with a mean wood volume of up to 1 m3/ha.
In plantations in Guinea a first thinning has
been done 4-7 years after planting at a spacing
of 3 m X 3 m, depending on soil fertility.
Erythroxylum mannii can be planted in agroforestry systemsin association with banana.
Harvesting The minimum bole diameter
allowed for harvesting Erythroxylum mannii
trees is 50 cm in Cameroon and 70 cm in the
Central African Republic and Gabon.
Yield Mature trees usually produce 4—7 m3
of bole wood.
Genetic resources Erythroxylum mannii is
widespread and although it usually occurs

Vivien & Faure, 1985.
Other references Anonymous, 1960b; Au-

bréville, 1959b; Badré, 1973b; Beentje, 1994;
Chudnoff, 1980; de la Mensbruge, 1966; Friis &
Vollesen, 1985; Friis & Vollesen, 1998; Gilbert,
1958; Hubert, undated; Isa Ipor, 1998; Keay,
1958c; Keay, 1989; Kerharo & Bouquet, 1950;

Lovett et al., 2007; Raponda-Walker & Sillans,
1961; Tailfer, 1989; Verdcourt, 1984a; Voorhoeve, 1965; White & Abernethy, 1997.

Sources ofillustration Badré, 1972; Vivien
& Faure, 1985; White & Abernethy, 1997.
Authors L.P.A. Oyen & D. Louppe

EUCLEA PSEUDEBENUSE.Mey. ex A.DC.
Protologue Prodr. 8: 217 (1844).
Family Ebenaceae
Chromosome number 2n = 30
Vernacular names Cape ebony, false ebony
(En).
Origin and geographic distribution Euclea
pseudebenus occurs in dry regions of Angola,
Namibia and western South Africa.
Uses The wood with its blackish heartwood
and pale sapwood has much resemblanceto the
true ebony of Diospyros spp., and is locally
popular for carving andinlay work, and is also
used for construction of houses, fences and

utensils. However, it is usually only available
in small dimensions. It is important asfirewood. The roots and twigs are chewed to clean
the teeth. The fruits are edible although they
may be quite astringent. Root infusions are
applied in traditional medicine to treat headache and toothache. Leaves and fruits serve as
forage for livestock. The tree gives valuable

scattered in low densities, there are no indica-

tions that it is in dangerof genetic erosion.
Prospects The wood of Erythroxylum mannit is likely to remain importantfor local applications because of its good drying and processing properties. The amounts of timber
available are nowhere sufficiently common to
become an important commodity in the international market. However, as a reputedly fastgrowing pioneer species, investigations into its
prospects as a plantation timber tree are warranted.
Major references Badré, 1972b; Bolza &
Keating, 1972; Burkill, 1994; CTFT, 1950a;
Hawthorne,

1995;

Irvine,

1961;

a

°

Normand,

1937; Savill & Fox, 1967; Takahashi, 1978;

Euclea pseudebenus — wild
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shade in the hot and dry areas where it grows.
Properties The heartwoodis black and distinctly demarcated from the pale sapwood. The
wood has a fine texture and is hard and durable.
Several naphthoquinones have been isolated
from the roots of Euclea pseudebenus, of which
7-methyljuglone showed potent anti-tuberculosis activity, diospyrin showed tumour inhibitory effect against different cancer cell lines, and
isodiospyrin showed DNA topo-isomerase I
inhibitory activity.
Botany Shrub or small tree up to 10 m tall;
bole up to 30(—50) cm in diameter; bark surface
deeply cracked, dark grey; branches drooping,
twigs slender, hanging straight down, finely
hairy. Leaves alternate, simple and entire;
stipules absent; petiole up to 3 mm long; blade

for which monitoring is recommended.
Prospects Although Euclea pseudebenus
provides a beautiful wood for ornamental purposes, its bole size is too small and its occurrence too scattered to be of great commercial
importance. Further research on the pharmacological activities of Euclea pseudebenus is
recommended because the results of prelimi-

linear, often slightly curved, 1.5-5 cm x 2-5
mm, cuneate at base, acuminate at apex,
leathery, glabrous. Inflorescence a small axillary fascicle, hairy, male one 3-—7-flowered,

EURYPETALUM TESSMANNII Harms

female one 1(-3)-flowered. Flowers unisexual,
regular, 5-6-merous; calyx up to 1 mm long,
short-hairy; corolla urn-shaped, c. 3 mm long,
shallowly lobed; male flowers with 12-20 stamens and rudimentary ovary; female flowers
slightly smaller than male ones, with superior,
ovoid, densely hairy ovary, usually 4-celled,
styles 2, very short. Fruit a globose berry 5-8
mm in diameter, black when ripe, usually 1-

seeded. Seed globose, 3-5 mm in diameter,
with 2 thin lines and a groove.
Seedlings have been reported to grow rapidly
in dry river beds, reaching about 60 cm tall in
one year. The flowers are visited by bees and
butterflies, which may serve as pollinators. The
fruits are mainly eaten by birds, which disperse the seeds.
Euclea comprises about 12 species and is confined to Africa and Arabia. South Africa is
richest in species.
Ecology Euclea pseudebenus occurs in arid
areas where few other tree species can survive,
often growing together with Tamarix spp. It is
commonly foundin dry river beds in the Namib
desert, preferring deep sandy soils, but occurs
also on stonysoils.
Management Seedlings soon develop long
taproots andare difficult to transplant.
Genetic resources and breeding Kuclea
pseudebenus does not seem to be threatened
becauseit is locally common, although usually

nary studies are promising.

Major references Coates Palgrave, 1983;
de Winter, 1963; Palmer & Pitman, 1972-1974;
Van den Eynden, Vernemmen & Van Damme,

1992; van Wyk & Gericke, 2000.
Other references Joubert et al.,
Neuwinger, 2000.
Authors R.H.M.J. Lemmens

Protologue Bot. Jahrb. Syst. 45: 295, fig. 1
(1910).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Eurypetalum batesii Baker f.
(1929).
Origin and geographic distribution Eurypetalum tessmannii occurs in southern Cameroon, Equatorial Guinea and Gabon.
Uses The woodis used locally for construction, joinery and carpentry. In Gabonit is considered durable and used for house construction.
Properties The heartwood is coppery reddish brown anddistinctly demarcated from the
whitish to pale orange-yellow sapwood. The
texture is fine. The wood is rather heavy and
hard. A red dye is present in the wood.

not abundant. However, collection of the beau-

tiful wood for carving and as firewood may
locally cause high pressure on the populations,

2006;

Eurypetalum tessmannii — wild
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Botany Medium-sized to fairly large tree up
to 40 m tall; bole up to 90 cm in diameter, often

with many upright sprouts at base or several
boles

together,

with

buttresses,

sometimes

with air roots; bark surface fissured, reddish
grey to dark grey or blackish, inner bark thin,
fibrous; twigs usually glabrous, with lenticels.
Leavesalternate, paripinnately compound with
4 leaflets; stipules ovate-lanceolate to elliptical,
up to 2 cm long; petiole 1-2(—3.5) cm long, rachis 1-9 cm long; petiolules 4-8 mm long: leaflets at base of leaf alternate to opposite, at
apex of leaf opposite, usually obovate-elliptical,
(4.5-)6-11.5(-17) cm X (2)2.5-6(-8.5) cm,
acuminate at apex, leathery, glabrous, with
marginal gland near base and with translucent
dots. Inflorescence an axillary panicle up to 10
cm long, short-hairy, with long branches. Flowers unisexual or polygamous, zygomorphic,
whitish; pedicel 2-7 mm long; sepals 4, ovateoblong, 3-6 mm long, slightly unequal, glabrous; petals 5, free, 1 large and kidney-

that of Eurypetalum tessmannii. Eurypetalum
unijugum is characterized by a single pair of
leaflets.
Ecology Eurypetalum tessmannii occurs in
lowland rainforest up to 350 m altitude, in
primary and old secondaryforest.
Genetic resources and breeding Eurypetalum tessmannii is fairly widespread in
Central Africa, and does not seem to be subject

small; stamens 10, in 2 whorls, 9 shortly fused
at base, 1 free, up to 11.5 mm long; ovary supe-

to threats because it is not selectively logged.
However, Eurypetalum unijugum is classified
as vulnerable because it occurs only in Cameroon, and is there rare and threatenedbyforest
clearance.
Prospects Eurypetalum tessmannii is poorly
known, also concerning its wood properties.
However, it will probably remain of only local
importance because it is often multi-stemmed
with most boles of comparatively small diameter and its wood is hard and heavy without
very attractive appearance. However, its vegetative way of propagation by sprouting may
offer good possibilities for multiplication e.g.
for reafforestation programmes.
Major references Obiang-Mbomio & Brete-

rior, 1-1.5 mm long, hairy, with short stipe at

ler, 2007; Raponda-Walker & Sillans,

base, style slender, curved; male flowers with
stamens. Fruit an obovate, flattened pod 8-11

Sassen & Wan, 2006.
Other references Aubréville, 1968; Aubréville, 1970; Burkill, 1995; Cheek, 2004; Fou-

cm xX 4—5 cm, hairy, with short stipe at base,

gère-Danezan,

dehiscing by 2 woody valves, 1—2-seeded. Seeds

Léonard & Doucet, 1996; Lewis et al., 2005;
Normand & Paquis, 1976.
Authors R.H.M.J. Lemmens

shaped, 4-8 mm X 7-17 mm, the other very

reduced ovary, female flowers with reduced

elliptical to nearly round, flattened, 4—6 cm

long, glabrous, brown. Seedling with epigeal
germination; hypocotyl 1.5-5 cm long, epicotyl
7-13 cm long; cotyledons thick, fleshy, with
fringes at base; first leaves alternate, with 2—4
pairs of leaflets.
In the forest, trees are often surrounded by

sprouts from the base of the bole; these sprouts
may form circles of up to 5 m in diameter. The
flowers are possibly functionally unisexual.
Trees with only apparently male flowers are
more common than trees with apparently female flowers, in a proportion of approximately
4:1. The fruits are explosively dehiscent with
spiralling valves, dispersing the seeds over
some distance.
Eurypetalum comprises 2 species. It has been
placed close to Eperua from tropical America,
which hasa similar flower structure but differs
in wood anatomy and the presence of nectary
glands.
The wood of Eurypetalum unijugum Harms, a
medium-sized tree up to at least 20 m tall with
bole up to 80 cm in diameter and endemic to
Cameroon, is probably used in the same way as

Maumont

&

Bruneau,

1961;

2007;

FAUREA SALIGNA Harv.
Protologue London Journ. Bot. 6: 373, t. 15
(1847).
Family Proteaceae
Vernacular names Red beech, African beech,
African red beech, beechwood (En).
Origin and geographic distribution Faurea
saligna occurs from DR Congo, Rwanda and
Kenya south to Angola, Botswana, Zimbabwe,
Mozambique and northern and eastern South
Africa.
Uses The woodis used for poles and posts in
construction, joinery, panelling, furniture, utensils, ornaments and fence posts. It is suitable
for flooring, railway sleepers, toys, novelties,
tool handles, carvings, turnery, veneer and
plywood. It is also used as firewood and for
charcoal production.
Roots, bark and leaves are used in traditional
medicine. Root decoctions and infusions are
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turns well. It is moderately durable to fairly
durable, having some resistance to termites
and wood borers. Boles of young trees are not
suitable for use as poles or fence posts in contact with the ground, but those of older trees
are more durable.
Botany Evergreen small to medium-sized
tree up to 20(-27) m tall; bole branchless for up
to 10 m, straight or twisted, slender, up to 60

cm in diameter, sometimes swollen at base;
bark surface longitudinally fissured, dark greyish brown to blackish, inner bark yellowish
with pink or red border; crownfairly open, with
spreading branches; twigs pendent, greyish
short-hairy, becoming glabrous. Leaves alternate, usually clustered near ends of twigs,
simple; stipules absent; petiole up to 1.5 cm
Faurea saligna — wild

long, pinkish to red; blade lanceolate-elliptical,
up to 16 cm x 3.5 cm, cuneate at base, acute at

administered to treat diarrhoea, indigestion,
colic, cough, venereal diseases, schistosomiasis

apex, margins entire or slightly wavy, leathery,
glabrous, glaucous green, pinnately veined
with indistinct lateral veins. Inflorescence a
terminal, dense spike up to 15 cm long, greyish
short-hairy. Flowers bisexual, zygomorphic, 4merous, sessile; perianth tubular in bud, c. 12
mm long, splitting into 4 reflexing lobes, one
nearly free, the others fused almost to apex,
pale pinkish green; stamens fused to perianth
lobes; ovary superior, with long straight hairs,

and dysmenorrhoea. Bark decoctions are taken
against venereal diseases, schistosomiasis,
rheumatism, headache and skin complaints,
and as tonic. Leaf preparations are applied to
treat

pneumonia,

lumbago,

colic,

intestinal

parasites, headache and skin complaints. The
bark has been used for tanning leather and
provides a red dye. The tree is planted as
windbreak and for mulch, and occasionally as
ornamental in large gardens and parks. The
flowers are visited by honey bees, which collect
nectar; the honey is blackish and has a strong,
aromatic and malty flavour.
Properties Heartwood yellowish brown to
pinkish brown or reddish brown and rather
indistinctly demarcated from the slightly paler
sapwood. The grain is interlocked, texture
moderately coarse. The wood has a distinct netlike pattern of darker spots on tangential surfaces, and horizontal bands on radial surfaces.
The wood is medium-weight, with a density of
720-770 kg/m? at 12% moisture content. It air
dries fairly well but slowly, without splitting or
warping but with slight surface checking. The
rates of shrinkage are high. At 12% moisture
content, the modulus of rupture is about 89
N/mm2, modulus of elasticity 11,560 N/mm?,

compression parallel to grain 60 N/mm?, shear
13.5 N/mm? and Janka side hardness 7370 N.
The wood saws and works well with machine
tools, and it can be planed, mortised and pol-

ished with good results. Radial surfaces may
show some picking up of grain. The nailing
properties are satisfactory. The wood produces
good-quality veneer by slicing and peeling. It

1-celled, style long and slender. Fruit a small,

globose nut covered with silky white hairs, 1seeded.
Trees grow moderately slowly. In southern
Africa flowering trees can be found from August to February and fruits ripen 2-3 months
later. The flowers are fragrant with a sweet
smell and rich in nectar, and attract bees,
which are probably the majorpollinators.
Faurea comprises about 15 species and occurs
in mainland Africa, but one species is endemic
to Madagascar. Faurea rochetiana (A.Rich.)
Pic.Serm. (synonym: Faurea speciosa Welw.) is
quite similar to Faurea saligna and has been
much confused in literature with the latter. It
differs in its usually wider leaves, which are
hairy below, and has an even larger area of
distribution, from Nigeria east to Ethiopia and
south to South Africa. Its wood is used for similar purposes, and the tree is used for other
purposes which are also comparable to Faurea
saligna. Some other Faurea spp. have been
confused with Faurea saligna, particularly
Faurea arborea Engl., Faurea delevoyi De Wild.
and Faurea wentzeliana Engl., which are all
medium-sized trees, occasionally up to 30 m
tall. This means that information published
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under Faurea saligna may refer to another
species or to a mixtureof species.
Faurea forficuliflora Bakeris a small tree up to
10-20) m tall, with a bole up to 50 cm in diameter, endemic to Madagascar, where it is
widespreadin the central regions up to 2500 m
altitude. Its hard, yellowish brown wood has
been used for fence posts.
Faurea macnaughtonii E.Phillips is restricted
to South Africa and Swaziland, where it occurs

in few, scattered populations. Its brown to dark
brown, nicely figured wood, which is heavy
(with a density of about 950 kg/m? at 12%
moisture content) and hard, has been valued
for furniture, but the tree is now protected.
Ecology Faurea saligna occurs in woodland,
often together with Brachystegia spp., and
grassland with scattered trees, at 700-2000 m
altitude, in regions with a mean annual rainfall to as low as 500 mm. It can be found on
sandy or loamy soils, and on rocky ridges.
Trees are slightly fire-tolerant, but do not survivefierce fires.
Management There are about 165,000 nuts
per kg. Fresh nuts should be sown in welldrained soil; they may lose viability within a
month. The germination rate is reported to be
variable, from poortofair.
Genetic resources and breeding Faurea
saligna is widespread andlocally common, and
there are no indications that it is in threat of
genetic erosion.
Prospects Faurea saligna and other Faurea
spp. do not have good prospects as timber trees
of more economic importance because the logs
are usually too small and trees grow too slowly.
However, as multi-purpose trees valuable for
local timber production, in local medicine, and
as auxiliary tree, bee forage and ornamental
tree, they deserve protection. Phytochemical
and pharmacological studies are recommended
in view of the wide use of Faurea spp. in traditional medicine.
Major references Chilufya & Tengnäs,

FOETIDIA CLUSIOIDES Baker
Protologue Bull. Misc. Inform. Kew 1895:
104 (1895).
Family Lecythidaceae
Vernacular names Stinkwoodtree (En).
Origin and geographic distribution Foetidia clusioides is endemic to eastern Madagascar.
Uses The wood of Foetidia clusioides and
other Foetidia spp., called ‘bois puant’ or ‘nato
hofatra’ in Madagascar, is used in heavy construction for posts and piles. It is suitable for
heavy construction, heavy flooring, joinery,
interior trim, ship building, vehicle bodies,
railway sleepers, mine props, sporting goods,
toys, novelties and turnery. It is also used as
firewood andfor charcoal production.
Production and international trade The
wood of Foetidia clusioides is only locally used
andtraded.
Properties The heartwood is reddish grey
and not distinctly demarcated from the grey
sapwood. The grain is usually straight, sometimes interlocked, texture medium and even.
The wood has a bad smell. It is heavy, with a
density of 1000-1080 kg/m? at 12% moisture
content, and hard, strong and fairly elastic. It
air dries fairly easily, but care is needed to
avoid splitting, checking or twisting. The
shrinkage rates are high, from green to oven
dry 7.8-9.1% radial and 13.0-13.8% tangential.
Once dry, the wood is unstable in service. At
12% moisture content, the modulus of rupture
is 249-322 N/mm?, modulus of elasticity
22,740-24,220 N/mm?, compression parallel to

grain 91-104 N/mm?, shear 8.5-18.5 N/mm?,
cleavage 20-29.5 N/mm and Chalais-Meudon

1996; Coates Palgrave, 1983; Latham, 2007;

Maundu & Tengnäs (Editors), 2005; Orwa et
al., 2009.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Brummitt & Marner,
1993; Burkill, 1997; Chikamai et al., undated;

Chisumpa, Brummitt & Marner, 2006; Grace
et al., 2002a; Mbambezeli, 2008; Neuwinger,
2000; Palmer & Pitman, 1972-1974; van Wyk
& Gericke, 2000.
Authors R.H.M.J. Lemmens
Foetidia clusioides — wild
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side hardness 7.5—11.8.
The wood worksfairly well with both hand and
machine tools, and can be planed to a smooth
surface. It is very shock resistant. It holds nails
and screwswell, but pre-boring is recommended. The wood takes a nice polish and glues
well. It is very durable, also when in contact
with the ground or water, and is rarely attacked by termites. The sapwood maybeliable
to Lyctus attack.
Description Evergreen small tree up to 15
(-20) m tall; bole up to 35 cm in diameter;

twigs thick, glabrous. Leaves arranged spirally,
clustered near apex of branches, simple and
entire, nearly sessile, inrolled in bud; stipules

absent; blade slightly obliquely oblanceolate to
spatulate, 5-13 cm x 2-6 cm, base cuneate,
apex rounded or notched, leathery, glabrous,

pinnately veined with numerous indistinct
lateral veins. Flowers solitary in leaf axils,
bisexual, regular; pedicel up to 2 cm long; sepals 4, oblong-oblanceolate, c. 1.5 cm X 0.5 cm;
petals

absent;

stamens numerous,

free,

ar-

ranged in 4 groups, 1-1.5 cm long; disk flat and
circular; ovaryinferior, 4-celled, style almost as

long as stamens, thick, usually with 4 short

branches. Fruit a top-shaped woody drupe 1-—
1.5 cm long, indehiscent, with at apex persistent disk and enlarged wing-like sepals up to 3
cm long, few-seeded.
Other botanical information Foetidia comprises 16 species, of which 13 are endemic to
Madagascar, 2 to the Mascareneislands, and 1

to Tanzania.
The wood of other Foetidia species is occasionally used in Madagascar. Foetidia asymetrica
H.Perrier is a small to medium-sized tree up to
20 m tall, which is widespread in northern and
western Madagascar. Its wood, called ‘manambao’, is heavy and moderately hard, and used
for construction, particularly for posts in traditional houses and for bridges, carpentry and
wagon construction.
Foetidia obliqua Blumeis a shrub or small tree
up to 10 m tall. It is the most common and
widespread species of Foetidia in Madagascar,
occurring from north to south in eastern parts
of the island; it also occurs on Pemba island

(Tanzania), possibly introduced and naturalized. Its wood, named ‘voantsanaka’ in Madagascar, is used in construction for posts and
piles. The leaves are used in traditional medicine; leaf infusions are administered to treat

Foetidia clusioides — 1, twig with flower; 2, twig
with fruit.
Redrawn and adapted by J.M. de Vries

complaints of the respiratory organs.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 24: intervessel pits minute (< 4 um);
30: vessel-ray pits with distinct borders; similar to intervessel pits in size and shape
throughout the raycell; 42: mean tangential
diameter of vessel lumina 100-200 um; 47: 5—
20 vessels per square millimetre; 48: 20-40
vessels per square millimetre. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 70:
fibres very thick-walled. Axial parenchyma: 76:
axial parenchyma diffuse; 77: axial parenchyma diffuse-in-aggregates; 78: axial parenchyma
scanty paratracheal; 86: axial parenchyma in
narrow bands or lines up to three cells wide;
93: eight (5-8) cells per parenchyma strand.
Rays: 97: ray width 1-3 cells; 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 113: disjunctive
ray parenchymacell walls present; 115: 4-12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells; 159:
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silica bodies present; 160: silica bodies in ray
cells.
(P.E. Gasson, P. Mugabi & E.A. Wheeler)
Ecology Foetidia clusioides occurs in humid
evergreen forest, up to 1000 m altitude.
Genetic resources Foetidia clusioides is
fairly widespread and there are no indications
that it is in immediate danger of genetic erosion, although the fragmentation of the forest
in eastern Madagascar may cause a serious
threat in the near future. The numbersof trees
of several other Foetidia species have fallen
dramatically and these need protection urgently.
Prospects The wood is likely to remain of
local importance because of its durability and
good workingproperties.
Major references Bolza & Keating, 1972;
Bosser, 1988; Lens et al., 2007; Morton et al.,
1997; Perrier de la Bâthie, 1954b; Prance,
2008; Sallenave, 1964; Sallenave, 1971; Ta-

kahashi, 1978.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Guéneau, 1971a; Guéneau,
Bedel & Thiel, 1970-1975; Lisan & Allorge,
undated; Madagascar Catalogue, 2011.

Sources of illustration Perrier de la Bathie,
1954b.

Authors L.P.A. Oyen

FOETIDIA MAURITIANA Lam.
Protologue Encycl. 2 (2): 457 (1788).
Family Lecythidaceae
Synonyms Foetidia borbonica J.F.Gmel.
(1791).
Origin and geographic distribution Foeti-

dia mauritiana is endemic to Mauritius and
Réunion.
Uses The durable wood, called ‘bois puant’,

was formerly well appreciated for construction
and furniture, although it has a bad smell.
However, nowadayslarger trees are too rare to
be used for such purposes.
In traditional medicine, the seeds are eaten to
expel intestinal worms andaslaxative or purgative. The leaves are used as emmenagogue.
In Réunion, wood and bark preparations are
administered in mixtures to treat complaints of
the respiratory organs and fever, and externally to warts. The roots are considered diuretic
and laxative, and are used to expel intestinal
worms. Foetidia mauritiana is occasionally
planted as an ornamentaltree.
Production and international trade The
wood is no longer traded.
Properties The wood of Foetidia mauritiana
is probably similar to that of Foetidia clusioides Baker. The bark is rich in saponosides
and also contains fair amounts of tannin.
Botany Evergreen small to medium-sized
tree up to 20 m tall; bole usually straight, up to
60 cm in diameter; bark surface smooth, grey;

twigs thick, glabrous. Leaves arranged spirally,
clustered near apex of branches, simple and
entire, sessile, inrolled in bud; stipules absent;

blade slightly obliquely obovate, (5—)7—14(-16)
cm X 3-6 cm, base cuneate, apex obtuse to
slightly notched, leathery, glabrous, pinnately
veined with numerous indistinct lateral veins.
Flowerssolitary in leaf axils, bisexual, regular;
pedicel 2.5—4 cm long; sepals 4, triangular, 1.5—
38cm X 1-1.5 cm, fleshy; petals absent; stamens
numerous, free, 2-3 cm long; disk flat andcir-

cular; ovary inferior, 4-celled, style c. 1.5 cm
long, with 4 short branches. Fruit a top-shaped
woody drupe 2-2.5 cm long, indehiscent, with
at apex persistent disk and recurved sepals,

few-seeded. Seeds flattened ovoid, c. 3.5 mm
long, brown.
Foetidia comprises 16 species, of which 13 are
endemic to Madagascar, 2 to the Mascarene
islands, and 1 to Tanzania.

beds"
Yr
Foetidia mauritiana — wild

The wood of Foetidia rodriguesiana Friedmann, endemic to Rodrigues, is also called ‘bois
puant’, is probably similar to that of Foetidia
mauritiana and was usedfor similar purposes.
It was also used to make canoes. In traditional
medicine, bark decoctions are taken to treat
gonorrhoea and dysentery. Foetidia rodriguesiana is a small tree up to 10 m tall, usually with
a tortuous bole up to 70 cm in diameter.It is
now confined to forest remnants, where only
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about 50 trees remain in a single group, together with a few isolated trees; it is protected.
Ecology Foetidia mauritiana occurs in semideciduous dry forest and hill forest, up to 500
m altitude.
Management Natural regeneration is reported to be very poor. Foetidia mauritianais
planted in protected areas in efforts to restore
the original vegetation. It fruits from October
to January, but fruits can be collected from the
ground throughout the year because seeds remain viable for a long time. If the fruits are
still green, they should be dried in the shade.
They are broken with a hammerafter thorough
drying. There are 400-600 seeds per kg. Seeds
keep their viability for more than one year under ambient conditions and for more than 5
years in cold storage. Seeds are scarified by
placing them in a 5% chlorate solution for 1
hour to kill fungi that could affect the seedlings, and then rinsed in ample water. They
are sown on a sandy soil mixture poorin organic matter. Fungicides, and less often insecticides, are applied with the irrigation water.
Germination may start after 2 weeks but can
also take 6(—12) months. The germination rate
is about 30%. Becausethe radicle is fragile and
grows rapidly, seedlings should be transplanted very early, when the radicle is about 1 cm
long, into a deep container. Foetidia mauritiana can also be propagated by layering.
Genetic resources and breeding Due to
over-exploitation, Foetidia mauritiana has become rare andits conservation status is rated
as vulnerable; in Réunion it is fully protected
since 1987.
Prospects Focus is now on the conservation
of the few remaining stands of Foetidia mauritiana. If the efforts to restore stands by planting are successful, some marketable wood may
be produced again in the longer future.
Major references Friedmann & Scott,
1993; Gurib-Fakim & Brendler, 2004; GuribFakim, Guého & Bissoondoyal, 1996; GuribFakim et al., 1994; Prance, 2008.

Other references CIRAD, 2008; Lavergne,
2001; Ruhomaun, 2003; Sarrailh et al., 2007.

Authors L.P.A. Oyen

GAERTNERAPANICULATABenth.
Protologue Hook., Niger Fl: 459 (1849).
Family Rubiaceae
Chromosome number 2n = 22
Origin and geographic distribution Gaert-

Gaertnera paniculata — wild
nera paniculata is distributed from Senegal
and Guinea through West and Central Africa
to Zambia and Angola.
Uses In Nigeria the wood is made into pestles and small canoes. In DR Congo the stems
are used in house construction. The wood is
also used as firewood and for making charcoal.
In Gabon young stems are woven into baskets
used for catching fish. The roots and young
shoots are sometimes eaten. In Nigeria the
foliage is browsed by goats. Bees collect the
nectar for honey. In traditional medicine in
Congo, a root decoction is taken for the regulation of tachycardia and a bark decoction for the
treatment of cough and chest pain, while the
leaf pulp is rubbed in for the treatment of
rheumatism and the leaves are eaten against
fever. The plant has ornamental value.
Properties The wood is reddish. The roots,
bark and leaves contain saponin.
Botany Evergreen shrub or small tree up to
9 m tall; bole low-branching, up to 30 cm in

diameter, occasionally more; twigs glabrous or
short hairy. Leaves opposite, simple and entire;
stipules with 1-2 cm long tube and 4 lobes c. 1
mm long, caducous; petiole 0.5-1.5 cm long;
blade elliptical to elliptical-oblong or oblanceolate, 8-18 cm xX 3—9 cm, base cuneate to obtuse,

apex acuminate, papery or thinly leathery,
glabrous or main veins short-hairy beneath,
pinnately veined with 3-8 pairs of lateral
veins. Inflorescence a terminal cymeor panicle
up to 30 cm long, strongly branched, manyflowered; peduncle up to 8 cm long, glabrous.
Flowers bisexual, regular, 5-merous, heterosty-

lous, usually sweetly fragrant, nearly sessile;
calyx cup-shaped, up to 2 mm long, with trian-
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gular lobes up to 1 mm long; corolla white or
greenish, densely hairy outside, tube funnelshaped and 2.5-4 mm long, lobes strap-shaped
to linear and 1.5—2.5 mm long; stamensinserted beneath the throat of the corolla tube, with
short filaments; ovary superior, 2-celled, style
slender, 1.5—2 mm long or 6—7 mm long, stigma
2-lobed. Fruit a globose drupe 6-9 mm in diameter,

indehiscent,

violet,

purple

or

blue

when mature, 1(—2)-seeded. Seed broadly ovoid,
4mm x 3 mm, obscurely grooved.
In Benin Gaertnera paniculata flowers in September—Decemberandfruits in January—April.
Gaertnera comprises about 70 species and occurs in tropical Africa, Asia and Australia.
There are 12 species in tropical Africa.
Ecology Gaertnera paniculata occurs from
sea-level up to 1700 m altitude in the understorey of evergreen and moist deciduousforest,
also in gallery forest, in primary as well as
secondary forest where it may be abundant,
often in forest edges and nearrivers.
Genetic resources and breeding Gaertnera paniculata is not threatened with genetic
erosion, as it has a wide distribution and is

locally common.
Prospects Gaertnera paniculata has a wide
range of local uses, being a source of timber,
fuel, food, fodder, weaving material and medicine. However, information on its properties is
lacking almost entirely, and therefore it is not
possible to indicate whether the species will
become more important for any of these uses in
the future. Its value as a timber tree is restricted by the small size of the bole.

Ganophyllum giganteum — wild
tral African Republic, Equatorial Guinea, Gabon, Congo and DR Congo.
Uses The wood, often traded as ‘zembili’, is
suitable for heavy construction, joinery, vehicle
bodies, furniture, handles, ladders, toys, novelties, agricultural implements, pattern making,

carving and turnery. It is suitable for charcoal
production.
The sweet flesh of the fruits is eaten and apparently locally popular in DR Congo. In traditional medicine, bark decoctions and macera-

2009; Verdcourt, 1989d.
Other references Akoégninou, van der
Burg & van der Maesen (Editors), 2006; Au-

tions are taken to treat problems of the respiratory and digestive tracts, dysmenorrhoea,
epilepsy, convulsions, sterility and impotence,
and they are administered to treat wounds,
and in a vapour bath to treat rheumatism and
trypanosomiasis. The fruit is administered in a
mixture with other plants to treat asthma.
Properties The heartwood is whitish yellow
to pale pinkish brown, and not distinctly demarcated from the sapwood. The grain is usu-

bréville, 1959c; Hawthorne & Jongkind, 2006;

ally straight, texture fine and even.

Hepper & Keay, 1963; Irvine, 1961; Neuwinger, 2000; Nkeoua & Boundzanga, 1999; Raponda-Walker & Sillans, 1961.
AuthorsM. Brink

GANOPHYLLUM GIGANTEUM(A.Chev.) Hau-

The wood is heavy, with a density of 825-895
kg/m? at 12% moisture content, fairly hard and
tough. Air drying should be done with great
care to avoid serious splitting and checking.
The rates of shrinkage are high, from green to
oven dry 7.6% radial and 12.5% tangential. At
12% moisture content, the modulus of rupture

man

is 179 N/mm2, modulus of elasticity 16,700

Major references Burkill, 1997; Figueiredo,
2005;

Latham,

2004;

Malcomber

&

Taylor,

Protologue Fl. Congo 9: 363 (1960).
Family Sapindaceae
Synonyms Pseudospondias gigantea A.Chev.

(1917).

Origin and geographic distribution Ganophyllum giganteum occurs in Cameroon, Cen-

N/mm?, compression parallel to grain 66
N/mm?, cleavage 17.5 N/mm and ChalaisMeudon side hardness 6.3.
The wood is not difficult to work despite its
hardness. It is fairly durable, but may be susceptible to termite and marine borer attacks

and is only moderately durable when exposed
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to the weather or in contact with the ground.
The sapwood is not liable to Lyctus attack.
The triterpenoids zanhic acid and zanhic acidy-lactone have been isolated from the root bark.
The erude hydromethanolic extract of Ganophyllum giganteum leaves showed pronounced
cytotoxicity against human monocytes.
Description Dioecious, medium-sized to
fairly large tree up to 40 m tall; bole branchless
for up to 25 m, straight and cylindrical, sometimes crooked, up to 120 cm in diameter, with

small to medium-sized buttresses or fluted at
base; bark surface reddish brown, scaling off in
large, irregular flakes, inner bark fibrous, orange to reddish, with menthol smell; crown
irregular; twigs glabrous, resinous, with many
small

lenticels.

Leaves

alternate,

clustered

near the apex of twigs, paripinnately compound with 5—-9(—12) pairs of leaflets, resinous;
stipules absent; petiole 4-10 cm long, rachis up
to 25 cm long; petiolules c. 2 mm long; leaflets
usually alternate, ovate to lanceolate, 5—15(—
20) cm x 2.5-5 cm, asymmetrical at base, acuminate at apex, margin entire, glabrous, dis-

tinctly glossy with very small whitish dots at
upper surface, pinnately veined with 8-12

Ganophyllum giganteum — 1, baseof bole; 2, leaf;
8, flowering twig; 4, fruits.
Redrawn and adapted by Iskak Syamsudin

pairs of lateral veins. Inflorescence an axillary
panicle up to 30 cm long. Flowers unisexual,
regular, usually 5-merous, small, whitish; pedicel c. 2.56 mm long, with minute glands; sepals
c. 2.6 mm long, fused at base; petals absent;
stamens free, alternating with sepals, c. 5 mm

long; disk lobed, glabrous; ovary superior, 2celled, style short; male flowers with rudimentary ovary, female flowers with reduced stamens. Fruit an ellipsoid to ovoid, fleshy drupe
c. 2 cm X 1.5 cm, glabrous, yellow to orange
when ripe, 1-seeded. Seedling with epigeal
germination; hypocotyl 4—5 cm long, epicotyl 3—
4 cm long; cotyledons oblong, 2-3 cm long,
fleshy; first leaves opposite, with 6-10 leaflets.
Other botanical information Ganophyllum comprises 2 species. Ganophyllum falcatum Blumeoccursin tropical Asia and Australia. It closely resembles Ganophyllum giganteum, differing only in its slightly smaller flowers with hairy disk. The wood of Ganophyllum
falcatum is similar and exported in small
quantities from Papua New Guinea and the
Solomon Islands.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(7: vessels in diagonal and/or radial pattern);
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 26:
intervessel pits medium (7-10 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 41: mean tangential diameterof vessel
lumina 50-100 um; 42: mean tangential diameter of vessel lumina 100-200 um; 47: 5-20 vessels per square millimetre; 58: gums and other
deposits in heartwood vessels. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 65: septate fibres present; (66: nonseptate fibres present); 69: fibres thin- to thickwalled; 70: fibres very thick-walled. Axial parenchyma: (76: axial parenchyma diffuse); 79:
axial parenchyma vasicentric; 80: axial parenchymaaliform; (81: axial parenchyma lozengealiform); (82: axial parenchyma wingedaliform); 83: axial parenchyma confluent; (91:
two cells per parenchymastrand); 92: four (3—
4) cells per parenchymastrand; (938: eight (5-8)
cells per parenchyma strand). Rays: 97: ray
width 1—8 cells; 104: all ray cells procumbent;
115: 4-12 rays per mm. Mineral inclusions:
186: prismatic crystals present; 142: prismatic
crystals in chambered axial parenchymacells.
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(S. N’Danikou, P. Baas & H. Beeckman)
Growth and development In Gabon trees
flower in November, andfruits ripen in January—February. Gorillas eat the fruits in large
quantities and serve as seed dispersers.
It has been recorded that flower induction
takes place when night temperatures drop below 19°C. In Gabonthis is often the case during the dry season in July and August. However, in some years this does not happen and
then the trees fail to flower and fruit. It has
been suggested that global warming may have
a disastrous effect on Ganophyllum giganteum
and on the animals that depend on it at least
part of the year, such as gorillas feeding on the
fruits.
Ecology Ganophyllum giganteum mostly occurs in semi-deciduous forest, sometimes in

evergreen forest, up to 700 m altitude.
Propagation and planting The average
1000-seed weight is 940 g.
Management Ganophyllum giganteum appears to be uncommon in many regions within
its distribution area, and is therefore not sub-

ject to specific management measuresfor timber production.
Diseases and pests The foliage of Ganophyllum giganteum is susceptible to insect
damage; in Gabon severe defoliation has been
reported, particularly in the period December—
February.
Genetic resources Ganophyllum giganteum
is fairly widespread in Central Africa and at
present there is no reason to considerit threatened. However, monitoring of the existing populations is recommendedin view of its usually
scattered occurrence, preference for undisturbed forest, probable slow growing rates and
possible vulnerability in the context of climate
change.
Prospects Too little is known about Ganophyllum giganteum to judgeits possibilities as
a timber tree of more economic importance.
Based ontrials in tropical Asia, a rotation cycle
of 100 years has been estimated for sustainably
harvesting sawn timber of Ganophyllum falcatum, with an estimated annual production of
0.9 m3/ha. When it is assumedthat this is comparable to production rates in Ganophyllum
giganteum, it is not very promisingfor planting
for timber production on an economically valid
basis.
Major references Bolza & Keating, 1972;
Fouilloy & Hallé, 1973a; Lamidi et al., 2005;
Raponda-Walker & Sillans, 1961; Sallenave,
1964; Takahashi, 1978; Vivien & Faure, 1985;

Vivien & Faure, 1996; White & Abernethy,
1997; Wilks & Issembé, 2000.
Other references Adjanohoun et al. (Editors), 1988; Bolza & Keating, 1972; Bouquet,
1969; Dasuki, 1998; Dimbi et al., 1984; Neu-

winger, 2000; Ngavoura, 1990; Voysey et al.,
1999a; Voyseyet al., 1999b.
Sources ofillustration Raponda-Walker &
Sillans, 1961; White & Abernethy, 1997; Wilks
& Issembé, 2000.

Authors S. Adanu & C.H. Bosch

GILBERTIODENDRON DEWEVREI (De Wild.)
J.Léonard
Protologue Bull. Jard. Bot. Etat 22: 190
(1952).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number n = 12
Synonyms Macrolobium dewevrei De Wild.
(1904).
Vernacular names Limbali (Fr).
Origin and geographicdistribution Gilbertiodendron dewevrei is distributed from Nigeria
to DR Congo and northern Angola.
Uses The wood, traded as ‘limbali’, is very
suitable for flooring, joinery, stairs, window
frames, doors and decks of bridges. It can also
be used for heavy construction including hydraulic works, interior trim, mine props, ship
building, vehicle bodies, garden furniture,
railway sleepers, toys, novelties, agricultural
implements, draining boards and turnery. As
the wood does not have special aesthetic qualities, it is not very suitable for cabinet work and
fine joinery. The wood is considered unsuitable

Gilbertiodendron dewevrei — wild
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as firewood, but it is much sought after for the
production of charcoal.
In DR Congo the inner bark is used for tying
and for making bands for carrying baskets,
whereas bark cylinders are sometimes used for
making honey containers. The leaves are used
for thatching and house walls. In north-eastern
DR Congo houses were traditionally built from
material of Gilbertiodendron dewevrei and clay
only: poles for the house skeleton, small
branches for the walls between rooms, string
from the bark of young trees for tying, and
leaves for covering the roof.
Although it has been recorded that it takes a
long time to remove toxic compounds from the
seeds, the roasted or boiled seeds are eaten in
times of shortage in Central Africa, or they are
boiled and ground into flour, which is made
into porridge. The fermented seeds are ground,
wrapped in leaves of Megaphrynium macrostachyum (Benth.) Milne-Redh., and roasted.
The seeds are also eaten by the Baka pygmy
people of Cameroon, after they have been
boiled and the seed coat has been removed.
In traditional medicine in Congo, the powdered
bark is taken for the treatment of dysentery
and is sprinkled on wounds, the leaves are
used against sterility and asthma, and to promote childbirth, whereas leaf ash is rubbed
into scarifications on painful knees. In DR
Congo sap from the stem is applied on whitlows, bark decoctions are drunk for the treat-

ment of gastritis and blennorrhoea, sap expressed from the bark together with that of
Tephrosia vogelii Hook.f. is used againstotitis,
and pounded scrapings of the dried bark are
applied on burns.
Production and international trade ‘Limbali’ wood was regularly exported from DR
Congo into Belgium before the Second World
War, but only occasionally afterwards. Today,
its commercial exploitation is not important
anymore, and fluctuating from year to year.
Exports of ‘limbali’ logs from Cameroon were
50 m3 in 2000, 1770 m3 in 2006, 2380 m3 in

2007 and 260 m3 in 2008. Cameroon exported
140 m3 of sawn wood in 2004 and 80 m? in
2006. Congo exported 345 m3of finished ‘limbaWk’ products and 15 m3 of logs in 2004, and 30
m3 of logs and 17 m3 of sawn wood in 2006.
Properties The heartwood is pale brown to
dark reddish brown, darkening upon exposure;
it is distinctly demarcated from the 5-10 cm
wide, greyish or yellowish sapwood. The grain
is straight or wavy, occasionally interlocked,
texture medium to coarse. Gum ducts are

sometimes present. Quarter-sawn surfaces are
slightly mottled, with alternating pale and
darker brownstreaks.
The wood is medium-weight to heavy, with a
density of 730-910 kg/m? at 12% moisture content. It air dries slowly, with a tendency to
split. Kiln drying should be done carefully to
prevent distortion and checking.It takes about
12 days to kiln dry boards of 2.5 cm thick to
12% moisture content. The rates of shrinkage
are moderate to high, from green to oven dry
3.2-6.4% radial and 7.4-11.1% tangential.
Once dry, the wood is moderately stable to unstable in service.
At 12% moisture content, the modulus of rupture is 102-189 N/mm2, modulus of elasticity
13,300-19,300 N/mm2, compression parallel to

grain 54-76 N/mm?, shear 8.5-12 N/mm’,
cleavage 16.5—20.5 N/mm, Janka side hardness
6670 N, Janka end hardness 6490 N and
Chalais-Meudonside hardness 4.4—6.0.
Fresh wood sawsrelatively easily but slowly.
The wood mayhavea significant blunting effect on saw blades, making the use ofstellitetipped saw teeth necessary. It works fairly
well, but tends to blunt cutting edges. It
moulds and planes easily. It holds nails and
screws well, but pre-boring is recommended to
prevent splitting. The wood paints, varnishes
and glues well. It is not suitable for peeling.
The wood is durable, being moderately resistant to resistant to fungal attack, moderately resistant to termites and resistant to marine
borers. The sapwood is susceptible to Lyctus
borers. The heartwood is resistant to impregnation with preservatives, the sapwood more
permeable.
The wood contains 38—42.5% cellulose, 34.5—
36.5% lignin, 14.5-15.5% pentosan, 0.8-1.6%

ash and 0.03-0.04% silica. The solubility is
0.6-7.1% in alcohol-benzene, 1.3-2.3% in hot
water and 13.6—-17.2% in a 1% NaOH solution.
Per 100 g edible portion seeds from DR Congo
contained: water 9.4 g, energy 1478 kJ (353
keal), protein 4.8 g, fat 0.6 g, carbohydrate 82.3
g, fibre 1.5 g and ash 1.5 g.
Adulterations and substitutes Other Gilbertiodendron spp., such as Gilbertiodendron
brachystegioides (Harms) J.Léonard, Gilbertiodendron ogoouense (Pellegr.) J.Léonard and
Gilbertiodendron preussii (Harms) J.Léonard,
are sometimes confused with Gilbertiodendron
dewevrei and sold as‘limbali’.
Description Evergreen, large tree up to 45
m tall; bole branchless for up to 22 m, straight,
cylindrical, up to 200(-300) cm in diameter,
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without buttresses; bark surface grey-brown to
yellowish brown, rough, exfoliating in large,
irregular scales, with brown lenticels, inner
bark thick, fibrous, hard, red-brown; crown

dense. Leaves alternate, pendulous, paripinnately compound with (2—)3(-5) pairs of leaflets; stipules ovate-lanceolate, fused, 2-8 cm x
1.5-4 em, with 2 kidney-shaped appendages up
to 2.5 cm long, moreorless persistent; petiole
thick, 0.5-1 cm long, rachis 2-25 cm long, narrowly grooved above, short-hairy; petiolules
thick, 1-16 mm long; leaflets opposite, oblong
to oblanceolate orelliptical, slightly oblique, 9—
50 cm X 38-20 cm, basal leaflets usually smaller

than terminal ones, base rounded to cordate,
asymmetrical, apex obtuse to acuminate,
leathery, usually glabrous, often with 2-4
small glands near the margin, lower surface
densely papillose, pinnately veined with 14—25
pairs of lateral veins. Inflorescence a terminal
or axillary, lax panicle 8-25 cm long, reddish
hairy. Flowers bisexual, zygomorphic, 5merous, fragrant; pedicel 2-4 cm long; bracteoles 2, ovate to elliptical, 1-2 cm long; sepals
ovate-lanceolate to narrowly triangular, 5-8
mm long, purplish red, fused at base; petals

Gilbertiodendron dewevrei — 1, leaf; 2, part of
flowering twig; 3, fruit; 4, seed.
Redrawn and adapted by G.W.E. van den Berg

unequal, 1 ovate, 1.56-3 cm x 2.5-3 cm, deeply
2-lobed,
wine-red,
other’
petals
linearlanceolate, 6-8 mm X 1-1.5 mm; fertile stamens3, 1.5—2.5 cm long, rudimentary stamens
6, 0.5-2 mm long; ovary superior, 1-celled,
style 2-3 cm long. Fruit an obliquely oblong to
oblong-obovoid, flattened pod 15-30 cm x 6-10
cm, with distinct longitudinal ridge and numerous transversal veins, brownish, densely
covered with short brown hairs, dehiscent with

2 woody valves, 4—6-seeded. Seeds orbicular to
oblong or slightly triangular, flattened, 4-5 cm
in diameter, shiny brown. Seedling with epigeal germination; hypocotyl 7-20 cm long, epicotyl 14-24 cm long;first 2 leaves opposite, with 2
large and 2 minute leaflets.
Other botanical information Gilbertiodendron comprises about 25 species and is restricted to tropical Africa, distributed from
Guinea to DR Congo and Angola. It was formerly included in Macrolobium, which now
consists of tropical American species only, and
is closely related to Pellegriniodendron, which
is even considered congeneric.
The wood of various other Central African Gilbertiodendron species is sometimes traded as
‘limbali’.
Gilbertiodendron
brachystegioides
(Harms) J.Léonard is a fairly large tree up to
35(—40) m tall with a straight bole branchless
for up to 20 m and up to 80 cm in diameter,
distributed in Cameroon, Equatorial Guinea
and Gabon. The wood, occasionally traded as
‘limbali’ although it releases a fetid smell on
felling, is medium-weight with a density of
about 710 kg/m3 at 12% moisture content.
Gilbertiodendron
grandiflorum (De Wild.)
J.Léonard is a small tree up to 15(—25) m tall,
distributed in Nigeria, Cameroon, Gabon and
DR Congo. In DR Congo the woodis valued for
high-class cabinet work. It is also suitable for
poles, piles, flooring, joinery, mine props, ship
building, vehicle bodies, railway sleepers, agricultural implements and handles. Gilbertiodendron grandiflorum has been planted for
shade. The wood has a density of 640-820
kg/m3 at 12% moisture content.
Gilbertiodendron grandistipulatum (De Wild.)
J.Léonard is a medium-sized tree up to 30 m
tall with a bole up to 80 cm in diameter, distributed in Gabon and DR Congo. The woodis
quite similar to that of Gilbertiodendron
dewevrei and has a density of about 840 kg/m3
at 12% moisture content.
Gilbertiodendron mayombense (Pellegr.) J.Léonard is a small to medium-sized tree up to 20
m tall with a bole up to 65 cm in diameter,
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distributed from Nigeria to DR Congo and Cabinda (Angola). The wood is considered suitable
for construction, flooring, joinery, mine props,
ship building, vehicle bodies, furniture, railway
sleepers and agricultural implements. It has a
density of about 770 kg/m? at 12% moisture
content.
Gilbertiodendron

ogoouense

(Pellegr.)

J.Léo-

nard is a medium-sized to fairly large tree up
to 35 m tall with a cylindrical bole branchless
for up to 19 m and up to 200 cm in diameter,
distributed in Cameroon, Equatorial Guinea,
Gabon, DR Congo and Cabinda (Angola). The
wood is suitable for joinery and railway sleepers.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
24: intervessel pits minute (< 4 um); 25: intervessel pits small (4-7 um); (26: intervessel pits
medium (7-10 um)); 29: vestured pits; 30: ves-

sel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 43: mean tangential diameter of
vessel lumina > 200 um; 46: < 5 vessels per
square millimetre; (47: 5-20 vessels per square
millimetre); 58: gums and other deposits in
heartwood vessels. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 69: fibres thinto thick-walled. Axial parenchyma: 79: axial
parenchymavasicentric; 80: axial parenchyma
aliform; 81: axial parenchyma lozenge-aliform;
83: axial parenchyma confluent; (89: axial parenchyma in marginalor in seemingly marginal bands); 91: two cells per parenchyma strand;
92: four (3-4) cells per parenchyma strand.
Rays: (96: rays exclusively uniseriate); 97: ray
width 1-3 cells; 106: body ray cells procumbent
with one row of upright and/or square marginal
cells; 115: 4-12 rays per mm; (116: > 12 rays
per mm). Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchymacells.
(E. Uetimane, P.E. Gasson & E.A. Wheeler)
Growth and development Germination is
rapid, usually within 5-7 days after seed dispersal. Regeneration is abundant under shade,
and seedlings tolerate dense shade for a long
time. The roots are colonized by ectomycorrhizae and vesicular-arbuscular endomycorrhizae.
The proportion of the roots that is colonized by
ectomycorrhizae increases with age in saplings.

The rapid colonization of the roots by ectomycorrhizae gives the seedlings an advantage
over species that are not or more slowly colonized. In dense, undisturbed stands, the roots

are not nodulating with Rhizobium, but some
root nodules can be found in disturbedforest.
The average annual increase in stem diameter
is 5.3 mm. Observations on 10 trees originating
from Gabon and Congo show annual increases
in stem diameterof 2.6—11.4 mm.
Young leaves are red and formed throughout
the year. In Nigeria and Cameroon flowering is
in January—April, and fruiting takes place in
(July—)August-September(-October). Flowering does not always occur annually, and a large
number of flowers is shed without forming
fruits. Still, fruiting is usually abundant, with
mast seed production every 2-4 years. Seed
dispersal is ballistic, with the seeds being
ejected after explosive dehiscenceof the fruit.
Ecology Gilbertiodendron dewevrei occurs
below 1000 m altitude, in areas with an aver-

age annualrainfall of 1600-1900 mm and a dry
season of about 2 months. It grows gregariously in humid depressions, alluvial valleys and
along rivers, but also frequently in upland locations (plateaus, hill tops). On deep, welldraining sandysoils, it forms a deep tap root.
On stony soils tap root formation is difficult,
and the formation of lateral roots becomes
prominent.
Gilbertiodendron dewevrei can form extensive,
almost pure stands, sometimes covering more
than 10,000 ha. In these monodominant for-

ests, Gilbertiodendron dewevrei forms 75-88%
of the basal area. The largest stands can be
found in the northern and north-eastern part of
the Congo basin, in DR Congo, where these
forests are considered to be the climax vegetation. In DR Congo these stands typically consist of 3 layers: a continuous uppertree layer
about 35 m high, almost uniformly consisting
of Gilbertiodendron dewevrei, with in some
places the crown of another large, heliophilous

tree species (e.g. Anthonotha fragrans (Baker
f.) Exell & Hillc., Dialium corbisieri Staner,
Irvingia wombolu Vermoesen, Prioria oxyphylla (Harms) Breteler and Staudtia kamerunensis Warb.); a not very dense middle layer mainly consisting of young Gilbertiodendron dewevrei mixed with several rare semi-heliophytes
(e.g. Diogoa zenkeri (Engl.) Exell & Mendonga,
Garcinia punctata Oliv. and Synsepalum subcordatum De Wild.) and shrubs (e.g. Alchornea
floribunda Müll.Arg. and Isolona thonneri (De
Wild. & T.Durand) Engl. & Diels); and a dis-
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continuous herbaceous layer of Marantaceae
and Commelinaceae.
In certain regions the monodominant Gilbertiodendron dewevrei forest seems to gain terrain
to the heterogeneous forests. Elsewhere, for
instance in Cameroon, it seems to regress, be-

ing gradually invaded by species from the surrounding semi-deciduous forest, either under
the influence of a decreasing groundwatertable
or as a result of human activities. The monodominant Gilbertiodendron dewevrei forests
are very sensitive to forest clearing for shifting
cultivation, because this permits the penetration of secondary and deciduous species into
the forest. If forest clearing is too substantial
and frequent, the monodominant forests may
be transformed into semi-deciduous forest or
degraded savannaafter only 4—6 years ofcultivation. Near the northern and southern limits
of its distribution area, Gilbertiodendron dewe-

vrei does not form stands as extensive as in the
northern Congo basin, but it persists along
rivers. Where Gilbertiodendron dewevrei is
found in heterogeneous forest, it is never as
isolated trees, but alwaysin groups.
Propagation and planting Gilbertiodendron dewevrei regenerates abundantly under
natural conditions. For planting, seeds should
be sown immediately after collection. The
1000-seed weight is 18-26 kg. Seedlings can be
planted out after 9-12 monthsin the nursery.
Management In natural forest, suppression
of the herbaceous layer makes the establishment of Gilbertiodendron dewevrei seedlings
even more abundant. Although the species is
typically shade-loving, moderate light is beneficial for the growth of seedlings, but full light
has adverse effect. Excessive opening of the
canopy of dense Gilbertiodendron dewevrei
stands will favour the establishment of lightloving species with rapid growth, often accom-

panied by abundant growthof lianas, which is
not desirable for the establishmentof exploitable Gilbertiodendron dewevrei stands.
Diseases and pests Fallen seeds of Gilbertiodendron dewevrei are often severely attacked by insects and are eaten by various
mammals, such as antelopes, wild pigs, elephants, rodents and primates. Fungi only attack seeds already damaged by insects. Forest
buffaloes and bongos eat the seedlings, and
elephants sometimes dig up saplings over large
areas to eat the root mat consisting of roots,
fungal mycelia and decaying leaves. Primates
eat the young leaves of adult trees. The young
leaves of seedlings and young trees (less than 2

m tall) are most liable to damage. Adult trees
do not seem to have important enemies, but
they are sometimes attacked by the fungus
Fomeslignosus.
Harvesting The minimum bole diameter for
felling in Cameroon (2001) and DR Congois 60
cm, in Gabon 70 cm and in the Central African
Republic 90 cm. To make headbandsforcarrying baskets, the Mbuti pygmy people in DR
Congo strip bark strips 2 m long and 5-10 cm
wide from young trees with a bole diameter of
15-20 cm, and remove the outer bark. The

harvest of bark strips from young plants can
lead to heart rot of trees.
Yield In DR Congo a tree 25 m tall with a
bole branchless for 10 m and a diameter of 90
cm had a wood volume of 5.5 m3. In the Uele
region in DR Congo, dense stands dominated
by Gilbertiodendron dewevrei had on average
419 trees with a bole diameter over 10 cm per
ha, with a total volume of 370 m?/ha, of which
245 Gilbertiodendron dewevrei trees/ha with a
volume of 283 m3/ha.
Handling after harvest Gilbertiodendron
dewevrei logs must be sawn soon after felling
because they tend to split. Because the density
of fresh woodis high, logs cannot be transported byfloating.
Genetic resources Gilbertiodendron dewevrei is not much exploited for its wood, and it is
present in protected areas, sometimes in important populations. Currently there are no
important threats for Gilbertiodendron dewevrei, but this may rapidly changeif its wood
becomes more valuable, because clear-cutting
of extensive monospecific stands could, in the
long run, bring about a drastic decline of populations and important genetic erosion of the
species.
Breeding Noplanting or breeding programmes of Gilbertiodendron dewevrei are known to
exist.
Prospects The promotion of Gilbertiodendron dewevrei wood by a number of forest exploiters having it in their concessions, among
their customers as well as on Internet, could

eventually raise the question of the durability
of the resource. The stands rich in Gilbertiodendron dewevrei are very sensitive to invasion
by other species when the canopy is opened too
much. Clear-cutting these stands would be
deleterious for their survival, and control of the
size of the gaps created by felling should be
promoted to prevent invasion of light-loving
species, and to stimulate regeneration and optimal growth of Gilbertiodendron dewevrei.
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Ringing of the trees before felling can help to
decrease the impact of falling trees. In certain
more densely populated rural areas, forest
clearing for agriculture can present an important danger because it brings about degradation of the monodominant Gilbertiodendron
dewevrei forests, with penetration of pioneer
species. Short rotations and intensive weeding
of crops, as is practised in Cameroon, can lead
to invasion of herbs and even to savannaformation. Therefore it would be good to monitor
the evolution of Gilbertiodendron dewevrei
stands to prevent these dangers from becoming
realities. More researchis still needed to establish appropriate silvicultural methods.
Major references ATIBT, 1986; Aubréville,
1970; Bolza & Keating, 1972; CTFT, 1960;
Fouarge, Gérard & Sacré, 1953; Gérard, 1960;

Gérard et al., 1998; Hart, 1995; Hart, Hart &
Murphy, 1989; Vivien & Faure, 1985.
Other references Ankei, 1990; Blake &
Fay, 1997; Burkill, 1995; Dudek, Forster &
Klissenbauer, 1981; Fouarge, Quoilin & Roosen, 1970; Keay, 1989; Konda ku Mbuta etal.,
2010; Likunde, 1987; Louis & Fouarge, 1949;

Neuwinger,

2000;

Nkeoua

&

Boundzanga,

1999; Nyakabwa & Lombe, 1990; Sallenave,

Gilbertiodendron limba — wild
twigs are used for the treatment of pelvic inflammation in women.
Properties The heartwood is dark brown,
and distinctly demarcated from the yellowish
sapwood. The sapwood usually has a lustrous
surface. The texture is medium. The wood is
heavy and hard, easy to work and durable.
Description Evergreen, small to medium-

1955; Sallenave, 1964; Tailfer, 1989; Takahas-

sized tree up to 25 m tall; bole often crooked,

hi, 1978; Terashima & Ichikawa, 2003; Thirakul, 1989; Vivien & Faure, 1988; Wilczeketal.,

usually low-branching, up to 70 cm in diame-

1952.
Sources of illustration Aubréville, 1968;
Vivien & Faure, 1985.

Authors C. Doumenge

GILBERTIODENDRON LIMBA (Scott-Elliot)

J.Léonard
Protologue Bull. Jard. Bot. Etat 24: 59
(1954).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 24
Synonyms Macrolobium limba Scott-Elliot
(1894).
Origin and geographicdistribution Gilbertiodendron limba is distributed from Guinea
and Sierra Leoneeast to Ghana.
Uses The wood is used for planks, flooring,
joinery and canoes. It is recommended for
heavy construction, vehicle bodies, stairs and
railway sleepers.
In traditional medicine in Sierra Leone, leaves

have been used against fever, and leaf ash
mixed with water is applied on ulcers. Leafy

ter,

without buttresses; bark

surface fairly

smooth, with some scales peeling off and leaving yellowish marks, inner bark thin, redbrown, sometimes with a purple tinge; crown
with drooping branches. Leaves alternate, paripinnately compound with (1—)2(-4) pairs of
leaflets; stipules lanceolate, c. 1 cm long, with
rounded or kidney-shaped appendages c. 2 cm
x 1 cm,persistent; petiole short, rachis 1.5—10
cm long, reddish brown, densely hairy; petiolules short, stout, reddish brown; leaflets opposite, oblong to obovateorelliptical, 6-30 cm x

3.5-10 cm, base unequal, apex obtuse, leathery, glabrous, pinnately veined with 15-25
pairs of lateral veins. Inflorescence an axillary
or terminal panicle, branched, reddish brown
hairy. Flowers bisexual, zygomorphic, 5merous, sweetly fragrant; pedicel 1-2.5 cm
long, hairy; bracteoles 2, c. 1.5 cm long; sepals
linear-triangular, c. 8 mm long; petals unequal,

1 up to 2 cm X 2.5 cm, deeply 2-lobed, white
inside, white or pinkish outside, other petals
linear-triangular, c. 8 mm long; fertile stamens
3, other stamens rudimentary; ovary superior,

brown hairy, 1-celled, style slender, reddish.
Fruit a flattened obovoid pod, 15—20(—28) cm x
4—7.5 cm, with a prominent longitudinal ridge
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and

numerous

transversal

veins,

dehiscent

with 2 woody valves, several-seeded. Seeds
slightly quadrangular,flattened, up to 4.5 cm x
3.5 cm, brown. Seedling with epigeal germination; hypocotyl 4-6 cm long, epicotyl 12-15 cm
long, 4-ridged; cotyledons fleshy, c. 3 cm long;
first leaves opposite, with 1 pair ofleaflets.
Other botanical information Gilbertiodendron comprises about 25 species and is restricted to tropical Africa, distributed from
Guinea to DR Congo and Angola. It was formerly included in Macrolobium, which now
consists of tropical American species only, and
is closely related to Pellegriniodendron, which
is even considered congeneric.
The woodof several other West African Gilbertiodendron species is used for similar purposes
as that of Gilbertiodendron limba.
Gilbertiodendron bilineatum (Hutch. & Dalziel)
J.Léonardis similar to Gilbertiodendron limba
in appearance andarea of distribution. It is a
medium-sized tree up to 33 m tall with bole up
to 95 cm in diameter, distributed from Sierra

Leone to Ghana. The woodis used for flooring
in Sierra Leone. Gilbertiodendron bilineatum is
classified as vulnerable in the IUCN Redlist of
threatened species, due to habitat decline
caused by mining, logging and commercial forestry activities.
Gilbertiodendron ivorense (A.Chev.) J.Léonard
is a small to medium-sized tree up to 20 m tall
with a fairly long bole, distributed in Liberia
and Côte d'Ivoire. In Liberia the wood is used
for planks and construction. The wood has a
density of about 750 kg/m? at 12% moisture
content.

Gilbertiodendron preussii (Harms) J.Léonard is
a medium-sized to fairly large tree up to 35 m
tall with a straight bole branchless for up to 24
m and up to 120 cm in diameter, distributed
from Sierra Leone to Ghana and from Cameroon to Gabon. In Liberia, where it is known as

‘red oak’, the wood is used for construction. It
has also been used for canoes and railway
sleepers and is considered suitable for flooring,
joinery, furniture and tool handles. The wood
has a density of 720—900 kg/m? at 15% moisture content.

Gilbertiodendron splendidum (A.Chev. ex Hutch.
& Dalziel) J.Léonard is a medium-sized tree up
to 33 m tall with a bole up to 90 cm in diameter. It is distributed in Sierra Leone, Liberia,
Côte d'Ivoire and Ghana. In Ghana the wood is
recommended for construction, vehicle bodies,

railway sleepers and draining boards. In Liberia it is used for construction. It is suitable for

poles, piles, flooring, joinery, ship building,
furniture, agricultural implements and handles. The wood is moderately heavy with a density of about 720 kg/m? at 12% moisture content. Gilbertiodendron splendidum isclassified
as vulnerable in the IUCN Redlist of threatened species, due to habitat decline caused by
mining, logging and commercialforestry activities.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
24: intervessel pits minute (< 4 um); 25: intervessel pits small (4-7 um); 29: vestured pits;
30: vessel-ray pits with distinct borders; similar to intervessel pits in size and shape
throughout the ray cell; 43: mean tangential
diameter of vessel lumina > 200 um; 46: < 5
vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 79: axial parenchyma vasicentric; 80:
axial parenchymaaliform; 81: axial parenchyma lozenge-aliform; (89: axial parenchyma in
marginal or in seemingly marginal bands); 91:
two cells per parenchyma strand; 92: four (3—4)
cells per parenchyma strand. Rays: 96: rays
exclusively uniseriate; 104: all ray cells procumbent; 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; 115: 4-12 rays per mm. Mineral inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchymacells; 143: prismatic crystals in fibres.
(E. Uetimane, P.E. Gasson & E.A. Wheeler)
Growth and development Gilbertiodendron limba seedlings are tolerant of shade and
grow slowly. Flowering of trees is in February—
July and fruiting takes place in February—
September. Ectomycorrhizae are present on
the roots.
Ecology Gilbertiodendron limba occurs widespread and gregariously in evergreen forest,
including swamp forest, riverine forest and
secondary forest. It is usually found in areas
with an average annualrainfall of 1500-2500
mm.
Propagation and planting Natural regeneration is abundant under mother trees. The
1000-seed weight is c. 10 kg. Seeds usually
germinate in 8-15 days, with germination
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rates over 80%.

Genetic resources and breeding Although
Gilbertiodendron limba has a limited distribution area, it is locally common with no indica-

tions of overexploitation. It is therefore unlikely to be threatened by genetic erosion.
Prospects The woodof Gilbertiodendron limba will remain useful as a domestic timber.
Verylittle is known about the wood technological properties of this species, and further research is warranted.
Major references Ba et al., 2012; Burkill,
1995; de Koning, 1983; de la Mensbruge, 1966;
Hawthorne, 1995; Keay, Hoyle & Duvigneaud,

1958; Oteng-Amoako (Editor), 2006; Poorter et
al., 2004; Savill & Fox, 1967; Taylor, 1960.
Other references Abbiw, 1990; Allen &
Allen, 1981; Aubréville, 1959b; Bolza & Keating,
1972; Bouquet & Debray, 1974; Hawthorne,

1990; Hawthorne, 1998; Irvine, 1961; Kryn &
Fobes, 1959; Kunkel, 1965; Neuwinger, 2000;
Sallenave, 1955; Takahashi, 1978.

Authors A.A. Oteng-Amoako & E.A. Obeng

GILLETIODENDRON MILDBRAEDII (Harms)
Vermoesen
Protologue Man.ess. forest. Congo: 85 (1923).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

Origin and geographic distribution Gilletiodendron mildbraedii occurs from southern
Cameroon to the Central African Republic and
DR Congo.
Uses The wood is suitable for heavy construction, heavy flooring, joinery, interior trim,
ship building, vehicle bodies, mine props, rail-

waysleepers, handles, ladders, sporting goods,
toys, novelties, agricultural implements, carving, turnery, veneer and plywood. The bark is
used in traditional medicine in DR Congo to
treat syphilis.
Properties The heartwood is reddish brown
to chocolate brown, mottled and with a satiny
shine; it is distinctly demarcated from the yellowish white, up to 8 cm wide sapwood. The
grain is usually straight, occasionally slightly
interlocked, texture fine. Quarter-sawn surfaces show somestreaks.
The wood is heavy, with a density of 950-1060
kg/m3 at 12% moisture content, and very hard.
It air dries slowly, and shows a tendency of
surface checking and sometimes also end splitting. The rates of shrinkage upon drying are
high. Quarter-sawing is recommended before
drying. Once dry, the wood is moderately stable in service. At 12% moisture content, the
modulus of rupture is 204-270 N/mm?, compression parallel to grain 69-82 N/mm?, cleavage 24 N/mm and Chalais-Meudon side hardness 7.3. The wood sawsrather easily but slowly due to its hardness; it has a serious blunting
effect on saw teeth and workingtools. It can be
planed to a nice surface, and polishes well. Preboring is recommendedfor nailing. The bending properties are good. The woodis fairly durable, but is susceptible to the fungus Coniophora cerebella and to marine borer attacks.
It is resistant to impregnation by preserva-

tives.
Botany Medium-sized to large tree up to 45
m tall; bole usually straight and cylindrical, up
to 110 cm in diameter, with large buttresses up
to 6.5 m high; bark surface rough, dark grey,

inner bark reddish or pinkish brown; twigs
short-hairy. Leaves alternate, imparipinnately
compound with 14—28 leaflets; stipules linear,
early caducous; petiole and rachis together 5—
15 cm long, grooved; leaflets usually alternate,
sessile, oblong to nearly rectangular, asymmetrical, 1-4(—5) em X 0.5—1.5(—2) cm, with some

translucent dots. Inflorescence an axillary or
terminal panicle 3-13 cm long, densely hairy,
many-flowered. Flowers bisexual, nearly regular, whitish; pedicel 83-5 mm long; sepals 4,
free, ovate to oblong, 1-3 mm long, 1 slightly
larger than the other 3, reflexed; petals 5, free,
linear-oblong, 3-4 mm long; stamens 10, free,

unequal in length, 4-6 mm long; ovary superior, elliptical-oblong, c. 1.5 mm long, with short
stipe, glabrous, 1-celled, style slender, 2.5-3.5
mm long. Fruit an obliquely obovate to elliptiGilletiodendron mildbraedii — wild

cal, flattened pod, 3.5-6 cm Xx 2-3 cm, pointed
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at apex, smooth to finely warty, dehiscing with
2 woody valves, few-seeded. Seeds flattened.
Seedling with epigeal germination; hypocotyl
5-7 cm long, epicotyl 2-3 cm long; first 2 leaves
opposite, with c. 8 leaflets.
Gilletiodendron comprises about 5 species and
occurs in West and Central Africa. It is classified in the tribe Detarieae, in which its position
is still unresolved.
Gilletiodendron glandulosum (Portéres) J.Léonard is a small to medium-sized tree up to 20
m tall endemic to Mali, where it occurs in small
pockets of savanna woodland. Its very hard
and durable wood is used in house building,
especially for support posts and cross beams,
and for granaries and beds. Gilletiodendron
glandulosum has been recommendedfor reafforestation. The seeds are reportedly edible.
Gilletiodendron glandulosum is included in the
IUCN Red List as vulnerable.
Gilletiodendron kisantuense (Vermoesen ex De

Wild.) J.Léonard is a small to medium-sized
tree up to 30 m tall known from Côte d'Ivoire,
Gabon, Congo, DR Congo and northern Angola.
The wood is probably used in house building.
Gilletiodendron pierreanum (Harms) J.Léonard
is a medium-sized to large tree up to 45 m tall,
with bole branchless for up to 20 m, usually
fluted and with buttresses, occurring in south-

ern Cameroon, Equatorial Guinea and Gabon.
Its wood is used for joinery, furniture and implements.
Ecology Gilletiodendron mildbraedii occurs
in lowland rainforest, often near rivers.
ManagementA 30 tall tree with a bole of
18 m long and 50 cm in diameter yielded 2.2 m3
of timber.
Genetic resources and breeding Gilletiodendron mildbraedii is fairly widespread and
there are no signs that it is threatened by genetic erosion.
Prospects The hard wood, large buttresses
and fluted bole are major drawbacksforlargerscale commercial exploitation of Gilletiodendron spp. As suppliers of durable wood for local
house construction, they will remain of local
importance.

GIVOTIA MADAGASCARIENSIS Baill.
Protologue Bull. Mens. Soc. Linn. Paris 1:
811 (1889).
Family Euphorbiaceae
Origin and geographic distribution Givotia
madagascariensis is endemic to western Madagascar,

where it occurs from Antsiranana

province in the north to the Onilahy river,
Toliara province in the south.
Uses The soft and lightweight wood, called
‘farafatsy’ in Madagascar, is mainly used by
Sakalava people to make dugout canoes. It is
also used to make doors, caskets and the hull
or splash boardsof traditional fishing boats. It
is suitable for thermal and acoustic insulation,

inner parts of block board and model building.
It is used for similar purposes as the wood of
Hildegardia erythrosiphon (Baill.) Kosterm.,
which also occurs in western Madagascar. The

bark, which is soft and easily cut, is used to
make patterns used in wood carving.
A decoction of the aerial parts is taken in traditional medicineto treat the effects of malaria.
Production and international trade The
wood is traded extensively in Madagascar. In
2000 the price of a dug-out canoe made from a
Givotia madagascariensis bole was US$ 40110 at the local market.
Properties The heartwood is whitish and
indistinctly demarcated from the up to 6 cm
wide sapwood. The grain is straight, texture
coarse. The wood is lightweight, with a density
of 170-260 kg/m? at 12% moisture content. It
air dries very rapidly without distortion. The
rates of shrinkage are small, from green to
oven dry 1.5—2.1% radial and 3.0—4.2% tangential. Once dry, the wood is very stable in ser-

Major references Aubréville, 1970; Bolza &
Keating, 1972; Fouarge, Gérard & Sacré, 1953;
Wilczek et al., 1952.

Other

references

Burkill,

1995;

de

la

Mensbruge, 1966; Duvall, 2002; Lewis et al.,

2005; Normand & Paquis, 1976; RapondaWalker & Sillans, 1961; Tailfer, 1989; Vivien &
Faure, 1985.

Authors R.H.M.J. Lemmens

Givotia madagascariensis — wild
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vice.
At 12% moisture content, the modulus of rup-

distribution area, but it becomes more rare

2450-5100 N/mm?, compression parallel to
grain 8-15 N/mm? and Chalais-Meudon side
hardness 0.2. The wood is easy to saw and
work, but does not take a nice finish. It is not
durable and dug-out canoes have to be replaced
after only 3-5 years. The wood is very easy to
treat with preservatives.
In an in-vitro test, the antiplasmodial activities
of leaf extracts were negligible. The compounds
cleistanthol, spruceanol and 1,2-dihydroheudelotinol isolated from the bark demonstrated
significant antitumour activities against gas-

towards the south. There are indications that it
is threatened by genetic erosion in several regions. It has been reported that fishermen from
Toliara have to travel hundreds of kilometres
to obtain suitable large logs for canoes.
Prospects The wood of Givotia madagascariensis is likely to remain locally important,
especially for the construction of traditional
canoes and boats. Monitoring the populations
is highly recommended in view of the locally
high demandof the wood.
Major references Boiteau & Allorge-Boiteau,
1993; Capuron, 1966b; Guéneau, Bedel & Thiel,
1970-1975; Parant, Chichignoud & Rakotovao,

tric cancer, liver carcinoma and breast cancer

1985; Rakotovaoet al., en préparation.

cell lines.
Botany Deciduous medium-sized tree up to

Other references Andriamiarinosy, 2004;
Bemiasa, 2009; Covi, 1986; Radcliffe-Smith,

ture is 29-44 N/mm?, modulus of elasticity

30 m tall; bole branchless for up to 16 m, gen-

1968; Rasoanaivo et al., 1999; Rasolofo, 1997;

erally straight, up to 120 cm in diameter; bark
surface smooth, yellowish white, inner bark
granular, yellow to orange, with a little reddish
exudate; crown rather narrow; twigs shorthairy with stellate hairs. Leaves alternate,
simple; stipules absent; petiole up to 17.5 cm

Schatz, 2001; Seddon et al., 2000.
Authors L.P.A. Oyen & D. Louppe

GREENWAYODENDRON SUAVEOLENS(Engl. &
Diels) Verdc.

long, sometimes with glands; blade 5.5-17 cm

x 8-25 cm, shallowly to deeply 3-5-lobed, with
acuminate and irregularly toothed lobes, reddish or whitish short-hairy below with stellate

Protologue Adansonia,sér. 2, 9: 90 (1969).
Family Annonaceae
Synonyms Polyalthia suaveolens Engl. &

hairs, glandular and with translucent dots,

Diels (1901).

palmately (3-)5—7-veined from the base. Inflorescence a terminalor axillary panicle. Flowers
lobes slightly unequal; petals c. 5 mm long,
slightly coherent; stamens up to 15, fused at

Vernacular names Molinda (En). Moambe
noir (Fr). Muambapreta (Po).
Origin and geographic distribution Greenwayodendron suaveolens is widespread from
southern Nigeria east to western Uganda and

base; disk 5-lobed; ovary superior, 1—3-celled,

northern Tanzania, and south to southern DR

style 2-lobed; male flowers without ovary, female flowers lacking stamens. Fruit a fleshy,
globose to broadly ovoid drupe 1.5-2.5 cm in
diameter, indehiscent, 1-seeded. Seed globose,
with oily endosperm.
Givotia comprises 4 species, 1 of which occurs
in Kenya and Somalia, 1 in India and Sri
Lanka, and 2 in Madagascar. It is close to
Ricinodendron and Schinziophyton.
Ecology Givotia madagascariensis occurs in

Congo and Cabinda (Angola).
Uses The wood is used for house construc-

unisexual, regular,

5-merous, whitish; calyx

dry bushland, deciduous forest and thickets,

from sea-level up to 600(-800) m altitude.
Management Locally Givotia madagascariensis has been recorded to occur in high densities; in some localities in the Menabé region on
average 37 stems per ha, although the stands
are rapidly declining there.
Genetic resources and breeding Givotia
madagascariensis appears to be locally common, especially in the northern parts of its

Greenwayodendron suaveolens — wild
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tion, joinery, mine props, furniture, stakes for
yam cultivation, rafters and shafts of spears. It
is suitable for flooring, interior trim, railway
sleepers, toys, novelties, agricultural implements, vats, draining boards, food containers,

turnery, veneer and plywood. The wood burns
brightly and is used for illumination.
Various plant parts are used in traditional
medicine. Bark decoctions are taken to treat
stomach-ache and other pains, gonorrhoea and
infertility, as diuretic, purgative and aphrodisiac, and to facilitate childbirth. Bark ash is
rubbed into scarifications on the forehead to
treat psychosis, and bark pulp is applied externally against rheumatism, headache, epilepsy
and toothache. In Cameroon bark is applied to
scarifications to treat malaria, and also in Gabon the bark is used for the treatment of malaria. Root decoctions are taken to treat liver
complaints and headache, and root sap is administered as anthelmintic and aphrodisiac,
and to treat oedema and swollen glands. Leaf
decoctions or macerationsserve to treat hepatitis and pains, and are applied externally to
treat rheumatism. In DR Congo pounded bark
is used in a mixture with other plants to make
arrow poison. Thefruit is edible.
Properties The heartwood is yellow to
brown when dry and usually not distinctly demarcated from the sapwood, whichis yellowish
white when freshly cut, but darkening upon
exposure. The grain is usually straight, texture
variable. Quarter-sawn surfaces show streaky
markings. The woodis lustrous.
The wood is medium-weight, with a density of
750-790 kg/m? at 12% moisture content. It air
dries well, but with a slight risk of checking
and end splitting. At 12% moisture content, the
modulus of rupture is 151-170 N/mm2, modulus of elasticity 17,450-19,800 N/mm2, compression parallel to grain 63-71 N/mm?, cleavage 14-17.5 N/mm and Chalais-Meudon side
hardness 4.4—4.7.
The wood is easy to saw and work, both with
machine and handtools. It can be planed to a
smooth and lustrous surface. The nailing properties are satisfactory, with good holding power. The wood glues well, and the steam bending
properties are good. The wood is only moderately durable, being liable to termite, Lyctus
and marine borerattacks. It is easy to impregnate with preservatives.
Several alkaloids have been isolated from the
bark, including some indolosesquiterpenes and
aporphines. Oliverine showedfilaricidal activity against Onchocerca volvulus, and polycarpol

against Onchocerca gutturosa. Methanolic bark
and leaf extracts showed in-vitro cytotoxic activity in human monocytes, as well as antileishmanial and antifungalactivities.
The major compounds in the leaf oil are ohumulene (34%) and B-caryophyllene (33%),
and in the fruit oil myrcene (34%).
Description Deciduous, medium-sized to
fairly large tree up to 35(—45) m tall; bole
branchless for up to 25 m, straight, cylindrical,

up to 70(-90) cm in diameter, sometimes
grooved at base; bark surface smooth, grey to
blackish, often with hoop-marks, inner bark
fibrous, yellow to orange or pale brown, becoming brownish or blackish upon exposure, with
strong resinous smell; crown dense, conical,

with horizontal branches; young twigs yellowish hairy, soon becoming glabrous. Leaves alternate, simple and entire;

stipules absent;

petiole 2-7 mm long;bladeelliptical to oblongelliptical, 4-12(-28) ecm x 1.5-5.5(-10) cm,
roundedto cuneate at base, acuminate at apex,
papery to slightly leathery, nearly glabrous,
pinnately veined with 5-13 pairs of lateral
veins. Inflorescence an up to 8(—12)-flowered
fascicle, often opposite the leaves, short-hairy.

Greenwayodendron suaveolens — 1, base of bole;
2, flowering branch; 3, fruiting branch;4, seeds.
Redrawn and adapted by Iskak Syamsudin
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Flowers bisexual or male, regular; pedicel 3-9
mm long; sepals 3, fused at base, broadly ovate
to nearly round, 2-3.5 mm long, short-hairy
outside; petals in 2 whorls of 3, free, linearoblong, 1-3 cm long, finely hairy, yellow to
greenish white; stamens numerous in male
flowers and up to 12 in bisexualflowers, linear,
1—4 mm long; carpels 12-20, linear-oblong, c.

2.5 mm long. Fruit consisting of up to 10(-13)
indehiscent, ellipsoid to globosefollicles 1-2 cm
long, stipe 5-8 mm long, purplish red to bluish
purple when ripe, 1-2(-3)-seeded. Seeds depressed globose, c. 1 cm in diameter, wartywrinkled, with a groove, endosperm ruminate.
Other botanical information Greenwayodendron comprises 2 species and is restricted
to tropical Africa. It has been separated from
Polyalthia, which is a genus of about 120 species, most of them occurring in tropical Asia
and Australia, about 15 in Madagascar and 3
in East Africa. Although wood anatomical
characteristics are quite similar, molecular
studies showed that Greenwayodendron is
probably not closely related to Polyalthia, supporting a status as separate genus.

Subsp. usambaricum Verdc. has been distinguished as a distinct subspecies endemic to the
Usambara Mountains in Tanzania. Subsp.
suaveolens var. gabonica (Pellegr. ex Le Thomas) Verdc. is endemic to Gabon and has been
distinguished because of its larger leaves,
which are slightly short-hairy below, and larger flowers. Chloroplast DNA studies showed
distinct genetic divergence, indicating that the
two sympatric varieties are most probably reproductively isolated and might represent true
biological species.
Greenwayodendron oliveri (Engl.) Verdc. (synonym: Polyalthia oliveri Engl.) is a small tree
up to 15 m tall occurring in rainforest from
Sierra Leone to Ghana. The boles are used in
house building. The yellowish brown wood is
rather heavy, hard and strong. Bark decoctions
and infusions are taken to treat blackwater
fever and stomach complaints, and the bark is
also used as vermifuge.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; (23: shape of alternate pits polygonal);
24: intervessel pits minute (< 4 um); (25: inter-

vessel pits small (4-7 um)); 30: vessel-ray pits
with distinct borders; similar to intervessel pits
in size and shape throughout the ray cell; 42:

mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; 47: 5-20 vessels per square millimetre.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:

fibres very thick-walled. Axial parenchyma: 78:
axial parenchyma scanty paratracheal; 86:
axial parenchyma in narrow bandsor lines up
to three cells wide; 88: axial parenchyma scalariform; 92: four (3-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 98: larger rays commonly 4- to
10-seriate; 99: larger rays commonly > 10seriate; 102: ray height > 1 mm; (103: rays of
two distinct sizes); 104: all ray cells procum-

bent; (106: body ray cells procumbent with one
row of upright and/or square marginal cells);
114: < 4 rays per mm; 115: 4-12 rays per mm.

Secretory elements and cambial variants: (124:
oil and/or mucilage cells associated with ray
parenchyma).
(C. Essien, P.E. Gasson & E.A. Wheeler)
Growth and development Greenwayodendron suaveolensis classified as shadetolerant.
In Gabon the fruits ripen in November—March.
The fruit pulp is eaten by monkeys and chimpanzees, which may disperse the seeds. Elephants and hornbills have also been recorded
as seed dispersers.
Ecology Greenwayodendron suaveolens occurs
in humid evergreen and semi-deciduousforest,
often as an understorey tree. In Ugandait occurs up to 1100 m altitude. It is considered a
typical componentof matureforest.
Management In Cameroon the average
numberof boles of over 15 cm in diameter has
been recorded as 2.6 per ha, with an average
wood volume of 1.8 m3/ha.
Harvesting In Cameroon and Gabon the
minimum bole diameter for harvesting is 60
cm, in the Central African Republic and DR
Congo 70 cm.
Yield A bole of 70 cm in diameter and 10 m
long yielded 3.8 m3 of wood.
Genetic resources Greenwayodendron suaveolens is widespread and is locally a common
understorey tree. Therefore, it does not seem to
be threatened at present, but with the ongoing
decline in primaryrainforest, it might become
underpressure in the near future.
Prospects Little information is available on
this species, but in view of its often limited bole
size and probable slow growth rates as understorey tree, it does not seem to have good prospects as commercially valuable timbertree.
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Interesting pharmacological activities have
been demonstrated and these deserve more
research attention.
Major references Bolza & Keating, 1972;

Burkill, 1985; Daubyet al., 2010; le Thomas,
1969; Tailfer, 1989; Takahashi, 1978; Vivien &
Faure, 1985; Wilks & Issembé, 2000; Williams
et al., 2010.
Other references Betti, 2001; Boutique, 1951;

Cooper & Record, 1931; Cravo et al., 1991;
Hawthorne

& Jongkind,

2006;

Keay,

1989;

Lamidi et al., 2005; Mols et al., 2004; Neuwinger, 2000; Nkeoua & Boundzanga, 1999;
Normand & Paquis, 1976; Nyasse et al., 2006;
Raponda-Walker & Sillans, 1961; Terashima &
Ichikawa, 2003; Verdcourt, 1971; White & Abernethy, 1997.
Sources of illustration le Thomas, 1969;
Wilks & Issembé, 2000.
AuthorsR.B. Jiofack Tafokou

GUIBOURTIA ARNOLDIANA(De Wild. &
T.Durand) J.Léonard
Protologue Bull. Jard. Bot. Etat 19: 403
(1949).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Olive walnut, tropical
oliver (En). Olivier tropical (Fr).
Origin and geographic distribution Guibourtia arnoldiana occurs in Gabon, Congo,
western DR Congo and Cabinda (Angola).
Uses The wood is particularly suitable for
indoor uses such as flooring, carpentry, furniture, panelling and stairs, but also for turning,
carving and sliced veneer. It is used for vehicle

bodies, boat building, small decorations, chess

boards, sporting goods, toys, household implements, pool tables, pool cues, brushes, knives

and flutes.
The exudate from the bole mixed with palm oil
is used as an ointment to cure scabies, and as

illuminant.
Production and international trade The
timberis mainly traded from Gabon under the
trade name ‘mutenye’. The production is limited and quantities traded are actually small.
In the 1960s, 2000-6000 m3 of logs were exported from Congo per year. In 1983 Gabon
exported a maximum of 10,000 m3.
Properties The heartwood is yellowish
brownto pale olive brown or brown, often with
greyish streaks, darkening on exposure. It is
distinctly demarcated from the up to 8 cm
wide, dull grey sapwood with a yellowish tinge
when freshly cut. The grain is straight or
slightly interlocked, texture moderately fine
and fairly even. The woodsurface is lustrous. A
stripe figure is present on radial surfaces, and
a flame pattern on tangential surfaces.
The wood is medium-weight to fairly heavy,
with a density of 740-860 kg/m? at 12% moisture content. Usually it air dries well but slowly; some care is needed because warping and
checking may occur. The shrinkage rates are
moderately high, from green to oven dry 4.6—
6.0% radial and 8.7—10.3% tangential. Once
dry, the wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 138-202 N/mm?, modulus ofelasticity
14,000—21,400 N/mm?, compression parallel to
grain 72-84 N/mm’, shear 8-13 N/mm’, cleav-

age 25-35 N/mm and Chalais-Meudon side
hardness 4.5-8.3.
The wood workssatisfactorily with hand and
machine tools, but the presence of silica may
cause dulling of saw teeth and cutting edges.
Stellite-tipped saw teeth and tungsten carbide
cutting tools are advisable. The wood takes a
good finish. The nailing and screwing properties are good, but pre-boring is needed. The
wood glues satisfactorily, but the presence of
gum may cause somedifficulties. The bending
properties are moderate. The wood is easy to
peel andslice after steamingof the logs. It is
moderately durable. It is fairly resistant to
fungal attack and wood-boring insects, and
moderately resistant to termites, but the sapwood is liable to Lyctus attack. The wood is
quite resistant to marine borers. The heartwood is resistant to treatment with preserva-

Guibourtia arnoldiana — wild

tives, the sapwood moderately resistant. When
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the wood is used as firewood, the smoke can
provoke itching of the skin.
Adulterations and substitutes The wood
properties of Guibourtia arnoldiana are close
to those of iroko (Milicia spp.) and teak (Tectona grandis L.f) and the wood can be used for
similar purposes. In Europe sliced veneer is
sometimes used as a substitute of walnut (Juglans regia L.). In DR Congo the trade name
‘mutenye’ is often used for Copaifera religiosa
J.Léonard.
Description Medium-sized tree up to 30 m
tall; bole branchless for up to 20 m, straight
and cylindrical or irregular, up to 100 cm in

lary panicle up to 10 cm long, brown shorthairy; bracts c. 1 mm long, early caducous.
Flowers bisexual, regular, whitish, nearly sessile; sepals 4, ovate-elliptical, 3-3.5 mm x 1.5—
2.5 mm, short-hairy inside; petals absent; stamens 10, free, 6-10 mm long; disk cup-shaped,

diameter, with buttresses up to 1 m high; bark

brownish, withoutaril.

surface orange-red, irregularly flaking leaving
paler patches; crown with spreading branches.
Leaves arranged spirally, paripinnately compound with 1 pair of leaflets; stipules small
and early caducous; petiole 4-8 mm long;leaflets sessile, obliquely ovate, 4-8 cm x 1-4 cm,
slightly acuminate at apex, glabrous, with numerous translucent dots, pinnately veined with
7-9 pairs of lateral veins, 2-3 of which from
base of leaflet. Inflorescence a terminal or axil-

Other botanical information Guibourtia
comprises about 14 species, all African, but a
single species occurs in tropical America. The
genusis related to Hymenaea and Peltogyne.
Anatomy Wood-anatomical description (AWA

hairy; ovary superior, rounded, c. 2 mm in di-

ameter, hairy, 1-celled, style 3-6 mm long.
Fruit an obliquely elliptical to obovate, flat pod
4-5 cm X 2.5-3 cm, with 2-6 mm long stipe,

rounded at apex, with a c. 5 mm wide wing at
one side, smooth, brown, reticulately veined,

with papery walls, indehiscent, 1(-2)-seeded.
Seed rounded to ovoid, flattened, c. 2 cm long,

hardwood codes):

Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 26:
intervessel pits medium (7-10 um); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwoodvessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 79: axial parenchymavasicentric;
80: axial parenchymaaliform; 81: axial parenchyma lozenge-aliform; 83: axial parenchyma
confluent; 89: axial parenchyma in marginal or
in seemingly marginal bands; 91: twocells per
parenchyma strand; 92: four (3-4) cells per
parenchymastrand; (93: eight (5-8) cells per
parenchyma

Guibourtia arnoldiana — 1, flowering and fruiting branch;2, flower; 3, fruit; 4, seed.
Redrawn and adapted by Achmad Satiri Nurhaman

strand).

Rays:

98:

larger

rays

commonly 4- to 10-seriate; 104: all ray cells
procumbent; 115: 4-12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchymacells.
(E. Vetimane, P.E. Gasson & E.A. Wheeler)
Ecology Guibourtia arnoldiana is found in
rainforest on well-drained localities up to 200
m altitude.
Handling after harvest Freshly harvested
logs should not be left too long in the forest to
prevent fungal and insect attacks, or they
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should be treated with preservatives.
Genetic resources Guibourtia arnoldiana
is fairly widespread and not heavily exploited.
Harvesting of straight boles and leaving irregular ones may result in a negative selection
pressure.
Prospects Although Guibourtia arnoldiana
produces good-quality timber, other species
seem to qualify better for promotion for research on domestication and plantation management. There is no information on growth
rates and proper management methods of Guibourtia arnoldiana.
Major references ATIBT, 1986; Aubréville,
1968; Bolza & Keating, 1972; CIRAD Forestry
Department, 2008; Fouarge, Quoilin & Roosen,
1970; Raponda-Walker & Sillans, 1961: Sallenave, 1955: Sallenave, 1971; Takahashi,

Guibourtia coleosperma — wild

1978; Wilczek et al., 1952.

Other references Anonymous, 1963; Fougère-Danezan, Maumont & Bruneau, 2007:
Fougére-Danezan et al., 2010; Fuhr et al,
1998; Léonard, 1949; Léonard, 1950a; Normand,

1950b; Normand & Paquis, 1976.
Sources of illustration Aubréville, 1968;
Wilczek et al., 1952.

Authors N. Nyunai

GUIBOURTIA COLEOSPERMA (Benth.)

J.Léonard
Protologue Bull. Jard. Bot. Etat 19: 403
(1949).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 48
Vernacular names African rosewood, bas-

tard teak, Rhodesian teak, bastard mopane,
large false mopane, large mock mopane, copalwood,

Rhodesian

mahogany

(En).

Copalier,

copalier de Rhodésie (Fr).
Origin and geographic distribution Guibourtia coleosperma occurs naturally in southern DR Congo, Zambia, Angola, Namibia, Botswana and Zimbabwe.
Uses The wood of Guibourtia coleosperma is
used for construction, flooring, joinery, interior
trim, furniture, mine props, ship building, vehicle bodies, railway sleepers, toys, novelties,

tool handles, turnery and decorative veneer. It
is traditionally used for canoes. It is an appreciated firewood.
The seed and its aril contain oil, which is used
for cooking. The red dye from the aril has been
used for staining furniture. The seeds are eat-

en, especially during times of food shortage,
often after roasting and pounding. Thearils
are also eaten or used to make a nourishing
drink. They are cooked with cassava leaves as
a relish. The bark is used for tanning and dyeing. Guibourtia coleosperma is an appreciated
ornamental tree, with striking flowers and
fruits, which show up against the dark glossy
foliage, and providing deep shade. In traditional medicine, the roots are applied to woundsto
promote healing and a root decoction is used as
cure for venereal diseases. Young leaves are
taken to treat cough and leaf decoctions are
administered after childbirth to promote recovery and to treat stomach complaints. A decoction of roots and bark is administered as a vapour bath to treat headache, whereasroots and
leaves are ingredients in mixtures for the
treatmentof fever and mental problems.
Production and international trade The
wood of Guibourtia coleosperma is traded on
the international timber market in small
amounts. It is reported that about 500 m3 per
year is available from sustainably managed
forest and woodland.
Properties The heartwood is pinkish brown
or pale red-brown with pinkish or reddish
stripes, darkening to a rich mahogany-like redbrown colour with the stripes becoming more
faint. It is clearly demarcated from the yellowish white to pale pink, up to 9 cm wide sapwood. Thegrain is straight or interlocked, texture moderately fine and even. The wood has
an attractive figure. It has a fragrant smell
whenfreshly cut.
The wood is heavy, with a density of (670-)
800-960 kg/m? at 12% moisture content. It air
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dries slowly; drying should be done with care to
avoid excessive warping and splitting. The
sawn timber can be kiln dried at a moderate
speed and temperature. The rates of shrinkage
are moderate, from green to oven dry 2.0—3.7%
radial and 3.2-5.7% tangential.
At 12% moisture content, the modulus of rupture is 85-142 N/mm2, modulus of elasticity
9210 N/mm2, compression parallel to grain 51—
58 N/mm2, compression perpendicular to grain
14 N/mm?, shear 14-16 N/mm?, cleavage 20
N/mm, Janka side hardness 8820-9065 N and

Janka end hardness 9800—11,150 N.
The wood saws and works well despite its high
density and hardness. It finishes well although
the presence of interlocked grain may sometimes cause picking up of grain in planing.It
polishes well. Pre-boring is needed for nailing
and screwing. The gluing and varnishing properties are satisfactory, but staining may be
difficult. Veneer of good quality can be produced by slicing and rotary peeling. The wood
is moderately durable to durable, being moderately resistant to fungal attack and resistant to
termite attack. The sapwood is susceptible to
Lyctus borers. The heartwood is resistant to
preservative treatment.

The seeds have an oil content of about 6.5%
and a protein content of 14.5%. The heartwood
contains proguibourtinidins (with and without
stilbenoid constituent units), profisetinidins
and derived compounds. Flavonoid glycosides
have beenisolated from the bark.
Adulterations and substitutes Much of
Guibourtia coleosperma timber is mixed with
that of Baikiaea plurijuga Harms, traded as
‘mukusi’ or ‘Zambezi teak’. The two species
grow in the same vegetation type and the wood
is similar in appearance and characteristics.
Description Semi-evergreen medium-sized
tree up to 30 m tall; bole branchless for up to
15 m, up to 65(-125) cm in diameter, slightly
buttressed or fluted at base; bark surface
smooth or sometimes flaking, grey to pinkish
cream, inner bark reddish; crown rounded,

large; young branches reddish brown, glabrous.
Leaves arranged spirally, paripinnately compound with 1 pair of leaflets; stipules 1-2 cm
long, early caducous; petiole 1.5—4 cm long;
leaflets nearly sessile, obliquely ovate orelliptical, 3.5-12 cm X 2-6 cm, base cuneate, apex
usually acuminate, glabrous, with numerous
translucent dots, pinnately veined with 7-11
pairs of lateral veins, 1-3 of which from base of

leaflet. Inflorescence an axillary or terminal
panicle up to 12 cm long, nearly glabrous;

Guibourtia coleosperma — 1, flowering twig; 2,
flower; 8, fruiting twig.
Redrawn and adapted by Iskak Syamsudin
bracts up to 2 mm long, very early caducous.
Flowers bisexual, zygomorphic, whitish to
creamy, fragrant; pedicel 2-5 mm long; sepals
4(-5), unequal, 5-6 mm x 1.5-4 mm, hairy
inside; petals absent; stamens 10, free, up to 7

mm long; ovary superior, rounded, c. 1 mm in
diameter, glabrous, 1-celled, with short stipe,
style 4-5 mm long. Fruit an obliquely elliptical,
flattened pod 2—3.5 cm Xx 1.5—2 cm, glabrous,
wrinkled and brown, tardily dehiscent, 1seeded. Seed ellipsoid, somewhat flattened, 1—2
cm long, dark brown, shiny, completely enclosed by red aril, hanging out of dehisced fruit
on a thread-like funicle. Seedling with epigeal
germination; cotyledons nearly rounded, leafy.
Other botanical information Guibourtia
comprises about 14 species, all African, but a

single species occurs in tropical America. The
genusis related to Hymenaea and Peltogyne.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
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26: intervessel pits medium (7-10 um): 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um:
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial

parenchyma: 78: axial parenchyma scanty paratracheal; 79: axial parenchyma vasicentric;

(80: axial parenchyma aliform); (81: axial parenchyma lozenge-aliform); (83: axial parenchyma confluent); 86: axial parenchyma in
narrow bands or lines up to three cells wide;
89: axial parenchyma in marginal or in seemingly marginal bands; 91: two cells per parenchyma strand; 92: four (8-4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand. Rays: 98: larger rays commonly
4- to 10-seriate; 104: all ray cells procumbent;
115: 4-12 rays per mm.
(F.D. Kamala, P.E. Gasson & E.A. Wheeler)
Growth and development Guibourtia coleosperma is slow growing, with a mean annual
increase in bole diameter of about 3 mm. In an
experimental plantation in Zimbabwe of 16
years old, mean annual height increment was

only 14-21 em and survival only 5%. Coppice
shoots reach about 1 m long in one year. The
tree is usually leafless for short periods only
and often nearly evergreen. Flowering is from
December to March. The seeds can be harvested from (May—)June to October. The bright red
arils attract birds such as glossy starlings and
parrots as well as monkeys, which feed on
them and thereby disperse the seeds. Lateral
roots were found at a depth of 10-60 cm in
Zimbabwe, but the taproot can reach a depth of
10 m or more. Endomycorrhizae are associated
with the roots.
Ecology Guibourtia coleosperma occurs in
woodland and dry forest, often along rivers, at

750-1400 m altitude. It is found in areas with
a mean annual temperature of 20-28°C and an
annual rainfall of (450—)650-1100 mm. It is
often one of the dominantspecies in the upper
storey together with Baikiaea plurijuga Harms
and Pterocarpus angolensis DC., which are also

important timber species. It is almost exclusively found on Kalahari sand soils, which are
deep and infertile with a low water-holding
capacity. Guibourtia coleospermais sensitive to
fire and somewhat insensitive to frost, although frost may cause severe damageto seed-

lings andsaplings.
Propagation and planting Guibourtia coleosperma can be propagated by seeds, cuttings
or root suckers. Seed production is reported to
vary considerably from year to year, and is
mainly influenced by the amount and distribution of rainfall. The 1000-seed weight is about
275 g. Germination usually starts within 10
days after sowing. In Botswana germination
tests using fresh, untreated seeds gave a 95%
germination rate. Shelter and adequate moisture are essential for a high survival rate of
seedlings. In experimental plantations, spacings of 2m xX 2m to 5 m X 5 m have been practised.
Management In southern DR Congo Guibourtia coleospermais locally common, with 5—
6 trees per ha. Controlled early burning in May
of the undergrowth and litter layer has been
tested and was found useful to avoid the more
detrimental burning in September. Trees may
produce root suckers and coppice shoots when
cut. Guibourtia coleosperma is occasionally
planted. In plantations regular weeding is required for at least thefirst 3 years.
Diseases and pests In the nursery, the
seedlings are susceptible to spider mites, especially under glass. The foliage is browsed by
elephants and antelopes, but serious damage
hasnot been reported.
Harvesting Boles with a minimum diameter
of 35 cm have been harvested from natural
woodland in a cutting cycle of 40 years. In
Zimbabwe, the recommended minimum bole
diameter for Guibourtia coleosperma as well as
Baikiaea plurijuga is 50 cm. Selective logging
did not aggravate erosion problems because the
Kalahari soils allow high infiltration and have
a gradient of only 1% or less. However, it may
lead to increased fire hazards. Regeneration
after logging was satisfactory. However, else-

where it was observed that regeneration of
Guibourtia coleosperma after harvesting was
not adequate, whereas that of Baikiaea plurijuga was more than adequate: this would result in a shift towards more dominance of the
latter species in the vegetation.
Handling after harvest Logs should not be
left in the forest for longer periods or should be
treated with insecticides because the sapwood
is liable to insect attacks. The oil is extracted
by pounding and boiling the seeds. People in
Botswana and Zambia remove arils with warm
water.

Genetic resources Guibourtia coleosperma
is widely distributed with no apparent threats,
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but in Namibia and Botswana it is legally protected.
Prospects Although Guibourtia coleosperma
is a useful multipurpose tree that provides
timber and non-timber products such as edible
seeds and traditional medicine, no attempts
have been made to domesticate it or exploit its
genetic variation. Efforts to explore its potential for plantations are urgently needed, although the low growth rates seem to limit its
prospects as a plantation timber tree of economic importance, as well as a timber tree that
can be harvested from natural forest on a sustainable basis. Little information is available
on management practices and therefore research in this area is needed.
Major references Brummitt et al., 2007a;
Burke, 2006; CAB International, 2005; Calvert,

Guibourtia conjugata — wild

1986b; Coates Palgrave, 2002; Fanshawe, 1962;

Hoégberg, 1986; Storrs, 1979; van Wyk &
Gericke, 2000; Wilczek et al., 1952.
Other references Anonymous, 1964b; Anonymous, 1979; Bekker, Bekker & Brandt, 2006;
Calvert, 1986a; Fanshawe, 1972; Fox & Norwood Young, 1988; Holdo & Timberlake, 2008;

Leger, 1997; Léonard, 1949; Léonard, 1950a;
Neuwinger, 2000; Palmer & Pitman, 1972—
1974; Ross, 1982; SEPASAL, 1999; Storrs,
1982; Tietema, Merkesdal & Schroten, 1992;

van Vuuren, Banks & Stohr, 1978; van Wyk &
van Wyk, 1997; Watt & Breyer-Brandwijk,
1962; White, 1962.
Sources ofillustration Ross, 1982.
Authors W. Mojeremane & I. Kopong

GUIBOURTIA CONJUGATA(Bolle) J.Léonard
Protologue Bull. Jard. Bot. Etat 19: 402
(1949).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Small false mopane,
small bastard mopane, small mock mopane,

small copalwood, tsotso tree (En). Chacate,
chacate-preto (Po).
Origin and geographic distribution Guibourtia conjugata occurs in Zambia, Zimbabwe,
Mozambique and northern South Africa.
Uses The wood is mainly used for fence
posts, but is also suitable for flooring, furniture, carving and turnery. In Mozambiqueit is
classified as a precious timber. The semi-fossil
resin is traded under the name ‘inhambane
copal’ or ‘Mozambique copal’ and is used as a
base to produce varnishes.

Properties The heartwood is dark brown
with paler streaks and distinctly demarcated
from the pale yellowish sapwood. The grain is
interlocked, texture fine. The wood has fairly
lustrous surfaces. It is heavy with a density of
950-1100 kg/m3 at 12% moisture content, and
hard. In spite of its density, it air dries rather
easily andis not difficult to work. It sands to a
smooth finish, and glues and varnishes well.
Pre-boring is needed for nailing and screwing.
The wood is durable and veryresistant to fungal andinsect attacks.
Botany Deciduous shrub or small to medium-sized tree up to 18 m tall; bole branchless
for up to 12 m, up to 75 cm in diameter; bark
surface fairly smooth to flaky, pale greyish to
yellowish brown; twigs slender, sparsely hairy.
Leaves arranged spirally, paripinnately compound with 1 pair of leaflets; stipules 3-4 mm
long, early caducous; petiole 1-2 cm long; leaflets nearly sessile, obliquely ovate, 3—-7(—9) cm
x 2-4.5(-6.5) cm, base rounded, apex usually
rounded, sometimes acute, glabrous, with numerous translucent dots, with 3-4 veins from
base of leaflet. Inflorescence a short axillary or

terminal panicle, short-hairy; bracts early caducous. Flowers bisexual, nearly regular, whitish, fragrant; pedicel 1.5-2 mm long; sepals 4,
slightly unequal, c. 6 mm X 2-4 mm, hairy inside; petals absent; stamens 10, free, c. 6 mm

long; ovary superior, rounded, c. 1 mm in diameter, glabrous, 1-celled, with short stipe,
style c. 3 mm long. Fruit a slightly oblique elliptical-oblong, flattened pod 3-4 cm X c. 2.5
cm, glabrous, indehiscent or tardily dehiscent,

1-seeded. Seed broadly elliptical, flattened, c. 2
cm long, shiny brown, without aril. Seedling
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with epigeal germination; hypocotyl hairy; cotyledons rounded, leafy.
Guibourtia conjugata grows slowly. Trees flower from November to January and fruits ripen
from June to July.
Guibourtia comprises about 14 species, all African, but a single species occurs in tropical
America. The genus is related to Hymenaea
and Peltogyne.
Ecology Guibourtia conjugata occurs in dry
forest and woodland, often on rocky localities
and river banks, from sea-level up to 1500 altitude. It prefers deep sandysoils.
Genetic resources and breeding It is
unlikely that Guibourtia conjugata suffers
from genetic erosion becauseit is fairly widespread and haslimited usage. It is protected by
law in Mozambique.
Prospects Guibourtia conjugata is poorly
known, but it does not seem to have good prospects as a timber tree of more commercial
importance because of the limited amount of
trees available in most of its range of distribution, the relatively small bole size, and the apparently low growthrate.
Major references Brummitt et al., 2007a;
Coates Palgrave, 1983; Managed Timber Resources, 1998; Storrs, 1979; van Wyk &
Gericke, 2000.
Other references Hyde & Wursten, 2010b;
Léonard, 1950b; Palmer & Pitman, 1972-1974;
Richter & Dallwitz, 2000; Ross, 1977; Schmidt,
Létter & McCleland, 2002; Storrs, 1982; van
Wyk & van Wyk, 1997; Watt & BreyerBrandwijk, 1962.
Authors E.A. Obeng

GUIBOURTIA EHIE (A.Chev.) J.Léonard
Protologue Bull. Jard. Bot. Etat 19: 404

(1949).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 24
Origin and geographic distribution Guibourtia ehie occurs from Guinea and Liberia
eastwards to Cameroon, and south to Gabon.
Uses The wood is commonly used for flooring, joinery, interior trim, panelling, furniture,
vehicle bodies, agricultural implements, musical instrument, toys, novelties, carvings, turnery, veneer and plywood.
The solidified fresh or semi-fossil resin from
the bark (‘copal’) is made into fragrant necklaces and traded locally. It is reported to have

Guibourtia ehie — wild
uses in the pharmaceutical and cosmetic industries and as a suitable base for varnishes and
lacquers, and is also used for illumination.
Traditionally, it is believed to drive awayevil
spirits when burnt. The seeds are edible. The
decoction of a mixture of stem barks of Guibourtia ehie and Tetrapleura tetraptera
(Schum. & Thonn.) Taub. is drunk to cure
stomach ulcers in Ghana.
Production and international trade The
wood is traded as ‘ovengkol’ or ‘ovangkol’ in
Gabon, as ‘amazakoué’ in Céte d’Ivoire and as
‘hyedua’ in Ghana. The export in the period
1970-1974 was 36,000 m3 of logs from Céte
d'Ivoire. The mean annualexport of ‘ovengkol’
timber from Gabon in the period 1991-1999
was 12,000 m3. In 1999 it ranked 19th on the

list of most important export timbers of Gabon.
In 2001-2003 Gabon exported on average
16,000 m#/year. In 2004 the export of ‘hyedua’
plywood from Ghana was 1000 m3 at an average price of US$ 399/m?, and in 2010 the wood

was still traded as first-quality parquet flooring from Ghana.
Properties The heartwood is yellowish
brown to dark brown with greyish to blackish
streaks, and distinctly demarcated from the
yellowish white, up to 10 cm wide sapwood.
The grain is straight to slightly interlocked,
texture fine to medium. The wood has a distinct odour whenfreshly cut, and an attractive
stripe figure.
The wood is medium-weight to heavy, with a
density of 730-900 kg/m? at 12% moisture content, hard and tough. It air dries slowly with a
tendency of splitting and slight distortion; care
should therefore be taken in drying. The rates
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of shrinkage are moderately high, from green
to oven dry 3.4-5.5% radial and 6.8-10.7%
tangential. Once dry, the wood is moderately
stable in service.
At 12% moisture content, the modulusof rupture is 127-210 N/mm2, modulusof elasticity
13,900-21,500 N/mm?, compression parallel to
grain 57-81 N/mm?, shear 8-15 N/mm?, cleav-

age 17-34 N/mm and Chalais-Meudon side
hardness 5.4—11.3.
The wood generally saws and worksfairly easily with ordinary hand and machinetools, but
the blunting effect on saw teeth and cutting
edges may be considerable due to the presence
of silica. Stellite-tipped saw teeth and tungsten-carbide cutting edges are recommended.
The woodplanesto a goodfinish. It holds nails
and screwswell, but pre-boring is needed. The
wood glues, varnishes and polishes well and
has good resistance to abrasion. It produces
excellent sliced veneer, but it is advisable to
heat logs before slicing. The wood is durable,
being quite resistant to termite, Lyctus and
marine borer attacks. The heartwood is resistant to impregnation with preservatives, the
sapwood moderately resistant.
The traditional use of stem bark to cure stomach ulcers was verified in laboratory tests with
mice. Aqueousbark extracts of Guibourtia ehie
showed significant inhibition of ulceration of
the stomach, but those of Tetrapleura tetraptera and of a combination of the two barks(1:4)
were even more effective. The toxicity of the
extracts using brine shrimp larvae was also
investigated. The Guibourtia ehie extract was
the only one that did not kill larvae, even at

high concentrations.
Adulterations and substitutes The wood
of Guibourtia ehie is a common substitute for
rosewood (Dalbergia spp.), which is used for
similar purposes. It is very similar to the wood
of Guibourtia arnoldiana (De Wild. &
T.Durand) J.Léonard.
Description Evergreen or deciduous, medium-sized to large tree up to 45(—50) m tall; bole
branchless for up to 25 m, usually straight and
cylindrical, up to 100(-300) cm in diameter,

often with narrow buttresses up to 2.5 m high;
bark surface nearly smooth, finely fissured,

often with thin horizontal ridges, pale to dark
grey or yellowish, inner bark granular or fibrous, thick, pinkish brown to brownoryellowish orange, with a yellowish, sweet scented

exudate; crown flattened or rounded, finely
branched; twigs hairy. Leaves arranged spirally, paripinnately compound with 1 pairofleaf-

Guibourtia ehie — 1, base of bole; 2, leafy branch;
3, flowering twig; 4, flower with one sepal removed,5,fruit.

Redrawn and adapted by Iskak Syamsudin
lets; stipules leaf-like, up to 2 cm long, often
persistent; petiole 0.5-1 cm long; leaflets sessile, obliquely ovate or elliptical, 3-8 cm x 1.5—
3.5 cm, base cuneate on one edge and rounded
on the other, apex usually acuminate, glabrous,
with numerous translucent dots or without
these, pinnately veined with 5-7 pairs oflateral veins. Inflorescence an axillary or terminal
panicle up to 20 cm long, hairy; bracts small,

very early caducous. Flowers bisexual, nearly
regular, whitish, fragrant, sessile; sepals (3-)4,
slightly unequal, up to 4.5 mm long, hairy inside; petals absent; stamens 10, free, up to 7

mm long; ovary superior, broadly elliptical, c. 1
mm long, sparsely hairy, 1-celled, sessile, style
4—5 mm long. Fruit an elliptical, flattened,
papery pod 4-6 cm x 3—4 cm,glabrous, reticulately veined, black, indehiscent, with a small
wing at one side, 1-seeded. Seed rounded, flattened, c. 1.5 cm in diameter, brown, without

aril. Seedling with epigeal germination; hypocotyl 6-12 cm long, epicotyl up to 3 mm long;
cotyledonsfleshy, nearly round, up to 1.5 cm in
diameter, caducous; first leaf sessile, with 2
nearly roundleaflets c. 3 cm long.

376

TIMBERS 2

Other botanical information Guibourtia
comprises about 14 species, all African, but a
single species occurs in tropical America. The
genus is related to Hymenaea and Peltogyne.
Guibourtia leonensis J.Léonard is a mediumsized tree up to 25 m tall with a straight bole,
occurring in Senegal, Guinea-Bissau, Guinea,
Sierra Leone and Liberia. The wood has an
attractive appearance and it is suitable for
general carpentry work. In Sierra Leone the
bark is used as fish poison.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4-7 um); 26:
intervessel pits medium (7-10 um); 29: ves-

tured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
46: < 5 vessels per square millimetre; 47: 5—20
vessels per square millimetre. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
80: axial parenchymaaliform; 81: axial parenchyma lozenge-aliform; (82: axial parenchyma
winged-aliform); 83: axial parenchyma confluent; 89: axial parenchyma in marginal or in
seemingly marginal bands; (91: two cells per
parenchyma strand); 92: four (3-4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchyma strand. Rays: 98: larger rays
commonly 4- to 10-seriate; 104: all ray cells
procumbent; 115: 4-12 rays per mm; 116: > 12
rays per mm. Mineral inclusions: 1386: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchymacells.
(F.D. Kamala, P.E. Gasson & E.A. Wheeler)
Growth and development Guibourtia ehie
grows slowly. In Guinea the mean height of
young trees was 3.5 m after 6 years. In Céte
d'Ivoire a mean annualbole diameter growth of
0.5 cm has been recorded. Guibourtia ehie is
fairly shadetolerant, but saplings require light
at initial stages of growth. They usually have
red flushes of leaves. In Liberia and Côte
d'Ivoire, trees flower around November, lose

their leaves soon thereafter, and new leaf
flushes are developed when the fruits ripen in
January-February. Fruits are dispersed by
wind.
Ecology In West Africa Guibourtia ehie is

most common in semi-deciduous forest, especially in drier types. In Central Africa it can
also be found in well-drained localities in evergreen forest, up to 500 m altitude. Trees are
very sensitive to fire.
Propagation and planting Natural regeneration is often abundant around the mother
plant. In Liberia it has been reported that
seedlings rarely reach sizes of more than 30
em, but in Ghana saplings have been reported
to be locally abundant.
There are about 2500 seeds per kg. Germination starts 10-25 days after sowing and the
germination rate is usually fairly high, 65-80%
after 5 weeks. In the nursery, seedlings should
be grownin the shade. Theyreach about 25 cm
tall after 4.5 months. In Guinea the mortality
was very high (over 80%) in full sun. In Gabon
seedlings had a survival rate of over 90% when
planted in the open as well as in the forest;
they reached a mean height of 2.3 m in full sun
and 3.3 m in the shade 3 yearsafter planting.
Management In general Guibourtia ehie
occurs scattered in the forest,

or in small

groups of a few trees. In Gabon the average
wood volume is 1.6 m3/ha. In semi-deciduous
forest in Côte d'Ivoire, an average of 3.1 trees

with a bole diameter of more than 10 cm has
been recorded.
Harvesting The prescribed minimum felling
diameter is 90 cm in Ghana, in Gabon 70 cm

and in Liberia and Cote d’Ivoire 60 cm.
Yield A tree with a bole diameter of 60 cm
yielded 3.5 m3 of wood and one with bole diameter of 90 cm 8.1 m3. In 1970 in Côte
d'Ivoire, logs yielded 41% of sawn wood, of

which 18% wasconsideredof export quality.
Handling after harvest After harvesting,
logs should not be left in the forest too long
becausetheyareliable to splitting.
Genetic resources Although Guibourtia ehie
is fairly widespread, it suffers from overexploitation and could suffer from genetic erosion. It
is included as vulnerable in the IUCN RedList
of threatened species, but it is indicated that
its status should be reviewed.
Prospects The wood of Guibourtia ehie is in
high demand on the timber market, but research is needed to be able to determine its
possibilities for commercial exploitation on a
sustainable basis. There is little information
available on growth rates, propagation and
planting, and suitable management measures.
The apparently slow growth can be a serious
drawback because long cutting cycles could be
necessary for sustainable exploitation. The
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potential of its copal resin in the cosmetic and
pharmaceutical industries could be harnessed,
and experiments showed interesting possibilities for drug development of the bark. The phytochemistry of the seeds should be investigated
to guarantee safe use as food. Guibourtia ehie
might be worth to be promoted for wider planting as a true multipurpose tree.
Major references Aubréville, 1970; Bolza &
Keating, 1972; Burkill, 1995; CIRAD Forestry
Department, 2008; de Saint-Aubin, 1963; Hawthorne, 1995; Keay, 1989; Oteng-Amoako (Editor), 2006: Vivien & Faure, 1985; Voorhoeve,

1979.
Other references African Regional Workshop, 1998; Aubréville, 1959b; Aubréville,
1968; Brancheriau et al., 2006; Christy et al.,

2003; de la Mensbruge, 1966; Hawthorne &
Jongkind, 2006; Irvine, 1961; Kunkel, 1965;
Léonard, 1949; Léonard, 1950b; Lisowski,
2009; Mangenot & Mangenot, 1957; Noamesi et

al., 1994; Normand & Paquis, 1976; Tailfer,
1989; Takahashi, 1978; Taylor, 1960; UNEPWCMC, 2006; Wilks & Issembé, 2000.
Sources of illustration Voorhoeve, 1979;
Wilks & Issembé, 2000.

Authors A.A. Oteng-Amoako & C. Essien

GUIBOURTIA TESSMANNII (Harms) J.Léonard
Protologue Bull. Jard. Bot. Etat 19: 404
(1949).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Bois de rose d’Afrique
(Fr).
Origin and geographic distribution Gui-

bourtia tessmannii occurs in Cameroon, Equatorial Guinea and Gabon.
Uses The wood of Guibourtia tessmannii,
known as ‘bubinga’ or ‘kevazingo’, is used for
flooring, joinery, decorative panelling, furniture, cabinet work, mine props, vehicle bodies,
boxes, crates, musical instruments, tool han-

dles, brush backs and carvings. It is suitable
for ship building, toys, novelties, turnery, veneer and plywood.
In traditional medicine, bark decoctions are

administered for the treatment of gonorrhoea
and hypertension, and for preventing abortion.
They are also taken as an anthelmintic and
applied as a cleanser for washing wounds. In
the markets of Yaoundé (Cameroon), stem bark

is for sale to cure many complaints: convulsions, diarrhoea, lumbago, hernia, malaria,
anaemia and female infertility. A survey
among villagers yielded claims that use of
bark, leaves or fruits also controls typhoid fever, haemorrhoids, cancer, sexually transmit-

table diseases and hepatitis. Bark extracts are
used in southern Cameroon as a pesticide, of-

ten in mixtures with other plant species, to
control the ‘black pod disease’ in cacao cause by
fungi. The bark is much sought after and has
often been removed at the base of the bole of
standingtrees.
Production and international trade The
wood is traded from Gabon as ‘kevazingo’ in
mixture with that of Guibourtia pellegriniana
J.Léonard. In 1997 about 55,000 m3 of logs
were exported at an average price of FCFA
350,000/m:3.
Properties The heartwoodis reddish brown,
often with violet-brown or purplish streaks,
anddistinctly demarcated from the whitish, up
to 7.5 cm wide sapwood. The grain is straight
or interlocked, texture fine and even. The wood

is lustrous and scented whenfreshly cut.
The wood is heavy, with a density of 860—930
kg/m3 at 12% moisture content, and hard. It air
dries slowly with high risk of distortion. The
rates of shrinkage are quite high, from green to
oven dry 5.2-8.1% radial and 6.3-10.5% tangential. At 12% moisture content, the modulus
of rupture is 166-195 N/mm2, modulusofelasticity 15,100 N/mm2, compression parallel to
grain 66-73 N/mm?, shear 9.5 N/mm?, cleavage
20-27 N/mm and Chalais-Meudon side hardness 7.9-9.0.
The wood is fairly easy to saw and work with
both machine and hand tools, and it planes to a

Guibourtia tessmannii — wild

good finish. It polishes well and varnishes satisfactorily. It holds nails well and has good
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gluing properties. Good-quality veneer can be
produced byslicing. The wood is durable and
resistant to termites, Lyctws and other woodboring beetles. The heartwood is resistant to
impregnation with preservatives, the sapwood
moderately resistant.
The wood of Guibourtia tessmannii contains
flavanols of leucofisetinidin and guibourtacacidin, tannins and sugars. Some stilbene
glycosides have been isolated from the bark, as
well as asebotin, a dihydrochalcone glucoside.
Pharmacological screening showed antifungal
activity.
Botany Medium-sized to large tree up to 40
m tall; bole branchless for up to 20 m, straight,
cylindrical, up to 200 cm in diameter and often

with large, slender buttresses up to 3 m high;
bark surface greenish grey to reddish brown,
scaly with small, roundedscales leaving orange
to red depressions, inner bark brittle, reddish

to brown,often with a gelatinous reddish exudate; crown dense, rounded. Leaves arranged

spirally, paripinnately compound with 1 pair of
leaflets; stipules small and early caducous;
petiole 1.5-3 cm long; leaflets nearly sessile,
obliquely ovateor elliptical, 6-15 cm x 3-6 cm,
base cuneate, apex acuminate, glabrous, without translucent dots, pinnately veined with up
to 10 pairs of lateral veins. Inflorescence an
axillary or terminal panicle c. 10 cm long, with
thick branches, reddish hairy; bracts small,

very early caducous. Flowers bisexual, nearly
regular, whitish, fragrant, sessile; sepals 4,
slightly unequal, up to 6 mm long, hairy inside;
petals absent; stamens 10, free, up to 8 mm

long; ovary superior, broadly ellipsoid, c. 2 mm
long, hairy, 1-celled, sessile, style c. 5 mm long.

Fruit an obliquely ellipsoid pod 3-4 cm x 2-2.5
em, slightly flattened, glabrous, densely
striped, dark copper-brown, dehiscent with 2
leathery valves, 1(—2)-seeded. Seed kidneyshaped, c. 1.5 cm long, slightly flattened, completely covered by an orange-redaril.
The seed is eaten by monkeys, chimpanzees
and hornbills, which mayserve asdispersers.
Guibourtia comprises about 14 species, all African, but a single species occurs in tropical
America. The genus is related to Hymenaea
and Peltogyne.
Guibourtia pellegriniana J.Léonard occurs from
south-eastern Nigeria south to Cabinda (Angola). It is a tall tree, with a straight bole. In Gabon it is locally harvested for the commercial
timber trade from secondary forest where
okoumé (Aucoumea klaineana Pierre) is the
dominant species. The wood, with a density of

about 940 kg/m? at 12% moisture content, is
quite similar to that of Guibourtia tessmannii.
Ecology Guibourtia tessmannii occurs in
evergreen forest, usually in primary forest on
well-drainedlocalities.
Management Guibourtia tessmannii generally occurs scattered in the forest. In Gabon the
average wood volume of Guibourtia tessmannii
and Guibourtia pellegriniana together is 1.4
m?/ha, and in 1995 the standing stock was estimated at 13 million m3.
The minimum bole diameter for exploitation is
90 cm in Gabon. In Cameroon a tree with a
bole diameter of 80 cm yielded 5.6 m3 of wood,
one of 100 cm 8.6 m3 and one of 150 cm 19.1
m3. Freshly harvested logs do not float in water.

Genetic resources and breeding Although
Guibourtia tessmannii has a limited geographical distribution and usually occurs scattered
in primaryforest, there are no indications that
it is under threat of genetic erosion at present.
However, it is advisable to monitor populations
because the species mayeasily becomeliable to
genetic erosion.
Prospects The wood of Guibourtia tessmannii is in demand on the timber market, but
research is needed to be able to determineits
possibilities for commercial exploitation on a
sustainable basis. There is no information
available on growth rates, propagation and
planting, and suitable management measures.
Slow growth has been reported for some other
Guibourtia species, and could also be a serious
drawback for Guibourtia tessmannii because
long cutting cycles would be necessary for sustainable exploitation. The common application
of the bark in traditional medicine warrants
more research on phytochemistry and pharmacological properties.
Major references Bolza & Keating, 1972;
Burkill, 1995; CIRAD Forestry Department,
2008; CTFT, 1977a; Vivien & Faure, 1985.

Other references ATIBT, 1986; Aubréville,
1968; Betti, 2002; Coulibaly et al., 2002; de

Saint-Aubin, 1963; Jiofack et al., 2009; Nkengfack et al., 2001; Nyemba, 1995; Takahashi,

1978; Wilks & Issembé, 2000.
Authors E.A. Obeng

GYROCARPUS AMERICANUS Jacq.

Protologue Select. stirp. amer. hist.: 282
(1763).
Family Hernandiaceae
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Chromosome number 2n = 30
Synonyms Gyrocarpus jacquinii Gaertn.
(1791), Gyrocarpus asiaticus Willd. (1806).
Vernacular names Propeller tree (En).
Mbamba-mweupe, mbawa, mbomba (Sw).
Origin and geographic distribution Gyrocarpus americanus is extremely widespread,
occurring in Central America and northern
South America, in the drier parts of tropical
Africa, throughout tropical Asia, in northern
Australia, and on islands in the Pacific Ocean

towards Tahiti. In tropical Africa it is found
from eastern Senegal, Guinea and Mali east to
Eritrea and Kenya, and south to Namibia and
South Africa; it is also found in western and
southern Madagascar.
Uses The boles of Gyrocarpus americanus
are traditionally used for dug-out canoes. The
wood is used for roof laths, wall covering, insu-

lation, toys, model making and carvings. In
tropical Asia it is additionally used for wooden
clogs, light furniture, boxes, crates, trays and

floats. It is suitable for sporting goods, turnery,
veneer, plywood, hardboard,particle board and
pulpwood. It is also used as firewood.
Bark infusions are taken to treat cancer and
kidney pain, whereas pounded roots or root
decoctions are applied to wounds. Root decoctions are also administered to treat diarrhoea.
In Mali crushed leaves are applied to treat
scabies. In Bangladesh twigs are used as
toothbrush. The yellowish bark exudate has
been usedas a substitute of rubber.
Production and international trade The
wood is seldom traded and on a local scale only.
Properties The heartwood is greyish white
to pale yellow, sometimes with a pinktinge,
darkening to greyish brown upon drying, and

indistinctly demarcated from the sapwood. The
grain is straight, sometimesslightly interlocked,
texture coarse but even. The wood is lustrous,
particularly when quarter-sawn.
The woodis lightweight, with a density of 250—
440 kg/m?, and soft. It air dries easily. The
rates of shrinkage are low, from green to oven
dry 1.6-3.5% radial and 4.2-6.4% tangential.
Once dry, the wood is fairly stable in service.
At 12% moisture content, the modulus of rupture is 39-96 N/mm2, modulus of elasticity
4510-10,750(-13,900)
N/mm?,
compression

parallel to grain 19-33 N/mm? and ChalaisMeudonside hardness 0.3-1.8.
The wood saws and works easily, both with
hand and machinetools, but sharp tools are

recommended because it has a tendency to
crumble. In finishing, it often produces woolly
surfaces. The wood nails and screwseasily, and
the holding powerof nails and screwsis satisfactory. It glues andstains satisfactorily. It is
not durable, being liable to termite, pinhole
borer, Lyctus and marine borer attacks. The

wood is easy to impregnate with preservatives.
The presence of alkaloids has been demonstrated for several plant parts. One of these is
magnocuranine, which has ganglion-blocking
activity. Gyrocarpine showed moderate antileishmanial activity in mice. Twig extracts
showed antibacterial activity against Bacillus
pumilus.
In Australia some tests have been done on the
essential oil from the leaves of Gyrocarpus
americanus. The yield was 0.2-0.7%, and the
composition of the oil was quite variable, with
up to 40% q-pinene and B-pinene, but sometimes sesquiterpenes were dominating with
germacrene D as the major component (31%).
Botany Deciduous small to medium-sized
tree up to 20(—80) m tall; bole cylindrical, up to
80(—100) cm in diameter, without buttresses;
bark surface smooth to scaly, greyish white to
whitish brown or greenish brown, inner bark
straw-coloured with greenish margin, with a
yellowish exudate; crown open, rounded, with

often short branches; twigs brittle, short-hairy,
with lenticels. Leaves arranged spirally, clustered near twig ends, simple; stipules absent;

Gyrocarpus americanus — wild

petiole 4-18 cm long, channelled; blade ovatelanceolate or 3—5(—7)-lobed to near the middle,
4-25 cm x 4-22 cm, obtuse to heart-shaped at
base, acuminate at apex, papery, glabrous to
short-hairy, 3—5(—7)-veined from the base and
with 3-6 pairs of lateral veins. Inflorescence an
axillary, much-branched cyme up to 15 cm
long, hairy, with long peduncle. Flowers bisex-
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ual or male, regular or slightly zygomorphic,
scented, yellowish to greenish brown; perianth
lobes 4—8, c. 2 mm long, equal or unequal with
2 larger ones, hairy; stamens (1—)4(—7), up to 4
mm long, hairy or glabrous, anthers opening
with 2 flap-like valves, alternating with rudimentary stamens up to 1 mm long; ovaryinferior, 1-celled, style recurved or S-shaped. Fruit

a dry, ovoid nut 1—2 cm long, with c. 8 longitudinal ridges, with 2 large brown to blackish
wings (enlarged perianth lobes) up to 11 cm x
1.5 cm, 1-seeded. Seed with spongyseed coat.
Seedling with epigeal germination; cotyledons
leafy, 2-lobed; first few leaves entire, subse-

quent ones 3-lobed.
Growth is fairly rapid, with a mean annual
growth rate in height of 45 cm in Madagascar.
In the nursery seedlings reach 50-100 cm in
height after one year. In West Africa trees
usually flower at the end of the dry season,
shortly before new leaves develop. In Madagascar new leaves develop at the beginningof the
rainy season, usually in early November. The
leaves fall at the end of May, about one month

after the end of the rainy season. Trees regularly flower in September—Octoberand fruit 1—
2 months after flowering. Pollination is probably by wind. The wingedfruits are an obvious
adaptation for wind dispersal. They rotate
when falling. Dispersal may also be by water
as the fruits can float for several months. The
viability of fruits having floated in water for 2
months wasnotaffected.
Gyrocarpus comprises 4 species, 3 of which are
found in tropical Africa. Gyrocarpus angustifolius (Verdc.) Thulin is a shrub or small tree up
to 15 m tall, occurring in scrub and open bushland in Ethiopia, Somalia and Kenya. Gyrocarpus hababensis Chiov. has a similar habit and
occurs in the same region and additionally in
Eritrea and Djibouti. The wood of both species
works easily and is occasionally used for utensils and carvings.
Gyrocarpus americanus has been subdivided
into 8 subspecies. Within mainland Africa 3
subspecies are found: subsp. africanus Kubitzki occurring from Eritrea, through Kenya
and Tanzania, southward to South Africa;
subsp. americanus in Kenya and Tanzania; and

subsp. pinnatilobus Kubitzki in West Africa. In
Madagascar 3 more subspecies occur: subsp.
capuronianus Kubitzki, subsp. glaber Kubitzki
and subsp. tomentosus Kubitzki.
Ecology Gyrocarpus americanus occurs in
hot and dry areas, in Madagascar up to 600 m
altitude, in southern Africa up to 1200 m and

in Eritrea up to 1400 m, often in deciduous
woodland on rocky ridges or stony slopes, also
in riverine thickets. In Madagascarit occurs in
regions with a mean annual rainfall of 500—
1000(-1200) mm, with 5-7 dry months, and a
mean annual temperature of 24°C. It prefers
sandy soils with good drainage, but can locally
also be found on humid clayey soils. Gyrocarpus americanus is not resistant to fire and does
not tolerate periodic waterlogging.
Management In Madagascar natural regeneration is said to be quite rare. Fruits are
usually collected from the ground. The weight
of 1000 fruits is 250-350 g. It is recommended
to sow fruits as soon as possible, after removal
of the wings by hand. Nevertheless, they can be
stored after drying in the sun in air-tight containers for up to 1 year without losing much of
their germination power. Pre-treatment is not
needed, although in Madagascar it is recommended to soak fruits in water for 24 hours
before sowing. The seeds start germinating
after about 10 days, and the germination rate
is 60-85%. However, in a trial in Malaysia
seeds germinated much later: about 70% germination was achieved from 11 monthsto almost 3 years. In India the germination rate
decreased when seeds were sown undershade.
Seeds can be sown directly into the field, but in
Madagascarthe survival rate of seedlings was
only 9% after 15 months. Planting of 6—12month-old, bare-rooted seedlings raised in the
nursery showed better results, with a survival
rate of 70% after 2 years.
Genetic resources and breeding Gyrocarpus americanus is extremely widespread
and locally common, and not easily liable to
genetic erosion. In West Africa (subsp. pinnatilobus) it occurs very localized, and there it may
be more vulnerable.
Prospects Commercial interest in Gyrocar-

pus americanusis unlikely to increase because
it is often a smaller tree with moderate wood
properties. However,its utilization for carving
in cottage industry may attract interest in the
future.
Major references Arbonnier, 2004; Blaser
et al., 19938; Boer & Sosef, 1998; Chikamai et
al., undated; Randrianasolo, 1989.
Other references Bein et al., 1996; Bolza &

Keating, 1972; Brophy, Goldsack & Forster,
2000; Burkill, 1994; Capuron, 1966h; CFPF,
2008; Coates Palgrave, 2002; Gelfand et al.,

1985; Inngjerdingen et al., 2004; Neuwinger,
2000.
Authors R.H.M.J. Lemmens & D. Louppe
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HAPLOCOELUM FOLIOLOSUM (Hiern) Bullock

male flowers; sepals 5, oblong, c. 2 mm long,
short hairy; petals absent; stamens 4-5, free,

Protologue Bull. Misc. Inform. Kew 1931:
356 (1931).
Family Sapindaceae
Synonyms Haplocoelum gallaense (Engl)
Radlk. (1916), Haplocoelum mombasense Bullock (1981).
Vernacular names Galla plum, northern
galla plum (En).
Origin and geographic distribution Haplocoelum foliolosum is distributed from Cameroun east to southern Ethiopia and Somalia,
and south to Zambia, Angola, Zimbabwe, Mo-

zambique and South Africa.
Uses The wood of Haplocoelum foliolosum is
used in East Africa for construction, furniture
and tool handles. The fruit is eaten. The flowers are an important source of nectar for honey
bees. In Kenya leaf decoctions are used as eye
lotion. The twigs are used as toothbrushes.
Properties The wood is reddish and very
hard.
Botany Deciduous, dioecious shrub or small
tree up to 15(-25) m tall; bark smooth, grey;
branchlets grey-brown to black, short-hairy.
Leaves alternate, paripinnately compound with
2-16 pairs of leaflets; stipules absent; petiole
0.5-1.5 cm long, rachis 2-10 cm long, narrowly
winged; petiolules up to 0.5 mm long; leaflets
opposite, oblong to elliptical, 1.5-6 cm x 0.5-1
cm, cuneate to obtuse and asymmetrical at
base, usually notched at apex, glabrous or
sparsely hairy on midrib, pinnately veined with
numerous closely spaced lateral veins. Inflorescence an axillary fascicle or cyme. Flowers
unisexual, regular, white to yellowish; pedicel
1-3 mm long in male flowers, 5-10 mm in fe-

filaments 2-5 mm long; ovary superior, ovoid
to rounded, 3-celled, style up to 1 mm long, 3-

fid; male flowers without ovary, female flowers
with rudimentary stamens. Fruit an ovoid to
nearly globose capsule 1.5—2 cm x 1-1.5 cm,
yellow to red-purple when ripe, indehiscent or
irregularly rupturing, 1-2-seeded. Seedsellipsoid, flattened, 1-1.5 cm x c. 0.5 cm, brown,
covered bya thin,fleshyaril.
Trees usually flower before new leaves develop.
Haplocoelum foliolosum shows a lot of variation. Three subspecies have been distinguished, mainly based on the numberofleaflets per leaf, but a large part of the variation
seems to be caused by growing conditions. At
1850 m altitude on Mount Mulanje in Malawi,
it can be a tree up to 25 m tall, but at lower
altitudes it is often a straggling shrub or small
tree of only 3-4 m in height.
Haplocoelum comprises 4 species on the mainland of tropical Africa. A fifth species endemic
to Madagascar was included in the genus as
Haplocoelum perrieri Capuron, but it differs
from the other species to such an extent that it
was transferred to a distinct genus; its name is
now Gereaua perrieri (Capuron) Buerki &
Callmander. It is a small tree up to 15(-20) m
tall suitable for timber; its branches are used
for fencing and the seedaril is edible.
Haplocoelum inoploeum Radlk. (synonym:
Haplocoelum trigonocarpum Radlk.), called
‘mchumbi’ and ‘mfunga tanzu’ in Swahili, is a
shrub or small tree up to 15 m tall occurring in
coastal East Africa from Somalia to Tanzania.
Its hard wood is used to manufacture walking
sticks and clubs, and the seed aril is edible.

Ecology Haplocoelum foliolosum is found in
grassland, thickets and woodland, including

Brachystegia-Isoberlinia woodland, from sealevel up to 1500 m altitude, in Malawi up to
1850 m.
Genetic resources and breeding As Haplocoelum foliolosum is widely distributed and
not heavily exploited, no threats are envisaged.
Prospects Haplocoelum foliolosum does not
seem to have prospects as a timber tree of
commercial importance because it rarely
reaches large dimensions. In view of the large
variation, it is an interesting subject for combined taxonomic andecological research.
Major references Burkill, 2000; Coates Palgrave, 1983; Davies & Verdcourt, 1998; Ko-

Haplocoelum foliolosum — wild

kwaro, 1993.
Other references Beentje, 1994; Buerki et
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al., 2010; Fouilloy & Hallé, 1973a; Friis &
Vollesen, 1999; Friis, Verdcourt & Vollesen,
1996; Hauman, 1960; Ichikawa, 1987; McGin-

ley (Editor), 2008.
Authors C.H. Bosch

HAZOMALANIA VOYRONII (Jum.) Capuron
Protologue Adansonia, sér. 2, 6: 377 (1966).
Family Hernandiaceae
Synonyms Hernandia voyronii Jum. (1921).
Vernacular names False camphor (En).
Faux camphrier(Fr).
Origin and geographic distribution Hazomalania voyronii is endemic to western and
central Madagascar, where it occurs from near
Mahajanga southwardto close to Toliara.
Uses The wood, known as ‘hazomalany’ or
‘hazomalana’, is considered among the most
valuable woods of western Madagascar. Traditionally, the wood has been used for dug-out
canoes, floaters of canoes, peddles, ceremonial

coffins, chests to preserve clothes and food, and
weather-boards. It is used for planks, joinery,
furniture, moulding, boxes, crates, frame-work

and shingles. It is suitable for light construction, interior trim, toys, novelties, matches,

turnery, veneer, plywood, hardboard, particle
board and pulpwood.
The bark is used in traditional medicine to
treat fever including malaria, hepatitis and
digestive problems. Bark decoctions or macerations are traditionally used as coadjuvant to
chloroquine in the treatment of malaria. Powdered wood is applied to wounds. The smoke of
the wood is used to dispel mosquitoes. The
fruits are used to prepare a reddish dye applied

Hazomalania voyronii — wild

as nail polish; the pulp is crushed and mixed
with some water.
Production and international trade The
wood of Hazomalania voyronii has been traded
extensively in western Madagascar for local
applications, but over-exploitation reduced the
volumes in trade considerably. Since a long
time, the wood has been exported to India and
China to makecoffins.
Properties The heartwoodis straw-coloured
to yellowish brown and distinctly demarcated
from the 4-5 cm wide sapwood. The grain is
usually straight, texture coarse. The wood has
a persistent camphor-like smell.
The woodis lightweight, with a density of 370—
470 kg/m3 at 12% moisture content. It air dries
rapidly with little or no degrade. The rates of
shrinkage are low, from green to oven dry 2.3—
3.4% radial and 4.2-6.6% tangential. It takes
1-2 months to air dry 2.5 cm thick boards, and

4—5 months for 4 cm thick boards. Once dry,
the woodis stable in service.
At 12% moisture content, the modulus of rupture is 59-77 N/mm?2, modulus of elasticity
(38330—)5300—8000 N/mm2, compression parallel to grain 28-34 N/mm?, shear 5 N/mm?,
cleavage 7.5-8.5 N/mm and Chalais-Meudon
side hardness 0.6—1.4.
The wood saws and works easily, with both
hand and machine tools, but it is fissile. The

nail-holding power is moderate. The wood
glues satisfactorily, and it varnishes, paints
and polishes well whena filler has been used.
It has excellent peeling andslicing characteristics, and is suitable for moulding and turning.
The heartwood is durable, being quite resistant
to fungal, termite and wood-borer attacks, but
moderately susceptible to marine borers. The
heartwood is resistant to impregnation with
preservatives, the sapwood moderately resistant.
Several benzyltetrahydroisoquinoline alkaloids
have been isolated from the bark: hervelines
A-D, reticuline and laudanosine. These compounds have moderate in-vitro antiplasmodial
activity, but a pronounced chloroquine-potentlating action against chloroquine resistant
Plasmodium falciparum strains. Bark extracts
showedlow cytotoxicity against HeLacells and
L929 fibroblasts.
An essential oil has been obtained by hydrodistillation from the bark. Perillaldehyde is the
major constituent (about 83%), responsible for
the distinct camphor-like smell. The oil showed
noteworthy antibacterial and antifungal activities.
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Adulterations and substitutes The wood
of Hazomalania voyronii has been suggested as
a good substitute of softwood. The names ‘hazomalany’ and ‘hazomalana’ are used for other
trees with a pronounced smell, but their wood
is often quite different from that of Hazomalania voyronii.
Description Deciduous, dioecious, medium-

sized tree up to 25 m tall, all parts with a camphor-like smell; bole branchless for up to 12 m,
usually straight and cylindrical, up to 80(—100)
cm in diameter; bark surface longitudinally
fissured and scaly, whitish, inner bark thick,
yellowish; crown dense; twigs thick, densely
whitish grey short-hairy. Leaves arranged spirally, clustered near apex of twigs, simple and
entire; stipules absent; petiole 2.5-10 cm long;
blade ovate to heart-shaped, 5.5-14 cm x 4—11

to 2 cm long, yellowish white short-hairy;
bracts up to 1(—8) cm long. Flowers unisexual,
regular,

whitish;

male

flowers

(4—)5(-6)-

merous, with c. 1 mm longpedicel, tepals obovate-oblong, 6-7 mm x 2-3 mm,short-hairy, in
2 whorls, alternating with c. 2.5 mm long
glands, stamens 4—5 mm long, ovary rudimentary; female flowers (5—)6-merous, with 2 unequal, up to 1 cm long bracteoles at base, sessile,
tepals obovate-oblong,

6-7 mm X 2-3 mm,

short-hairy, in 2 whorls, alternating with c. 2
mm long glands, rudimentary stamens c. 2 mm
long, ovary inferior, 1-celled, style 3.54 mm
long, hairy, stigmas 2, rounded and slightly
lobed. Fruit a dry, slightly fleshy, almondshaped drupe c. 4.5 cm X 1.5 cm, slightly laterally compressed, with c. 10 longitudinal ridges,

enclosed by 2 large, unequal wings (enlarged

cm, rounded to cordate at base, obtuse to acu-

bracteoles) up to 12 em X 4 em; stone obovoid,

minate at apex, papery, more or less densely
hairy below, with minute translucent dots, 3—5veined from the base. Inflorescence an axillary
umbel-like compound cyme, with main axis up
to 5(-6) cm long and usually 4-5 branches up

c. 2.5 cm X 1 cm, laterally compressed, 1seeded. Seed with leafy cotyledons cordate at
base.
Other botanical information Hazomalania comprises a single species and is closely
related to Hernandia or is even considered to
belong to the latter genus. Hernandia differs in
being evergreen and monoecious.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
12: solitary vessel outline angular; 13: simple
perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal; (26:
intervessel pits medium (7-10 um)); 27: intervessel pits large (© 10 um); 31: vessel-ray pits
with much reduced borders to apparently simple: pits rounded or angular; 32: vessel-ray pits
with much reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to
vertical (palisade); (33: vessel-ray pits of two
distinct sizes or types in the sameraycell); 42:
mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square mil-

limetre; 56: tyloses common. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 68:
fibres very thin-walled; (69: fibres thin- to
thick-walled). Axial parenchyma: 79: axial parenchyma vasicentric; 80: axial parenchyma
aliform; 81: axial parenchyma lozenge-aliform;
(83: axial parenchyma confluent); 90: fusiform

Hazomalania voyronii — 1, flowering twig; 2,
male flower; 3, female flower with bracts and
bracteoles; 4, fruit enclosed by wings;5, fruit.
Redrawn and adapted by J.M. de Vries

parenchymacells; 91: two cells per parenchyma strand; 92: four (3-4) cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; 104: all
ray cells procumbent; 114: < 4 rays per mm;
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115: 4-12 rays per mm.
(L. Awoyemi, P.E. Gasson & E.A. Wheeler)
Growth and development Young trees require shade and grow slowly, with a mean annual growth under good conditions of 20-40 cm
in height. Diameter growth of the stem is slow
until the diameter reaches 10 cm, but then it

increases to 3-4 mm/year. The age of a tree
with a bole diameter of 50 cm has been estimated at 200 years. In youngtrees, the leaves
are peltate, but this condition disappears in
older trees. Leaves fall at the beginning of the
dry season andtrees are leafless for about 4.5
months until the rainy season. Trees usually
flower in February—April at the end of the
rainy season, before the leaves fall. They fruit
irregularly; fruits ripen about 4 months after
flowering, mostly near the middle of the dry
season. The fruits, with their long unequal
wings, are dispersed by wind, but they are
rarely found more than 40 m from the mother
tree, indicating that strong winds are needed
for wider dispersal.
Ecology Hazomalania voyronii occurs in dry
deciduous forest, up to 800 m altitude. The
mean annual rainfall in the area of distribution
is 500-1600 mm, with 5-8 dry months, and the

mean annual temperature 20-27°C. Hazomalania voyronii is found on well-drained localities on deep red ferruginoussoils with clay,
alluvial soils and other relatively rich soils,
sometimes on sandysoils.
Propagation and planting Natural regeneration seems to be pooror erratic. The fruits
are usually collected from the trees by shaking
the branches, sometimes from the ground, be-

tween the end of June and mid-September. The
fruit stones are extracted manually, sorted by
floating and dried in the sun. There are 600—
800 stones per kg. They can be sown without
pre-treatment. Fruits without wings can be
stored in air-tight containers for up to 6
months, after which the viability decreases
rapidly. Fresh stones start germinating after
2-3.5 weeks and the germination rate is about
30%. Immersion of fresh stones in water for 6
hours increases the germination rate to 60—
80%. The stones are sown under shade in
nursery beds at a spacing of 10 cm x 10 cm.
The seedlings stay in the nursery for 12-18
months, when they have reached 30—50(—70)
cm in height and 1.5 cm in stem diameter at
the collar. Planting out is most successful in
the dry season (survival rate of 67% versus
42% in the rainy season). Coppice shoots of
more than 10 cm in diameter have also been

used for propagation.
Propagation tests showed poor results for cuttings, which did not root well. In-vitro propagation on a modified Murashige and Skoog medium gave nearly 90% success.
Management Hazomalania voyronii has
been used for enrichment planting. Seedlings
of 30-70 cm tall with clipped roots are planted
in close lines. They should be planted in light
shade.
Diseases andpests Thefruits often fall off
prematurely and are often parasitized by insects. Seedlings and saplings are attacked by
the Malagasy giant rat (Hypogeomys antimena).
Genetic resources Hazomalania voyronii is
fairly widespread in western Madagascar, but
it has become under high pressure because of
over-exploitation for the valuable wood and for
the bark valued in medicinal preparations.
Already in the early 1970s, it was nearly impossible to find larger trees. Protection seems
to be needed at present, but inventories of the
remaining stands should confirm this.
Prospects Hazomalania voyronii is a tree
with great cultural value which has been used
traditionally by the local population, both for
its highly esteemed timber and in traditional
medicine. The wood is lightweight and easy to
work, and additionally fairly durable, which
makes it usable for many purposes. The bark
has a reputation of an important medicine to
combat malaria.
Hazomalania voyronii deserves to be protected.
More studies on propagation, planting and
suitable silvicultural management are needed
to safeguard its role as a timber producer of
some commercial importance. Pharmacological
studies support the traditional use of Hazomalania voyronii bark extracts against malaria, particularly as an adjuvant to chloroquine.
This might offer possibilities for new drug development, but additional studies are needed.
Major references Blaser et al., 1993; Bolza

& Keating, 1972; Caniato & Puricelli, 2003;
Capuron, 1966g; CFPF, 2008; Ramahaimananjato, 2008; Randrianarivelojosoa, 1992; Ra-

soanaivoet al., 1998; Ratsimamanga Urverg et
al., 1994a; Takahashi, 1978.

Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Capuron, 1966f; Chalcat et
al., 1997; Decary, 1946; Guéneau, 1971a;

Guéneau & Guéneau, 1969; Guéneau, Bedel &
Thiel, 1970-1975; Kubitzki, 1993b; Parant,
Chichignoud & Rakotovao, 1985; Rakotovao et

al., en préparation; Ramaroson & Ravoavy,
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1988; Ratsimamanga Urverget al., 1994b; Sallenave, 1955; Sallenave, 1964; Schatz, 2001.
Sources of illustration Capuron, 1966g;
Kubitzki, 1993b.

Authors R.H.M.J. Lemmens & D. Louppe

HEISTERIA PARVIFOLIA Sm.

treat painful, infected eyes. Stem bark is taken
in Ghana, Côte d'Ivoire and DR Congo as a
cough medicine. In Gabon bark is applied to
circumcision wounds. In Ghana and Cote
d'Ivoire leaf decoctions are taken or applied as
a bath to invigorate rachitic children and to
treat convulsions. They are also used as analgesic and rubbed onto painful breasts of young
mothers, and in Sierra Leone to treat tooth-

Protologue Rees, Cycl. 17: Heisteria 3 (1811).
Family Olacaceae
Chromosome number2n = 38
Origin and geographicdistribution Heisteria parvifolia occurs from Senegal and southwestern Mali eastward to the Central African
Republic and southward to DR Congo and
northern Angola; possibly also in Uganda and
southern Sudan.
Uses The woodof Heisteria parvifolia is used
for construction, poles, piles, carpentry, palisades and tool handles. Theflexibility of stems
and wood make them suitable for making
bows, arrows, snares, springs, fishing spears

and other fishing goods. The woodis also used
as firewood.
The glossy, dark green leaves and enlarged
scarlet calyx persisting on the developing fruit
make the shrub or tree an attractive ornamental. In several areas the fruits are eaten fresh;
the small oil-rich seeds are eaten fresh, roasted
or cooked. The twigs are used as chew-sticks.
The leaves are used to line baskets for carrying
fruits. In Congo leaves have been used to dye
shields.
In traditional medicine in Ghana, ground roots
are applied as enema against stomach-ache. In
Congo sap from the root bark is dropped into
the nose against migraine and into the eye to

ache. In Congo leaf decoctions are administered against asthma, costal pain, stomach
pain and menstrual problems. Ground seeds
are used to stupefy fish. In DR Congo powdered
bark is an ingredient in the preparation of arrow poison.
Production and international trade The
various products of Heisteria parvifolia are
only tradedlocally.
Properties The woodis pinkish grey to pale
brown, heavy and hard. Thetextureis fine.
The seed kernel contains about 50% fat and
has a nice flavour like hazel-nut. The fatty acid
composition is reported as: mainly long-chain
(C16—C28) saturated fatty acids 18.5%, oleic
acid 31%, other mono and di-enoic fatty acids
5%; in addition several rare fatty acids are
present, including trans-unsaturated acids.

Leaves contain some tannin.
Botany Evergreen shrub or small tree up to
15(—20) m tall; bole up to 40(—-60) cm in diameter, slightly fluted at base or with thin buttresses; bark surface finely fissured, grey to
dark brown, inner bark pinkish with a reddish
resin; crown with long, arching branches,
drooping and much-branchedat the ends; twigs
slightly winged or ridged, glabrous and often
with conspicuous lenticels. Leaves alternate,
simple and entire; stipules absent; petiole 0. 5—
1.5 cm long, grooved above; blade elliptical to
oblong or lanceolate, 6-25 cm xX 2.5—-12 cm,

base rounded or cuneate, apex acuminate,
leathery, margin slightly inrolled, glabrous,
pinnately veined with (5—)6—11 pairs of lateral
veins. Inflorescence an axillary fascicle. Flowers

Heisteria parvifolia — wild

bisexual,

regular,

5-merous,

creamy

to

greenish white, very small; pedicel 1.5-4 mm
long, elongating in fruit; calyx lobes deltoid, c.
1 mm long; petals free, oblong-lanceolate, 2—2.5
mm long; stamens free, in 2 whorls, those of
outer whorlslightly longer than those of inner
one; ovary superior, 3-celled. Fruit an ellipsoid
drupe 10-12 mm x 6-8 mm, whitish to greenish, enclosed by the enlarged, reddish brown to
dark red calyx lobes up to 3 cm long; stoneellipsoid, 7-9 mm X 4-6 mm,1-seeded. Seedsoily.
Seedling with epigeal germination; hypocotyl

386

TIMBERS 2

5-8 cm long, epicotyl c. 1 cm long; cotyledons
leafy, elliptical, 2-3.5 cm long; first leaves alternate.

In several regions Heisteria parviflora can be
found flowering and fruiting nearly throughout
the year. Numerous animals eat the fruits and
serve as seed dispersers.
Heisteria comprises about 65 species in tropical
America and 3 in tropical Africa. The wood of
the other African Heisteria species is used for
similar purposesas that of Heisteria parvifolia.
Heisteria trillesiana Pierre is a shrub or small
to medium-sized tree up to 20 m tall with bole
branchless for up to 7 m and up to 40 cm in
diameter, occurring in Cameroon and Gabon.
Its wood is white to yellow with a pinkish hue,
strong and hard buteasy to split, and is probably used for similar purposes as that of
Heisteria parvifolia. The oily seed kernels are
eaten raw or boiled, but are said to cause colic.

Heisteria zimmereri Engl. is a shrub or small
tree up to 7(-15) m tall with straight bole up to
50 cm in diameter, occurring in Cameroon,

Equatorial Guinea, Gabon, Congo, DR Congo
and Cabinda (Angola). Its pinkish grey wood is
used for house posts, joinery and utensils. The
oily seed kernels are eaten raw or boiled. Several parts of the plant have applications in
traditional medicine similar to Heisteria parvifolia.
Ecology Heisteria parvifolia occurs in a variety of habitats, in the understorey of evergreen moist rainforest, coastal and riverine
forest and primary upland forest, but also in
seasonally flooded forest, swamp forest, Raphia

forest and occasionally in thickets in savanna
and secondaryforest, from sea-level up to 1450
m altitude. In Ghanait has been reportedto be
strongly associated with acid, base-poorsoils,
and in Côte d'Ivoire it is locally abundant on

Major references Keay, 1958h; Lucas,
1968b; Malaisse, N’Gasse & Lognay, 2004;
Nickrent, 1997; Villiers, 1973a.
Other references Aubréville, 1959b; de
Koning, 1983; de la Mensbruge, 1966; Hall &
Swaine, 1981; Hawthorne, 1995; Irvine, 1961;
Louis & Léonard, 1948; Villiers, 1973b; Vivien

& Faure, 1985; Vivien & Faure, 1996.
Authors L.P.A. Oyen

HEXALOBUS CRISPIFLORUS A.Rich.
Protologue Hist. phys. Cuba, Pl. vase. 1: 48

(1845).
Family Annonaceae
Origin and geographic distribution Hexalobus crispiflorus occurs from Guinea Bissau
east to southern Sudan, and south to Gabon

and DR Congo.
Uses The wood, known as ‘owui’ in Cameroon and Gabon and as ‘duabaha’ in Ghana, is
used for house construction, joinery, knife-

handles, gun-butts, paddles and shingles. It is
suitable for flooring, interior trim, ship building, vehicle bodies, furniture, cabinet work,

mine props, sporting goods, toys, novelties,
agricultural implements, boxes, crates, vats,

turnery, hardboard, particleboard and pulpwood.
The fruit is edible; it is eaten fresh. The outer
part of the pulp is firm and hasa slightly tart
taste, the inner part surrounding the seeds is
jelly-like and sweet. The inner bark is used as
a masticatory together with kola nut. Bark
decoctions are used in a bath to treat fever and
skin troubles. A bark macerateis taken to treat
venereal diseases, and pulped bark is applied

sandysoils.

Management Heisteria parvifolia is easily
propagated by seed. There are about 1000
seeds per kg. Germination takes 2-4 weeks
with a successrate of 50-60%.
Genetic resources and breeding Heisteria
parvifolia is very widespread and there are no
indications that it is in danger of genetic erosion.
Prospects Heisteria parvifolia is likely to
remain a producer of timber and firewood of
minor importance; also the fruit and seed kernels are likely to remain of local food use only.
The seed oil may gain importance as a source
of rare fatty acids. The many medicinal uses
warrant further pharmacological research.

Hexalobuscrispiflorus — wild

HEXALOBUS 387

to wounds, furuncles and swollen glands. A
decoction of the twig bark is drunk as emetic
and purgative. In Cameroon the bark is used to
treat gonorrhoea and syphilis. In Sierra Leone
the bark is stripped off from young trees and
used as fibre.
Production and international trade The
wood is not traded on the international market
and only used domestically. The stem bark is
sometimes traded on local markets. In 2002 in
markets in Yaoundé (Cameroon) 1 kg of bark
was sold at a price of 3000 FCFA.
Properties The heartwoodis pale yellow to
pinkish or pale brown and not distinctly demarcated from the sapwood. The grain is
straight, texture fine. The wood is slightly
streaked on quarter-sawn and backsawn surfaces, and is lustrous.

The wood is medium-weight, with a density of
530-600 kg/m? at 12% moisture content. The
rates of shrinkage during drying are moderate.
At 12% moisture content, the modulus of rup-

ture is 94-111 N/mm?, compression parallel to
grain 49-53 N/mm2, cleavage 18—-22.5 N/mm

and Chalais-Meudonside hardness 1.8—2.4.
The wood works readily with both hand and
machine tools, but is difficult to saw and peel
becauseof the sinuous andstrongly fluted logs.
It planes well and takes a nice polish. The
wood seemsto havefair nailing properties. It is
moderately durable. It shows some resistance
to attacks by termites and marine borers, but
is susceptible to Lyctus attack. The heartwood
is resistant to impregnation with preservatives, the sapwood moderately resistant.

Hexalobuscrispiflorus — 1, base of bole; 2, leaf;
3, flowering branch;4, fruit.
Redrawn and adapted by Achmad Satiri Nurhaman
glabrous. Leaves alternate and distichous,
simple and entire; stipules absent; petiole 3-6
mm long; blade elliptical to ovate-lanceolate,

Bark, wood and leaves contain alkaloids, with

7.5-23 cm x 3-8 cm, obtuse to rounded and

the bark having the highest concentration
(0.64% on a dry weight basis). An essential oil
wasisolated from the bark; this oil has a high
sesquiterpene content (99.5%). The oil showed
distinct activity against the W2 strain of Plasmodium falciparum. Nerolidol, which is present in the oil at a concentration of about 3%,

slightly asymmetrical at base, acuminate at
apex, papery to thin-leathery, usually shorthairy below, pinnately veined with 12-18 pairs
of lateral veins. Inflorescence an axillary fascicle of 1-3 flowers. Flowers bisexual, regular, 3merous; pedicel 0.5—1.5 cm long; sepals free,
ovate to elliptical-ovate, 1-2 cm long, reflexed,
hairy; petals in 2 whorls, narrowly oblong, 2.5—
8.5 cm long, fused at base, crispy at margins,
short-hairy, pale yellow; stamens numerous,
with short filaments and oblong-linear anthers

may be partly responsible for the antiplasmo-

dial activity. Diprenylated indoles, called hexalobines, with significant antifungal activity,
have been isolated from the bark.
Description Small to medium-sized tree up
to 30 m tall; bole branchless for up to 15(—27)
m, often sinuous, up to 100(—140) cm in diame-

ter, strongly fluted; bark surface longitudinally
fissured and becoming scaly with small elongate scales, greyish brown, inner bark soft,
fibrous and yellowish turning orange upon
exposure, slightly scented; crown rounded, with
ascending branches; twigs short-hairy to nearly

3-4 mm long; carpels 7-10, 4—5 mm long, ova-

ries oblong, hairy, stigmas 2-lobed. Fruit consisting of up to 4 indehiscent, oblong follicles
8-9 cm x 4-5 cm, finely wrinkled and rusty
brown hairy, many-seeded. Seeds flattenedellipsoid, 3-4 cm long. Seedling with epigeal
germination; hypocotyl 10-12 cm long, epicotyl
2-3 cm long; cotyledons leafy, broadly elliptical, c. 4 em X 2 cm; first leaves alternate.
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Other botanical information Hexalobus
comprises 4 species and is confined to mainland tropical Africa. It is most closely related to
Uvariastrum and Asteranthe.
Hexalobus salicifolius Engl. closely resembles
Hexalobus crispiflorus, differing in usually
smaller leaves and smallerfruits. It is a medium-sized tree up to 35 m tall with bole up to
100 cm in diameter, and has been recorded
from Cameroon, Equatorial Guinea and Gabon,
and doubtfully from Côte d'Ivoire. It is undoubtedly used for similar purposes as Hexalobus crispiflorus.
Growth and development Growth of Hexalobus crispiflorus seems to be rather slow. A
tree planted in DR Congo did not yet flower 8
years after planting. In Côte d'Ivoire trees
flower in April-May and in September.
Ecology Hexalobus crispiflorus occurs usually scattered in dense, humid, mainly semideciduous forest. It is most common in undisturbedforest. It is often found along rivers, and
can penetrate savanna regions through gallery
forest. It prefers deep, well-drained soils with
good water-retaining capacity.
Propagation and planting Artificial propagation is only done by seed. One kg contains
about 600 seeds. Germination starts 1-3
months after sowing, and the germination rate
is about 80%. Seedlings seem to require partial
shade for good growth and survival. Planting
distance should be up to 6 m X 6 m.
Management Hexalobus crispiflorus usually
occurs in low densities in the forest. In Cameroon, an average density of 0.14 bole of more
than 15 cm in diameter per ha has been recorded, with an average wood volume of 0.5
m3/ha. In Gabon the average wood volumeis
0.8 m3/ha. In Ghana a minimum bole diameter
of 70 cm has been recommendedforfelling.

the scattered occurrence in the forest and its
poor bole shape. It could be promoted for planting as a fruit tree, but research is needed on
propagation methods and proper management
of planted trees. The bark seems to have prospects for drug development against malaria.
Major references Bolza & Keating, 1972;
Boyom et al., 2003; Burkill, 1985; Danforth &

Noren, 1997; Fouarge & Gérard, 1964; le
Thomas, 1969; Oteng-Amoako (Editor), 2006;
Takahashi, 1978; Vivien & Faure, 1985; Vivien
& Faure, 1996.

Other references Abbiw, 1990; Achenbach,
Renner & Waibel, 1995; Aké Assi et al., 1985;
Aubréville, 1959b; Bouquet & Debray, 1974;
Boutique, 1951; de la Mensbruge, 1966; de
Saint-Aubin, 1963; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Irvine, 1961; Keay,

1989; Neuwinger, 2000; Normand & Paquis,
1976; Okpoti-Paulo, 1990; Raponda-Walker &
Sillans, 1961; Sallenave, 1955; Tailfer, 1989;
Wilks & Issembé, 2000.
Sources ofillustration Irvine, 1961; Wilks
& Issembé, 2000.

Authors G.D. Djagbletey

HEYWOODIA LUCENSSim
Protologue For. fl. Cape: 326 (1907).
Family Euphorbiaceae (APG: Phyllanthaceae)
Vernacular names Stink ebony, Cape ebony
(En).
Origin and geographic distribution Heywoodia lucens has a disjunct distribution, occurring from Kenya and Uganda to northern
Tanzania, and then again more than 2600 km
to the south from the southern part of Mozam-

Yield A bole harvested in DR Congo of 27 m

long and 140 cm in diameter yielded 26.5 m3of
wood.
Genetic resources Hexalobus crispiflorus is
widespread and does not seem to be in immediate danger of genetic erosion. However, it
usually occurs in low densities in the forest and
prefers undisturbed forest, which may makeit
vulnerable with ongoing decline in primary
forest area.
Prospects Hexalobus crispiflorus is a multipurpose tree with local importance for people
living in or close to the forest. It yields not only
wood, but also edible fruits and products used
in traditional medicine. Its importance as a
commercial timber tree is limited because of
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bique to northern and eastern South Africa and
Swaziland.
Uses The wood, known as ‘Cape ebony’ or
‘stink ebony’ in South Africa, is used for poles,
agricultural implements, sledges, tool handles
and wooden spoons. It is suitable for heavy

female one, glabrous; bracts up to 4, transversely ovate, c. 1 mm X 1.5 mm, margin irregularly

toothed.

Flowers

unisexual,

regular,

greenish; sepals (2-)3, free, resembling the
bracts but slightly larger; petals 5(-6), free,

elliptical-oblong, 2—2.5 mm long; disk slightly

construction, flooring, joinery, interior trim,
furniture, railway sleepers, toys, novelties and

lobed; male flowers sessile, stamens (8—)10—
11(-12), free, in 2 whorls, c. 3 mm long, rudi-

veneer, and also for precision and musical instruments. It is used as firewood and for charcoal production.
Production and international trade The
wood of Heywoodia lucens is only tradedlocally.
Properties The heartwood is dark purplish
to nearly black, and distinctly demarcated from
the narrow sapwood. The grain is usually
straight, texture coarse and even. The wood
has a foetid smell. It is heavy, with a density of
South-African wood in green condition (at 51%
moisture content) of 1010-1140 kg/m? and at
10% moisture content of 780-960 kg/m3. It is
hard and strong. The rates of shrinkage are
moderate, from green to oven dry 4.7% radial
and 7.0% tangential. At 12% moisture content,
the modulus of rupture is 121 N/mm?, modulus
of elasticity 13,820 N/mm2, compression paral-

mentary ovary minute; female flowers with 3-5
mm long pedicel, rudimentary stamens c. 1 mm
long, ovary superior, ovoid to globose, c. 1.5

lel to grain 64 N/mm?, shear 16 N/mm2, Janka

side hardness 9515 N and Janka end hardness
12,045 N.

Notwithstanding its high density and hardness, the wood works fairly well. Upon finishing, it takes a nice polish and is especially lustrous when quarter-sawn. It produces sliced
veneer of good quality. The wood is moderately
durable, being moderately resistant to termites
andother insects, but the sapwood is susceptible to Lyctus attack. The heartwood is moderately resistant to impregnation with preservatives.
Botany Evergreen, dioecious, medium-sized
tree up to 30 m tall; bole cylindrical, up to
100(-150) em in diameter; bark silvery green to
grey-brown or dark brown, irregularly peeling
in thin, patchy pieces c. 5 cm long; crown
much-branched; twigs 4-angled at first, soon

becoming

rounded,

glabrous,

pale

greyish

brown. Leaves alternate, simple and entire;

stipules triangular, 1-1.5 mm long, early caducous; petiole 1—2(—4) cm long; blade broadly
ovateto elliptical-ovate, 4-15(—-25) cm x 2—12(—
15) cm, cuneate to rounded or truncate at base,

short-acuminate at apex, leathery, glabrous,
pinnately veined with 5—-8(-13) pairs of lateral
veins. Inflorescence an axillary fascicle, manyflowered in male inflorescence, 1—3-flowered in

mm long, 4—5-celled, with 4-5 sessile, 2-lobed

stigmas. Fruit a slightly depressed globose,
shallowly 8—10-lobed capsule c. 1 cm X 1.5 cm,
greenish, splitting in 4-5 parts, each splitting
again into 2, up to 5-seeded. Seeds obliquely
ovoid, 7-8 mm X 5-6 mm, smooth, pale brown

to dark brown.
The leaves of juvenile trees are slightly peltate,
with the stalk not attached to the margin of the
leaf blade but to the lower surface. The flowering period of trees seems to be quite long, and
fruit in various stages of development can be
found on a tree at one time. Heywoodia comprises a single species.
Ecology In East Africa Heywoodia lucens
occurs in evergreen forest, riverine forest or the
slightly drier parts of swamp forest, at 1150-—
1800 m altitude. It is often found on termite
mounds, and is commonly dominant or may
even form pure stands. In southern Africa it
inhabits coastal evergreen forest, often growing
on river banks, up to 600 m altitude. Heywoodia lucens often grows gregariously in rather small groups of trees. In South Africa it is
usually found on fairly dry, sandysoils.
ManagementStudies in eastern South Africa indicate that regeneration of Heywoodia
lucens is poor, although it has also been reported that young trees are common in the deep
shade of adult trees. Heywoodia lucens probably does not coppice.
Genetic resources and breeding Heywoodia lucens has a wide although disjunct distribution, and there are no indications that it is
subject to genetic erosion. However, in Swazi-

land it is considered endangered. In coastal
forest in South Africa, it is locally heavily exploited in communal forests, but common in
state forests.
Prospects The heavy, hard and strong, but
foetid smelling woodis likely to remain of local
importance. Too little is known on growth
rates, ecological requirements and regeneration of Heywoodia lucens to assess its prospects
as a commercial timber tree in sustainably
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managedforest.
Major references Bolza & Keating, 1972;
Coates Palgrave, 2002; Milne-Redhead, 1957;
Palmer & Pitman, 1972-1974; Radcliffe-Smith,

1987a.
Other references Lovett, Ruffo & Gereau,
2003; Obiri & Lawes, 2004; Obiri, Lawes &
Mukolwe, 2002; Radcliffe-Smith, 1995; Radcliffe-Smith,

1996;

Takahashi,

1978;

van

Vuuren, Banks & Stohr, 1978.
Authors L.P.A. Oyen

HOLOPTELEA GRANDIS (Hutch.) Mildbr.
Protologue Notizbl. Bot. Gart. BerlinDahlem 8: 53 (1921).
Family Ulmaceae
Chromosome number2n = 28
Vernacular names Orange-barked terminalia (En).
Origin and geographic distribution Holoptelea grandis occurs from Côte d'Ivoire east to
Sudan and Uganda and south to DR Congo and
Cabinda (Angola).
Uses The wood of Holoptelea grandis, sometimes traded as ‘cedar’, ‘kekele’, ‘mumuli’, ‘ayo’
and ‘beli’, is mainly used for construction, floor-

ing, joinery, interior trim, furniture, ladders,
toys, novelties, boxes, crates, food containers,
tool handles, canoes, turnery, matches, hard-

board and particleboard. It is suitable for ship
building, mine props, railway sleepers, veneer,
plywood and pulpwood. It is also used asfirewood andfor charcoal production.
Several plant parts are used in traditional
medicine. In Nigeria macerations of roots and
bark are applied as poultice for treating rheu-

Holoptelea grandis — wild

matism. A bark infusion is drunk as an anthelmintic and the seeds are eaten as a laxative. In Côte d'Ivoire crushed leaves are applied
as plaster to treat oedema and piles. The leaf
sap is instilled into the eye to relief ophthalmia. In the Central African Republic washing
the body with water mixed with pulped bark is
considered to have a strengthening effect. Holoptelea grandis is sometimes planted as an ornamental and roadside tree.
Production and international trade The
timber is rarely traded internationally and is
mainly used locally, but in several countries it
figures on lists of timbers to be promoted.
Properties The heartwood is creamy white
to pale yellowish brown and indistinctly demarcated from the sapwood. The grain is
straight to interlocked, texture moderately fine

and even. The woodis slightly lustrous.
The wood is medium-weight, with a density of
625—700(—765) kg/m3 at 12% moisture content,

and soft to fairly hard. It dries fairly rapidly
and well, but careful drying is recommended,
especially the usage of thinner piling sticks in
air drying to avoid case-hardening and mild
drying schedules in kiln drying. The shrinkage
rates are quite high, from green to oven dry
4,0—4.8% radial and 7.5—9.8% tangential. Once
dry, the wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 105-147 N/mm2, modulusof elasticity
10,000—14,900 N/mm2, compression parallel to

grain 49-64 N/mm?, cleavage 14-20 N/mm and
Chalais-Meudonside hardness 2.7—3.6.
The wood saws and works well with both hand
and machine tools, with moderate blunting
effect on cutting edges. Occasional picking up
may occur in quarter-sawn material due to the
presence of interlocked grain. The wood sands
and finishes very well, and has good jointing
and moulding properties. Nailing properties
are variable, boring and mortising properties
satisfactory. The wood glues and paints well.It
is suitable for peeling andslicing.
The wood has a low to moderate durability. It
is susceptible to fungal attacks and moderately
susceptible to termite and marine borer attacks. The heartwood is moderately resistant
to treatment with preservatives, sapwood is
permeable. The wood has a reputation of burning slowly and evenly and therefore has been
used for torches. The bark has an iodine-like
smell, whichis said to repel elephants.
Description Deciduous medium-sized to
large tree up to 50 m tall; bole branchless for
up to 30 m,straight or slightly wavy, up to 120
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with short stipe, with papery, radially veined
wings with notch at apex, nut in lower half of
the wings, 9-13 mm x 6-8 mm, 1-seeded. Seed
flattened, c. 6 mm X 4 mm. Seedling with epigeal germination; hypocotyl 2.5-3.5 cm long,
slightly hairy, epicotyl 1-2.5 cm long; cotyledons slightly fleshy, 2-lobed, shortly stalked;
first two leaves opposite, distinctly toothed.
Other botanical information Holoptelea
comprises 2 species, one of them in tropical
Africa and one in tropical Asia.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; (23: shape of alternate pits polygonal); 26: intervessel pits medium (7—10 um); 30:

mentary ovary. Fruit a rounded to obovoid

vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 31: vessel-ray pits with much reduced borders to apparently simple: pits
rounded or angular; 42: mean tangential diameter of vessel lumina 100-200 um; 47: 5-20
vessels per square millimetre; (56: tyloses
common). Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: nonseptate fibres present; 69: fibres thin- to thickwalled; (70: fibres very thick-walled). Axial
parenchyma: 78: axial parenchyma scanty paratracheal; 79: axial parenchyma vasicentric;
80: axial parenchymaaliform; 82: axial parenchyma winged-aliform; 83: axial parenchyma
confluent; (89: axial parenchyma in marginal
or in seemingly marginal bands); (91: twocells
per parenchymastrand); 92: four (8—4) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; (98: larger rays commonly 4- to 10seriate); (104: all ray cells procumbent); 106:
body ray cells procumbent with one row of upright and/or square marginal cells; 115: 4-12
rays per mm. Storied structure: 118: all rays
storied; 119: low rays storied, high rays nonstoried; 120: axial parenchyma and/or vessel
elements storied; 122: rays and/or axial elements irregularly storied. Mineral inclusions:
(157: crystals in tyloses).
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Growth and development Holoptelea grandis is a light-demanding species which grows
rapidly. In Céte d’Ivoire trees usually flower in
January and fruits mature in February—March
whentwigsareleafless. Fruiting mostly occurs
on trees with a bole of at least 60 cm in diame-

winged nut (samara), 3.5-4.5 em X 2.5-3.5 cm,

ter, but sometimes fruits can be observed in

Holoptelea grandis — 1, fruiting twig; 2, male
flower; 3, bisexual flower.
Source: Flore analytique du Bénin
cm diameter, slightly fluted at the base or with
steep buttresses up to 3(-6) m high; bark surface smooth or rough, usually cracking longitudinally, greyish to yellowish or pale orange,
inner bark hard, granular, yellowish brown
with green outer layer; crown irregular, with
branches drooping at tips; twigs corky, with
many lenticels, glabrous. Leaves alternate,
simple and entire; stipules linear, 3-5 mm
long, short-hairy, caducous; petiole 0.5—-1 cm
long, blackish; blade ovate to elliptical, 5-18
cm X 3-9.5 cm, rounded to cordate at base,

short-acuminate at apex, papery or slightly
leathery, with many small whitish dots, rough
to the tough, glabrous or hairy on veins beneath, pinnately veined with 5-8 pairs oflateral veins. Inflorescence a cyme up to 4 cm
long, usually in the axils of fallen leaves, with
few—many male flowers at base and few bisexual flowers higher up. Flowers unisexual or
bisexual; pedicel slender, 4-8 mm long; tepals
4—6, 1-2 mm long; stamens 7-12, free; ovary
superior, flattened, styles 2, spreading, 4-6
mm long, persistent; male flowers with rudi-

392

TIMBERS 2

young trees with a bole of hardly over 18 cm in
diameter. The fruits are dispersed by wind.
Ecology In West and Central Africa Holoptelea grandis is most common in semideciduous forest, but it can also be found scattered in moist evergreen forest, riverine forest
and sometimes even in savanna forest. It is
most abundant in logged or otherwise disturbed forest, including burnt forest. In Côte

d'Ivoire it has often been found together with
Triplochiton scleroxylon K.Schum. In Uganda
it occurs up to 1200 m altitude.
Propagation and planting Holoptelea grandis is a pioneer species and seedlings and saplings are commonly found in canopy gaps and
in abandoned agricultural fields. It produces a
lot of fruits and natural regeneration readily
occurs. For planting, it is propagated by fruits
which are easily collected near fruiting trees.
There are 13,200-15,400 fruits/kg. Fruits can
be stored in a cool and dry place. It is recommended to sow fruits in seed beds and to
transplant into pots later. Sowing can be done
with the fruit wings still present; pretreatment
before sowing is not necessary. Seeds germinate abundantly after 5-10 days.
Management Holoptelea grandis requires
tending during the initial growing stages until
plants are established. In Uganda planting
either in pure stands or with an intercrop of
coffee or banana is recommended.
Yield In DR Congo a bole of 17 m long with a
diameterof 86 cm yielded 6.3 m? of wood.
Handling after harvest It is recommended
to treat the logs with preservatives soon after
felling.
Genetic resources Holoptelea grandis is
fairly widespread and common in many regions, and therefore unlikely to suffer from
genetic erosion.
Prospects Even though its commercial importance as timber tree is actually limited,
Holoptelea grandis is a fast-growing tree with a
potential to yield timber and fuel in a short
time, and is probably of some commercial importance in the near future. It can be considered suitable for commercial plantations and
agroforestry systems, also because it has prospects for use as a shade tree. Further research
is however warranted on growth and managementpractices.
Major references ATIBT, 1986; Bolza &
Keating; 1972; Burkill, 2000; CIRAD Forestry
Department, 2008; Fouarge & Gérard, 1964; Katende, Birnie & Tengnäs, 1995; Oteng-Amoako
(Editor), 2006; Polhill, 1966; Takahashi, 1978;

Vivien & Faure, 1985.

Other references Aké Assi et al., 1985;
Akoégninou, van der Burg & van der Maesen
(Editors), 2006; Baker & Wright, 1909-1913;
de la Mensbruge, 1966; Eggeling & Dale, 1951;
Hauman, 1948; Hawthorne, 1995; Hawthorne
& Jongkind, 2006; Irvine, 1961; Keay, 19581;

Keay, 1989; Laws, 1970; Letouzey, 1968; Neuwinger, 2000; Normand & Paquis, 1976;
Ogunkunle & Oladele, 2004; Plumptre, 1996;
Safou-Tchiamaa et al., 2007; Salzmann &
Hoelzmann, 2005; Sokpon, 1995.
Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.
Authors E.A. Obeng

HOMALIUM LETESTUI Pellegr.
Protologue Bull. Mus. natl. Hist. nat. 27(2):
193 (1921).
Family Flacourtiaceae (APG: Salicaceae)

Synonyms Homalium dolichophyllum Gilg
(1921).
Vernacular names African homalium (En).
Origin and geographicdistribution Homalium letestui occurs from Senegal east to the
Central African Republic and south to western
DR Congo and Cabinda (Angola).
Uses The wood, most commonly known as
‘African homalium’ or ‘melefoufou’, is common-

ly used for posts in house building, and for
joinery and boards. It is suitable for heavy construction, heavy flooring, interior trim, mine
props, ship building, vehicle bodies, railway
sleepers, furniture, sporting goods, toys, novelties, agricultural implements and carvings.
Bark sap is applied as enema and bark pulp

Homalium letestui — wild
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rubbed in to treat oedema. Bark decoctions are
taken in mixtures to treat orchitis and as tonic
for women after childbirth. Root extracts are
administered to treat malaria. The tree is decorative with its showy flowers, fruits and reddish young leaves, and is sometimes planted as
ornamental.
Production and international trade The
wood is used locally and has no importance on
the international timber market.
Properties The heartwood is whitish yellow
to pale brown, sometimes with darker streaks,
and indistinctly demarcated from the yellowish
sapwood. The grain is straight or interlocked,
texture fine.
The woodis heavy, with a density of about 870
kg/m? at 12% moisture content, and hard. It
should be air dried slowly and carefully because the rates of shrinkage are high, from

green to oven dry 7.0—-7.5% radial and 9.6—
10.5% tangential. At 12% moisture content, the
modulus of rupture is 160 N/mm?2, modulus of
elasticity 18,230 N/mm2, compression parallel
to grain 70 N/mm?, shear 9 N/mm?, cleavage
21.5 N/mm and Chalais-Meudon side hardness
5.6.
The wood is easy to saw and work, but stellitetipped saw teeth and tungsten-carbide tipped
cutting tools are recommended because the
wood is hard and contains silica. It can be
planed and finished smoothly. The steam bending properties are satisfactory. The wood is
rather durable, being fairly resistant to woodboring insects and marine borers. It is resistant to impregnation with preservatives.
Ethanolic root extracts showed significant invivo antiplasmodial activity in tests with mice,
comparable to that of chloroquine. Experiments with streptozotocin-induced diabetic
rats showed antidiabetic activity comparable to
that of the reference drug glibenclamide.
Description Evergreen or deciduous, medium-sized tree up to 80(-85) m tall; bole branchless for up to 20 m, straight and cylindrical, up
to 90 cm in diameter, thickened at base or with

small buttresses; bark surface smooth, becoming scaly with small scales, yellowish grey to
greyish brown or red-brown, inner bark granular, whitish with yellow-orange blotches; crown

Homalium letestui — 1, base of bole; 2, flowering

twig; 3, flower; 4, fruit.
Redrawn and adapted by J.M. de Vries
veined with up to 12 pairs of lateral veins. Inflorescence a terminal panicle, consisting of
several spikes up to 20 cm long, greyish hairy,
many-flowered. Flowers bisexual, regular, 5(—
6)-merous, greenish white or cream-coloured;

pedicel up to 1 mm long; calyx top-shaped with
tube c. 2.5 mm long andlobes c. 2.5 mm long;
petals free, spoon-shaped, c. 3 mm long but
enlarging to 10-15 mm in fruit, short-hairy;
stamens opposite the petals, alternating with
hairy glands; ovary semi-inferior, densely
hairy, 1-celled, style 4-5-branched, hairy. Fruit
a conical capsule c. 3 mm long, enclosed by the
persistent and enlarging pinkish to reddish
petals, hairy, dehiscing with 4—5 valves, few-

twigs glabrous. Leaves alternate, simple; stipules lanceolate, small, early caducous; petiole
3—6(—8) mm long; blade usually oblong, (10-)

seeded. Seeds small. Seedling with epigeal
germination; hypocotyl c. 2 cm long, epicotyl 2—
3 mm long, hairy; cotyledonsleafy, rounded,c.
1 cm long; first leaves alternate, toothed.
Other botanical information Homalium
comprises about 200 species and occurs in all
tropical regions. It is related to the African

15-30 cm x 6—12(-18) cm, cordate at base,

genera

short-acuminate at apex, margins wavy to obtusely toothed, leathery, glabrous, pinnately

Trimeria. In tropical Africa approximately 60
species are found, Madagascar being richest

small,

with

short

and horizontal branches;

Bivinia,

Calantica,

Gerrardina

and
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with nearly 40 species. In tropical Asia Homalium has some importance as export timber,
mainly from Papua New Guinea. The wood of
several other Homalium spp. is used in mainland tropical Africa for similar purposes as
that of Homalium letestui.
Homalium africanum (Hook.f.) Benth. is a
shrub or small to medium-sized tree up to 25(—
35) m tall with bole up to 40 cm in diameter. It
is widespread, occurring from Guinea east to
DR Congo and Tanzania, and south to Angola,
Zambia and Mozambique. The yellowish white
to pale brown and hard woodis locally used for
construction, joinery and yam stakes.
Homalium dentatum (Harv.) Warb. is a medium-sized to fairly large tree up to 35 m tall. It
occurs from Malawi and Zambia south to South
Africa and Swaziland. The hard woodis yellowish white with brownish streaks and known as
‘brown ironwood’; it is used for similar purposes as that of Homalium letestui. Bark powderis
takento treatcolic.
Homalium longistylum Mast. (synonyms: Homalium aylmeri Hutch. & Dalziel, Homalium
macropterum Gilg) is a medium-sized tree up
to 30(—45) m tall with bole up to 50 cm in diameter. It is widespread, occurring from Guinea east to Kenya and Tanzania, and south to
Angola, Zambia and Mozambique. The yellowish white and hard woodis locally used for
posts in house building. The bark sap is applied to treat chest problems and migraine.
Homalium smythei Hutch. & Dalziel (synonym:
Homalium aubrevillei Keay) is a shrub or
small to medium-sized tree up to 25 m tall with
bole up to 50 cm in diameter. It occurs in humid forest from Guinea to Côte d'Ivoire. The
yellowish and hard wood is used for poles in
house building, and for pestles and charcoal
production. Bark ash mixed with palm oil is
applied as anodyne.
In Madagascar the wood of several Homalium
spp., known as ‘hazombato’, is particularly
valued for heavy construction and railway
sleepers because of its durability. It is heavy
and hard, but unstable in service and some-

whatbrittle.
Homalium albiflorum (Boivin ex Tul.) O.Hoffm.
is a shrub or small to medium-sized tree up to
20 m tall with bole up to 60 cm in diameter.It
is widespread in Madagascar. Its wood is used
for construction, and as firewood and for charcoal production. Bark decoctions are used to
treat diabetes, venereal diseases and stomach
complaints, and as diuretic.
Homalium planiflorum (Boivin ex Tul.) Baill.

is a small tree up to 15(—30) m tall with bole up
to 30 cm in diameter. It is widespread in
northern and eastern Madagascar. Its wood is
used for construction, joinery and charcoal production. The roots are used to treat gonorrhoea, wounds and impotence, and as tonic.

In Réunion and Mauritius the wood of Homalium paniculatum (Lam.) Benth. is considered
excellent for construction and joinery. Homalium paniculatum is a shrub or small to medium-sized tree up to 30 m tall with bole up to 60
cm in diameter.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 24: intervessel pits minute (< 4 um);
25: intervessel pits small (4-7 um); 30: vessel-

ray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 42: mean tangential diameter of vessel
lumina 100-200 um; 47: 5-20 vessels per
square millimetre. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
65: septate fibres present; 66: non-septate fibres present; 70: fibres very thick-walled. Axial
parenchyma: 75: axial parenchyma absent or
extremely rare; 78: axial parenchyma scanty
paratracheal; 92: four (3-4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand; 94: over eight cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
98: larger rays commonly 4- to 10-seriate; 108:
body ray cells procumbent with over 4 rows of
upright and/or square marginal cells; 115: 4-12
rays per mm; 116: > 12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells.
(L. Awoyemi, P.E. Gasson & E.A. Wheeler)
Growth and development Homalium letestui has been classified as a non-pioneer light
demander. Seedlings have been found in full
sunlight. They develop a whitish and long taproot with fine lateral roots. Initial growth is
slow. The tree is often evergreen, but it can be

deciduous for a short period in the dry season,
developing striking flushes of red young leaves.
In Sierra Leone trees flower in January—May,
in Côte d'Ivoire in September-January and in
Gabon in January-February. However, they
are more conspicuous when they are fruiting.
The fruits with their large wing-like petals are
dispersed by wind. In regions with many ele-
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phants, the base of the bole is often damaged
because they feed on the bark.
Ecology Homalium letestui occurs in evergreen and semi-deciduous forest, also in gallery
forest and secondary forest, up to 900 m altitude. It often occurs on rockylocalities.
Propagation andplantingIt is difficult to
collect seeds because they are very small and
there are only few in each small fruit, which is
surrounded by the calyx and petals and easily
spread by wind. Seeds start germinating rapidly, 1-2 weeks after sowing, and the germination rate is high, 75-80%.
Management Homalium letestui is locally
common, although it usually occurs scattered
in the forest. In forests in western Cameroon,

an average density of 1.6 tree with a bole diameter of more than 15 cm per ha has been
recorded, with a mean wood volume of 2.2
m*/ha. In Gabon the average wood volume has
been recorded to be only 0.13 m3/ha.
Genetic resources There are no indications
that Homalium letestui is liable to genetic erosion. It occurs widespread andis locally common, although it usually is found scattered in
the forest at rather low densities. It is not included in the IUCN Red List like Homalium
smythei, whichis classified as vulnerable.
Prospects The wood of Homalium letestui
and other Homalium spp. is valued for local
applications because of its strength and durability, and will remain of some importance.
Virtually nothing is known about growth rates

1976; Sleumer & Bosser, 1980; White & Abernethy, 1997; Wilks & Issembé, 2000.
Sources of illustration Hul, 1995; Wilks &
Issembé, 2000.

Authors R.B. Jiofack Tafokou

HOPLESTIGMA KLAINEANUMPierre
Protologue Bull. Mens. Soc. Linn. Paris,
ser. 2, 1: 116 (1899).

Family Hoplestigmataceae
Origin and geographic distribution Hoplestigma klaineanum is found in Côte d'Ivoire,
southern Cameroon, Equatorial Guinea and
Gabon.
Uses The wood of Hoplestigma klaineanum
is used locally for carpentry andjoinery.
Properties The heartwood of Hoplestigma
klaineanum is pale yellowish brown and indistinctly demarcated from the sapwood. It shows
a silver-grain figure on quarter-sawn surfaces.
The wood is medium-weight with a density of
600-650 kg/m? at 12% moisture content. It
workseasily and finishes nicely.
Botany Small to medium-sized tree up to 25
m tall; bole straight, up to 40 cm in diameter,

with buttresses; bark surface dark grey, cracked, inner bark fibrous, white to orange darkening quickly to dark brown; young twigs hairy,
later glabrous. Leaves alternate, clustered at
the end of branches, simple and entire; stipules
absent; petiole 1-1.5 cm long; blade broadly

and silviculture, and much research is still

obovate-elliptical, 15-30 cm x 5-15 cm, base

needed to judge the possibilities for increased
use. Homalium letestui is an interesting orna-

cuneate, apex rounded, glabrous above, stiffly
short-hairy below, pinnately veined with 8-12
pairs of lateral veins. Inflorescence a terminal
cyme, many-flowered. Flowers bisexual, regu-

mental

tree

that

deserves

more

attention,

whereas the pharmacological properties seem
interesting enough for more research towards
drug development, particularly for the treatment of malaria and diabetes.
Major references Bolza & Keating, 1972;
Burkill, 1994; de Saint-Aubin, 1963; Okokon,
Antia & Ita, 2007; Okokon, Ita & Udokpoh,
2006; Oteng-Amoako (Editor), 2006; Savill &

Fox, 1967; Sleumer, 1973; Takahashi, 1978;
Vivien & Faure, 1985.
Other references Aubréville, 1959c; Boiteau
& Allorge-Boiteau, 1993; Chudnoff, 1980; Coates
Palgrave, 1983; de Koning, 1983; de la Mens-

bruge, 1966; Grace et al., 2002a; Gurib-Fakim
& Brendler, 2004; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Hudson, Lee & Rasoanaivo, 2000; Hul, 1995; Neuwinger, 2000;

Ngavoura, 1990; Raponda-Walker & Sillans,
1961; Sallenave, 1955; Sleumer & Bamps,
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lar, sessile, white; calyx 2-lobed; corolla tube c.
1 cm long, lobes 9, ovate, c. 1 cm long, glabrous;
stamens numerous, inserted above base of corolla tube, exserted, anthers 4-celled; ovary

superior, 2-celled, style with 2 long branches.
Fruit a broadly ellipsoid 2-seeded drupe up to 3
cm long, yellow whenripe, with persistent calyx at base.
In Cote d'Ivoire seeds ripen in January—February.
Hoplestigma comprises only 2 species. Hoplestigma pierreanum Gilg occurs in the evergreen forest of coastal Cameroon andis threatened by forest clearance for timber andagriculture. It is critically endangered or possibly
even extinct.
Ecology Hoplestigma klaineanum occurs at
low altitudes in evergreen forest and on river
banks.
ManagementThere are about 250 seeds per
kg. The germination rate is 20-30% after 30—
45 days.
Genetic resources and breeding The conservation status of Hoplestigma klaineanum is
unclear, but it seems to be uncommon, and as

the only other Hoplestigma speciesis critically
endangered, protection measures are justified.
Prospects Because of the small diameterof
the bole and its restricted range Hoplestigma
klaineanum is not likely to gain importance.
Major references Burkill, 1994; Hawthorne
& Jongkind, 2006; Raponda-Walker & Sillans,
1961.

Other references Aubréville, 1959c; Cable
& Cheek, 1998; Cheek & Cable, 2000a; de la
Mensbruge,

1966;

Hepper,

1963;

Normand,

1960; Normand & Paquis, 1976; Wang & Harley, 2004.
Authors C.H. Bosch

HUMBERTIA MADAGASCARIENSIS Lam.

Protologue Encycl. 2: 356, t. 103 (1786).
Family Convolvulaceae
Vernacular names Bois defer (Fr).

Origin and geographic distribution Humbertia madagascariensis is endemic to Madagascar, where it is restricted to the south-

eastern part of the island, from Manakara
south to Taolanaro.
Uses The wood from this tree, most commonly known as ‘endranendrana’ but also as
‘fantsinakoho’, is used for purposes where extreme durability and strength are required,
mainly for heavy construction, outdoor and

Humbertia madagascariensis — wild
indoor joinery, poles, naval construction,
wharves and bridges. Its nice polish makesit
suitable for sculptures and turning. It is also
suitable for heavy-duty and luxury parquet
flooring, mine props, vehicle bodies, railway
sleepers, sporting goods, toys, novelties and
agricultural implements. However, it is little
used because it is extremely difficult to saw
and work.
Properties The heartwoodis pinkish creamywhite to pinkish pale brown, and distinctly
demarcated from the greyish yellow sapwood.
The grain is usually wavy, texture very fine.
Fresh wood has a strong turpentine smell, but
the odour has also been described as close to
that of sandalwood.
The woodis extremely heavy, with a density of
1260-1300 kg/m at 12% moisture content, and
extremely hard. The shrinkage rates during
drying are moderate for such a heavy wood,
from green to oven dry 4.4-6.6% radial and
6.8-7.9% tangential. Once dry, the wood is
unstable in service. At 12% moisture content,

the modulus of rupture is 168-276 N/mm?2,
modulus of elasticity 14,100—23,540 N/mmz2,
compression parallel to grain 91-108 N/mm?,
shear 69.5 N/mm?, cleavage 18.5-19.5 N/mm
and Chalais-Meudonside hardness 29—30.5.
The wood is very difficult to saw, work and
plane; high power is needed and the wood
causes severe blunting of saw teeth and cutting
edges. It takes an excellent polish. Nailing is
impossible because of its hardness. The wood
glues and paints well. It is extremely durable,
being resistant to fungal, insect and marine
borer attacks. The heartwood is not treatable
with preservatives.
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Some sesquiterpenes have been isolated from
the heartwood, including humbertiol.
Adulterations and substitutes The wood
of Phylloxylon spp. and Dialium unifoliolatum
Capuron is used for similar purposes, although
that of the latter species is less hard.
Description Medium-sized tree up to 30 m
tall; bole usually straight and cylindrical, up to
200 cm in diameter, often with small buttresses; bark surface grey to brown, finely cracked,
inner bark with white bands; twigs with distinct leaf scars, reddish hairy when young.
Leaves alternate, clustered at ends of twigs,

simple and entire; stipules absent; petiole 0.5—
1.5 cm long; blade obovate, 3-10.5 cm x 1.5-4
cm, cuneate at base, obtuse to slightly notched
at apex, leathery, glabrous, pinnately veined
with 6-9 pairs of lateral veins. Flowers axillary
in leaf axils at ends of twigs, solitary or few
together, bisexual, slightly zygomorphic, 5merous; pedicel 1—-1.5 cm long; sepals nearly
free, obovate to rounded, c. 1 cm long, with
membranous margins; corolla campanulate, c.

1.5 cm long, hairy outside, creamy white with
membranous margins; stamens inserted on the

corolla tube, c. 4.5 cm long; ovary superior, c. 4
mm long, hairy near apex, 2-celled, style slender, c. 4 cm long. Fruit an ellipsoid-ovoid berry
c. 1.5 cm long, fruit wall slightly fleshy,
smooth, brownish, indehiscent, 1—2(-4)-seeded.
Seeds ovoid, c. 7 mm long, grooved on oneside,

beige, glabrous.
Other botanical information Humbertia
comprises a single species. It is considered a
primitive genus of Convolvulaceae and has
been placed in the tribe Erycibeae together
with genera from America and Asia, but also in
a separate family Humbertiaceae and in a subfamily Humbertioideae within Convolvulaceae.
The latter view is most supported at present.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
13: simple perforation plates; 22: intervessel
pits alternate; 26: intervessel pits medium (7—
10 um); 27: intervessel pits large (2 10 um); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 31: vessel-ray pits with much reduced borders to apparently simple: pits
rounded or angular; 42: mean tangential diameter of vessel lumina 100-200 um; 43: mean
tangential diameter of vessel lumina = 200 um;
47: 5-20 vessels per square millimetre; 57:
tyloses sclerotic. Tracheids and fibres: 62: fibres with distinctly bordered pits; 66: nonseptate fibres present; 70: fibres very thickwalled. Axial parenchyma: 76: axial parenchyma diffuse; 78: axial parenchyma scanty paratracheal; 92: four (38-4) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
(97: ray width 1-3 cells); 104: all ray cells procumbent; (106: body ray cells procumbent with
one row of upright and/or square marginal
cells); 113: disjunctive ray parenchyma cell
walls present; 115: 4-12 rays per mm; 116: >
12 rays per mm.

Humbertia madagascariensis — 1, flowering
branch; 2, flower; 8, fruit.

Redrawn and adapted by Achmad Satiri Nurhaman

(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Ecology Humbertia madagascariensis occurs in humid evergreen forest up to 600(—
1000) m altitude.
Harvesting Cutting Humbertia madagascariensis trees with their extremely hard wood is
nearly impossible with handtools anddifficult
with machinetools; special equipmentis needed. Therefore they often were killed by fire and
left standing after deforestation. Dead trees
can stay upright for many years and fallen
boles and branches remain undamagedfor long
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periods.
Genetic resources Already by the end of
the 19th century Humbertia madagascariensis
has been reported to have becomerare, and at
the end of the 1940s it was considered nearly
extinct, mainly because of land clearance and
burning. Although populations still exist in
south-eastern Madagascar, Humbertia madagascariensis is certainly threatened and protection is needed.
Prospects The wood with its extreme durability is in demand for special purposes, especially for construction in contact with water.
However, current focus should be at protection,

and research on many aspects of this poorly
studied species is recommended, particularly
on propagation and growthrates.
Major references Bolza & Keating, 1972;
Capuron, 1957; Deroin, 2001; Guéneau, 1971a;

Guéneau & Guéneau, 1969; Guéneau, Bedel &
Thiel, 1970-1975; Parant, Chichignoud & Rakotovao, 1985; Sallenave, 1964; Schatz, 2001;
Takahashi, 1978.

Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Deroin, 1993; Rakotovao
et al., en préparation; Sallenave, 1971.
Sources of illustration Deroin, 2001;
Schatz, 2001.
AuthorsS. Rakotonandrasana

dendron gabunense occurs from southern Nigeria to south-western DR Congo.
Uses The wood, known as ‘mvanda’ in Cameroon and ‘mvana’ in Gabon, is used for joinery
and tool handles. It is suitable for heavy construction, heavy flooring, interior trim, ship
building, vehicle bodies, mine props, furniture,
sporting goods, toys, novelties, agricultural implements, railway sleepers, carvings and turnery.
In traditional medicine the bark is used as
antidote against poisoning and as a mouthwash to treat toothache. Bark decoctions are
administered to treat sterility in women and to
induce labour, as aphrodisiac, and also against
infections of the respiratory tract and venereal
diseases.
Properties The heartwood is yellowish
white to pale brown, sometimes with a pink
tinge, and is not distinctly demarcated from
the sapwood. The grain is straight, texture
moderately fine.
The woodis heavy, with a density of about 900
kg/m? at 12% moisture content. The rates of
shrinkage upon air drying are high, from green
to oven dry 5.9% radial and 10.3% tangential.
At 12% moisture content, the modulus of rupture is 244 N/mm2, modulusofelasticity 17,440
N/mm2, compression parallel to grain 91
N/mm?, shear 10.5 N/mm?, cleavage 17 N/mm

HYLODENDRON GABUNENSE Taub.
Protologue Engl. & Prantl, Nat. Pflanzenfam. III, 3: 386 (1894).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Hylo-

and Chalais-Meudon side hardness 8.4.
With appropriate equipment, the wood saws
fairly well despite its hardness. It has been
recommended to quarter-sawn the timber before further processing. Machining and planing
show good results with a nice finish. The wood
has good nailing properties, but pre-boring is
needed. It is moderately durable, being moderately resistant to termite and pinhole borer
attacks, but susceptible to Lyctus and marine

borers. It is resistant to impregnation with
preservatives.
The presence of tannins has been recorded for
bark and roots. From an aqueous leaf extract
1,3,4,5-tetragalloylapiitol has been isolated.
This compound was found to be a potent inhibitor of HIV RNase H enzymatic activity in vitro.
Botany Medium-sized to fairly large tree up
to 40(—55) m tall; bole branchless for up to 25
m, straight and cylindrical, up to 100(—150) cm

in diameter, with many, thin and often branched buttresses, in young trees bole with spines;
bark surface smooth, pale grey to greenish yellow, on buttresses often with horizontal grooves,
inner bark thin, fibrous, pinkish to brown, with

Hylodendron gabunense — wild

little

reddish

exudate;

twigs

short-hairy.
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Leaves alternate, imparipinnately compound
with 8-15 leaflets; stipules large and sheath-

tree of commercial importance are probably

like, 2-6 em X c. 0.5 cm, caducous, leaving con-

especially for heavy construction.
Major references Bolza & Keating, 1972;
Fouarge & Gérard, 1964; Takada et al., 2007;

spicuous circular scars; petiole and rachis together 5-18 cm long; petiolules 3-4 mm long;
leaflets alternate, oblong-lanceolate to oblongelliptical, 4-15 cm x 1.5-5.5 cm, acuminate at
apex, glabrous, with some translucent dots,

pinnately veined with up to 20 pairs oflateral
veins connected into a marginal vein. Inflorescence an axillary or terminal panicle 4—8 cm
long, short-hairy; bracts broadly ovate, up to 1

cm in diameter. Flowers bisexual, slightly zygomorphic; pedicel 3-5 mm long; sepals 4, free,
slightly unequal, ovate to lanceolate, 4-5 mm
long, whitish to pinkish; petals absent; sta-

limited. It may remain of local importance,

Takahashi, 1978; Vivien & Faure, 1985.

Other references Aubréville, 1968; Aubréville, 1970; Burkill, 1995; de Saint-Aubin,
1963; Gassita et al. (Editors), 1982; Neuwinger,
2000; Raponda-Walker & Sillans, 1961; White
& Abernethy, 1997; Wilczek et al., 1952; Wilks
& Issembé, 2000.
Authors R.H.M.J. Lemmens

HYMENOCARDIA ULMOIDESOliv.

mens 10, free, 5-8 mm long; ovary superior,

sessile, c. 3 mm long, glabrous, 1-celled, style c.
3 mm long. Fruit an oblong to narrowly obovate papery pod 6-12 cm xX 1.5—3.5 cm, reticulately veined, indehiscent, 1(—4)-seeded in apical part of fruit. Seed smooth, brown, with hard

seed coat. Seedling with epigeal germination;
hypocotyl 3.5-5 cm long, epicotyl 4-5.5 cm
long; first leaves alternate, with 1-2 pairs of
leaflets.
The mean annual growth in bole diameter of
Hylodendron gabunense trees in natural forest
has been estimated at 3-4 mm. Young foliage
is pinkish. In Gabon fruits are produced in
December to February. They are dispersed by
wind over distances of sometimes over 200 m.
The fruits are eaten by rodents and, especially
in timesof fruit scarcity, by gorillas. Seedlings
are often quite abundantin theforest.
Hylodendron comprises a single species. It is
classified in the tribe Detarieae, in which its

positionis still unresolved.
Ecology Hylodendron gabunense occurs in
lowland rainforest, where it is usually found
scattered, but it may occur in small groups in
secondary forest and formerly cultivated land.
Management In Cameroon the average
numberof trees with a bole diameter above 15
cm has been estimated at 0.6 per ha, with an
average wood volumeof 1.1 m3/ha. The average
wood volume in Gabon has been estimated at
0.3 m3/ha. The wood volumeof a bole 23 m long
and 76 cm in diameter was 6.7 m?.
Genetic resources and breeding Hylodendron gabunense is not threatened by genetie erosion because it is fairly widespread and is
commonly found in secondary forest.
Prospects With its rather low growth rates
resulting in hard and heavy wood, the prospects of Hylodendron gabunense as a timber

Protologue Hook.f., Icon. pl. 12: t. 1131
(1873).
Family Euphorbiaceae (APG: Phyllanthaceae)
Synonyms Hymenocardia capensis (Pax)
Hutch. (1920).
Vernacular names Small red-heart tree,
lesser red heart (En). Mteti (Sw).
Origin and geographic distribution Hymenocardia ulmoides occurs from Cameroon
eastward to southern Sudan and Tanzania,
and south to Angola, Zimbabwe, Mozambique

and northern South Africa.
Uses The woodis used in construction, e.g.
for beams and wall and roofing laths, for fence
posts, fish traps, as firewood, and for making
charcoal. The bark is used for tanning hides
and to dye cloth yellow or brownish. Bark decoctions are taken as astringent and against
headache and cough, and decoctions of young
leaves are used as astringent and to treat
stomach-ache, cramps,

intercostal neuralgia,

Hymenocardia ulmoides — wild

400

TIMBERS 2

epilepsy, tuberculosis, diarrhoea and cough. A
decoction of the root bark is taken against
anaemia. The bark is also used to treat gonorrhoea. The leaves, roots and bark enter in

treatments of bronchitis, asthma, genito-urinary
infections, haemorrhoids, fever, epilepsy, oral
and throat problems, worms, stiffness of the
limbs, rheumatism, threatened abortion and

abscesses. The young twigs and leaves taste
refreshingly sour and are eaten as a vegetable.
The plants also serve as feed for goats and
sheep. Formerly, salt was made from the ashes. Because of its attractive foliage and fruits
the tree has ornamental value. Edible caterpillars are collected from thetree.
Properties The wood is pinkish brown,
darkening to orange-brown upon drying, with a
straight grain and fine texture, hard and
strong but elastic. It is durable, being resistant
against insect attack. The bark contains 14—
16% tannin.
Botany Dioecious shrub or small to mediumsized tree up to 20(-30) m tall, with bole up to
60(-75) cm in diameter; bark surface smooth or

longitudinally fissured, grey or greyish brown;
crown spreading; twigs short-hairy, becoming
glabrous. Leaves alternate, simple and entire,
yellow-orange or reddish when young; stipules
linear to lanceolate, 3-6 mm long, caducous;

petiole (0.2—)0.5-1 cm long, short-hairy; blade
ovate to elliptical, 1-5.5 cm x 0.5—4 cm, cuneate to rounded at base, obtuse to acuminate at

apex, thick-papery or thin-leathery, glabrous
except for tufts of hairs in the vein axils beneath, with sparse gland dots beneath, pinnately veined with 4-8 pairs of inconspicuous
lateral veins. Inflorescence axillary, usually on
a short lateral shoot, 1-3 cm long, hairy, bracts
up to 3 mm long; male inflorescence a lax spike
often arranged in a panicle, many-flowered;
female inflorescence a short raceme, up to 5flowered. Flowers unisexual, regular, calyx

with (4—)5(-8) lobes, petals and disk absent;
male flowers sessile, with cup-shaped, greenish
white calyx c. 1.5 mm long, stamens opposite
the calyx lobes, c. 2 mm long, rudimentary ovary c. 1 mm long; female flowers with c. 1.5 mm
long pedicel extending to up to 1 cm in fruit,
calyx lobes nearly free, linear, 2-3 mm long,
ovary superior, obovoid to oblong-ellipsoid, c. 1

brown, yellow or reddish, indehiscentor splitting into 2 parts, each 1-seeded. Seeds semicircular-oblong, 7-9 mm X 2-4 mm, smooth, purplish brown to blackish. Seedling with epigeal
germination; hypocotyl 2-3.5 cm long; cotyledons leafy, elliptical, 1—1.5 em long; first leaves
alternate.
In the Central African Republic flowering occurs in October-November, in central Congo in
January—February. In southern Africa flowering is mainly in November—December, and
fruit ripening peaks in March-April. Seed is
dispersed by wind.
Hymenocardia comprises about 6 species, 5 of
which occur in continental Africa and 1 in
South-East Asia. It has been placed in a family
of its own, Hymenocardiaceae.
Hymenocardia lyrata Tul. is a shrub or small
tree up to 15 m tall, occurring from Senegal to
Ghana, mainly in gallery forest and savanna.
Its hard and pinkish brown wood is probably
used for similar purposes as that of Hymenocardia ulmoides, and also as firewood. In Sierra Leone root decoctions are taken to relieve
stomach-ache andto hasten child delivery.
Ecology Hymenocardia ulmoides occurs in
riverine and coastal thickets, high-rainfall
woodland, gully forest on rocky outcrops, wooded grassland and disturbed localities, up to
1500 m altitude. In DR Congo it is locally
commonin closed forest and disturbedforest. It
is often found on sandysoils.
Management Hymenocardia ulmoides can
be coppiced, but often regrowsto a bushy form.
Genetic resources and breeding Hymenocardia ulmoides is widespread and locally common. There are no indications that it is in danger of genetic erosion.
Prospects Hymenocardia ulmoides does not
seem to have prospects as a timber tree of
commercial importance because the size of the

bole is usually small. It will probably remain of
some importance for construction purposes
because its wood is durable. Research is warranted on phytochemistry and pharmacological
activities because several plant parts are commonly usedin local medicine.
Major references Adjanohoun et al. (Editors), 1988; Coates Palgrave, 2002; Gaugris et

al., 2007; Latham, 2004; Radcliffe-Smith, 1996.

mm long, glabrous, with a few glands, 2-celled,

Other references Aubréville, 1950; Burkill,

styles 2, up to 5(-15) mm long, reddish. Fruit a
nearly orbicular, flat, 2-celled capsule, almost
completely surrounded by a wing, 1.5-2.5 cm X
1-2.5 cm, with 1-4 mm long stipe at base,

1994; Carter & Radcliffe-Smith, 1988; Favier,

notched

at

the

apex,

glabrous,

whitish

to

de Namur & Dubois, 2004; Latham, 2003; Leb-

bie & Guries, 1995; Léonard & Mosango, 1985;
Lovett, Ruffo & Gereau, 2003; Neuwinger,
2000; Raponda-Walker & Sillans, 1961.
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Authors L.P.A. Oyen

ILEX MITIS(L.) Radlk.
Protologue Rep. Brit. Assoc. Advancem.
Sci. 1885: 1081 (1886).
Family Aquifoliaceae
Vernacular names African holly, Cape
holly, watertree (En). Msaira (Sw).
Origin and geographic distribution Ilex
mitis is widespread, occurring in mountain
areas from Sierra Leone east to Eritrea, Ethio-

pia and Kenya, and south to South Africa,
Swaziland and Lesotho; it also occurs in east-

ern Madagascar.
Uses The woodis suitable for light construction, light flooring, interior trim, ship building,
vehicle bodies, furniture, toys, novelties, musical instruments such as drums and guitars,
tool handles, agricultural implements, railway
sleepers, boxes, crates, vats, beehives, matches,
veneer, plywood, hardboard, particle board and
pulpwood. It has been in demand for buckboards and spokes in wagon construction, and
for the heels of ladies shoes. It is also used as
firewood and for charcoal production, although
for the last purposeit seemsless suitable.
The fruits are edible, being slightly sweet to
slightly bitter, and boiled roots are also reported to be edible. In East Africa bark decoctions
are administered for the treatment of sterility,
and in southern Africa as an emetic and as an
enemato treat fever and colic. Powdered bark
is applied externally to treat rashes andsores.
Influenza patients are washed with bark and
leaf macerations. Roots are used to treat fits
and swellings. In Madagascar bark and root

decoctions are taken against gonorrhoea,
whereas decoctions of leaves, stems, roots and
bark are used to clean wounds. A pomadeis
made from Ilex mitis (containing 0.75% of purified extract) which is popular in Madagascar
under the name ‘fanaferol’ as a skin care product to treat burns, sores, wounds and scars,

and as a skin lightener. The flowers are an
important source of nectar for honey bees; the
honey is whitish and of good quality. The tree
is planted in parks and large gardensfor its
decorative glossy leaves and red fruits. It is
also planted in hedges.
Production and international trade The
wood is used locally and probably rarely available in the international trade. Bark and roots
are commonly sold on local markets for medicinal purposes and can also be ordered through
the Internet. In the Eastern Cape Provinceof
South Africa, the annual trade around 2000
averaged 5300 kg with a value of US$ 30,000.
At the beginning of the 1990s ‘fanaferol’, based
on Ilex mitis extract and traded in tubes containing 10 g of cream for skin care, has been
commercialized.
Properties The heartwood is whitish to pale
grey, sometimes greyish green to brownish
towards the centre of the log, and indistinctly
demarcated from the 4—5 cm wide sapwood.
The grain is straight, texture fine. The wood
shows a conspicuoussilver-grain figure on radial surfaces.
The wood is medium-weight, with a density of
590-690 kg/m? at 12% moisture content. Drying should be done slowly and with care to
avoid collapse and serious checking, twisting
and end splitting. The rates of shrinkage are
high, from green to oven dry 3.6-6.0% radial
and 9.0-13.9% tangential. It takes about 2
monthsto air dry boards of 2.5 cm thick. Once
dry, the woodis unstable in service.
At 12% moisture content, the modulus of rupture is 63-89(—110) N/mm?, modulus of elasticity 5980-11,170 N/mm2, compression parallel
to grain 34-48 N/mm?, shear 9.5-10 N/mm2,

Ilex mitis — wild

Janka side hardness 5115-5510 N and Janka
end hardness 7025 N.
The wood is easy to saw. Planing usually gives
fair results, but picking-up of grain can be serious, especially on quarter-sawn surfaces.
Moulding, boring and mortising give good results. The nailing properties are satisfactory,
but pre-boring is recommended. The use of a
filler is recommended but not necessary before
painting and varnishing. The gluing properties
are satisfactory, but bending properties are
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usually poor. The wood peels andslices well,
producing good-quality veneer. It is not durable, being susceptible to attacks by fungi and
wood-boring insects, but it is easy to treat with
preservatives. The wood dust may causeirritation to the skin.
Triterpenic saponins called ilexosides I-III are
reportedly responsible for the improvement of
skin complaints. In tests with mice, crude Ilex
mitis extracts did not show acute toxicity, and

in experiments with guinea pigs the woundhealing cream fanaferol showed no adverse
skin reactions. In clinical tests in Madagascar,
it was shown that the cream is most efficient
on the cicatrisation process in fresh wounds.
Description Dioecious evergreen shrub or
small to medium-sized tree up to 30(-40) m
tall; bole straight and cylindrical or short and
poorly shaped, up to 100 cm in diameter; bark
surface smooth, sometimes becoming slightly
warty or fissured, whitish to grey or pale
brown; crown fan-shaped; twigs often shorthairy, purplish. Leaves alternate, simple; stipules minute, up to 1 mm long; petiole up to 1
cm long, channelled above; blade elliptical to

oblong-elliptical or obovate-elliptical, 2.514
cm X 1.5—5 cm, cuneate to obtuse at base, obtuse to acute or short-acuminate at apex, mar-

gins entire or sometimes spiny-toothed, leathery, glabrous, dark green, pinnately veined
with looping lateral veins. Inflorescence an
axillary, few-flowered cyme up to 3 cm long,
short-hairy, with peduncle up to 1.5 cm long.
Flowers unisexual, regular, (4~-)5-6-merous,
sweet-scented; pedicel up to 1(-1.5) cm long;
calyx c. 1.5 mm long, lobes rounded to acute,
short-hairy at margins; corolla up to 3.5 mm
long, white, with short tube; male flowers with

stamens inserted on the corolla tube and alternating with lobes, ovary rudimentary; female
flowers with rudimentary stamens and superior, globose ovary, stigma sessile. Fruit a globose drupe 4—7 mm in diameter, becoming dark
red upon ripening, containing 4—7 stones, each
stone 1-seeded. Seeds 2—3 mm long, brownish.
Other botanical information Jlex comprises about 500 species and is distributed
throughout the tropical to temperate regions of
the world. Eastern Asia and South America are
richest in species. Only Ilex mitis is native to
tropical Africa; it appears to be most closely
related to Asian species.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 14: scalariform perforation plates; 17: scalariform perforation plates with 20—40 bars; (18: scalariform
perforation plates with > 40 bars); 21: intervessel pits opposite; (22: intervessel pits alternate); 25: intervessel pits small (4-7 um); 26:

intervessel pits medium (7—10 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 36: helical thickenings in vessel ele-

Ilex mitis — 1, twig with male flowers; 2, male

flower; 3, twig with female flowers; 4, female
flower;5, fruit; 6, stone; 7, seed.
Redrawn and adapted by J.M. de Vries

ments present; 37: helical thickenings throughout body of vessel element; 41: mean tangential
diameter of vessel lumina 50-100 um; 49: 40—
100 vessels per square millimetre. Tracheids
and fibres: 62: fibres with distinctly bordered
pits; (64: helical thickenings in ground tissue
fibres); 66: non-septate fibres present; 69: fibres thin- to thick-walled. Axial parenchyma:
76: axial parenchyma diffuse; 77: axial parenchyma diffuse-in-aggregates; 78: axial parenchyma scanty paratracheal; 98: eight (5-8)
cells per parenchyma strand; 94: over eight
cells per parenchymastrand. Rays: 98: larger
rays commonly 4- to 10-seriate; 99: larger rays

commonly > 10-seriate; 102: ray height > 1
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mm; 103: rays of two distinct sizes; 106: body
ray cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2-4 rows of upright and/or square marginal cells; 110: sheath
cells present; 115: 4-12 rays per mm. Mineral
inclusions: (136: prismatic crystals present);
(137: prismatic crystals in upright and/or square
ray cells); (140: prismatic crystals in chambered upright and/or square ray cells); (141:

prismatic crystals in non-chambered axial parenchymacells).
(C. Essien, P.E. Gasson & E.A. Wheeler)
Growth and developmentTrees grow fairly rapidly, with an annual height growth of up
to 80 cm. On more dry sites, they develop an
extensive root system, the taproot developing
first and then the lateral roots, which become

compact and massive with age. In southern
Africa Ilex mitis usually flowers in September—
February and fruits ripen 4-6 months after
flowering in female trees. Flowers are visited
by insects such as bees and wasps, which are
the main pollinators. Fruits are mainly eaten
by birds, dispersing the stones.
Ecology Ilex mitis occurs in dry evergreen
forest, thickets and upland rainforest. In East

Africa it is found at 900-3000 m altitude, but
near the coast in southern Africa it occurs at
nearly sea-level. In West Arica it is restricted
to some localities in hill and mountain forest
above 350 m altitude. It is often found near
rivers and streams. In Ethiopia it occurs in
forest at 1500-3000 m altitude, together with
Croton, Podocarpus, Juniperus and Hagenia.
In Madagascar Ilex mitis is widely distributed
in evergreen forest and thickets at (400—)800—
2500 m altitude. The annual rainfall in the
area of distribution is 750-1500 mm, up to
3000 mm in eastern Madagascar. Ilex mitis
prefers fertile and moist but well-drainedsoils
which areslightly acidic. Established trees can
tolerate long periods of drought and Ilex mitis
is quite frost tolerant.
Propagation and planting Natural regeneration is often abundant after land clearance,
not only resulting from the establishment of
seedlings, but also from coppice shoots. Regular fires reduce regeneration considerably. Ilex
mitis is usually propagated by seeds (stones),
which are collected from the ground and gradually dried in the shade. They can be sown in
seed beds with a mixture of equal parts river
sand and compost, and should be covered with
a thin layerof soil. The germination rate is 30—
70%. The seeds start germinating after 8-20

days, although germination may beerratic,
and can be transplanted into plastic sleeves
when they have two leaves. They grow fast.
They can be plantedinto thefield in full sun or
semi-shade, but should be protected from livestock and fire. Seedlings generally show fair
survival rate, even under moderately dry conditions. In experimental plantings in South
Africa they showed a survival rate of 67%.
Propagation by cuttings is possible. In tests in
Madagascar, cuttings with 3 nodes and oneleaf
could be rooted successfully (up to 60%). Cuttings taken from stump sprouts in the hot
rainy season gavebest results.
Management Around 1985 Ilex mitis was
locally common in forest in Madagascar; in
some localities the average density was nearly
40 trees per ha. Once trees are established,
little care is needed. They can be pruned,
lopped andpollarded.
Harvesting After felling of the bole, star
shakes often develop. Fruits are mostly collected from the ground and stones are separated
manually. Plant parts used for medicinal purposes are harvested throughout the year when
the need arises. They are used immediately, or
dried andstoredfor later use.
Yield The yield of wood pertree is often limited due to the often short length and poor
shape of the bole.
Handling after harvest The wood is susceptible to staining by fungi, and therefore
harvested logs should not be left in the forest
for longer periods, or treated with preservatives. After sawing, much of the wood may be
lost if not properly dried because of its tendency to distort and collapse, and to blue stain
attack.
Genetic resources There are no indications
that Ilex mitis is threatened by genetic erosion;
it is widespread and common in many regions,
although it occurs only very scattered in West
and Central Africa. In some areas the bark is
subject to unsustainable exploitation, e.g. in
the Eastern Cape Province of South Africa, in
spite of the fact that it is there a protected tree.
Systematic germplasm collections and conservation programmes donot seem toexist.
Breeding No breeding work has been undertaken yet, but the most important selection
criteria for improved timber production would
be long and straight boles.
Prospects Ilex mitis is a multipurposetree,
not only important for its timber but also as a
source of firewood, edible fruits and traditional
medicine. Moreover, it has importance in honey
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production and deserves more attention as an
ornamental tree. Little is known about its
growth rates and adequate methods of propagation. Research is warranted because Ilex
mitis with its multipurpose wood may have
prospects as a commercial timbertree in planting programmes. The developmentof skin care
products based on Ilex mitis in Madagascar
could have succession elsewhere in tropical
Africa. Altogether, Ilex mitis will continue to
play an important role for various purposes in
tropical Africa and should be promoted for
planting in agroforestry programmes, being
particularly suitable for mountain regions in
tropical Africa.
Major references Bekele-Tesemma, 2007;
Bolza & Keating, 1972; Chikamaiet al., undated; Danthu, Ramaroson & Rambeloarisoa,
2008; Latham, 2007; Maundu & Tengnäs (Editors), 2005; Orwa et al., 2009; Ramaroson,
2006; Randria, Ranaivo-Harimanana & Rako-

tomaniraka, 1986; Verdcourt, 1968a.
Other references Andrews, 1994; Beentje,
1994; Burkill, 1985; Cuenoudet al., 2000; Dale
& Greenway, 1961; Debray, Jacquemin & Razafindrambao,

1971;

Dold

&

Cocks,

2002;

Grace et al., 2002a; Hawthorne & Jongkind,
2006; Katende, Birnie & Tengnäs, 1995; Kokwaro, 1993; Mendes, 1966; Neuwinger, 2000;

Palmer & Pitman, 1972-1974; Perrier de la
Bathie, 1946b; Robyns, 1960; Schatz, 2001;
Takahashi, 1978; van Wyk & van Wyk, 1997;
Venter & Venter, 1996.

Sources ofillustration Robyns, 1960.
AuthorsA. Maroyi

Intsia bijuga — wild
purposes. It is considered one of the best woods
available in the eastern lowlands, being beautiful and strong. Traditionally, it has been used
for coffins and canoes.
In tropical Asia, the wood is known as ‘merbau’
together with the wood of Intsia palembanica
Mig. Merbau is important on the international
timber market. It is a very good generalpurpose timber because of its favourable physical and mechanical properties, combined with a
high natural durability and an attractive appearance. It is used in housebuilding, especially for high-class exterior joinery such as windows, solid panel doors, framing and weatherboarding, for waterwork construction such as
bridges, wharves, sluices and sheet piles, and

for high-grade flooring. In the Samoa and Fiji
islands, the wood is used for house posts, furni-

INTSIA BIJUGA (Colebr.) Kuntze
Protologue Revis. gen. pl. 1: 192 (1891).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 24
Synonyms Afzelia bijuga (Colebr.) A.Gray

(1854).

Origin and geographic distribution Intsia
bijuga is very widespreadin coastal regions of
islands in the Indian and Pacific Oceans, inclu-

ding eastern Madagascarandthe Seychelles. It
has been planted near the sea-shore in Tanzania and in Mauritius.
Uses In Madagascar the wood of Intsia bijuga, knownas ‘hintsy’, is highly prized for heavy
carpentry, construction including naval construction,

flooring, joinery,

doors,

furniture,

railway sleepers, vats, shingles and decorative

ture andtraditional carved bowls.
In Madagascar Intsia bijuga is planted in fences and in reforestation programmes, and the
fruits serve as laxative. The bark contains tannin and has been used for producing reddish
brown dyes. In tropical Asia the seeds are occasionally eaten after careful preparation; they
are soaked in salt water for 3-4 days and then
boiled. Bark and leaves are used medicinally
against rheumatism, diarrhoea and urinary
diseases. The seed oil can be used as an insect
repellent for stored products; its activity is
comparable to that of neem (Azadirachta indica A.Juss.).
Production and international trade The
trade in merbau timber (comprising several
Intsia spp., mainly Intsia bijuga and Intsia
palembanica) is considerable. The major producing countries are Indonesia, Malaysia and
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Papua New Guinea, and the major importers
are China, India and the European Union. In
2007 registered merbau export from Indonesia
was nearly 250,000 m3. In 2006 export from
Papua New Guinea was 89,000 m3. Malaysia
produced about 100,000 m3 of merbau in 2006,
mainly from Peninsular Malaysia, at an aver-

age export price of US$ 663/m%. Peninsular
Malaysia reached its maximum annual production in 1989 with 246,000 m3. In 2010 the price
of merbau sawn wood was about US$ 520/m3.
Exports of Intsia bijuga wood from Madagascar
are small. In 2007 China imported 250 m? from
Madagascar on a total of 105,000 m? of merbau
import (68% of the total as round logs, 32%
sawn timber). The import of merbau wood by
the European Union in 2005 was approximately 25,000 m3.
Properties The heartwood is yellow-orange
to red-brown, darkening upon exposure, and
distinctly demarcated from the whitish, 4-8 cm
wide sapwood. The grain is usually straight,
sometimes wavyor interlocked, texture moderately coarse and even. The woodis often without lustre, sometimes slightly lustrous on
quarter-sawn surfaces and with an attractive
figure. It feels slightly oily to the touch.
Wood from Madagascar hasthe following properties. It is heavy, with a density of 780-930
kg/m? at 12% moisture content, and hard. The
wood air dries slowly, but with little degrade. It
kiln dries fairly well, but mild kiln schedules
are required to obtain good results when drying thicker boards. The rates of shrinkage are
low, from green to oven dry (1.8—)2.7—4.0%
radial and 3.7—7.1% tangential. Once dry, the
wood is moderately stable to stable in service.
At 12% moisture content, the modulus of rupture is 152-210 N/mm2, modulus of elasticity
12,550—16,000 N/mm2, compression parallel to
grain 63-84 N/mm?, shear 8-10 N/mm?, cleav-

age 14-24 N/mm and Chalais-Meudon side
hardness 6.1—10.
The wood generally saws and works well, but it

may cause dulling of saw teeth and cutting
edges; it may be hard to work with handtools.
The surface of fresh wood may be marred by an
oily exudate, and during sawing the saw teeth
may become covered with a gummy substance.
A reduction of the cutting angle of 20° is advantageous in planing quarter-sawn material
with interlocked grain to prevent picking-up of
grain. Pre-boring for nailing and screwing is
advisable; the holding power for nails and
screws is good. Boring and turning give no
problems and generally a smooth finish. The

wood stains and polishes satisfactorily, but
requires considerable filling. It usually glues
satisfactorily with most modern types of glue.
It is difficult to cut or slice into veneer, even
after pre-steaming, mainly dueto its high density. When in contact with water, water-soluble
extractives create blackish-lined dark-coloured
spots on the surface which are very difficult to
remove. Manufactured exterior joinery products have to be protected from water on building sites. The wood does not corrode iron, butit
does stain black in the presence of iron and
moisture.
The heartwood is durable, being resistant to
fungal, termite and powder-post beetle attacks.
The sapwoodis liable to Lyctus. The heartwood
is fairly resistant to marine borers, with a service life in sea water of about 3 years. The
heartwood is very difficult to treat with preservatives. The sawdust may causeirritation.
The wood contains 28-43% cellulose, 21-25%
lignin, 14-17% pentosan, 1.1-1.5% ash and
little silica. The solubility is 9-22% in alcoholbenzene, 5—8% in hot water and 19.5-27.5% in

a 1% NaOH solution.
Adulterations and substitutes The wood
of Intsia bijuga resembles that of African
Afzelia spp., both in aspect and properties, and
is used for similar purposes.
Description Semi-deciduous, small to me-

dium-sized tree up to 30(—40) m tall; bole often
low-branching but sometimes branchless for up
to 18 m, up to 80(-120) cm in diameter, often
buttressed in older trees; bark surface smooth,

pale grey to pale brown, inner bark thick, fibrous, pale red to pale yellowish brown; crown
rounded to umbrella-shaped, dense; twigs glabrous. Leaves alternate, paripinnately compound with (1-)2-3 pairs of leaflets; stipules
fused at base, forming a persistent scale; petiole thick, 1-2 cm long, rachis up to 8 cm long;

leaflets asymmetrically ovate or elliptical to
nearly round, 4-16 cm x 3-11 cm, obtuse to
rounded, often slightly notched at apex, margins entire, leathery, glabrous, pinnately
veined with 12-20 pairs of lateral veins. Inflorescence a terminal panicle up to 10 cm long,
short-hairy. Flowers bisexual, zygomorphic,
whitish; pedicel 3-5 mm long, with 2 deciduous
bracteoles; hypanthium elongate, 6—8 mm long;
sepals 4, unequal, ovate, 6-16 mm X 4-6 mm,
short-hairy; petal 1, 1-8 cm long, with claw at

base and crisped lamina broader than long,
white tinged yellow or pink; stamens 3, c. 4 cm
long, hairy, purple-red, staminodes 4—7, c. 1 cm

long;

ovary

superior,

compressed

spindle-
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Intsia bijuga — 1, flowering twig; 2, fruit; 3, seed.
Redrawn and adapted byJ.M. de Vries
shaped, 2-3 mm long,hairy, 1-celled, with c. 2
mm long stipe, style up to 4 cm long. Fruit an
oblong, flattened pod 7-28 cm x 3-7 cm, glabrous, pale brown, with slightly raised veins,
tardily dehiscent with 2 leathery to woody
valves, up to 6-seeded. Seeds discoid to oblong,
1.5-3.5 cm X 1-3 cm, dark brown, more or less

covered with detachable rusty brown scurf.
Seedling with epigeal germination.
Other botanical information Intsia comprises 3 species centred in tropical Asia, with

Intsia bijuga reachingtropical Africa. Intsia is
closely related to Afzelia. The latter genusdiffers by its usually more numerousleaflets and
fertile stamens, andby its seeds havinganaril.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):

Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;

46: < 5 vessels per square millimetre; (58: gums
and other deposits in heartwood vessels). Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 80: axial parenchymaaliform; 81:
axial parenchyma lozenge-aliform; (82: axial
parenchyma winged-aliform); (83: axial parenchyma confluent); (89: axial parenchyma in
marginal or in seemingly marginal bands); 91:
two cells per parenchyma strand; 92: four (3—4)
cells per parenchyma strand. Rays: 97: ray
width 1-3 cells; 104: all ray cells procumbent;
115: 4-12 rays per mm. Mineral inclusions:
136: prismatic crystals present; 142: prismatic
crystals in chambered axial parenchymacells.
(F.D. Kamala, P.E. Gasson & E.A. Wheeler)
Growth and development In Indonesia,
an 8-year-old stand had an average height of
10.7 m with an average bole diameter of 15 cm.
In Madagascar, under optimal conditions in
regions with high annual rainfall, growth can
be up to 1 m per year in full sun, but trees
planted in the shade have been recorded to
reach an average height of 1.4 m only after 7
years. In enrichment plantings in Madagascar,
the average height of Intsia bijuga trees 5
years after sowing was 3 m and the average
stem diameter 4 cm; after 10 years, the trees
were 5 m tall and 8 cm in bole diameter, and

after 20 years 8 m and 14 cm. In Madagascar
the age of trees with a bole branchless for
about 10 m and 50 cm in diameter has been
estimated at 100 years. Young trees grow best
under moderately shaded conditions. It may
take a long time of about 30 years before trees
start producing seeds. The seeds are dispersed
by sea; they are frequently washed up on
beaches.
Tests in Madagascar showed that the roots of
Intsia bijuga develop a symbiosis with ectomycorrhizae.
Ecology In Madagascar Intsia bijuga is
characteristic for undisturbed humid forest of
the coastal zone of the eastern parts of the island, often also found behind beaches, usually
below 50 m altitude. It occurs in regions with a
mean annual rainfall of 2000—3000(—3500) mm,

with up to 3 dry months, and a mean annual
temperature of 24—27°C. It usually grows on
well-drained, sandy soils with a pH of 4.7-5.3.
Also elsewhere it occurs most frequently in
coastal areas, often in a zone behind man-

groves, but it is also found inland up to 600 m
altitude. Intsia bijuga has some resistance to
salt spray and saline soils and is quite re-
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sistant to wind. It does not tolerate longer periods of drought. It is frequently associated
with Calophyllum chapelieri Drake, Hymenaea
verrucosa Gaertn. and Uapaca thouarsii Baill.,
but sometimesit occurs in almostpure stands.
Propagation and planting In Papua New
Guinea it has been observed that after logging
dormant seedsin the soil germinate abundantly in the gaps around the stumps.
There are 180-250 seeds per kg. The seeds are
protected by a hard seed coat, which is impermeable to water. Mature seeds have a moisture
content of less than 10% and hence can survive
for more than 3 years without any specific
treatment. Germination may take up to nearly
2 years. To promote rapid and simultaneous
germination, scarification followed by soaking
in water is necessary. The most effective scarification technique is to use a file to scrape off
the small protrusion of the seed coat (the
strophiole) located at the opposite side of the
hilum. Treatment with fungicides may protect
scarified seeds from damage by fungi. Immersion in concentrated sulphuric acid for one
hour is also effective in rupturing the seed
coat. Seeds must be plantedvertically with the
hilum downward, so that the seed coat is shed
as the hypocotyl emerges from the soil. Seed
may be sowndirectly into the field. The germination rate of scarified seeds is 60-95% in a
period of 3-20 weeks.
Seedlings need a high light intensity for optimal growth, and in the open growth is much
faster than under closed canopy conditions.
However, experiments in Indonesia showed
that growth of seedlings under shelter or under
shade trees was faster than in full sunlight.
Appropriate drainage and high air humidity
are important for good growth. Seedlings can
be transplanted into the field when they are
about 3 months old, at a spacing of 3m x 4m
or 5 m X 5 m. In enrichment plantings in degraded forest in Madagascar, seeds have been
sown at distances of 2m xX 1m to 3.38 mx 3m.
Propagation by root suckers and cuttings is
possible. Tests in tropical Asia with stem cuttings showed varying results, from low percentages of sprouting and rooting to 90% rooting.
Management In Madagascar natural stands
of up to 80 exploitable trees per ha have been
recorded, with a wood volume of 160 m3/ha. In

Papua New Guinea a 50-yearrotation for natural stands has been reported as suitable for
Intsia spp., but in Malaysia it has been estimated that a rotation of some 120 years would

be required for plantations.
In Madagascarit has been observed that young
Intsia bijuga trees in enrichment plantings are
very sensitive to soil and air humidity. They
developed well in forest with a moreorless
constant humidity, but poorly when planted in
more open conditions and they did not survive
periods of drought. Seeds are sown in strips of
50 cm wide and 2 m apart, which have been cut

open in the forest. These strips should be
cleared every 2-3 years until the Intsia bijuga
trees are 12-15 years old and reach the canopy
of the forest. Thinning of the stands is needed
once every 10 years.
Diseases and pests Phellinus noxius, causing brownrot of roots and crown, is considered

a threat to plantations. The roots of seedlings
of Intsia bijuga maybe infected by nematodes.
In the Philippines Rotylenchulus sp. and Helicotylenchus sp. have been found in nurseries.
In Indonesia young plantations suffered from
grazing by deer, while rats are also considered
a serious pest.
In Madagascar cylindrical protuberances up to
10 cm X 5 cm are commonly found on the bark
of bole and larger branches, possibly caused by
fungi.
Yield In Madagascartrees with a free bole of
18 m long yielding 10 m® of wood have been
reported, but a wood volume of 2 m?pertree is
more common, of which about 1.2 m? results

after sawing as merchantable wood.
Handling after harvest Fresh logs sink in
water and must be transported over land.
Genetic resources In the major merbau
timber-producing countries, Intsia bijuga and
other Intsia spp. are over-exploited, sometimes
as a result of indiscriminate and illegal commercial logging. In 1992 Intsia spp. were proposed for inclusion in Appendix II of CITES.
They were considered to merit conservation
because stands have been exploited for many
years for their hardwood which is popular in
both domestic and international markets.
However, the proposal was turned down. Intsia
bijuga is included in the IUCN Red List of
threatened species as vulnerable because of
intensive exploitation.
In Madagascar Intsia bijuga is endangered
because it has been much overexploited for its
valuable timber. Remaining significant stands
are few andrestricted to protected and inaccessible localities along the eastern coast. Considerable variation has been reported in Jntsia
bijuga in Madagascar. Types with smaller
leaves, fruits and seeds occur, but also the

408

TIMBERS 2

wood is variable, from yellowish and comparatively soft to reddish brown and hard. The
wood variation may be influenced by environmental factors which affect the growth rate.
Prospects The market demand for Intsia
timber is high for doors, window frames, parquet flooring, furniture and cabinet work. A
significant portion of the production is for export, and various claims exist of illegal and
unsustainable harvesting and illegal export.
On a worldwide scale, there is an urgent need
to regulate the harvest of Intsia timber. The
prospects seem to depend on whether the exploitation of the remaining stands is properly
controlled. This has already been brought to
the attention of the international community.
Merbau-producing species, including JIntsia
bijuga, have been suggested recently for inclusion in CITES Appendix III to obtain a better
overview of trade data as a tool to ensuring
sustainable managementandtrade.
It is evident that felling cycles should be long
for these rather slow-growing trees; at least 60
years, though 80 years is probably morerealistic. This means that a decrease in the amount
of timber harvested is necessary in mostareas.
The often fair regeneration in logged-over areas and promising enrichment planting with
nursery-raised seedlings offer possibilities for a
fair supply of Intsia bijuga timber in the future. In Madagascar Intsia bijuga is well suited
for enrichment planting in degraded forests in
the high-rainfall regions in the coastal lowlands
on sandy soils in the eastern parts of the island.
Major references Blaseret al., 1993; Bolza

& Keating, 1972; CTFT, 1951; du Puy et al.,
2002; Guéneau, Bedel & Thiel, 1970-1975;
Johns et al, 1993; Kiener, 1954: Orwa et al,

Chromosome number 2n = 28
Vernacular names Sweet bush mango,
rainy season bush mango, dika nut tree, dika
bread tree (En). Dika, odika, manguier sauvage,
chocolatier, ogbono(Fr).

Origin and geographic distribution Irvingia gabonensis is indigenous to the humid forest zone of the Gulf of Guinea from western
Nigeria east to the Central African Republic,
and south to Cabinda (Angola) and the westernmost part of DR Congo; it also occurs in Sao
Tomé et Principe. It is planted in parts of this
area, e.g. in south-western Nigeria and southern Cameroon, and also in Côte d'Ivoire, Ghana, Togo and Benin.
Uses Kernels of the fruits of Irvingia gabonensis, called ‘ugiri’ in Igbo or ‘apon’ in Yoruba,
yield an important food additive popular in
West and Central Africa. They are processed
by grinding and crushing, and then used to
thicken soups and stews. The kernels are also
madeinto a cake called ‘dika bread’ or ‘odika
bread’ for year-round preservation and easy
use. An edible oil is extracted from the seed
that is used in cooking.Asit is solid at ambient
temperatures it has been used as a substitute
for cocoa butter, and for soap-making. The
presscake is suitable for thickening soup and is
a good cattle feed. Unlike the fruit pulp of most
other Irvingia spp. which is bitter, the pulp of
the fruit of Irvingia gabonensis is juicy and
sweet and eaten fresh. It can be used for the
preparation of juice, jelly, jam and wine. The
pulp has also been used to prepare a black dye
for cloth.
Irvingia gabonensis is commonly preserved on
farms to provide shade for crops, especially
cocoa and coffee. The medicinal usesof Irvingia

2009; Parant, Chichignoud & Rakotovao, 1985;

Tonget al., 2009.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Brenan, 1967; CAB International, 2010; Fouquet, 1984; Keong, 2006;

Sallenave, 1955; Schatz, 2001; Takahashi, 1978;
World Conservation Monitoring Centre, 1998.
Sources of illustration Brenan, 1967.
Authors A. Asamoah, A. Atta-Boateng &
Adwo Sarfowaa

IRVINGIA GABONENSIS (Aubry-Lecomte ex
O’Rorke) Baill.
Protologue Traité Bot. Méd. Phan. 2: 881
(1884).
Family Irvingiaceae

Irvingia gabonensis — wild
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spp. are many, but it is difficult to assign them
to individual species. Preparations from the
bark are rubbed on to the body to relieve pains
and are applied to sores and wounds and
against toothache. They are also taken to treat
diarrhoea. Igbo people use a leaf extract as a
febrifuge. In Cameroon preparations mainly
from the bark are used to treat hernia and yellow fever and as an antidote for poisoning.
Kernels are used to treat diabetes. The wood,

called ‘andok’ in Cameroon, is used locally for
heavy construction work and for making ships’
decks, paving blocks and planking. Young trees
are used for making poles and stakes, while
branches are made into walking sticks or
thatched roof supports. Dead branches are
used as firewood.
Production and international trade Irvingia gabonensis is cultivated for commercial
production in southern Nigeria and southern
Cameroon. Fruit is only traded locally, but
kernels are widely and extensively traded domestically, from the forest zone to the savanna
zone and between countries in West and Central Africa. They are exported to Europe. Cameroon is probably the main exporter. The combined export trade of the kernels of Irvingia
gabonensis and Irvingia wombolu Vermoesen
from Cameroon has been valued at US$
260,000 per year for 107 t. The fruit kernels
are very common throughout the year in the
markets of Libreville (Gabon). They originate
from the local forest, but are also commonly
imported from Cameroon and Equatorial Guinea. The woodof Irvingia is mainly used locally
andis rarely exported.
Properties The nutritive value of the kernels per 100 g edible portion is: water 4 g, energy 2918 kJ (697 kcal), protein 8.5 g, fat 67 g,
carbohydrate 15 g, Ca 120 mg, Fe 3.4 mg, thiamin 0.22 mg, riboflavin 0.08 mg, niacin 0.5
mg (Platt, 1962). Drawability (sliminess) and
viscosity of soups imparted by the kernels varies between kernels from different trees. They

are generally less than those caused by kernels
of Irvingia wombolu. Fat content of kernels
also varies between trees and is 37.5—75 g/100
g; the approximate fatty acid composition is:
lauric

acid

20-59%,

myristic

acid

33-70%,

palmitic acid 2%, stearic acid 1% andoleic acid
1-11%. The residue obtained after separation
from the fat has good properties for processing
in the food industry.
The nutritive value of the fruit pulp per 100 g
edible portion is: water 81 g, energy 255 kJ (61
kcal), protein 0.9 g, fat 0.2 g, carbohydrate 15.7

g, Ca 20 mg, P 40 mg, Fe 1.8 mg, ascorbic acid
7.4 mg (Leung, Busson & Jardin, 1968). The
main flavour componentsof the fruit pulp are
zingiberene and a-curcumene, ethyl and methyl esters of cinnamic acid, dodecanal and
decanol imparting spicy-earthy, fruity and
wine-yeastflavour notes. The pulp yields about
75% juice. Wine produced from it was found to
be of good colour, mouthfeel, flavour and gen-

eral acceptability.
Heartwood of Irvingia gabonensis and Irvingia
wombolu is pale greenish brown or orangeyellow fading to greyish brown; sapwood is
lighter, but not always clearly differentiated.
The grain is straight or interlocked, texture
fine to medium.
The woodis fairly heavy. The density is 930—
1002 kg/m? at 12% moisture content. The
shrinkage rates are high, from green to oven
dry 6.5—7.1% radial and 10.2-12.6% tangential.
To avoid end surface checking, logs should be
converted soon after felling, preferably by
quarter-sawing.
At 12% moisture content, the modulus of rupture is 163-217 N/mm2, modulus of elasticity
18,700-21,700 N/mm?, compression parallel to
grain 69-79 N/mm?, Chalais-Meudon side
hardness 5.7—12.7, shear 15 N/mm?2, cleavage

19-34 N/mm. The timber is moderately difficult to saw or plane and tools should be kept
sharp. It dresses to a smooth finish and glues
well. Nailing is difficult. The timber is durable
and fairly resistant to termites, but susceptible
to powder-post beetles and marine borers. The
heartwood is untreatable, the sapwood resistant to preservatives.
The stem bark was found to have analgesic
effects in tests with mice. Aqueous extracts of
the leaves have caused a reduction in intestinal
motility in test animals. Addition of a supplement of 4 g/day of ‘dika bread’ to the diet of
type-2 diabetes patients reduced plasma glucose andlipid levels.
Adulterations and substitutes The kernels of all Irvingia species are used as a thickener for soups and stews. Groundnuts and okra
are used similarly in West and Central Africa.
Description Small to large tree up to 40 m
tall; bole generally straight, up to 100 cm in
diameter, with buttresses up to 3 m high; outer
bark smoothto scaly, grey to yellow-grey, inner
bark yellow, fibrous; crown spherical or taller
than wide, dense. Leaves alternate, simple and

entire; stipules up to 4 cm long, unequal, forming a cone protecting the bud, caducous, leaving an annularscar on the branches; petiole up
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eamHD
Irvingia gabonensis — 1, base of bole; 2, flowering
twig; 3, flower; 4, fruit; 5, fruit in cross section.
Redrawn and adapted by Achmad Satiri Nurhaman
to 5 mm long; bladeelliptical, 4.5-8 em x 2—4
cm, base cuneate, apex acute or indistinctly
acuminate, thinly leathery, pinnately veined.
Inflorescence an axillary panicle up to 9 cm
long. Flowers bisexual, regular, 5-merous,
small; pedicel up to 5 mm long; sepals free, 1—
1.5 mm long; petals free, 3-4 mm long, yellowish white; stamens 10, inserted below disk,
free, equal, filaments 4—5 mm long; disk 1.5
mm in diameter, bright yellow, nectariferous;

ovary superior, 2-celled, style 1-2 mm long.
Fruit an ellipsoid to cylindrical drupe, occasionally nearly spherical, slightly laterally
compressed, 4—6.5 cm X 4—6.5 cm X 3.5-6 cm,

smooth, green when ripe; pulp bright orange,
soft, juicy, sweet to slightly bitter, with a few
weak fibres, stone woody, 1-seeded. Seed 2.5—4

cm X 1.5-2.5 cm X c. 1 cm. Seedling with epigeal germination.
Other botanical information Irvingia
comprises 7 species, 6 in tropical Africa and 1
in South-East Asia. Irvingia gabonensis is
closely related to and difficult to distinguish
from Irvingia wombolu. Irvingia gabonensis

has edible fruit pulp while that of Irvingia
wombolu is bitter and inedible. Both species
are called bush mango: rainy season bush
mango for Irvingia gabonensis and dry season
bush mango for Irvingia wombolu, in accordance with their respective fruiting periods.
Some authorities consider Irvingia wombolu
merely a variety of Irvingia gabonensis. Because of the long history of protection and cultivation, others consider them cultivars of a
single species. However, DNA analyses indicate that the 2 taxa are clearly genetically distinct and do not (or hardly) hybridize, even
where sympatric.
Irvingia excelsa Mildbr. is a large rainforest
tree occurring from Cameroon to Gabon and
DR Congo. The pulp of its fruit is hard, stifffibrous and inedible. The seeds are eaten like
those of other Irvingia spp.
Irvingia robur Mildbr., a large tree with a disjunct distribution, occurs from Sierra Leone to
Côte d'Ivoire and from Nigeria to DR Congo. It
fruits and flowers year-round, but with a flowering peak in the dry season and fruiting peak
in the rainy season. It occurs in forest on dry
land.
Irvingia smithii Hook.f. occurs in forest and
savanna from Nigeria to Sudan and throughout DR Congo to Angola. Its fresh fruits are
sucked for their sweet pulp. Theoil-rich seeds
are eaten raw in the Central African Republic
and DR Congo. The wood is locally used as
timber. A decoction of the bark is taken against
dysentery. Irvingia smithii always grows near
water. The fresh fruits contain characteristic
air bubbles andfloat.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel

pits alternate; 23: shape of alternate pits polygonal; 26: intervessel pits medium (7-10 um);
30: vessel-ray pits with distinct borders: similar to intervessel pits in size and shape
throughoutthe ray cell; 31: vessel-ray pits with
much reduced borders to apparently simple:
pits rounded or angular; 32: vessel-ray pits
with much reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to
vertical (palisade); 42: mean tangential diameter of vessel lumina 100-200 um; (46: < 5 vessels per square millimetre); 47: 5-20 vessels
per square millimetre; 56: tyloses common.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
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present; 70: fibres very thick-walled. Axial parenchyma: 85: axial parenchyma bands more
than three cells wide; 86: axial parenchyma in
narrow bands or lines up to three cells wide;
93: eight (5-8) cells per parenchyma strand.
Rays: 97: ray width 1-3 cells; (102: ray height
> 1 mm); 104: all ray cells procumbent; (106:

body ray cells procumbent with one row of upright and/or square marginal cells); 115: 4-12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chamberedaxial parenchymacells.
(N.P. Mollel, P. Détienne & E.A. Wheeler)
Growth and development Growth in young
plants is very slow; later it becomes moderately
fast. In Onne (Nigeria), on an acid Ultisol and
with an annualrainfall of 2400 mm, 12-yearold trees had reached a height of 12 m and a
stem diameter (1.3 m above the ground) of 17
cm. In Ibadan (Nigeria), on an Alfisol and with
an annual rainfall of 1280 mm, they reached a

height of 8 m and a stem diameter of 12 cm.
The flowering seasonis not clearly defined, but
flowering occurs mainly in the late dry season
or early rainy season, in April in south-western
Cameroon and in September—October in Gabon. Fruits are mature about 4 monthslater.
In cultivation in Côte d’Ivoire some trees flower
year-round. The flowers are pollinated by a
variety of insects andself-pollination is rare. In
the wild trees start fruiting when 10-15 years
old, but planted trees may first fruit after 4
years. After the fruits fall the pulp rots away
quickly. Successful germination in elephant
dung is common. The thickness of the kernel
wall varies from strong and thick to thin and
brittle. Trees have been identified in which
kernels split open spontaneously. Seedis recalcitrant.
Ecology The preferred habitat of Irvingia
gabonensis is moist lowland tropical forest below 1000 m altitude and with annualrainfall of
1500-3000 mm and mean annual temperatures
of 25-32°C. Irvingia gabonensis is better
adapted to acid Ultisols in high-rainfall areas
than to less acidic Alfisols; it prefers welldrained sites. Often 2-3 trees grow together
and in some areas it is reported to be gregarious. The presence of Irvingia gabonensis is
often associated with former human habitation. Trees are fire tender.
Propagation and planting Irvingia gabonensis is mainly propagated by seed. When
farmersplant it, they choose seed from selected
trees on their own farm, from neighbours, or
from the market. Criteria for selection are

large fruit size, good taste, high yield, regular
production (every year), early maturity, good
sliminess and drawability of kernels and easy
kernel extraction. Transplanting of wildlings
and retainment and protection of wildlings
when clearing land for agriculture are common.
Germination of Irvingia gabonensis seeds takes
more than 14 days and they should first be
extracted from the fruit and dried for at least 2
days. A germination rate of 80% can be reached
in this way. Methodsof vegetative propagation
through rooting of leafy stem cuttings under
mist have been developed, and micropropagation, grafting and marcotting experiments are
in progress. Preliminary results show that
plants from bush mango marcotts can fruit 2—
2.5 years after transplanting.
ManagementAlthough in mostareas Irvingia gabonensis occurs in wild standsor is retained in plantations of cocoa, coffee or annual
food crops or in home gardens, it is commonly
planted in some regions. Management tasks
mostly include pruning, harvesting (gathering
and picking) andfertilization.
Diseases and pests No diseases or pest of
Irvingia gabonensis trees have been recorded.
Seeds are infested by larvae of the merchant
grain beetle (Oryzaephilus mercator). Eggs are
laid between the testa and cotyledons of the
seed or in cracks in the cotyledons. Preventing
cracks helps to preventinfestation.
Harvesting Irvingia gabonensis fruits are
mostly gathered from the ground around each
tree, or harvested by climbing whenthetree is
not too tall. The next step consists of extracting
kernels from seed, which is split in halves with
a cutlass, and the kernel is removed with the
help of a knife. The kernels are then dried in
the sun or on bamboo drying racks over the
fireplace in the kitchen.
Yield In Onne (Nigeria) 12-year-old trees
have yielded 1060 fruits (180 kg) per tree, but
in drier areas yields are much lower. Good
kernelyields are about 100 kg/tree.
Handling after harvest The preparation of
‘dika bread’ consists of drying, roasting and
grinding or pounding the kernels. The paste
obtained is put in a containeror ‘cake tin’ and
left to cool for a few hours. Once solid, the cake
is removed from the container and is ready for
use. If well dried, it can be stored for more than

a year. Sometimes women placea tin below the
grid on which the dika cakeis stored, to collect
the oil that drips from it. In Gabon ‘dika bread’
is marketed in cakes of 100-5000 g. Oil is extracted by boiling the ground kernels and
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scoopingoff theoil.
Genetic resources Three centres of genetic
diversity in Irvingia gabonensis have been
identified: southern Cameroon, south-eastern

Nigeria and central Gabon. Germplasm collections madein thedistribution rangeof Irvingia
gabonensis have led to the creation of gene
banks in Cameroon and Nigeria by ICRAF and
its collaborative partnersin the region.
Irvingia gabonensis is fairly widespread. It
does not seem to be in danger of genetic erosion. It is classified in the IUCN Red List as a
lower risk species, but being close to the qualification ‘vulnerable’
Breeding Assessment of the variation in
tree characters among planted trees in southwestern Cameroonindicates that farmers have
traditionally selected for large fruit and kernel
size and easy extractability. ICRAF has started
a systematic programme of domestication of
Irvingia gabonensis. This programme utilizes
the variability by selecting trees with desirable
traits and propagating them, while keeping a
broad genetic base. A clonal approach aimed at
cultivar development has been adopted. An
assessment of the variability in fruits and kernel traits was made andtrees were selected on
the basis of desired fruit characteristics. Studies are in progress for the development of
methods of marcotting and grafting Irvingia
gabonensis to capture desired traits in domesticating this species.
Prospects Kernels of Irvingia gabonensis
are widely traded domestically and between
countries in West and Central Africa, indicating that demandis likely to increase. Domestication of this species offers great opportunity
for the sustainability of production. The development of methods of transformation and
preservation of the product will further add
value and expandits market.
Major references Atangana et al., 2001;
Ayuket al., 1999b; Harris, 1993; Harris, 1996;
Leakey et al., 2000; Leakey et al., 2005; Lowe
et al., 2000; Ndoye, Ruiz-Pérez & Eyebe, 1998;
Richter & Dallwitz, 2000; Shiembo, Newton &
Leakey, 1996.
Other references Adamson, Okafor & Abu-

lenave, 1971; Tabuna, 1999; van Dijk, 1997.
Sources ofillustration Harris, 1996; Wilks
& Issembé, 2000.
Authors Z. Tchoundjeu & A.R. Atangana

ISOBERLINIA ANGOLENSIS (Welw. ex Benth.)

Hoyle & Brenan
Protologue Kew Bulletin 4(1): 78 (1949).
Family Caesalpiniaceae (Leguminosae- Caesalpinioideae)
Origin and geographicdistribution [soberlinia angolensis occurs from southern DR Congo to Tanzania, Malawi, Zambia and Angola; it
has also been recorded from southern Sudan.
Uses The wood of Isoberlinia angolensis,
known as “‘mutondo’, is suitable for heavy construction and flooring, interior trim, vehicle

bodies, railway sleepers, poles, furniture and
ladders. It is also used as firewood and for
charcoal production. In Zambia the wood is
used for mine props and the charcoal in smelting copper.

Painted fruits are sold in the curio trade. In
Angola a tea from the root is drunk against
persistent cough, while bark and leaves are
used in the treatment of wounds. In Zambia
pounded leaves and twigs are added to drinking waterof chicken against Newcastle disease.
In Angola the bark is occasionally used for
tanning in leather production. The flowers are
rich in nectar and are much visited by honey
bees. Edible caterpillars can be collected from
the leaves.
Production and international trade The
woodis only used and tradedlocally.
Properties The heartwoodis pinkish brown,

Bakare, 1986; Akubor, 1996; Atangana et al.,
2002; Burkill, 1994; Chudnoff, 1980; Dudu,

Okiwelu & Lale, 1998; Ejiofor, Onwubuke &
Okafor, 1987; Giami, Okonkwo & Akusu, 1994;

Harris, 1999; InsideWood, undated; Kang,
Akinnifesi & Ladipo, 1994; Okafor, 1975;
Okafor & Ujor, 1994; Okolo et al., 1995; Omokolo, Fotso & Mbouna, 2004; Platt, 1962; Sal-
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sometimes with a grey hue, and not always
distinctly demarcated from the paler, up to 2.5
cm wide sapwood. The grain is wavy or interlocked, texture coarse. The wood is quite heavy,
with a density of about 820 kg/m? at 12% moisture content, and hard. It air dries slowly with
a moderate tendency to distortion and surface
checking. The shrinkage rates are moderate,
from green to oven dry about 5.6% radial and
6.9% tangential. The wood is difficult to work
with handtools, but moderately easy with machine tools. It has a considerable blunting effect on tool edges. The grain has a tendency to
pick up upon planing; a 20° cutting angle is
recommended. A filler is needed to get a
smooth finish. The wood glues well, but is not
suitable for moulding or turnery. It is moderately durable, being liable to attacks by termites, Lyctus borers and marine borers. The
heartwood and inner sapwood are resistant to
impregnation with preservatives, the outer
sapwood is permeable.
A seed sample from Zambia contained 3% oil.
Botany Shrub or small to medium-sized tree
up to 20 m tall; bole branchless for up to 7 m,

up to 50(-100) cm in diameter; bark surface
fissured and scaly, grey to brown; crown
rounded, with spreading branches. Leavesalternate, paripinnately compound with 3—4(-5)
pairs of leaflets; stipules fused, caducous; peti-

ole and rachis together 6.5—25 cm long; leaflets
opposite, ovate to elliptical or oblong, (4—)7—19
cm X 2-8 cm, cuneate to rounded at base, acute

to obtuse or notched at apex, glabrous to shorthairy below, pinnately veined with (8-)11-16
pairs of lateral veins. Inflorescence a terminal
or axillary panicle up to 18 cm long, muchbranched with ultimate branches 3-8 cm long,
brown short-hairy; bracts 3-4 mm long. Flowers bisexual, nearly regular, 5-merous, whitish;

pedicel up to 4(-15) mm long, with 2 thick
bracteoles 1-1.5 cm long, finely hairy; sepals
narrowly triangular, 5-7 mm long; petals nearly equal but one slightly broader and 2-lobed,
obovate to oblong, 7-12 mm long; stamens 10,

free, c. 2 cm long ; ovary superior, hairy, with
stipe, 1-celled, style slender. Fruit an oblong,
often curved pod 19-35 cm Xx 6-8 cm, with fine
transverse streaks, brown short-hairy to gla-

the Sudanian and Zambezian woodlands, but
one species, Isoberlinia scheffleri (Harms ex
Engl.) Greenway, in rainforest in eastern Tanzania. It is called ‘mbarika’ in Swahili and
closely resembles Isoberlinia angolensis, but it
is a large, evergreen tree up to 45 m tall with
straight but often buttressed and fluted bole.
Its reddish brown wood is fairly heavy, with a
density of 740-830 kg/m? at 12% moisture content, and hard, but susceptible to termites and

borers which limits its use; it is used for tool
handles, as firewood and for charcoal produc-

tion. Formerly the fruit valves were used as
shoe soles. Isoberlinia scheffleri is classified in
the IUCN Red List as vulnerable.
Ecology Jsoberlinia angolensis occurs in deciduous woodland and open forest on gravelly,
lateritic or muddy soils, often gregariously,
sometimes dominant or co-dominant, at 600—

2100 m altitude.
Management Seed damage caused by beetle
larvae before dispersal of the seed can be very
high; predation rates of 85% have been observed in Zambia, but were much lower in

years with high seed production. Germination
can be improved by soaking seed in hot water.
Wildlings are sometimes collected for planting.
On coppicing, Lsoberlinia angolensis produces a
high number of shoots, indicating a good recruitment potential. Trees respond well to pollarding and lopping. Care should be taken during felling because boles are often hollow. In
Zambia bark harvesting for medicinal purposes
caused severe deterioration of the wood, displaying extensive tissue discoloration, increased insect infestation and profuse gum
exudation. Covering the wound site with mud
considerably protected the trees from wood
deterioration.
Genetic resources and breeding [soberlinia angolensis is widespread and locally
common. There are no indications that it is in
danger of genetic erosion.
Prospects Isoberlinia angolensis will remain a locally important source of timber,
firewood and charcoal. Systems for the sustainable management of the woodlands in
whichit occurs need to be developed.
Major references Brenan, 1963; Brenan,

1967; Brummitt et al., 2007a; Chilufya &

brous, dehiscent with 2 woody valves, fewseeded. Seeds rounded, flat.

Tengnäs, 1996; Malaisse, 1997.

Isoberlinia angolensis is variable and 3 varieties have been distinguished. It has been much
confused with Isoberlinia tomentosa (Harms)
Craib & Stapf.
Isoberlinia comprises 5 species and occurs in

Other references Baerts & Lehmann, 2012;
Bryce, 1967; Chidumayo, 1994; Chidumayo,
1997; Chungu et al., 2007; Gunstone et al.,
1968; Handavu, Syampungani & Chisanga,
2011; Lovett, Ruffo & Gereau, 2003; van
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Vuuren, Banks & Stohr, 1978; Wilczek et al.,

1952.
Authors L.P.A. Oyen

ISOBERLINIA DOKA Craib & Stapf
Protologue Bull. Misc. Inform. Kew, Add.
Ser. 9: 267 (1911).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Doka (En). Doka, sau
(Fr).
Origin and geographic distribution [soberlinia doka occurs in a wide, more or less continuousbelt from Mali and Guinea eastward to
northern DR Congo, Sudan and Uganda; its
range does not extend south of the equator.
Isoberlinia doka woodlands are estimated to
cover close to 20 million ha in WestAfrica.
Uses The wood of Isoberlinia doka, called
‘abogo’ or ‘sau’ in trade, is used for joinery, furniture and cabinet work. Traditionally, it is
also used for posts, poles, handicrafts and agricultural implements. It is suitable for light
construction, flooring, panelling, moulding,
ship building, railway sleepers, boxes, crates,
veneer and pulpwood. As there are no physical
differences between the heartwood and the
very wide sapwood, the latter can be used just
like the heartwood after treatment with preservatives. The wood is widely used for fuel or
made into charcoal.
Woodashis used in soap making. The inside of
the fruits is used to scour earthenware pots.
Several parts of the tree have traditional medicinal uses. In Benin a decoction of young
leafy shoots enters into a potion or bath

against convulsions; gum from branches is
used to treat abscesses and purulentinfections.
In Côte d'Ivoire the bark is used to treat fever
including malaria, as well as body pain; in
Ghana a bark decoction is used to clean skin
wounds. The bark is also used as vermifuge. In
Mali a leaf decoction is used as a wash by
women against infertility. A preparation from
the roots and leaves is used against jaundice.
Isoberlinia doka is a host of wild silk worms,
especially of the butterflies Anaphe moloneyi
and Gastroplakaeis rufescens, and its flowers
are visited by honey bees. In northern Ghana
the leaves are used as fixative when dyeing
nails with henna.
Production and international trade The
wood of Isoberlinia doka is mainly used and
traded locally. The silk of Anaphe moloneyi is
of high quality and considerable quantities
have been exported from Nigeria before 1940.
Properties The heartwoodis pinkish brown
to reddish, mottled with irregular grey-purple
veins; it is distinctly demarcated from the greyish to silvery or white sapwood, which is 3-7
cm wide and makes up about 40% of the bole
volume. The grain is often distinctly interlocked and uneven, texture moderately coarse.
The wood is medium-weight to fairly heavy,
with a density of 690-850 kg/m* at 12% moisture content. Drying of the woodis difficult and
should be done with great care. In southern
Côte d'Ivoire, boards of 3.5 cm thick and with
an initial moisture content of 71% took nearly
5 months to air dry under cover to stabilize at
16% moisture content. Drying defects include
end splitting or longitudinal cracks over the
total length of flat-sawn boards, as well as surface checking and case hardening. The shrinkage rates are moderate, from green to oven dry
3.5-4% radial and 7.5% tangential. Once dry,
the wood is moderately stable in service.

At 12% moisture content, the modulus of rupture is 80-118 N/mm?, modulus of elasticity
7060-9900 N/mm?, compression parallel to
grain 36-57 N/mm?, shear 7.5 N/mm?, cleavage

Isoberlinia doka — wild

16-24 N/mm and Chalais-Meudon side hardness 3.8. The wood is brittle. It is fairly easy to
work with hand or machine tools. In planing
and turnery, some picking up is observed due
to the interlocked grain, but the wood can get
an attractive surface after sanding. It nails and
screws well, but there is a tendency to split. It
glues well.
The heartwood is moderately resistant to termites, pinhole borers and marine borers. The
sapwood is easily attacked by fungi causing
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blue stain and by borers. The heartwood is
resistant to impregnation with preservatives,
the sapwood moderately resistant.
Young shoots and leaves of Isoberlinia doka
constitute part of the food of antelopes, but are
not palatable to cattle.
Adulterations and substitutes The wood
of Isoberlinia doka is similar in characteristics
to the wood of ‘melegba’ (Berlinia confusa
Hoyle) and ‘pocouli’ (Berlinia occidentalis
Keay) and might be commercialized in mixed
consignments with these twospecies.
Description Small to medium-sized tree up
to 25 m tall; bole branchless for up to 12 m but
more often only for 4-6 m, straight and cylindrical or twisted, up to 75 cm in diameter,
sometimes more; bark surface smooth in young
trees, later flaking off in large scales, inner
bark red; crown fairly narrow and open; twigs
grey-brown hairy, becoming glabrous. Leaves
alternate, paripinnately compound with (2-)3(—
4) pairs of leaflets; stipules c. 2.5 cm xX 2 cm,
more or less fused at base, usually caducous;

petiole 6-12 cm long, rachis 10-25 cm long;
petiolules c. 1 cm long; leaflets opposite, ovateelliptical, slightly asymmetrical, 6-25 cm x 3—

Isoberlinia doka — 1, leaf; 2, part of flowering
twig; 3, flower; 4, fruit.
Redrawn and adapted by W. Wessel-Brand

13 cm, base usually rounded, apex obtuse to
short-acuminate, leathery, glabrous, pinnately
veined with 6-17 pairs of lateral veins. Inflorescence a terminal or axillary panicle 10-18(-—
30) cm long, soon glabrous, many-flowered.
Flowers bisexual,

nearly regular,

5-merous,

whitish; pedicel up to 2 mm long, with 2 thick
bracteoles c. 1 cm long, finely hairy on both
sides; sepals narrowly triangular, 6-7 mm
long; petals nearly equal but one slightly
broader, oblong, 7-13 mm long; stamens 10,
free, c. 2 cm long ; ovary superior, hairy, with
stipe, 1-celled, style slender, longer than stamens. Fruit an oblong pod 15-30 cm x 5-8 cm,
brown, with fine transverse streaks, initially

short-hairy but becoming glabrous, dehiscent
with 2 woody valves, c. 4-seeded. Seeds rounded, flat.
Other botanical information Isoberlinia
comprises 5 species and occurs in the Sudanian
and Zambezian woodlands, but one species in
rainforest in eastern Tanzania.
Isoberlinia tomentosa (Harms) Craib & Stapf
(synonym: Isoberlinia dalzielii Craib & Stapf)
is a small to medium-sized tree up to 18 m tall
with bole up to 80 cm in diameter, occurring
from Guinea and Mali eastward to Sudan in
wooded savanna together with /soberlinia
doka, and southward to Tanzania, Malawi and
Zambia in Brachystegia woodland. Its wood
resembles that of Jsoberlinia doka and used for
similar purposes, e.g. for posts, planks, joinery
and furniture. In Burkina Faso the leaves are
eaten as vegetable and in various sauces,
whereas the bark is used in the treatment of
sores. The bark also enters into medicines
against stomach problems andis used in Nigeria in the preparation of arrow poison.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
46: < 5 vessels per square millimetre; (47: 5-20
vessels per square millimetre). Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
79: axial parenchyma vasicentric; 80: axial
parenchyma aliform; 81: axial parenchyma
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lozenge-aliform; 83: axial parenchyma confluent; 86: axial parenchyma in narrow bands or
lines up to three cells wide; 89: axial parenchyma in marginal or in seemingly marginal
bands; 92: four (8-4) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
106: body ray cells procumbent with one row of
upright and/or square marginalcells; 115: 4-12
rays per mm; 116: > 12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchyma cells.
(F.D. Kamala, P.E. Gasson & E.A. Wheeler)
Growth and development Zsoberlinia doka
trees may first flower when they are 2-3 m
tall. Flowering occurs in the dry season, in
Cote d'Ivoire and Nigeria in January—February
(-March), and the fruits dehisce around July.
Seeds are dispersed by the explosive opening of
the fruit and most of them germinate close to
the mother tree. Germination starts quickly. A
taproot of 25-30 cm quickly develops together
with the sprouting of the very slow-growing
plumule. After 6 months the stem is only about
5 cm long and has single pair of leaves, and
one year later it is 10-15 cm long. In case of
fire at this juvenile stage, a new shoot immediately replaces the one that has been destroyed.
When seedlings are 100-200 cm tall, they become resistant to the passage of light fires.
Only about 1% of the seedlings reach this
stage. Damaged stems do not fully recover and
develop mouldy spots up to 2-8 m above the
ground. The developmentof a bole takes several years. After disturbances, trees produce numerous suckers.
In plantations Isoberlinia doka also has slow
initial growth. In Côte d'Ivoire 4.5-year-old
plants were on average only 130 cm tall and
elsewhere plantation trees reached a height of
2 m after 6 years. Thefirst years after planting
seem to be little more than an establishment
phase, but later growth is faster and in mature
populations the increment in bole diameter can
reach up to 1 cm per year. In Nigeria it has
been observed that, although the tree keeps its
leaves during the dry season, the bole does not
continue to grow in diameter and even thatit
may slightly shrink.
Ecology Isoberlinia doka grows in a zone
receiving on average 900-1500 mm annual
rainfall, at altitudes of 100-1200 m. It is a gregarious pioneer species that occurs in clumps
or in large groups, in pure stands or mixed
with other leguminous trees; it never occurs

dispersed. Isoberlinia doka woodlands are the

northern equivalent of the miombo woodlands
of the Zambezian region in southern Africa.
While Jsoberlinia doka is the characteristic
species of these formations, it is often associated with Uapaca togoensis Pax, Daniellia oliveri
(Rolfe) Hutch. & Dalziel, Burkea africana Hook.,
Erythrophleum africanum (Welw. ex Benth.)
Harms, Diospyros mespiliformis Hochst. ex
A.DC., Monotes kerstingii Gilg and Prosopis
africana (Guill. & Perr.) Taub. In this vegetation, the woody cover represents in general
over 50% of the vegetation, and the herbaceous
cover is dominated bytall, more or less shadetolerant, perennial grasses, such as Andropogon tectorum Schumach. & Thonn. and Pennisetum unisetum (Nees) Benth. Intact wood-

lands of this type have unfortunately become
increasingly rare as a result of clearing for
agriculture.
Isoberlinia doka is a hardy, undemandingspecies colonizing all types of soil, except hard
pans, crusted soils, rocky outcrops and areas
subject to flooding. The roots havedifficulty in
penetrating hardened ferruginous horizons,
which leads to superficial rooting, but the roots
can penetrate compact gravelly horizons. I[soberlinia doka may grow in very poor sites and
may survive fires, land clearing and erosion
due to abundant suckering. In the Central African Republic it prefers well-drained, red or
ochre, ferralitic soils, whereas it is replaced by
Monotes kerstingii on rocky soils. In northern
Côte d'Ivoire and Nigeria, it has been reported
that seeds germinate readily in well-drained
loamy soils, but not in shallow sandy soils on
clay where Terminalia avicennioides Guill. &
Perr. grows, which may explain the strict segregation of the two species. Isoberlinia doka is
associated with several species of ectomycorrhizae, including Scleroderma spp.
Propagation and planting The seeds of
Isoberlinia doka, about 400 per kg, are recalcitrant; they germinate soon after dispersal or
lose viability. In a test in Burkina Faso seeds
lost 40% of their viability after 3 weeks, and
they lost viability completely within 5 weeks of
storage at ambient temperature of 30°C. In
Togo regeneration of Isoberlinia doka and Isoberlinia tomentosa takes place through seedlings (82% of the observed cases), by coppice
shoots (11%) or by suckers (57%). Most suckers
are concentrated under the crown of the tree,
but some may appear at more than 10 m distance. Suckering is the main modeof regeneration in cultivated areas, whereas seedlings are
predominantin undisturbed forest.
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In Nigeria it has been observed that bush fires
early in the dry season strongly reduced the
regeneration of Isoberlinia doka, whereas late

fires led to rapid degeneration of the whole
vegetation. However, deep ploughing after
felling strongly increased regeneration, mainly
by suckers. In Côte d'Ivoire, after protecting an
Isoberlinia woodland (480 stems per ha with
more than 7 cm diameter of which 141 Jsoberlinia stems) for 3 years against fires, 105 Isoberlinia seedlings and 905 coppice shoots per
ha were counted, including those on stumps
with less than 1 cm diameter derived from
seedlings or suckers damagedbypreviousfires.
Three years after clear felling, 250 seedlings,
1590 coppice shoots and 570 suckers were
counted per ha.
The growingof young plants in the nursery is a
delicate process, because the roots have to be
trimmed regularly. Transplanting is easy with
a high rate of success, but the establishment
period in thefield is long, the young trees only
measuring about 15 cm tall after 20 months.
Management The young treesare easily cut
during weeding operations in the plantation.
Isoberlinia doka is well adapted to coppicing.
Diseases and pests The deformations caused
by fires in young trees become apparent in
adult trees as a wet rot of the heartwood,
sometimes over a length of 2-3 m.
Harvesting Boles of Isoberlinia doka studied in Côte d'Ivoire were fairly straight, without ridges or buttresses. They are in general
without knots, but often have more or less pronounced flat spots and an excentric heart in
the upper part of the bole. At felling, a bloodlike liquid exudes from between the sapwood
and the heartwood, which disappears during
drying. The presence of bands of traumatic
gum channels of variable width has often been
noted.
In Benin a minimum bole diameter of 55 cm for
felling Isoberlinia doka trees is recommended;
this allows the recovery of 30% of the felled
area in 15 years. Isoberlinia doka is the most
abundant timber tree in northern Côte d'Ivoire.
Forestry development plans recommend its
harvesting with a cutting cycle of 80 years,
whereas the minimum age for felling is estimated at 60 years with a minimum bole diameter of 40 cm.
Yield In Bahr el Ghazal, South Sudan, 42
m*/ha of marketable wood (roundwood, poles,
small sawn wood) was harvested by felling
boles with a diameter above 30 cm in a dense
dry Isoberlinia doka forest. In Benin mature

Isoberlinia woodlands have a ground surface
varying from 7.5 to 36.5 m?/ha depending on
soil fertility. In Côte d'Ivoire on average 4.4
trees with a bole diameter of more than 40 cm
have been counted per ha, representing for
Isoberlinia alone a volume of 4.1 m*/ha of logs
and 6.8 m%/ha of fuelwood and service wood.
Wood volume tables in Côte d'Ivoire showed
that a tree with a diameter at breast height of
40 cm anda total height of 17 m represents on
average a wood volume of 1.4 m3 of which 0.6
m3 of log wood; a tree with a diameter of 50 cm
and a height of 20 m has a wood volume of 2.6
m? of which 0.9 m? of log wood; a tree with a
diameter of 70 cm and a height of 23 m represents a wood volumeof 5.2 m3 of which 1.6 m3
of log wood.
An abandonedfield in Nigeria completely protected from fire for 10 years led to trees 3-4.5
m tall; after subsequent use of bush fires in the
early dry season for 10 years a dense stand of
Isoberlinia doka developed, with trees 9-10.5
m tall and 13-25 cm in bole diameter, inter-

spersed with some trees of Khaya senegalensis
(Desr.) A.Juss. of comparable size. The harvestable volume of fuelwood was estimated at
60 m3per ha or 3 m3perhaperyear.
The wood yield at sawing after removal of the
bark is about 52% of the bole volume including
the sapwood and 31% for the heartwood alone.
Handling after harvest The main problem
of felled trees is discoloration of the sapwood by
blue stain, caused by fungi of the genus Lasiodiplodia. Black spots, caused by ambrosia
beetles are also a common problem. To protect
the logs against fungi and insects attacking the
sapwood after felling, it is necessary to treat
them with a preservative without delay, to
avoid the removal of bark and to minimize the
period between felling and sawing. It is recommended to treat sawn wood immediately
with an fungicidal and insecticidal solution.
Rapid and thorough drying will also help to
reduce the deterioration caused by fungi.
Genetic resources Although Isoberlinia doka forests are increasingly cleared for agriculture, they remain common. Isoberlinia doka
occurs, for example, in many sacred forests in
northern Céte d’Ivoire, where it is one of the

dominant species, if not the single dominant
one. The abundant regeneration of the species
ensures that the genetic diversity is not endangered.
Breeding To date, not a single study of the
genetic diversity seems to have been done.
Prospects Well-managed Isoberlinia wood-
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lands can have a bright economic future and
may contribute to increased income for the
local population. It is imperative to suppress
bush fires in order to facilitate abundant regeneration by coppice shoots, suckers and seedlings, and to avoid that young plants are damaged by the fire and become unable to yield
later high-quality timber due to bole damage
and subsequentwet rot of the heartwood.
Research on thesilviculture of natural stands
and plantations is warranted because Isoberlinia doka is the most common timber species
in its native range, representing considerable
economic and ecological interests. It is equally
important to know its genetic diversity and to
undertake selection and breeding for rapid
juvenile growth andfor straight and long boles,
in order to provide the local markets with timber. The pharmacology of the species would
also deserve to be better documented.
Major references Ahoba, Edi & Coulibaly,
1994b; Anonymous, 1958; Aubréville, 1950;
Bationo et al., 2005; Bellefontaine, Gaston &

Petrucci, 1997; Brenan, 1963; Kemp, 1963;
Louppe, 2000b; Louppe, M’Bla & Coulibaly,
1992; McComb & Ogigirigi, 1970.
Other references Affoué, 1995; Ahoba, Edi
& Coulibaly, 1994a; Ahoba, Edi & Diby, 1995;
Audru, 1977; Bamba, 1993; Bolza & Keating,
1972: Boulvert, 1980; Dourma et al., 2006;
Dourma et al., 2009; Fonton & Sagbo, 2004;
Golding, 1942; Kakai & Sinsin, 2009; Musa,
1979; Neuwinger, 1996; Ogigirigi & Igboanugo,
1985; Sallenave, 1955; Sallenave, 1964; Sokpon
et al., 2006; Takahashi, 1978; Thiel et al., 1993.

Sources of illustration Aubréville, 1970;
Geerling, 1982; Keay, 1989.
Authors D. Louppe

Isolona hexaloba — wild
treat abdominal pain, constipation and
wounds.
Production and international trade The
timber of Isolona hexaloba is probably only
used locally and not traded on the international market. The bark is regularly sold on local
markets, e.g. in Yaoundé (Cameroon), where in
2000 the price was on average 1500 FCFA/kg.
Properties The heartwood is creamy white,
and indistinctly demarcated from the white
sapwood, which becomes reddish upon exposure. The bisbenzylisoquinoline alkaloids curine and cycleanine have been isolated form the
root bark. Both compounds showedsignificant
trypanocidal activity in mice infected with
strains of Trypanosomacruzi, a protozoan causing Chagas’ disease. The sesquiterpene derivative cazolobine hasalso been isolated from the
roots.

Botany Medium-sized tree up to 30 m tall;
bole branchless for up to 25 m, deeply fluted,
ISOLONA HEXALOBA(Pierre) Engl.
Protologue Engl. & Prantl, Nat. Pflanzenfam., II-IV Nachtr. 1: 161 (1897).

Family Annonaceae
SynonymsIsolona bruneelii De Wild. (1909),
Isolona seretii De Wild. (1909).
Origin and geographic distribution /solona
hexaloba occurs from eastern Ghanaeast to the
Central African Republic, and south to DR
Congo and the extreme northern part of Angola.
Uses In DR Congo the wood is used for
shields. Pieces of wood serve as torches. In
traditional medicine the bark is used as purgative and bark decoctions are administered to

up to 60-100) cm in diameter; bark surface

smooth to fissured, grey to greenish brown,
inner barkfibrous, yellowish, becoming reddish
upon exposure, with blackish outer layer and
aromatic smell; twigs glabrous. Leaves alternate, simple and entire; stipules absent; petiole
2-4 mm long, grooved; blade ovateto elliptical,
7.5-30 cm X 2.5-11.5 cm, cuneate at base,

acuminate at apex, leathery, glabrous, pinnately veined with 8-16 pairs of lateral veins.
Flowers usually solitary in the leaf axils, bisexual, regular, 3-merous, pendulous, sweetscented; pedicel 1—2.5(—3) cm long; sepals free,
elliptical to triangular, 1-4 mm long,slightly
hairy at margins; corolla tube 4—10 mm long,
lobes 6, elliptical to ovate, 0.5-2.5 cm long,
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fleshy, spreading, glabrous, white or yellowish
becoming dark red; stamens numerous, c. 2

mm long, anthers sessile; ovary superior, ovoid
to ellipsoid, c. 1 mm long, 1-celled, glabrous,
stigma head-shaped, 2-lobed. Fruit a broadly
ovoid to conical, non-dehiscing capsule 3-8 cm
x 2.5-5 cm, wall 3-4 mm thick, irregularly
ribbed and lumpy,glabrous, pale green becoming purple-red when mature, many-seeded.
Seeds ellipsoid, 8-15 mm x 4-6 mm, slightly
rough, pale brown, with ruminate endosperm.
Flowers and fruits can be found throughout the
year. Pollination of the flowers is probably by
insects, possibly beetles. The fruits are possibly
eaten by large mammals such as gorillas,
chimpanzees and elephants, which may serve
as seed dispersers.
Isolona comprises about 20 species and is limited to the forest zones of West, Central and
East Africa, but it occurs also in Madagascar
with 5 endemicspecies. It is most closely related to Monodora, which has the same fruit
structure but differs in its larger, multicoloured flowers with differentiated outer and
innercorolla lobes.
Isolona congolana (De Wild. & T.Durand) Engl.
& Diels is a small to medium-sized tree up to
20(—80) m tall with bole up to 45 cm in diameter, occurring from western Cameroon east to

western Uganda. It seems related to Isolona
hexaloba, but its twigs, young leaves and flowers are short-hairy. Its rather soft wood is used
for joinery. In DR Congo an infusion of the inner bark is used as wash to treat eye complaints. Crushed seeds have been used as soap.
Isolona thonneri (de Wild. & T.Durand) Engl.
& Diels is a small tree with bole up to 25 cm in
diameter, occurring from southern Nigeria east

ered a timber tree of commercial importance,
and this will probably remain so becauseof the
deeply fluted bole.
Major references Boutique, 1951; Couvreur, 2008; Fournet et al., 1997; Vivien &
Faure, 1985; Wilks & Issembé, 2000.
Other references Adjanohoun et al. (Editors), 1988; Betti, 2002; Burkill, 1985; Hawthorne & Jongkind, 2006; Keay, 1989; le
Thomas, 1969; Neuwinger, 2000; Normand &
Paquis, 1976; Terashima & Ichikawa, 2003.

Authors R.H.M.J. Lemmens

ISOMACROLOBIUM EXPLICANS(Baill.) Breteler

Protologue Syst. Geogr. Pl. 78: 143 (2008).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Macrolobium heudelotii Planch. ex
Benth. (1865), Anthonotha explicans (Baill.)
J.Léonard (1955), Triplisomeris explicans (Baill.)
Aubrév. & Pellegr. (1958).
Origin and geographic distribution [somacrolobium explicans occurs in Guinea, Sierra
Leone and Liberia.
Uses In Liberia the wood is used for planks.
Split twig ends are used as tying material for
sheaves and in hut building. The seeds are
sometimes eaten in times of food shortage.
Properties The heartwood is dull purplish
brown, often streaked; sapwood pale brown.
The grain is fairly straight, texture moderately
fine. The wood is heavy, hard, tough and
strong. It is easy to cut, finishes smoothly and
is durable.
Dried seeds contain per 100 g: water 8.0 g, energy 1523 kJ (364 kcal), protein 5.1 g, fat 7.0 g,

to DR Congo. It is characterized by its long and
narrow, glabrous corolla lobes. The wood is
reportedly hard and used for construction and
for making xylophones.
Ecology Isolona hexaloba occurs in evergreen and semi-deciduousforest, in primary as
well as secondary forest, up to 700 m altitude.
It is often found alongrivers.
Management In Cameroon the mean number of Isolona hexaloba trees with boles above
15 cm diameter has been recorded as 1.3/ha,

with a mean wood volumeof 1.9 m3/ha.
Genetic resources and breeding Jsolona
hexaloba is widespread in Central Africa and is
locally common, also in protected areas. It is
therefore considered not to be threatened by
genetic erosion at present.
Prospects Isolona hexaloba is not consid-

Isomacrolobium explicans — wild
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carbohydrate 83.6 g, fibre 4.1 g, Ca 322 mg and
P 119 mg.
Botany Small to medium-sized tree up to
20(-83) m tall; bole often short and twisted, up

1968; Normand & Paquis, 1976.
Authors R.H.M.J. Lemmens

to 60 cm in diameter, often with low buttresses;

JULBERNARDIA PELLEGRINIANA Troupin

inner bark fibrous, pinkish brown; twigs glabrous to short-hairy. Leaves alternate, paripinnately compound with 2-4 pairs of leaflets;
stipules ovate-triangular, 1—-1.5 mm long;petiole 1-4 cm long, rachis 5—12(—20) cm long; petiolules 2-6 mm long; leaflets opposite, elliptical, (6-)8-15(-20) cm Xx 3—6(-9) cm, acuminate

at apex, leathery, glabrous to slightly hairy
below, pinnately veined with 4-8 pairs oflateral veins. Inflorescence an axillary or terminal, pendulous panicle up to 40(—70) cm long,
with short raceme-like branches, short-hairy.
Flowers bisexual, zygomorphic, pale yellow,
fragrant, with 2 elliptical to obovate bracteoles
5-6 mm long at base; pedicel 0.5-1 cm long;
sepals 4, ovate-elliptical to oblong, 5-7 mm
long, glabrous, 1 slightly 2-lobed; petals 5, free,
glabrous, 3 obovate and 6-8 mm X 3-5 mm,

notched at apex, 2 strap-shaped to ovateelliptical; stamens 9(—10), 3 large, 10-17 mm
long, 6(—7) rudimentary and c. 1 mm long; ovary superior, 2-4 mm long, hairy, 1-celled, style
glabrous. Fruit an oblong pod 13-16 cm Xx 5-6
cm, short-hairy, transversely veined, dehiscent
with 2 thin spiralling valves, 2—3-seeded. Seeds
nearly quadrangular, up to 4 cm X 38.5 cm,
smooth, brown.
Isomacrolobium comprises about 12 species
and is distributed in West and Central Africa.
It has been united with Anthonotha in the
1950s, but recently it has been separated as a
distinct genus again. Anthonotha s.s. differs
from Isomacrolobium in its single well-developed, 2-lobed petal and inits leaflets being densely hairy below.
Ecology Isomacrolobium explicans occurs in
semi-deciduous forest and savanna woodland
up to 500 m altitude.
Genetic resources and breeding There is
no reason to consider Isomacrolobium explicans
as threatened. However, the species is poorly
knownand its conservation status needs clarification.
Prospects Isomacrolobium explicans will
remain a timber tree of minor importance because of its usually small and twisted bole.
Major references Breteler, 2008b; Cooper
& Record, 1931; Hawthorne & Jongkind, 2006;
Voorhoeve, 1979.
Other references Aubréville, 1959b; Burkill,
1995; Busson, 1965; Leung, Busson & Jardin,

Protologue Bull. Jard. Bot. Etat 20: 311
(1950).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Paraberlinia bifoliolata Pellegr.
(1943).
Vernacular names Beli, awoura(Fr).
Origin and geographicdistribution Julbernardia pellegriniana is distributed in Cameroon, Equatorial Guinea, Gabon, Congo and
western DR Congo.
Uses The wood, traded as ‘beli’, ‘ekop’ or
‘awoura’, is especially suitable for cabinet
work, joinery and sliced veneer. It can also be
used for light construction, light flooring, interior trim, stairs, ship and boat building, vehicle
bodies, ladders, sporting goods, toys, novelties,
agricultural implements, handles and carvings.
Production and international trade According to ATIBT statistics, Gabon exported 3400
m® of ‘bel’ logs in 1991 and the export increased to 28,500 m3 in 1999, in which year

‘bel’ ranked 9th of the most important export
timbers of Gabon. Gabon exported 37,000 m3 of
‘belt’ timber in 2000, 47,000 m3 in 2001, 49,500
m3 in 2002, 34,500 m3 in 2008, 30,500 m3?in
2004 and 24,000 m? in 2005.

Properties The heartwood is pale to dark
brownandis distinctly demarcated from the up
to 15 cm wide, pale yellow sapwood. The grain
is straight or interlocked, texture medium to
coarse. The wood is lustrous. Quarter-sawn

Julbernardia pellegriniana — wild
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surfaces have alternating darker and paler
bands.
The wood is medium-weight to fairly heavy,
with a density of 670-860 kg/m? at 12% moisture content. It air dries slowly but satisfactorily if carefully stacked. Mould may cause discolouration during drying. The shrinkage rates
are rather high, from green to oven dry 3.3—
5.7% radial and (6.9—)8.5-10.6% tangential.
Once dry, the wood is moderately stable to unstable in service.
At 12% moisture content, the modulus of rupture is (128-)158-212 N/mm?, modulus of elasticity (11,500—)13,300-18,900 N/mm?, compres-

sion parallel to grain 61—74 N/mm’, shear 10—
16.5 N/mm’, cleavage 19-34 N/mm and
Chalais-Meudonside hardness (3.0—)5.2—7.7.
The wood saws easily and works fairly well
with hand and machine tools, with slight
bluntingeffects. During moulding andplaning,
some tearing may occur, but a good finish is
possible when the cutting angle is reduced to
15-20°. The nailing and screwing properties
are good, but pre-boring is recommended. Iron
may stain the wood. The wood polishes, varnishes and glues satisfactorily, and slices well.
The heartwood is moderately durable, being
resistant to attacks by dry-wood borers and
moderately resistant to attacks by fungi and
termites, but the sapwood is susceptible to Lyctus attack.
Description Medium-sized to large tree up
to 45 m tall; bole branchless for up to 20 m,
straight or slightly curved, cylindrical, up to

Julbernardia pellegriniana — 1, base of bole; 2,
leaf; 3, inflorescence; 4, flower; 5, fruit.

Redrawn and adapted by G.W.E. van den Berg

200 cm in diameter, with thin buttresses up to

mm longstipe, style 6.5—-9.5 mm long. Fruit an
oblong to slightly obovoid pod 8-16 cm x 3.5—
4.5 cm, strongly flattened, with short stipe and
a longitudinal ridge near upper suture, smooth,

2 m high; bark surface smooth, grey to orange-

glabrous, brownish or blackish, dehiscent with

brown or reddish, exfoliating in small scales,

2 thin-woody valves, 2-3-seeded. Seeds rounded, c. 3 cm in diameter. Seedling with epigeal
germination; hypocotyl 5-13 cm long, epicotyl
2.5-9 cm long, hairy; cotyledons fleshy, rounded; first 2 leaves opposite.
Other botanical information Julbernardia
comprises about 10 species andis restricted to
tropical Africa. It seems related to Aphanocalyx, Bikinia, Brachystegia, and Tetraberlinia.
Julbernardia pellegriniana has been placed in
a separate genus Paraberlinia, mainly because
of its leaves with only 2 leaflets without translucent dots, but it does not seem to be clearly
demarcated from other Julbernardia spp. It
resembles Tetraberlinia bifoliolata (Harms)
Hauman, which can be distinguished by its
more glossy leaflets and fruits with 1-2 longitudinal ridges.
Julbernardia brieyi (De Wild.) Troupin is a
large tree up to 45 m tall with a straight, cy-

inner bark fibrous, difficult to break, reddish;
crown dense, with few, slightly sinuous branches. Leaves alternate, paripinnately compound
with 1 pair of leaflets; stipules fused, early
caducous; petiole c. 1 cm long; leaflets nearly
sessile, narrowly oblong to sickle-shaped, 10—
18 cm x 3-5 cm, base asymmetrical, apex acute
to short-acuminate, margins entire, glabrous,

pinnately veined with up to 15 pairs of lateral
veins. Inflorescence a terminal panicle, densely
covered with golden-brown hairs. Flowersbisexual, nearly regular, 5-merous; pedicel up to

1 cm long, at apex with 2 opposite, concave
bracteoles 7-9 mm Xx 6-8 mm, hairy at both
sides; sepals free, nearly equal, oblong, 3-4 mm

long, apex rounded, marginshairy; petals unequal, 1-5.5 mm X 0.54 mm, slightly hairy;
stamens 10, 9 united at base and 1 free, 1—1.5
em long; ovary superior, 2-4 mm long, with 1-2

422

TIMBERS 2

lindrical bole up to 150 cm in diameter, distributed in coastal areas from Gabon to Cabinda (Angola). Its reddish brown wood with darker streaks, which has a density of 810-855
kg/m3 at 12% moisture content, is suitable for
cabinet work, but can also be used for construction, flooring, joinery, interior trim, ship build-

ing, vehicle bodies, railway sleepers, agricultural implements, sliced veneer and plywood.
Julbernardia seretii (De Wild.) Troupin is a
large tree up to 40 m tall, with a straight, cylindrical bole branchless for up to 25 m and up
to 170 cm in diameter, distributed in Nigeria,

Cameroon, Equatorial Guinea, Gabon, Congo,
DR Congo and Cabinda (Angola). The reddish
brown wood, which has been exported to South

Africa under the name ‘Congo zebrawood’, is
especially suitable for joinery, furniture and
sliced veneer for cabinet work. It is also considered suitable for construction, flooring, interior
trim, ship building, vehicle bodies, railway
sleepers, toys, novelties, ladders, agricultural
implements, handles, carvings and turnery.
The woodis also used as firewood andfor charcoal production. The bark is used for making a
range of useful articles, such as sandals, roofs,
cords, roof tiles and containers. The flowers are

an important source of nectar for honey bees.
Edible mushrooms are collected from fallen
logs. In DR Congo powdered bark is sprinkled
on wounds.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 43: mean tan-

gential diameter of vessel lumina > 200 um; 46:
<5 vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 80: axial parenchymaaliform; 81: axial
parenchyma lozenge-aliform; 83: axial parenchyma confluent; 89: axial parenchyma in
marginal or in seemingly marginal bands; 92:
four (8-4) cells per parenchyma strand; (93:
eight (5-8) cells per parenchyma strand). Rays:
97: ray width 1-8 cells; 104: all ray cells procumbent; 106: body ray cells procumbent with
one row of upright and/or square marginal

cells; 118: disjunctive ray parenchyma cell
walls present; 116: > 12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchyma cells; 148: prismatic crystals in fibres.
(S. N’Danikou, P.E. Gasson & E.A. Wheeler)
Growth and development Julbernardia
pellegriniana lives in symbiosis with ectomycorrhizae. Natural regeneration is abundant.
Locally in Gabon, 2700 seedlings per ha have
been counted.
Ecology Julbernardia pellegriniana occurs
in evergreen primaryforest.
Management In Gabon Julbernardia pellegriniana is locally dominant in extensive
stands, with on average 14 trees with a bole
diameter of more than 35 cm per haandlocally
50 trees per ha. In south-western Cameroon it
occurs in localized, smaller stands, with on

average 0.15 trees with a bole diameter of more
than 15 cm per ha and a mean wood volumeof
0.45 m3/ha.
Diseases and pests In Gabon Julbernardia
pellegriniana trees have been recorded to be
almost completely defoliated by caterpillars of
the noctuid moth Achaea catocaloides.
Genetic resources Julbernardia pellegriniana is a dominantspecies in partsofits distribution range and therefore seems presently not
threatened with genetic erosion. However, it
seems to prefer undisturbed forest and might
be vulnerable to intensive logging operations.
Prospects The wood of Julbernardia pellegriniana has some importancein international
trade, with Gabon as main exporting country,
but its actual use is unclear. Because it is only
moderately durable and unstable in service, it
is better suited for interior uses than for exterior ones. Too little is known on growth rates,
propagation andsilviculture to judge its prospects for further commercialization on a sustainable basis.
Major references Anonymous, 1966b; Aubréville, 1970; Bolza & Keating, 1972; Breyne
& Evrard, 1975; CIRAD Forestry Department,

2008;

de

Saint-Aubin,

1963;

Letouzey

&

Mouranche, 1952; Sallenave, 1971; Vivien &

Faure, 1985; Wilks & Issembé, 2000.
Other references Allen & Allen,

1981;

ATIBT, 2005; Aubréville, 1968; Ba et al.,
Christy et al., 2003; de la Estrella et al.,
Doumenge, 1990; Fougerousse, 1966;
erousse, 1970; Keay, 1989; Maisels,

2012;
2006;
Foug2004;

Normand & Paquis, 1976; Onguene & Kuyper,
2002; Sallenave, 1964; Schure et al., 2010;
Takahashi, 1978; Terashima & Ichikawa, 2003;
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nethy, 1997.
Authors M. Brink

Tests showed the presence of flavonoids, saponins, sterols and terpenes in Keayodendron
bridelioides.
Botany Dioecious, medium-sized to fairly
large tree up to 40 m tall; bole branchless for
up to 25 m, straight and cylindrical, up to 100

KEAYODENDRONBRIDELIOIDES Leandri

bark surface scaly and fissured, greyish brown,
inner bark whitish with reddish or orange-

White & Abernethy, 1997; Wieringa, 1999;
Wilczek et al., 1952; Wilks, 1990.
Sources of illustration Aubréville, 1968;
Letouzey & Mouranche, 1952; White & Aber-

cm in diameter, often with small buttresses;

brown

Protologue Bull. Soc. Bot. France 105: 517
(1959).
Family Euphorbiaceae (APG: Phyllanthaceae)
SynonymsCasearia bridelioides Gilg ex Engl.

gritty

streaks;

crown rounded,

with

short horizontal or slightly drooping branches;
twigs glabrous. Leaves alternate, simple and
entire; stipules small, early caducous; petiole c.
0.5 cm long; blade elliptical to obovate, 7.5-23

(1921).

cm

Origin and geographicdistribution Keayodendron bridelioides occurs in 3 disjunct areas:

acuminate at apex, papery, glabrous, pinnately
veined with 7-9 pairs of lateral veins. Inflorescence a small axillary cluster, male one
many-flowered, female one 1-—few-flowered;
bracts hairy. Flowers unisexual, regular, up to

western Cote d'Ivoire, south-western Nigeria,

and an area comprising southern Cameroon,
western Central African Republic, northern
Gabon and northern Congo.
Uses The wood, knownas‘kohaingué’ in Cote
d'Ivoire, ‘ebo’ in Nigeria and ‘abip’ in Cameroon, is used for joinery.
In Côte d'Ivoire pulverized and roasted bark
mixed with palm oil is rubbed into scarifications to treat kidney problems. Pulverized bark
mixed with seeds of Aframomum melegueta
K.Schum. is eaten to treat bronchitis and
cough. The Baka people of Cameroon drink a
bark extract as a protection against various
illnesses.
Properties The heartwood is brownto reddish brown anddistinctly demarcated from the
yellow-orange, 1-2 cm wide sapwood. The wood
is heavy, with a density of about 900 kg/m3at
12% moisture content, and hard, but works

fairly easily.

X

3.5-9

cm,

cuneate

at

base,

short-

5 mm in diameter, nearly sessile, sepals 5(—7),

slightly unequal, reddish hairy, petals absent,
disk with 3-5 short lobes; male flowers with
5(-6) stamens and rudimentary ovary; female
flowers with superior elongated ovary, 2-celled,
styles 4. Fruit an ellipsoid to ovoid or nearly
globose drupec. 3.5 cm X 2 cm, pointed, orange,
glabrous, stone c. 2.5 cm X 1.5 cm, with 6 longi-

tudinal ridges, 1-seeded. Seedling with epigeal
germination; hypocotyl c. 8 cm long, thick, epicotyl c. 2 cm long; cotyledons leafy, nearly
round, c. 5 cm in diameter; first leaves alternate.

In Côte d'Ivoire flowering is reported in December and fruiting in January-March and
September, in Nigeria flowering in May—June
andfruiting in November—April. The seeds are
probably dispersed by animals that eat the
fruits, such asgorillas.
Keayodendron comprises a single species. The
relationship with other genera is still quite
obscure.
Ecology Keayodendron bridelioides prefers
semi-deciduous lowland forest and occurs occasionally in evergreen forest.
ManagementThere are about 700 seeds per
kg. The seeds start germinating 10-15 days
after sowing. The germination rate is usually
high. In southern Cameroon the average density of Keayodendron bridelioides trees with a
bole diameter of more than 15 cm is 0.8 per ha,
with an average wood volumeof 0.7 m3/ha.
Genetic resources and breeding Although
the distribution of Keayodendron bridelioides is
divided over 3 areas of limited extent, there are

Keayodendronbridelioides — wild

no indications that it is in danger of genetic
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erosion. Locally it is common, e.g. in Tai forest
in western Côte d’Ivoire.
Prospects It is likely that the wood of Keayodendron bridelioides will remain oflocal importance, but too little is known to judge the
prospects for more commercial exploitation.
The medicinal uses warrant research attention.
Major references Aubréville, 1959a; Keay,
1989; Normand & Paquis, 1976; Tailfer, 1989;
Vivien & Faure, 1985.

Other references Alexandre, 1980: Breteler, 1993; Burkill, 1994; de la Mensbruge, 1966;

Hawthorne & Jongkind, 2006; Neuwinger, 2000;
van Rompaey, 1993; Wieckhorst, 2002.
Authors L.P.A. Oyen

KIGGELARIA AFRICANAL.
Protologue Sp. pl. 2: 1037 (1753).
Family Flacourtiaceae (APG: Achariaceae)
Vernacular names Wild peach (En).
Origin and geographic distribution Kiggelaria africana occurs from Tanzania through
Malawi, Zimbabwe and Mozambique to Swaziland, Lesotho and southern South Africa.
Uses The wood is used for flooring, beams,
furniture and fairly durable fence posts, and
formerly for spokes of wagon wheels. It is suit-

Production and international trade The
wood of Kiggelaria africana is only used and
traded locally.
Properties The heartwood is pinkish greybrown and indistinctly demarcated from the
narrow sapwood. The grain is variable, texture
moderately fine and even.
The wood is medium-weight to fairly heavy,
with a density of 670-845 kg/m? at 12% moisture content, and fairly hard and strong. It air
dries rather rapidly, but is susceptible to splitting and warping. The shrinkage rates are
moderate, from green to oven dry 3.6% radial
and 7.9% tangential. Once dry, the wood is
stable in service. At 12% moisture content, the

modulus of rupture is 94 N/mm?2, modulus of
elasticity 11,170 N/mm2, compression parallel
to grain 53 N/mm2, shear 12 N/mm2, Janka
side hardness 7200 N and Janka end hardness
8975 N.
The wood planes to a nice surface and can be
polished satisfactorily. The nailing, screwing
and boring properties are good. The wood produces a good-quality veneer, that is particularly attractive when quarter-cut. It is moderately
durable.
Several glycosides have been isolated from
Kiggelaria africana including gynocardin.
Botany Dioecious, evergreen or semi-deci-

able for construction, joinery, interior trim,

duous shrub or small tree up to 13(-17) m; bole

ship building, sporting goods, toys, novelties,
boxes, crates, agricultural implements, handles, turnery, veneer and plywood.
Formerly a pink dye was extracted from the
wood; it has been used to colour textiles. In
South Africa Kiggelaria africana is grown as
ornamental and shade tree and as windbreak.
The tree playsa role in rituals.

branchless for up to 9 m, up to 90 cm in diameter but usually much less; bark pale grey,
smooth, becoming darker and flaky in older
trees; twigs yellowish brown, densely covered
with very short stellate hairs. Leaves arranged
spirally, simple, without stipules; petiole 0.5—
2.5 cm long; blade ovate-oblongto elliptical or
lanceolate, 3.5—9 cm x 2—5 cm, base cuneate to
rounded, apex acute to obtuse, margin entire,

slightly wavy or shallowly toothed, papery to
slightly leathery, yellowish hairy, sometimes
becoming glabrous, pinnately veined with 6—9
pairs of lateral veins, sometimes with small
hairy pockets in the axils of the lateral veins
below. Inflorescence a short axillary cyme of 3—
7 male flowers but female flowers solitary,
hairy; peduncle c. 5 mm long. Flowers unisexual, regular, 5-merous, greenish white to pale
yellow; sepals nearly free, narrowly ovate, 4-7
mm long, hairy; petals free, narrowly ovate, 5—
8 mm long, hairy, with fleshy scale inside at
base; male flowers with pedicel up to 7 mm
long, stamens 8-12, anthers longer than filaments, opening at apex; female flowersslightly
larger than male ones, with pedicel up to 1.5
Kiggelaria africana — wild

cm long, ovary superior, ovoid, c. 2 mm long,
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hairy, 1-celled, styles 2-5, short. Fruit a leathery to slightly woody, globose capsule up to 2
cm in diameter, yellowish green, short-hairy
and warty, splitting from the apex with (2—)4—5
valves, up to 10-seeded. Seeds nearly globose,
c. 7 mm in diameter, with a fleshy bright orange-red seed coat.
Kiggelaria comprises a single species, and has
been placed in the family Kiggelariaceae. However, embryological and molecular studies
showed a close relationship of Kiggelaria with
Acharia and Guthriea, both small genera from
southern Africa.
Kiggelaria africana is extremely variable in
shape, size, texture and degree of hairiness of
the leaves. In forest it may be a tree with large,
papery, nearly glabrous leaves, while in the
open it may be a shrub with small, leathery
leaves which are densely hairy. In Mozambique
and South Africa flowering is in August—
January and fruits mature in February—July.
The fruits split open to show the seeds with
their fleshy orange-red seed coats, which are
eaten by numerous bird species serving as seed
dispersers.
Ecology Kiggelaria africana is found in
coastal and inland forest, woodland and mountain grassland, along streams and on rocky
hillsides and rock outcrops, up to 2550 m altitude. In East Africa it occurs in mountain forest from 1350 m altitude, but in South Africa it
can also be found at sea-level. It tolerates temperatures from —2°C to 36°C.
ManagementPropagationis by seed or cuttings. Young plants can be kept in pots until
they are about 30 cm tall. Under good conditions, young plants grow fast and maystart
flowering when 2 yearsold. Kiggelaria africana
makes an excellent screen, forms an effective
windbreak, or develops into a wide-spreading
shade tree with a non-aggressive root system.
It has a tendency to branch low-down and early
pruning of lower branches is necessary to obtain a proper tree shape. It likes a moderate
supply of water, and a place in the sun. It is
recommended to add ample compostto the soil
whenplanting. Boles of old trees are often hollow. In South Africa trees are attacked by caterpillars of the butterfly Acraea horta, which
occasionally cause complete defoliation.
Genetic resources and breeding Kiggelaria africana is widespread and locally common in a variety of habitats. There are no indications that it is under threat of genetic erosion.
Prospects Kiggelaria africana may gain im-

portance in landscaping becauseit is easy to
grow andits roots exert only limited competition; moreover, it attracts large numbers of
birds. The woodis likely to remain of local importance.

Major references Bolza & Keating, 1972;
Coates Palgrave, 2002; Joffe, 2002; Palmer &
Pitman, 1972-1974: Takahashi, 1978.
Other references Killick, 1979; Manders &
Smith, 1992a; Manders & Smith, 1992b; Mergili
& Privett, 2008; Raubenheimer, 1988; Sleumer,
1975; Steyn, van Wyk & Smith, 2003; van
Heel, 1979; van Wyk & van Wyk, 1997; Wild,
1960.
Authors L.P.A. Oyen

KLAINEANTHUS GABONII Pierre
Protologue Tab. Herb. L. Pierre, del. E.
Delpy 11/1900 (1900).
Family Euphorbiaceae
Origin and geographic distribution Klaineanthus gabonii occurs from south-eastern
Nigeria and Sao Tomé to DR Congo.
Uses In Nigeria the wood is used in construction.
Properties The woodis yellowish white, with
a moderately fine texture; it is lightweight and
moderately hard.
Botany Dioecious medium-sized tree up to
25 m tall; bole often crooked and grooved, up to
60(—75) cm in diameter, sometimes with but-

tresses or stilt-roots; bark surface brownish,
peeling off in small scales, inner bark brown-

ish; crown rounded; twigs slightly reddish
short-hairy when young, soon becoming glabrous. Leaves alternate, simple and entire;

Klaineanthus gabonii — wild
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stipules ovate, c. 1 mm long, caducous; petiole
up to 8(—11) cm long, slightly grooved above,

thickened at base and apex; bladeelliptical to
lanceolate or obovate, 7-35 cm X 2-16 cm, cu-

neate to rounded at base, acuminate at apex,
leathery, glabrous or hairy below, pinnately
veined with 8-17 pairs of lateral veins. Inflorescence a terminal or axillary panicle up to
15(-20) cm long, hairy; bracts up to 0.5 cm
long. Flowers unisexual, regular, whitish, pedicel up to 2 mm long, in fruit up to 7 mm,calyx
with c. 1 mm long tube and 4—5(—6) rounded

lobes 1.5—3 mm long, petals absent; male flowers in 2-6-flowered clusters, with 8-10 free
stamens c. 2 mm long, disk consisting of glands
opposite the calyx lobes, rudimentary ovary c.
1.5 mm long; female flowers solitary, slightly
larger than male ones, disk cup-shaped, 4—5lobed, rudimentary stamens sometimes present, ovary superior, nearly globose, c. 2 mm in
diameter, 3(—4)-celled, styles 3(—4), 2-branched
with each branch 2-lobed at apex. Fruit a nearly globose capsule 1.5—2 cm in diameter, with 3
longitudinal grooves, glabrous, bright red, dehiscing with 3 valves, each valve incompletely
splitting from the base, 3-seeded. Seeds ovoid
to ellipsoid, slightly flattened, c. 1 cm long,
with fleshy yellow seed coat. Seedling with
epigeal germination; hypocotyl up to 8 cm long;
cotyledons leafy, up to 3 cm X 2 cm; first leaves
alternate.
In Cameroon, trees with an average bole diameter of 20 cm showed a mean diameter growth
of 3 mm/year. In Nigeria flowering occurs in
March—May, fruiting in May—August. When
mature fruits open, the valves fall off, leaving
the seeds attached to the apex of the central
column. The seeds with their brightly coloured
and fleshy seed coat are probably dispersed by
animals, especially birds.
Klaineanthus comprises a single species. The
most closely related genera occurring in Africa
seem to be Adenocline, Omphalea and Tetrorchidium.
Ecology Klaineanthus gabonii occurs in primary or old secondary forest, in swampy or
periodically flooded area and in riverine forest.
It is locally common, e.g. in forest in Cameroon
dominated by Lophira alata Banks ex P.Gaertn.
Genetic resources and breeding Klaineanthus gabonii occurs fairly widespread and
is locally common. There are no indications
that it is in dangerof genetic erosion.
Prospects The wood of Klaineanthus gabonii is likely to remain of limited and local use
only. The boles are usually too small and poor-

ly shaped to be of commercialvalue.
Major references Breteler, 2005; Burkill,
1994; Léonard, 1962; Normand & Paquis, 1976;
Tailfer, 1989.
Other references Chuyong, Newbery &
Songwe, 2000; Keay, Onochie & Stanfield,
1964; Newbery et al., 2002; Tokuoka, 2007;
Wurdack, Hoffmann & Chase, 2005.
Authors L.P.A. Oyen

KLAINEDOXA GABONENSISPierre
Protologue Tab. Herb. L. Pierre, del. E.
Delpy (1896).
Family Irvingiaceae
Chromosome number 27 = 26
SynonymsKlainedoxa buesgenii Engl. (1911).
Origin and geographic distribution Klainedoxa gabonensis occurs from Senegal east to
southern Sudan, Uganda and north-western
Tanzania, and south to DR Congo, northern

Zambia and Angola.
Uses The boles of young trees are traditionally used for poles in hut and house construction. The wood of Klainedoxa gabonensis,
known in trade as ‘eveuss’, is used for heavy
construction, industrial flooring, joinery, interior trim, mine props, railwaysleepers, vehicle
bodies, toys, novelties, agricultural implements, tool handles and shingles. It is suitable
for furniture and ship building. The flexible
twigs are valued in Liberia for spring traps.
Buttresses have been used for doors in Sierra
Leone. The woodis also used as firewood.
The seed kernels are eaten raw or roasted; they
can be madeinto a paste to produce vegetable
oil which is traditionally used for cooking, as a

Klainedoxa gabonensis — wild
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substitute for shea butter from Vitellaria paradoxa C.F.Gaertn. Fruit pulp is used to make a
mucilaginous sauce which is often eaten with
meat. Fruits are used as bait in traps.
Klainedoxa gabonensis is an important medicinal plant. Powdered or burnt bark is applied to
treat rheumatism, lumbago, skin complaints,

fractures and dental caries. Bark decoctions
are taken to treat venereal diseases, sterility

and impotence, and applied externally against
smallpox, chickenpox and rheumatism. Leaves
are eaten to treat diarrhoea and intestinal
complaints and as aphrodisiac, and leaf decoctions are taken to treat abdominal pain.
Ground leaves are rubbedin to treat rheumatism. Leaf sap is taken against cough. Pounded
stipules are applied externally as anodyne.
Fruits ground with calcium carbonate are applied to abscesses and ulcers, and fruit pulp is
applied to swellings. Pulverized seeds are
rubbedin to treat furuncles.
Production and international trade The
timber of Klainedoxa gabonensis is rarely traded on the international market and usually
only used locally. There is no information on
trade statistics.
Properties The heartwood is orange-yellow
to pale brown or golden-brown, often with irregular red-brown markings, darkening upon
exposure to dark brown with blackish stripes;
it 1s not clearly demarcated from the orange
yellow sapwood, turning greyish upon exposure. The grain is straight to interlocked, texture moderately fine.
The woodis heavy to very heavy, with a density of 940-1150 kg/m* at 12% moisture content,
andvery hard. It is difficult to air dry and dries
slowly; care is needed to avoid serious distortion and checking. The rates of shrinkage are
high, from green to oven dry 6.6—9.8% radial
and 9.9-13.2% tangential. It is recommended
to quarter-saw the wood before drying. Once
dry, the woodis unstable in service.
At 12% moisture content, the modulus of rup-

ture is 167-250 N/mm2, modulus of elasticity
15,970—21,280 N/mm2, compression parallel to
grain 83-104 N/mm?, shear 14.5-18.5 N/mm?,

cleavage 18.5-32 N/mm and Chalais-Meudon
side hardness 7.7—18.2.
The woodis difficult to saw and work. Powerful
tools are needed. It is recommended to convert
wood in the green state because of its extreme
hardness when it is dried. Stellite-tipped saw
teeth and tungsten-carbide cutting edges are
recommended. Saw dust has a tendency to adhere to saw teeth. The wood planes moderately

easily and polishes to a smooth finish. It does
not easily split upon nailing and holds nails
well, but pre-boring is neccessary because of its
hardness. It is quite difficult to glue. The
heartwood is durable, being resistant to termite and wood-borer attacks, but it is only
moderately resistant to fungi in very humid
conditions and may be susceptible to marine
borers. The sapwood is susceptible to Lyctus
attack. The wood is fairly easy to treat with
preservatives, except the central part of the
heartwood, which is very resistant to impregnation.
The wood contains 43-46% cellulose, 30-32%

lignin, 13-15% pentosan, 0.7-1.4% ash and
less than 0.02% silica. The solubility is 1.6—
7.3% in alcohol-benzene, 1.6—3.2% in hot water
and 14.4-18.9% in a 1% NaOH solution.
Phytochemical screening of the bark demonstrated the presence of tannins, alkaloids, qui-

nones and steroid terpenoids. Aqueous bark
extracts showed antibacterial activity, particularly against Staphylococcus aureus. They also
showed cytotoxic activity against KB human
tumourcells. Methyl gallate has been isolated
from the extracts.
The seed kernels contain about 40% oil. The
main constituents of the essential oil from the
leaves are geranyl acetone (14%), B-bourbonene
(11%) and (E)-a-ionone (10.5%), from the bark
linalool (17%), 1,8-cineole (10%) and 1-octen-3-ol
(8%), and from the roots 1,2,3-trimethylbenzene (10%), 1-ethyl-2-methylbenzene (9%), pentyl benzene (9%) and methy] salicylate (9%).
Adulterations and substitutes The wood
has similar uses to that of Lophira alata Banks
ex P.Gaertn., but the latter is more durable.

The wood of Irvingia spp. is quite similar to
that of Klainedoxa gabonensis, also being
heavy, hard and durable, and it is used for
similar purposes.
Description Evergreen, medium-sized to
large tree up to 45(-50) m tall; bole usually
straight and cylindrical, branchless for up to 25
m, up to 120(-150) cm in diameter, with rather

thin, widely spreading buttresses up to 5 m
high; bark surface slightly fissured, often flaking in irregular strips, grey to brown or redbrown, inner bark granular, yellow to pale orange-brown; crown often large and umbrellashaped, branchesoften ascending; twigs slightly compressed. Leaves alternate, simple and
entire; stipules linear, slender, 5—15(—25) cm

long, sharply pointed, reddish, deciduous, leaving circular scars; petiole 2-8 mm long; blade
broadly ovate to elliptical, 5—20(-40) em x 2-10
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comprises only 2 species. Klainedoxa trillesii
Pierre ex Tiegh. is a medium-sized tree up to
30 m tall with bole branchless for up to 20 m
and up to 120 cm in diameter, occurring from
Sierra Leone east to DR Congo. It differs from
Klainedoxa gabonensis in its leaves with fewer
lateral veins and globose to ellipsoid, bright
orange fruits. Its wood is occasionally used for
poles in construction. Probably the two species
are much confused and not distinguished in
logging operations.
Klainedoxa gabonensis is quite variable, especially in size and shapeof the leaves andsize of
the fruits.
Anatomy Wood-anatomical description TAWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; (26: intervessel pits medium (7—10
lum)); 27: intervessel pits large (> 10 um); 31:
vessel-ray pits with much reduced borders to
apparently simple: pits rounded or angular; 32:
vessel-ray pits with much reduced borders to
apparently simple: pits horizontal (scalariform,
gash-like) to vertical (palisade); 43: mean tan-

Klainedoxa gabonensis — 1, base of bole; 2, flowering twig; 3, flower;4, fruit.
Redrawn and adapted by J.M. de Vries
cm, cuneate to cordate and often slightly
asymmetrical at base, acute to short-acuminate
at apex, leathery, glabrous, glossy, pinnately
veined with (10—)14—22(-35) pairs of lateral
veins. Inflorescence an axillary or terminal
panicle up to 13(—15) cm long, glabrous. Flowers bisexual, regular, 5-merous, white to pink;

pedicel 1-8 mm long; sepals free, broadly obovate to nearly round, 1.5—2.5 mm long; petals
free, broadly elliptical to nearly round, 2.5—
3.5(-4) mm long; stamens (9-)10, free, 4-6 mm

long; disk ring-like, fleshy, yellow; ovary superior, seated within the disk, globose, pink, usually 5-celled, style curved. Fruit a depressedglobose drupe 3-6 cm x 4—8(-10) cm, obscurely
(4-)5-ribbed or -lobed, green turning dull purplish or dull orange, with fibrous, mucilaginous
pulp and (4—)5 oblong to wedge-shaped stones
3-5 cm long, each with rounded processes and
1-seeded. Seeds ellipsoid to oblong, c. 2 cm
long. Seedling with epigeal germination; hypocotyl 7-10 cm long, epicotyl 3—4 cm long; cotyledons leafy, linear-elliptical, 2.5-3.5 cm long;
first 2 leaves opposite.
Other botanical information Klainedoxa

gential diameter of vessel lumina > 200 um; 46:
< 5 vessels per square millimetre; 56: tyloses
common; 57: tyloses sclerotic. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 70:
fibres very thick-walled. Axial parenchyma: 80:
axial parenchyma aliform; 82: axial parenchyma winged-aliform; 83: axial parenchyma confluent; 85: axial parenchyma bands more than
three cells wide; 86: axial parenchyma in narrow bands or lines up to three cells wide; 93:
eight (5-8) cells per parenchyma strand; 94:
over eight cells per parenchyma strand. Rays:
97: ray width 1-3 cells; (98: larger rays com-

monly 4- to 10-seriate); 104: all ray cells procumbent; 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; 115: 4-12 rays per mm. Mineral inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchymacells.
(L. Awoyemi, A.A. Oteng-Amoako & P. Baas)
Growth and development Seedlings are
usually found in the shade, but saplings have
been recorded in small canopy gaps. Young
trees have up to 12 cm long spines onthe bole,
which gradually disappear when the tree becomeslarger. Although the tree is evergreen,it
maybe leafless for a short period. Flowering of
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trees is common at the end of the rainy season
and at the beginning of the dry season. In Côte
d'Ivoire trees flower in July-November and in
Gabon in February—May. Ripe fruits develop
about 9 months after flowering. They are an
important food for forest elephants, porcupines,
duikers and gorillas. Elephants serve as dispersers of the fruit stones. More rapid seed
germination has been reported in elephant
dung, as well as better growth of seedlings.
Ecology Klainedoxa gabonensis can be found
in a wide range of forest types, but is most
common in humid evergreen and semideciduous forest. Sometimes it occurs at the
edges of seasonally flooded forest, in gallery
forest, and in the forest-savanna transition
zone. It is found up to 1200 m altitude and in
regions with a mean annual rainfall of 1500—
2500 mm. It prefers sandy soils. The tree is
usually left standing when forest is cleared due
to the hardness of the wood but also for fruit
production, and this may explain why it is
commonlyfound in secondaryforest.
Propagation and planting Fruits weigh
50-220 g. Each fruit contains (4—)5 stones,
which take a long time to germinate, 6—24(—48)

months. From onefruit, 1-3(—5) seedlings may
develop. The germination rate is rather low, 5—
40%. In Liberia regeneration in the forest has
been reported to be scarce, but in Gabon seedlings and saplings are quite common, often
occurring in clumps originating from stones in
elephant dung.
Management Klainedoxa gabonensis is locally quite common, although it usually occurs
scattered in the forest. In forest in Cameroon,
an average density of 0.4 tree with a bole diameter of more than 60 cm per ha has been
recorded, with an average wood volumeof 3.2—
4.1 m%/ha. In Liberia an average density of up
to 0.8 tree with a bole diameter of more than
60 cm per ha has been reported. In Gabon the
average wood volumeis 0.6—2.5 m3/ha.
Harvesting The recommended minimum
bole diameter for felling in Ghana is 90 cm,
and in the Central African Republic and Gabon
70 cm.
Yield A bole of 21 m long and 110 cm in diameter felled in DR Congo yielded 12.4 m? of
wood.
Handling after harvest Freshly felled logs
do not float in water and therefore cannot be
transported by river. Logs may be brittle and
must be handled with care.
Genetic resources Klainedoxa gabonensis
has a wide range of distribution with limited

local uses due to the extreme hardness of the
wood. It is therefore unlikely to be under
threat as a result of overexploitation.
Prospects Klainedoxa gabonensis is a multipurpose tree. Its timber will remain of importance for local applications, especially for
construction because of its durability. On the
other hand, the extreme hardness of the wood
limits the possibilities for local utilization. The
prospects as commercial timber on the international market are unclear as long as virtually
no informationis available on growth rates and
proper management measures. There seems to
be scope for increased utilization and commercialization of fruits and seed kernels, but more

researchis still needed. The numerousapplications in traditional medicine warrant more
phytochemical and pharmacological investigations; preliminary results are quite promising.
Major references Bolza & Keating, 1972;
Burkill, 1994; Fouarge & Gérard, 1964; Harris,
1996; Konda ku Mbuta et al., 2010; OtengAmoako (Editor), 2006; Savill & Fox, 1967;
Takahashi, 1978; Vivien & Faure, 1985;
Voorhoeve, 1979.
Other references Berhaut, 1975b; Breteler,

2005; CIRAD Forestry Department, 2008;
Cooper & Record, 1931; de Koning, 1983; de
Saint-Aubin, 1963; Gentry, 1984; Harris, 1999;
Hawthorne, 1995; Hawthorne & Jongkind,
2006; Irvine, 1961; Kunkel, 1965; Neuwinger,
2000; Ogunwandeet al., 2008; Onanga etal.,

1999; Sallenave, 1955; Sallenave, 1971; Verdcourt, 1984b; Vivien & Faure, 1996; Wansi et
al., 2010.
Sources of illustration Voorhoeve, 1979;
Wilks & Issembé, 2000.
Authors A.A. Oteng-Amoako & E.A. Obeng

LANNEA WELWITSCHII(Hiern) Engl.
Protologue Bot. Jahrb. Syst. 24: 298 (1898).
Family Anacardiaceae
Chromosome number 27 = 28
Vernacular names Muumbu(Sw).
Origin and geographic distribution Lannea
welwitschii occurs from Liberia east to western
Ethiopia and Kenya, and south to Tanzania
and northern Angola; possibly also in northern
Mozambique.
Uses The wood, often known as ‘kumbi’ is
used for light joinery, boxes, crates, utensils
such as cups, plates, pots and mortars, and for
veneer and plywood. The boles are traditionally
used to make canoes. The wood is suitable for
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light flooring, interior trim, vehicle bodies, furniture, cabinet work, matches, hardboard, par-

ticle board and pulpwood. It is also used as
firewood andfor charcoal production.
The bark yields an orange-yellow to reddish
brown dye that is used in Ghana for dyeing
traditional mourning cloth. It is also used for
rope and for making sandals. The bark is commonly used in traditional medicine. Decoctions
are administered to treat diarrhoea, haemorrhoids, sterility in women, menstrual troubles,

pain after childbirth, gonorrhoea, epilepsy,
oedema, palpitation, skin infections and ulcers.
Powdered bark is applied to snakebites and
wounds. In Ghana the bark is used in mixtures
with parts of other plants to treat diabetes.
Root decoctions are considered as expectorant
and emetic and taken to treat pulmonary and
mouth infections, and as antidote in cases of

poisoning. Pounded leaves are applied as a
dressing to treat oedema andare taken in palm
wine against epilepsy. The seeds are used as a
purgative. The fruits are locally eaten fresh,
although they are resinous and the taste is
acidic with a smell of turpentine. The tree is
occasionally planted as shadetree in coffee and
cocoa plantations, in life fences, and as a road-

side tree. Leaves are sometimes fed to cattle.
Mulch from the leaves is considered to improve
soil conditions.
Production and international trade There
are no statistics on production and trade of
Lannea welwitschii wood, but apparently the
amounts traded on the international market
are negligible and the woodis only usedlocally
on a smallerscale.
Properties The heartwood is creamy white

to pale brown or pinkish grey and indistinctly
demarcated from the sapwood. The grain is
usually straight, but occasionally interlocked,
texture medium to fine and even. Quartersawn surfaces show a streaked or mottled figure. The wood has silvery lustre. Resin canals with a brownish yellow content are numerous, and the wood has a resinous smell.
The wood is moderately lightweight to medium-weight, with a density of 400-640 kg/m3 at
15% moisture content. It is fairly easy to dry
with little warping and checking. The rates of
shrinkage are moderate. At 12% moisture content, the modulus of rupture is 76-101 N/mm2,
compression parallel to grain 43-45 N/mm?,
cleavage 11 N/mm and Chalais-Meudon side
hardness 1.9.
The wood is rather difficult to saw and work,
partly due to the presence of silica; it has a
tendency to heat up considerably and it has a
serious blunting effect on saw teeth and cutting edges. In planing operations, it often develops a woolly surface. However, with care a
good finish can be obtained. The nailing properties are satisfactory, with good holding power. Gluing and polishing show acceptable results. The peeling properties are quite good.
The wood is not durable. It is susceptible to
blue stain, termite, pinhole borer, Lyctus and

marine borer attacks. The heartwood is resistant to impregnation with preservatives, the
sapwood moderately resistant. The sawdust
may cause allergic reactions to skin and mucous membranes.
The presence of saponins and tannins in the
bark has been demonstrated, but alkaloids
seem to be absent. In in-vitro tests, water and

ethanol extracts of the stem bark showedantibacterial activity against Staphylococcus aureus, Salmonella typhimurium and Streptococcus
sp. Two alkylated hydroquinones, lanneaquinol
and 2’(R)-hydroxylanneaquinol, have been isolated from extracts of Lannea welwitschii
stems, twigs, leaves and fruits. These showed

modest cytotoxicity against a panel of human
tumourcell lines.
Adulterations and substitutes The wood
of other Lannea spp. has similar properties as
that of Lannea welwitschii, but it is usually
only available in small dimensions and consequently only used to make small objects such
as mortars, small stools, hoe handles and bows.
The bark of several other Lannea spp. is used
in the same wayasthat of Lannea welwitschii
in WestAfrica to dye wrappers reddish brown.
Description Deciduous or evergreen, dioe-
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lobes 0.5-1 mm long; petals free, oblongelliptical, 2.5-3 mm long, yellow-green; stamens8, free; disk cup-shaped, slightly 8-lobed;
ovary superior, 4-celled, styles usually 4; male
flowers with rudimentary ovary, female flowers
with rudimentary stamens. Fruit an ellipsoid
to nearly globose, slightly compressed drupe 6—
8 mm long, smooth, blackish purple whenripe;
stone usually 1-seeded. Seedling with epigeal
germination; hypocotyl 3.5—5 cm long, epicotyl
0.5-1 em long; cotyledons linear-lanceolate,
1.5-2 cm long; first 2 leaves opposite, simple,
ovate, 2.5—4 cm X c. 1.5 cm, toothed.
Other botanical information Lannea comprises about 40 species, most of them restricted
to Africa. Although most species can easily be
distinguished botanically, in several areas different species bear similar vernacular names.
Most species are shrubs or small trees and of
no importance as timber, but several yield edible fruits and/or dyes, or are known as a medic-

inal plant.
A variety of Lannea welwitschii, var. ciliolata
Engl. (synonym: Lannea amaniensis Engl. &
K.Krause), has been distinguished. It is endemic to Kenya and Tanzania, where it occurs
in lowland forest, and differs from var. welLannea welwitschii — 1, base of bole; 2, apex of

witschii

flowering twig; 3, male flower; 4, leaf and in-

slightly hairy below.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
27: intervessel pits large (> 10 um); 31: vesselray pits with much reduced borders to apparently simple: pits rounded or angular; 42: mean
tangential diameter of vessel lumina 100-200
um; 47: 5-20 vessels per square millimetre.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 65: septate fibres present; 69: fibres thin- to thick-walled. Axial parenchyma: 75: axial parenchyma absent or

fructescence.
Redrawn and adapted by Iskak Syamsudin
cious, medium-sized tree up to 30(-35) m tall;
bole straight and cylindrical, branchless for up
to 15(—26) m, up to 100(—120) cm in diameter,
without buttresses; bark surface grey to greyish brown, initially nearly smooth but becoming scaly and developing roundish pits, inner
bark reddish with white wavy lines, fibrous,
with a clear and sticky exudate; crown consisting of large, spreading branches; twigs with
numerous lenticels. Leaves arranged spirally,
clustered at the ends of branchlets, imparipinnately compound with

(3-)5-7(-13) leaflets;

stipules absent; petiole and rachis together up
to 25(-40) cm long, grooved above; petiolules
up to 2 cm long butpetiolule of terminalleaflet
up to 5 cm; leaflets opposite, oblong-ovate or
ovate-lanceolate, 10-20 em X 5-10(-12) cm,
cuneate to obtuse at base, long-acuminate at

apex, papery, entire, glabrous, pinnately
veined with 9-15 pairs of lateral veins. Inflorescence an axillary pyramidal panicle up to 20
cm long, yellowish hairy with stellate hairs;
bracts ovate, 3-8 mm long. Flowers unisexual,
regular, 4-merous; pedicel 2-4 mm long; calyx

in

its

smaller

leaflets,

which

are

extremely rare; 78: axial parenchyma scanty

paratracheal; 92: four (38-4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand; 94: over eight cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
106: body ray cells procumbent with one row of
upright and/or square marginal cells; 107: body
ray cells procumbent with mostly 2—4 rows of
upright and/or square marginalcells; 115: 4-12
rays per mm. Secretory elements and cambial
variants: 130: radial canals. Mineral inclusions: 136: prismatic crystals present; 137:
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prismatic crystals in upright and/or square ray
cells; (140: prismatic crystals in chambered
upright and/or square raycells); (156: crystals
in enlarged cells); 159: silica bodies present;
160: silica bodiesin raycells.
(N.P. Mollel, H. Beeckman & P. Baas)
Growth and development Lannea welwitschii trees grow fast. In Céte d’Ivoire trees
flower in January-February. In West Africa
fruits are produced towards the end of the
rainy season, and also in Gabon the fruiting
peakis in the rainy season. The fruits are eaten by birds, which disperse the seeds.
Ecology Lannea welwitschii occurs in lowland rainforest and riverine forest up to 1100(—
1250) m altitude. It is often found in swampy
areas in the forest. In West Africa it shows
little preference for different forest zones, but
in Cameroon it occurs most abundantly in
semi-deciduous forest. In Ethiopia it is found in
regions with a mean annualrainfall of 1500—
2000 mm. It is especially common in secondary
forest and is considered a pioneerspecies.
Propagation and planting Natural regeneration is most abundant in medium-large gaps
in the forest. Fruits can be collected from the
ground. There are about 15,000 seeds per kg.
The seeds are sown in seedbedsor directly into
the field. Pre-treatment is not necessary, but
the germination rate is quite low, about 30%.
Germination may start within one week, but
usually after 2-3 weeks. The fruits should be
gradually dried before they are stored; they can
be kept for up to 2 months in sealed containers
in a cool place.
ManagementIn forest of Cameroon an average density of 0.5 bole with a diameter above
15 cm has beenrecorded par ha, with an average wood volumeof 1.5 m3/ha. The trees can be
managed by coppicing and pollarding.

gated becauseit is a multipurposetree of rapid
growth. It may be an interesting species for
timber plantations to be used for rotary peeling.
Major references ATIBT, 1986; BekeleTesemma, 2007; Bolza & Keating, 1972; Bur-

kill, 1985; Friis, 1992; Katende, Birnie &
Tengnas, 1995; Kokwaro, 1986; Lovett et al,
2007; Takahashi, 1978; Vivien & Faure, 1985.
Other references Adjanohoun et al. (Editors), 1988; Adomako, 1999; Aké Assi et al.,
1985; Aubréville, 1959a; Burkill, 2000; de la
Mensbruge, 1966; Fouarge & Gérard, 1964;

Gilbert, 1989; Groweiss et al., 1997; Hawthorne, 1995; Hawthorne & Jongkind, 2006;
Keay, 1989; Kokwaro, 1993; Markstrém, 1977;
Neuwinger, 2000; Normand & Paquis, 1976;
Olukoya, Idika & Odugbemi, 1993; OtengAmoako (Editor), 2006; van der Veken, 1960;
White & Abernethy, 1997.
Sources of illustration Aubréville, 1959a;
Vivien & Faure, 1985.
AuthorsE. Ebanyenle

LASIODISCUS MILDBRAEDII Engl.
Protologue Bot. Jahrb. Syst. 40: 552 (1908).
Family Rhamnaceae
Origin and geographicdistribution Lasiodiscus mildbraedii occurs in Säo Tomé et Principe, Cameroon, southern Sudan, eastern DR
Congo, Uganda and Tanzania. The isolated
populations in Sao Toméet Principe and southeastern Cameroon may result from a larger,
continuousdistribution in the past.
Uses The woodis used for poles in construction, railway sleepers and spear shafts; it is

Yield In DR Congo it has been recorded that

one bole (26 m long, 80 cm diameter) yielded
8.5 m3 of wood.
Handling after harvest After felling, logs
should be removed from the forest as soon as
possible to prevent blue stain and pinhole borer
attacks.
Genetic resources Lannea welwitschii does
not seem to be threatened by genetic erosion
because it is widespread and locally common,
particularly in secondary forest. However, var.
ciliolata has a limited distribution area and
could become threatened because of forest
clearing.
Prospects The potential of Lannea welwitschii in agroforestry systems should be investi-
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also used as firewood. In Uganda the barkis
administered as a purgative to children.
Properties The wood is whitish brown to
pinkish brown, heavy, hard, tough andelastic.
Botany Shrub or small tree up to 10(—25) m
tall; bole up to 30 cm in diameter; bark surface
flaking with small scales, dark grey, inner bark
yellowish brown to pinkish or brownish red;
twigs short-hairy or glabrous, older ones with
scars of stipules. Leaves opposite, simple; stipules interpetiolar, triangular, 0.5-1.5 cm long,
fused at base, caducous; petiole 3-7 mm long;
blade elliptical to oblanceolate, (8.5—)11—15.5(—
23) cm X (38.5-)4.5-5.5(-12) em, cuneate and
asymmetrical at base, acute to slightly acuminate at apex, margins irregularly toothed,
usually slightly hairy below, pinnately veined
with 7-10 pairs of lateral veins. Inflorescence
an axillary, compound dichasium, often umbellike, branches up to 2(-3) cm long, hairy. Flowers bisexual, regular, 5-merous, whitish; pedi-

cel up to 2 em long; hypanthium campanulate;
sepals triangular, 2—2.5 mm long; petals oblanceolate, c. 2 cm long, much narrower than sep-

als; stamens opposite the petals, 1.5-2 mm
long; disk ring-like, fleshy, 2-2.5 mm in diameter, yellowish; ovary half-inferior to inferior, 3celled, style 1-2 mm long, 3-branched. Fruit up
to 1 cm in diameter, hairy, splitting into 3
parts, each part longitudinally dehiscent and 1seeded. Seeds globose, flattened on one side, 5—
7 mm in diameter, smooth, brown.

The leaves serve as food for chimpanzees.
Lasiodiscus comprises 12 species and occurs in
tropical Africa, with one species also found in
Madagascar. Lasiodiscus seemsto be related to
Colubrina, but the latter differs in its alternate
leaves, lateral stipules and glabrousfruits.
Lasiodiscus fasciculiflorus Engl. is a shrub or
small tree up to 10 m tall, occurring from Sierra Leone east to the Central African Republic
and south to DR Congo and northern Angola.
Its wood is probably used for similar purposes
as that of Lasiodiscus mildbraedii, and in Con-

go bark decoctions are applied in traditional
medicineto treat vertigo and rheumatism.
Lasiodiscus mannii Hook.f. is a shrub or small
tree up to 10 m tall, occurring from Guinea
east to the Central African Republic and south
to Gabon and DR Congo. Its wood is probably
used for similar purposesas that of Lasiodiscus
mildbraedii, and in Ghana its twigs serve as

chew-sticks.
Ecology Lasiodiscus mildbraedii occurs mainly in humid to more dry evergreen rainforest
and gallery forest, but also in dry forest and

woodland, usually at 1000-1400 m altitude but
occasionally at low altitude. In Ugandait is
locally dominant in the understorey of forest in
which Cynometra alexandri C.H.Wright dominates the canopy. In Sao Toméit occurs above
200 m altitude.
Management Lasiodiscus mildbraedii may
be invasive after logging in forest dominated by
Podocarpus and Baikiaea spp., and is sometimes considered a weed.
Genetic resources and breeding Lasiodiscus mildbraedii is widespread and locally
common in the understorey of several forest
types. Therefore, it is not liable to genetic erosion. The isolated populations in Säo Tomé and
Cameroon are interesting and may be genetically different.
Prospects The wood of Lasiodiscus mildbraedii and other Lasiodiscus spp. will probably remain of somelocal importance, mainly for
use as poles, but it has no prospects for commercialization because of the small size of the
boles. In Budongo Forest in Uganda, Lasiodiscus mildbraedii is ranked amongst the most
promising species for integration into agroforestry systems for the production of wood for
poles, firewood and boundary planting, as well
as for use as shade tree. However, knowledge
on site requirements, reproductive biology,
artificial propagation and growthratesis seriously deficient.
Major references Eggeling & Dale, 1951; Figueiredo, 1995; Johnston, 1972; Kasolo & Temu,
2008; Sommerlatte & Sommerlatte, 1990.
Other references Burkill, 1997; Evrard,
1960; Figueiredo, 1996; Neuwinger, 2000.

Authors L.P.A. Oyen

LEPTOLAENA MULTIFLORA Thouars
Protologue Hist. vég. isles austral. Afriq.:
41, t. 11 (1805).
Family Sarcolaenaceae
\
Vernacular names Tsilaitra à petites
feuilles (Fr).
Origin and geographic distribution Leptolaena multiflora is endemic to Madagascar,
where it occurs in a relatively narrow zone
along the east coast, with few populations farther inland.
Uses The wood, best known as ‘anjananjana’
and ‘amaninombilahy’, is most commonly used
in house construction, especially for posts because of its high durability. It is suitable for
heavy flooring, heavy carpentry, mine props,
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inner barkfibrous, yellowish. Leaves alternate,
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ship building, railway sleepers, poles andpiles.
It has been used as firewood and for charcoal
production.
Bark decoctions are administeredin traditional
medicine to treat jaundice and anaemia, and as
tonic.
Production and international trade The
wood of Leptolaena multiflora and other Leptolaena spp. is only used locally, and not traded
on the international timber market.
Properties The heartwood is medium brown
to reddish brown, and not distinctly demarcated from the pinkish white, rather narrow sapwood. Thegrain is straight to interlocked, texture fine.
The wood is very heavy, with a density of about
1100 kg/m? at 12% moisture content, and very
hard. It is difficult to air dry because of the
high shrinkage rates; it is recommended to
quarter-saw logs before drying to avoid deformation and excessive checking. Once dry, the
wood is unstable in service. At 12% moisture

simple and entire; stipules free, early caducous; petiole c. 2 mm long, slightly hairy; blade
elliptical, 8-8 cm long, rounded at base, acute
to short-acuminate at apex, papery to leathery,
glabrous, pinnately veined. Inflorescence a
terminal panicle, many-flowered. Flowers bisexual, regular, with cup-like, toothed involucre at base; sepals 3, free, oblong, slightly longer than involucre; petals 5, free, spatulate, c. 5
mm long, white to yellow; stamens (5-—)10, free,
shorter than petals; disk ring-shaped; ovary
superior, 3-celled, style slender, stigma 3-lobed.
Fruit an ovoid capsule enclosed by the woody
involucre, tardily dehiscent, 1—-3-seeded.
Other botanical information Leptolaena
comprises 8 species and is endemic to Madagascar. It is related to Mediusella, Sarcolaena
and Xerochlamys, and is best characterized by
its free stipules, woody involucres and less
than 15 stamens per flower. Mediusella and
Xerochlamys have been includedin Leptolaena,
but recent morphological as well as molecular
investigations support the separation. The

content, the modulus of rupture is 219 N/mmz2,

compression parallel to grain 86 N/mm?, cleavage 20 N/mm and Chalais-Meudon side hardness 10.9.
The wood is quite difficult to saw and work,
and has a serious dulling effect on saw teeth
and cutting edges. It can be planed to a nice
surface. It is resistant to shocks. The heartwood is very durable, although it may be
slightly susceptible to termite attack; the sapwoodis liable to Lyctus attack.
Description Large shrub or small to medium-sized tree up to 20(-25) m tall; bole
straight or slightly tortuous, up to 50 cm in
diameter; bark surface slightly fissured, scaly

Leptolaena multiflora — 1, flowering twig; 2,
flower; 3, part of fruiting twig.
Redrawn and adapted by J.M. de Vries
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wood of several other Leptolaena spp. is used
for similar purposes as that of Leptolaena multiflora.
Leptolaena abrahamii G.E.Schatz & Lowry is a
shrub or small tree up to 15 m tall with bole up
to 70 cm in diameter, occurring in humid forest
at medium altitudes in central-eastern Madagascar. Its wood is used for posts in house
building, and the bark is added in the preparation of local alcoholic drinks as a bittering
agent during fermentation.
Leptolaena cuspidata Bakeris a shrub or small
tree up to 15 m tall, occurring in fairly humid
forest in north-western Madagascar. Its wood
is also used for posts in house building, whereas bark decoctions are taken to treat lumbago
and diarrhoea, and leaf decoctions are adminis-

tered in vapour baths against fever and fatigue.
Leptolaena delphinensis G.E.Schatz & Lowryis
a shrub or small tree up to 10 m tall with bole
up to 20 cm in diameter, restricted to littoral
forest near Tolafaro in south-eastern Madagascar. Its wood is used for posts and poles in
house building, and the bark is added in the

preparation of local alcoholic drinks as a bittering agent during fermentation.
Leptolaena gautieri G.E.Schatz & Lowry is a
small to medium-sized tree up to 15 m tall,
occurring in fairly humid forest at medium
altitudes in northern and eastern Madagascar.
Its wood is also used for posts in house building.
Leptolaena pauciflora Baker is a shrub or
small tree up to 15 m tall, widespread in central and eastern Madagascar from sea-level up
to 2300 m altitude. Its wood is probably used in
house construction similar to the other Leptolaena spp. Leaf decoctions are administered
to treat syphilis, and a paste made from the
roots is applied to the face as a beauty mask.
Leptolaena raymondii G.E.Schatz & Lowry is a
small tree up to 10 m tall with bole up to 20 cm
in diameter, known only from one locality in
eastern Madagascar. Its wood is used for posts
in house construction and a tisane made from
the leaves is administered to treat lumbago.
In 2001 various Leptolaena spp. have been
separated from Leptolaena multiflora. This
means that the information found in olderliterature under this name mayrefer to various
species, and this is also the case for the information in this article on wood properties and
anatomy.

Anatomy Wood-anatomical description (LAWA
hardwood codes):

Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; (7: ves-

sels in diagonal and/or radial pattern); 9: vessels exclusively solitary (90% or more); 13:
simple perforation plates; 22: intervessel pits
alternate; (24: intervessel pits minute (< 4
um)); 25: intervessel pits small (4—7 um); 30:

vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 31: vessel-ray pits with much reduced borders to apparently simple: pits
rounded or angular; 32: vessel-ray pits with
much reduced borders to apparently simple:
pits horizontal (scalariform, gash-like) to vertical (palisade); (33: vessel-ray pits of two distinct sizes or types in the same raycell); 42:
mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; 47: 5-20 vessels per square millimetre;
56: tyloses common. Tracheids and fibres: 62:
fibres with distinctly bordered pits; 63: fibre
pits common in both radial and tangential
walls; 66: non-septate fibres present; 70: fibres
very thick-walled. Axial parenchyma: 76: axial
parenchyma diffuse; 77: axial parenchyma diffuse-in-aggregates; 92: four (3-4) cells per parenchyma strand. Rays: 96: rays exclusively
uniseriate; 104: all ray cells procumbent; (106:
body ray cells procumbent with one row of upright and/or square marginal cells); 113: disjunctive ray parenchyma cell walls present;
116: > 12 rays per mm. Mineralinclusions: 159:
silica bodies present; 160: silica bodies in ray

cells.
(S. N’Danikou, P. Baas & H. Beeckman)
Growth and development Flowering and
fruiting trees of Leptolaena multiflora can be
found nearly throughout the year. The flowers
are visited by insects such as bees, which serve
as pollinators. The seeds are probably dispersed by birds and lemurs, which feed on the
fruits. Ectomycorrhizal as well as endomycorrhizal symbioses have been demonstrated for
the roots.
Ecology Leptolaena multiflora occurs mainly in coastal forest and evergreen forest on
sandy soils, up to 200 m altitude, occasionally
up to 1100 m.

ManagementIn littoral forest, Leptolaena
multiflora occurs locally in high densities, up
to 250 adult trees per ha. However, studies on
natural regeneration show that the number of
trees with a bole diameter of more than 10 cm
is declining.
Genetic resources Although Leptolaena multiflora occurs widespread in Madagascar,it is
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under much pressure because of selective exploitation of its timber for use in construction.
There are only few protected areas in its area
of distribution, and its habitat, i.e. littoral and

lowland evergreen forest, is rapidly declining.
Leptolaena multiflora is included in the IUCN
Red List as endangered. All other Leptolaena
spp. are also included in the IUCN RedList, 5
of them as endangeredorcritically endangered
and only Leptolaena cuspidata and Leptolaena
gautieri as ‘least concern’.
Prospects Research on Leptolaena multiflora and other Leptolaena spp. is needed to safeguard them for the future. Major point of concern, next to their rapidly declining habitats, is
poor natural regeneration. Moreover, information is needed on growth rates to give recommendations on appropriate forest manage-

Librevillea klainei — wild

ment practices to ensure sustainable harvest-

ing of the boles for construction purposes and
of the bark for medicinal purposes.
Major references Bolza & Keating, 1972;
Cavaco, 1952; Guéneau & Guéneau, 1969;
Guéneau, Bedel & Thiel, 1970-1975; Hong-Wa,
2003a; Hong-Wa, 2003b; Hong-Wa, 2004; Sallenave, 1955; Schatz, Lowry & Wolf, 2001;
Takahashi, 1978.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Debray, Jacquemin & Razafindrambao, 1971; Groupe des spécialistes
des plantes de Madagascar, 2011; Hong-Wa,
2009; Neuwinger, 2000: Schatz, 2001.
Sources of illustration Cavaco, 1952: Du
Petit-Thouars, 1805.

Authors S. Rakotonandrasana

LIBREVILLEA KLAINEI (Pierre ex Harms)
Hoyle
Protologue Bol. Soc. Brot. sér. 2, 29: 18

(1955).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Brachystegia klainei Pierre ex
Harms (1907).
Origin and geographic distribution Libre-

heavy, with a density of 1040-1130 kg/m? at
12% moisture content, and very hard. The
rates of shrinkage upon air drying are high,
from green to oven dry 6.2-7.5% radial and
9.5-11.38% tangential. At 12% moisture content,

the

modulus

of rupture

is

225-246

N/mm2, modulus of elasticity 17,750—20,700
N/mm?, compression parallel to grain 84-94
N/mm?, shear 12-19.5 N/mm2, cleavage 16.5—

31 N/mm and Chalais-Meudon side hardness
11.4—14.7. The woodis fairly resistant to splitting.
Botany Medium-sized to large tree up to 50
m tall; bole usually straight and cylindrical, up
to 110 cm in diameter, with rather thin buttresses up to 2 m high; bark surface rough,
slightly peeling with small scales to shallowly
fissured, yellowish grey to reddish brown, inner bark fairly thick, fibrous, yellowish brown
to greyish brown; twigs short-hairy to glabrous.
Leaves alternate, imparipinnately compound
with 3-6 leaflets; stipules small, caducous;
petiole and rachis together 3-8 cm long; petiolules 3-4 mm long; leaflets alternate, ovateoblong to lanceolate, 5-10 cm x 2-3 cm, slight-

villea klainei occurs from southern Cameroon,

ly asymmetrical, acuminate at apex, leathery,
glabrous, pinnately veined with 6-10 pairs of
indistinct lateral veins. Inflorescence a terminal lax panicle with branches 3-5 cm long,

through Equatorial Guinea and Gabon, south

short-hairy. Flowers bisexual, whitish, with 2

to Cabinda (Angola).

rounded bracteoles up to 3.5 mm long at base;
pedicel 5-10 mm long; tepals (1-)2, c. 2 mm
long; stamens 10, slightly fused at base, c. 5
mm long; ovary superior, with short stipe,
hairy, 1-celled, style c. 3 mm long. Fruit an
oblong to narrowly obovate, flattened pod 7-12
em X c. 5 cm, with stipe, with faint diagonal

Uses The wood, known as ‘ngaba’ in Gabon,

is suitable for heavy construction andflooring.
Properties The heartwood is yellowish
brown to reddish brown with darker streaks
and indistinctly demarcated from the sapwood.
The texture is moderately coarse. The wood is
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veins, dehiscent with 2 woody, spiralling valves, up to 3-seeded.
Librevillea comprises a single species. It is
classified in the tribe Macrolobieae, in which

its position is still unresolved.
Ecology Librevillea klainei occurs in lowland rainforest, where it is usually found scattered. It seems to be most abundant on sandy
soils in swampy areas.
ManagementSeedlings may be quite abundant in the forest. The average wood volumein
Gabon has been estimated at 0.65 m?/ha.
Genetic resources and breeding Although
Librevillea klainei is not very widely distributed, with the majority of trees in Gabon, and is
restricted to mature rainforest, it does not

seem to be threatened by genetic erosion at
present.

Prospects Too little is known about Librevillea klainei to make a fair judgement on its
prospects as a timber tree of commercial importance. It probably has low growth rates resulting in hard and heavy wood, which seem to
be a serious drawback for sustainable commercial exploitation.
Major references Aubréville, 1968; de
Saint-Aubin, 1963: Takahashi, 1978; Vivien &
Faure, 1985; Wilks & Issembé, 2000.
Other references Lewis et al., 2005; Newbery et al., 1986; Normand & Paquis, 1976;
Sallenave, 1971.

Authors R.H.M.J. Lemmens

Lophira alata — wild
hardness and resistance properties, it is well
appreciated for heavy construction work for
extreme conditions, including hydraulic works,

marineconstruction, bridges, decks, ship building, industrial floors, staircases, wooden frame

houses, railway sleepers, mine props, retaining
structures, elevator guides in mines, vehicle

bodies and posts for a variety of purposes from
vineyards to oyster culture. It is suitable for
joinery, interior trim, sporting goods, toys, novelties, agricultural implements, turnery and
hardboard. A notable application is for rails for
metro carriages in Paris running on pneumatic
tyres.

LOPHIRA ALATA Banksex C.F.Gaertn.
Protologue Suppl. carp. 1(1): 52, t. 188, f. 2
(1805).
Family Ochnaceae
Chromosome number 2n = 28
SynonymsLophira procera A.Chev. (1935).
Vernacular names Azobé, ekki, red ironwood (En). Azobé (Fr). Azobe (Po).
Origin and geographic distribution The
area of natural distribution of Lophira alata
extends from Guinea Bissau eastward to the
Central African Republic, and southward to
Gabon and DR Congo. It is most common in
coastal areas, less so inland; in DR Congo it

occurs from the western borders to the central
basin of the river Congo.
Uses The wood of Lophira alata, well-known
in trade as ‘azobé’, has become one of the most

widely used tropical hardwoods, asit is available in larger dimensions than other woods with
similar technical specifications. Because of its

Azobé has a high energy value. It is a good
fuelwood andyields an excellent charcoal. The
flowers attract honey bees.
In traditional medicine in Gabon, the bark is
applied topically to treat kidney problems. In
Cameroon, Gabon and Congo, bark decoctions
are taken or applied as enema against menstrual problems, beginning hernia and stomach
problems. They are also taken against kidney
pain and toothache. In Congo powdered bark
mixed with palm oil and mineral salt is administered to treat heart problems, costal pain and
coughing up blood. In Nigeria a similar mixture is used against cough, fever and jaundice.
The bark is credited with analgesic and sedative properties andis used to treat convulsions,
epilepsy, eye problems and yaws. In the Central African Republic the bark is applied
against snake bites, in Cameroon for wound
healing. In Liberia and Congo the leaves are
used in the treatment of leprosy, and in Liberia
the seeds are sometimes used similarly. The
leaves are also used as a wash for women dur-
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ing childbirth, as a lotion against respiratory
diseases and dysentery, whereas they are also
added to preparations which are administered
for the treatment of yellow fever and sleeplessness. Twigs are used as toothbrush.
The seed contains about 40% oil, which is

sometimes used for cooking, e.g. by the Baka
Pygmy people in Cameroon, and also as ointment and to make soap. In traditional medicine, it is probably used for similar purposes as
‘meni oil’ extracted from the seeds of Lophira
lanceolata Tiegh. ex Keay.
Production and international trade Lophira alata is one of the most exploited forest
trees of tropical Africa. The earliest export record of the timber dates from the 16th century
and documents its sale from Ghana to the
United Kingdom for use as keels in ship building. Already before 1914, azobé wood has been
used in Cameroon in the construction of quays
and pontoons, and regular export to Europe
started soon after World WarI.
In 2006 azobé ranked 4t® on thelist of exploited
timbers in Cameroon with 5.1% of the total
harvested timber volume, representing about
17,500 m®. It has retained its prominence in
recent years with export volumes of sawn wood
reaching 48,800 m3, 44,800 m3 and 49,600 m3
in 2006, 2007 and 2008, respectively. Export
volumes of logs during this period were very
small. Also in Gabon and Equatorial Guinea,
azobé is an important export timber, but well
behind okoumé (Aucoumea klaineana Pierre).
In Gabon it holds second place for locally transformed timber, with 37,700 m? entering sawmills in 2007 (against 931,500 m3 for okoumé).
From Gabon it is exported as logs in similar
quantities (37,500 m? in 2008), but holding
only 7place among log exports. During the
first 4 months of 2010, ITTO hasreported price
increments of several tropical woods, including
azobé, due to strong demand from China. In
2010 Liberia exported logs of azobé at US$ 253
per m°.

Properties Commercial logs range in diameter from 60 cm to 120 cm, occasionally reaching 150 cm. The heartwood is chestnut brown
to chocolate brown or dark violet-brown, slightly darkening on exposure, and rather poorly
demarcated from the paler, about 3(-5) cm
thick sapwood. Between the sapwood and the
heartwood there is a 5-10 cm thick layer of
transitional wood which is intermediate in
colour. The grain is usually interlocked, texture variable to coarse.
The wood is very heavy, with a density of

1010-1150 kg/m3 at 12% moisture content, and

very hard. Drying should be done slowly because of a high risk of deformation, surface
checking and splitting. It is generally recommended to air dry azobé in pieces of large dimensions. The rates of shrinkage are high,
from green to oven dry (5.6-)7.1-9.2% radial
and (8.3—)10.7-13.2% tangential. Once dry, the
woodis very unstablein service.
The wood has excellent mechanical properties,
being both flexible and resistant to bending
and very resistant to shocks and abrasion. At
12% moisture content, the modulus of rupture
is (159-)201-287 N/mm2, modulusofelasticity
18,200-22,000(-23,500) N/mm?, compression
parallel to grain (75-—85-109 N/mm?, shear
(10-)14-20 N/mm?, cleavage 20-33 N/mm,
Janka side hardness 9990—-17,540 N, Janka

end hardness 12,300—21,200 N and ChalaisMeudonside hardness 7.6—18.8.
Azobé is very difficult to work with handtools
because of its hardness and high density.It is
normally processed by sawing, and is not suitable for peeling or slicing for veneer. With appropriate heavy-duty machine tools it saws
well. The blunting effect on saw teeth and cutting edges is relatively small as azobé does not
contain silica. Azobé planes without difficulty
and sands very easily, but the presence of interlocked grain makes it difficult to obtain a
nicely polished surface. Pre-boring is needed
for nailing and screwing, but holding properties of the wood are good. Nailing is possible
with special tools such as a ramset gun, and
high-quality screws are required. Azobé glues
well with synthetic resin glues, but gluing
needs care because of the strong shrinkage on
drying, and gluing on an industrial scale is not
recommended. The wood takes paint and varnish well, provided it is dry. Oil-based paints
chip easily. Bendingis difficult.

The heartwood is very durable, but sapwood
and the transitional wood are only moderately
durable. The heartwood is very resistant to
termite attack, but attacks by Macrotermes
spp. have been reported from Africa. Resistance of dry wood to attack by Lyctus and
other insects is good, although attacks to sapwood have been reported. Resistance to woodattacking fungi is variable, but generally good.
Azobé shows satisfactory resistance against
marine borers in cold and temperate waters,
although less than some other tropical hardwoods. In tropical waters the resistance is only
moderate. Azobé is rather resistant to impregnation with preservatives. When preservation
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is needed, wood should be scarified immediately after sawing and just before treatment under pressure.
Azobé has a strong resistance to fire, being
almost uninflammable. It is of no value for the
paper industry, being difficult to reduce to
shavings and having a low yield of a dark pulp.
Azobé is resistant to acids, e.g. against sulphuric and hydrochloric acids at a concentration of less than 25% at ambient temperatures.
It is less resistant to nitric acid. Its hardnessis
not affected by acids. It is also tolerant of caustic alkaline solutions (<5%).
Several bi-flavonoids have been extracted from
the bark, including lophirones B, C, D, E, L
and M,bongosine, mbamichalcone and lophirochalcone. Luteolin and lithospermoside have
also been isolated. Extracts of the bark have
shown bactericidal effects against grampositive bacteria including Micrococcus luteus
and Staphylococcus aureus. An extract of the
leaves has shown activity against the vector of
schistosomiasis.
The seed oil of Lophira alata has not been
studied as extensively as the oil of Lophira
lanceolata, but is probably fairly similar and
suitable for similar purposes.
Adulterations and substitutes Lophira
lanceolata Van Tiegh. ex Keayis closely related to Lophira alata, has similar bactericidal
effects and contains similar compounds (lophirones), but its seed oil is more widely used
than that of Lophira alata. It occurs in the
savanna areasnorth of the area of distribution
of Lophira alata, and in areas where they occur
side by side it is possible that the two species
are utilized interchangeably. The wood of Lophira lanceolata, which is pinkish with a red
heart, is available in much smaller dimensions,

but may have similar uses, especially for mine
props, railway sleepers and mortars, as fuelwood and for charcoal production.
Description Deciduous, large to very large
tree up to 60 m tall; bole branchless for up to
30 m, cylindrical and usually very straight but
sometimes slightly wavy, up to 160(—180) cm in
diameter, base sometimesslightly thickened or
with slightly swollen main roots; superficial,
spreading roots sometimes visible for several
meters; bark surface scaly, rusty brown to orange-brown, peeling in numerous, long and
narrow vertical strips, inner bark up to 2 cm
thick, brown-red, with a characteristic, thin,

sulphur-yellow layer on the outside between
the living and dead bark layers; crown hemispherical, with large, upright branches; twigs

Lophira alata — 1, base of bole; 2, leafy branch;
3, inflorescence;4, fruit.
Redrawn and adapted by G.W.E. van den Berg
glabrous. Leaves arranged spirally, clustered
at the ends of branches, simple and entire;
stipules triangular, c. 6 mm long, caducous;

petiole 0.5-2.5 cm long; blade oblong-obovate,
8-24(-35) cm X 4-8(-10) cm, base cuneate,
apex rounded or notched, leathery, glabrous,
midrib prominent, pinnately veined with many,
closely arranged, fine lateral veins. Inflorescence a lax, terminal panicle, glabrous.
Flowers bisexual, nearly regular, 5-merous,
strongly scented; pedicel up to 2.5 cm long,
jointed just below apex; sepals free, ovate,

slightly unequal, c. 1 cm long; petals free,
broadly obovate to nearly round, up to 1.5 cm
long, slightly 2-lobed at apex, white; stamens
numerous, free, c. 1 cm long, yellow-orange;

ovary superior, narrowly conical, 1-celled, style
arms 2, short, spreading. Fruit a conical nut
2.5-3 cm x 1-1.5 cm, tapering at apex, somewhat woody, indehiscent, 1-seeded, with 2 une-

qual, narrowly oblong, pink to reddish, finely
veined wings at base, the larger one up to 12
cm X 3 cm, the smaller one up to 6 cm X 1 cm.

Seed narrowly ovoid. Seedling with hypogeal
germination; epicotyl 8-14 cm long; cotyledons
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remaining in seed coat, c. 1.5 cm X 0.5 cm; the

first 2 leaves opposite, sessile, narrowly elliptical, c. 10 cm X 3 cm, the 314 leaf (and occasionally 4*) unfolding at the same time as the first
2, forming a pseudowhorl, subsequent leaves
alternate.
Other botanical information Lophira is
restricted to tropical Africa and comprises 2
species with an ecologically distinct distribution: Lophira alata, a large tree characteristic
of the Guineo-Congolian evergreen rainforest,
and Lophira lanceolata, a small tree restricted
to Sudano-Guinean savanna, also at higher

elevations up to 1200(—1600) m altitude. In the
forest-savanna transition zone, the two species
are very similar in their vegetative characteristics, but Lophira lanceolata usually has comparatively narrower leaves with a longer petiole and slightly largerfruits.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 24: intervessel pits minute (< 4
uum); 25: intervessel pits small (4-7 um); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 43: mean tangential diameter of
vessel lumina > 200 ttm; 46: < 5 vessels per
square millimetre; 47: 5-20 vessels per square
millimetre; 58: gums and other deposits in
heartwood vessels. Tracheids and fibres: (60:
vascular/vasicentric tracheids present); 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 69: fibres thinto thick-walled; 70: fibres very thick-walled.
Axial parenchyma: 85: axial parenchyma bands
more than three cells wide; 94: over eight cells
per parenchymastrand. Rays: 97: ray width 1—
3 cells; 104: all ray cells procumbent; 115: 4-12

rays per mm. Mineral inclusions: 136: prismatic crystals present; 141: prismatic crystals
in non-chambered axial parenchyma cells; 142:

prismatic crystals in chambered axial parenchymacells.
(E. Vetimane, P. Baas & H. Beeckman)
Growth and development Lophira alata is
a heliophile pioneer species. It regenerates
abundantly in open localities, especially when
the soil has been disturbed, e.g. along forest
roads or river banks, in forest gaps, abandoned
fields, or edges of savanna protected from fire.
It can also germinate in the undergrowth, but
full sunlight is needed for subsequent growth
of the seedling. Young plants can persist fairly

long in the undergrowth without developing:
their growth becomes very rapid once they are
exposed to stronger light. The response is stronger when the light increases from 2% to 30% of
full sunlight, then weaker between 30% and
60%, suggesting adaptation to partial shade. In
plantations, young plants grow on average 80—
130 cm/year in height, but growth can reach
and even exceed 1.5 m per year for the most
vigorous plants. In a locality in Ghana, where
exploitation for timber and poles was largely
abandoned, Lophira alata reached a height of
6-8 m after 9 years, while the trees were in
good health in spite of being shaded by 15-18
m tall umbrella trees.
The average diameter growth rates vary strongly in natural forest. In Côte d'Ivoire growth
rates of 0.65—1.5 cm per year have been reported for trees with a bole diameter of more than
10 em; the maximum growth rate observed was
2.25 cm per year for a tree that grew from 28.6
em to 78.5 cm in diameter in 22 years. In plantations diameter growth rates of 0.85-1.15 cm
per year have been measured for trees of about
10 years old, exceeding 1.5 cm per year in the
most vigorous ones. While in natural forest
growth can be fast for young trees in full sunlight, growth slows down immediately when
competition with other species occurs. When
mature trees reach and dominate the forest
canopy, they regain good growth rates. It has
been estimated that trees with a bole diameter
of 70 cm are at least 90 yearsold.
Lophira alata loses its leaves for a period of a
few days to 2-3 weeks very soon after the end
of the rainy season, in October-November in
West Africa, in December in coastal Cameroon

but slightly earlier in inland areas of Cameroon, and in December-February in Gabon.
New leaves may start unfolding immediately
after leaf-fall or even before leaf-fall is complete. They are reddish and may appear at
different times in different parts of a single
crown. Leaf-fall and the appearance of new
leaves may be synchronous in all trees in a
region, but can also extend over 2 months.
Flowering coincides with the appearance of
new leaves. Fruits develop quickly and ripen
after 6-8 weeks, generally in January-April,
but ripe fruits can be found on the tree also
later, sometimes till May—June. Not all trees
bear fruit annually, and it has been reported
from Guinea that mast years occur only every
3—4 years.
Leaves of juvenile trees are much larger than
those in adult trees, up to 100 cm x 10 cm, are
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generally lanceolate and nearly sessile, and
often bear galls. In the Central African Republie, trees with a bole diameter of 15 cm have
been found flowering, but only trees with a bole
diameter of more than 50 cm flower annually.
However, the number of fruits under a mother
tree becomes markedly larger when the bole
diameter has become larger than 110 cm, or
whenthe tree avails of a large exposed crown.
This indicates that sexual maturity and reproductive efficiency are reachedlate.
In Cameroon it has been observed that roots
are colonized by arbuscular endomycorrhyzae;
the degree of infestation can be a factor favouring growth.
Ecology Lophira alata is characteristic of
dense humid evergreen forest at low altitudes,
but it is occasionally found up to 1000 m altitude, e.g. in Cameroon. It is abundant in sedimentary river basins along the Atlantic coast,
generally on dry land, but sometimesalso, but
more thinly spread, in periodically flooded forest behind mangroves or along the edges of
marshes, rarely inside marshes. It is often
found in secondary forest and regrowth along
forest roads and in clearings, and is also common in forest islands in savanna and in open
Marantaceae forest in Gabon and Congo. Further inland, Lophira alata occurs more scattered, and is mainly found in valleys and on
the banks of greater rivers. It can spread rather far into semi-deciduous forest in river
valleys and on hill slopes. Its intolerance of
drought excludes it from dry climates, except in
low-lying sites where sufficient water is available. In West Africa, the abundance of Lophira
alata is closely linked with rainfall, reaching
an optimum at 2600 mmperyear. It is adapted
to various typesof soils, including sands, sandy
clays, and gravelly and ferralitic soils, but
seems to prefer sandy clay soils with a fairly
shallow watertable.
Young trees are very sensitive to competition,
even in forest regrowth, where other species
are often more efficient, such as large herbs,
shrubs, lianas and trees such as Musanga cecropioides R.Br. and Pycnanthus angolensis
(Welw.) Warb.
The regeneration of Lophira alata seems to
require light and the near complete absence of
competition during the seedling and very
youngplant stages. Trees arefairly resistant to
fire as long as the damageis limited to one side
only.
Propagation and planting Lophira alata
is usually propagated by seed. The weight of

1000 seeds is about 1 kg. Under natural circumstances, fruits are disseminated by strong
winds; with their wings they can cover distances of hundreds of meters before falling on the
ground. The germination rate is high (80-95%),
but the viability of seeds drops quickly because
of the fairly rapid degradation of the seedoil.
Four months after harvesting, the germination
rate has fallen to about 25% andtherefore seed
has to be sown soon after collection. Soaking in
water for several hours is recommended and
the preferred sowing depth is 1-2 cm. Germination can be fairly rapid taking 9-16 days,
but can also take longer, 18-30 days for normal, mono-embryonic seeds, and about 45 days

for poly-embryonic seeds, which are fairly
commonin Lophiraalata.
In the nursery plantlets are spaced at 10-15
cm, and have to be exposed to full sunlight

soon. Small rodents are a threat because they
dig up andeat the seeds. Seedlings form a taproot with many very fine lateral roots. Roots
should be pruned frequently by shifting the
containers to avoid that the taproot anchors
itself in the soil and to stimulate the growth of
lateral roots; this increases the transplantation
success rate.

Transplanting into the field can be done when
the plants are 18 months old, have a 40-100
cm long stem, a well-developed taproot and up
to 15 leaves. However, transplanting younger
plants is possible. Sometimes 15-20 cm tall
wildlings are collected from natural forest in
June and these are planted out after 12
months. Direct planting of 30-35 cm tall wildlings results in a lower success rate. Precautions should be taken to protect the young
plants as they are sensitive to sun-scald and
can dry out quickly. However, they are tolerant
of poor soils. Young plants respond well to initial light shade, e.g. by interplanting between
rows of existing trees producing light shade.
The canopy has to be opened as soon as the
young plants are well established. Ring weeding is required to avoid competition for water,
nutrients and light, and when plants are well
established, more complete weedings can be
carried out. Young plants are more sensitive to
attack by stem borers when they are exposed to
full light; such attacks are more frequent in the
nursery than in forest. Planting out in swampy
localities has failed because the taproot died
quickly.
Lophira alata coppices well, but does not form
root suckers, unlike Lophira lanceolata. In
Cote dIvoire, in-vitro culture of embryos of
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Lophira alata using various growth media (gel,
silicagel, liquid) have shown growthrates of 2—
4 cm/day, while the average daily growth rate
was 1-2 cm.
Management In coastal forest on alluvial
soils Lophira alata is often abundant or even
dominant among canopy trees. The density of
trees with a bole diameter of more than 50 cm
can reach an average of 3 trees/ha in dense
forest, with a local variation ranging from 1 to
7 trees/ha. At the beginning of the 20t century,
densities as high as 10-20 trees/ha with a bole
diameter of more than 50 cm have been recorded. In inland areas in Gabon, wheredense forest and more open Marantaceae forest meet,

the density of large trees (bole diameter > 70
cm) and of small trees (bole diameter > 10 cm)
is higher in open forest (reaching 0.9 trees/ha
and 27.4 trees/ha, respectively) than in nearby
mixed dense forest where the density is almost
too low to measure.
Typical Lophira alata forest is dominated by
large trees forming a continuous canopy, a
dense undergrowth and the nearly absence of
lianas. The distribution of bole diameters over
size classes forms a bell-shaped curve, indicating that the recruitment of young trees is not
assured under the cover of adult trees. Measurements of regeneration in dense forest have
shown that seedlings could be abundant, but
that the vast majority of them were less than
50 cm tall, while very few plants reached a bole
diameter of 10-15 cm, except where they were
favoured by natural or man-made forest openings.
Coppicing for the production of firewood has
been studied in Côte d'Ivoire; close planting (2
m X 2 m) and coppicing at stumplevel, leaving
1-2, fairly straight and vigorous shoots per
stump, are recommended. In plantations for
timber, the recommended density is 1100
stems/ha with a first thinning after 6-8 years
reducing the density to 500-600 stems/ha.
Wheninterplanting in food crops, both the use
of small seedlings, which farmers tend to remove while weeding, andlarge seedlings (more
than 1 m tall), which do not strike well and are
sensitive to wind, should be avoided.

In Cameroon and Gabon Lophira alata is selfpruning and trees drop branches regularly and
without leaving visible scars. In Céte d’Ivoire,

however, branches are dropped later, leaving
large protuberances as visible scars and leading to a more sinuous bole.
Managementof plantations is generally limited
to removal of small lianas and saplings of other

trees. Some foresters recommend planting at
high density or the establishment of mixed
plantations in order to increase the establishmentrate and delay branching.
Diseases and pests Leaves of Lophira alata
are often attacked by an insect, causing 4-5 cm
large galls on both surfaces. In plantations,
attacks have been reported by larvae of an unidentified insect destroying the apical bud,
leading to premature branching of young
stems.

Harvesting Treesof Lophira alata are felled
at any time of the yearas longas forest tracks
are passable. Harvesting methods with little
destructive impact are sometimes used, but so
far only in concessions engaged in certified
production. The logs are too heavy to transport
by water and have to be moved bytruck.
Seeds are collected from under mothertrees;
bark for medicinal purposes is normally harvested with a machete.
Yield Lophira alata is one of the species
most widely exploited for its wood, in particular in Cameroon, Equatorial Guinea and Gabon. The minimum harvestable bole diameter
is set at 60 cm in Cameroon and Côte d'Ivoire,
70 cm in Ghana, and 80 cm in Gabon andLiberia. An average harvestable tree yields 8-13.5
m? of bole wood volume. A tradable volume of
24.2 m? has been measured for a tree in Nigeria. Volume tables to estimate the productivity
of populations are available for several countries.
Plantations in Abobo

(Côte

d'Ivoire),

inter-

planted in food crops, have produced after 21
years a dominant canopy of Lophira alata at a
height of 25-30 m with an average bole diameter of 20-25 cm. In Akila (Nigeria), a pure
stand of Lophira alata had the following characteristics after 12 years: 1428 trees/ha, average bole diameter 10.6 cm, average height 16.3
m with the dominant canopy layer at 18.3 m,
volume of the stand 67.5 m3 with an average
annual growth rate of 5.6 m3/ha. Results obtained in a plantation in Sibang (Gabon)after
64 years indicate an estimated log volume of
252 m%/ha, or an annual growth rate of 3.9
m?/ha.
Handling after harvest The removal of
sapwood is recommended to reduce the risk of
damage by rot-causing agents. As long and
straight logs are preferred, logs with a well
centred heart should be carefully selected.
Boles of azobé with an excentric heart contain
invisible tension wood and compression wood,
which cause deformations as soon as pieces are
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lumbered. Although the blunting effect is
small, sawing of azobé requires adapted and
sufficiently powerful equipment.
Genetic resources Becauseof the very high
level of exploitation in its area of distribution,
IUCNhasclassified Lophira alata as ‘vulnerable’. In almost the whole coastal region of
Cameroon, populations have become seriously
degraded or have disappeared completely as a
result of human activities (urbanisation, road

construction, food and industrial crop production, silvicultural exploitation). The species is

now partially protected in a number of conservation areas, but this is insufficient to ascer-

tain that regeneration in exploited areas will
be adequate to meet future demands. In addition, the effects of the systematic exploitation
of the best trees on the genetic diversity are
not known. It may well have led to negative
genetic selection, as the only seed trees remaining were the most poorly formed ones.
Breeding No selection programmesfor azobé currently exist.
Prospects In West Africa and Cameroon,
primary populations of Lophira alata have
disappeared since the 1950s and 1960s. They
are now almost everywhere degraded or have
disappeared completely as a result of human
activity in the coastal regions. It must be assumed that erosion of the genetic diversity has
occurred. However, its characteristics as a pioneer species favour natural regeneration of
azobé and offer possibilities for the establishmentof plantations for timber production that
can meet future demands. The sensitivity of
azobé to competition from other pioneer species
should be carefully kept in mind. Effective
measures for its regeneration should be taken
systematically by the logging companies that
exploit azobé. Research on the genetics of the
species and the selection of plants which are
more tolerant to drought could favour its plantation on a widerscale.
Major references Aubréville, 1959a; Bouquet, 1969; Burkill, 1997; CTFT, 1976; Gérard

1989; van de Kuilen & Blass, 2005; Vivien &
Faure, 1985.
Sources of illustration Voorhoeve, 1979;

Wilks & Issembé, 2000.
Authors C. Doumenge & V.O. Séné

LUDIA MAURITIANA J.F.Gmel.
Protologue Syst. nat. 2(1): 839 (1791).
Family Flacourtiaceae (APG: Salicaceae)
Synonyms Ludia sessiliflora Lam. (1792),
Ludia ambrensis H.Perrier (1940).
Vernacular names Mfuwate (Sw).
Origin and geographic distribution Ludia
mauritiana occurs in southern Kenya, Tanzania, Mozambique, Mayotte, Madagascar, Seychelles and Mauritius.
Uses In Tanzania the woodis used for poles
in construction, mine props, furniture, railway
sleepers, implements and tool handles, and
also as firewood andfor charcoal production. In
Mauritius it has been used for wheels of barrows.
Properties The wood of Ludia mauritianais
heavy and hard. The wood of an unidentified
species of Ludia from Madagascar has been
tested. The wood was heavy, with a density of
950-960 kg/m? at 12% moisture content. The
rates of shrinkage were high, from green to
oven dry 4.9-6.1% radial and 13.4-13.9% tangential. At 12% moisture content, the modulus

of rupture was 216-225 N/mm?, modulus of
elasticity 17,940-—18,050 N/mm?, compression

parallel to grain 86-87 N/mm?, shear 12.5-13.5
N/mm?, cleavage 19-29 N/mm and ChalaisMeudon side hardness 7.1-8.2.
Botany Evergreen shrub or small tree up to

et al., 1998; Letouzey, 1957; Letouzey, 1985a;

Palla, Louppe & Doumenge, 2002; Takahashi,
1978; Voorhoeve, 1979.

Other references ATIBT, 1986; Bolza &
Keating, 1972; CE-FAO, 1999; Cordiez, 2000;
CTFT, 1954; de la Mensbruge, 1966; Ewola Tih
et al., 2006; Eyog Matig et al. (Editors), 2006;
Hall & Swaine, 1981; Hecketsweiler, 1992;

Jiofack et al., 2010; Keay, 1954e; Martineau,
1933; Méniaud, 1950; Onguene & Kuyper,
2001; Sallenave, 1971; Satabié, 1991; Tailfer,
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10(-15) m tall; bark surface greyish; twigs
usually glabrous, with numerous _lenticels.
Leaves alternate, simple and entire; stipules

absent; petiole 2-8 mm long; blade oblong to
oblanceolate or obovate, 3-9 cm x 2—4(—6) cm,

cuneate at base, obtuse or slightly acuminate
at apex, leathery, glabrous, glossy, pinnately
veined with 6-8 pairs of steeply ascendinglateral veins. Flowers usually solitary in leaf axils, bisexual, regular, small, yellowish white,

subtended by several small bracts; pedicel 0.5—
1 mm long; sepals 5(-6), free, ovate to rounded,
2(-3) mm long, densely short-hairy; petals absent; stamens numerous, free; disk consisting

of up to 15 glands; ovary superior, glabrous,
style 3-5 mm long, with 3 short lobes at apex.
Fruit an ovoid to globose, berry-like capsule 1—
1.5 cm in diameter, finely warty, reddish, tardily and irregularly dehiscent, 3—8(—12)-seeded.
Seeds ovoid, c. 2 mm long.
In Madagascar Ludia mauritiana trees flower
in November—January, in Kenya and Tanzania
in December—May. Fruits ripen 1-2 months
after flowering.
Ludia comprises about 25 species and occurs
from East Africa to the Mascareneislands. All
species are endemic to Madagascar except
Ludia comorensis H.Perrier, which is endemic

to Comoros, and Ludia mauritiana. Ludia is
classified in the tribe Flacourtieae, together
with e.g. Dovyalis, Flacourtia and Xylosma.
In Madagascar the wood of some Ludia spp. is
used.
Ludia antanosarum Capuron & Sleumer is a
small tree up to 12 m tall with bole up to 20 cm
in diameter, occurring in eastern Madagascar.
Its hard and durable wood is used in house
construction.
Ludia dracaenoides H.Perrier is a large shrub

mauritiana is widespread and not commonly
exploited for its wood. Therefore, it does not
seem to be underthreat of genetic erosion, although it appears to be uncommon in many
parts of its distribution area.
Prospects Ludia mauritiana and other Ludia spp. have no prospects for timber exploitation on a larger scale because the trees are
usually too small and occur too scattered. The
wood will remain useful on a local scale for
purposes where durability and strength are
important.

Major references Lovett, Ruffo & Gereau,
2003; Sallenave, 1971; Sleumer, 1972d; Sleumer
& Bosser, 1980; Takahashi, 1978.
Other references Beentje, 1994; Boiteau,
Boiteau & Allorge-Boiteau, 1999; Guéneau,
197la; Perrier de la Bathie, 1946c; Schatz,
2001.
Authors R.H.M.J. Lemmens

LYCHNODISCUS CEROSPERMUS Radlk.
Protologue Engl. & Prantl, Nat. Pflanzenfam. 3(5): 344 (1895).
Family Sapindaceae
Origin and geographie distribution Lychnodiscus cerospermus is distributed in DR
Congo, Sudan and western Uganda. In Tanzania a single specimen has been collected very
close to the border with Uganda.
Uses The wood of Lychnodiscus cerospermus
is used in DR Congo for construction and to
make mortars.
Botany Slender, small to medium-sized tree
up to 20 m tall; bark smooth, greyish white;
twigs soft short-hairy. Leaves alternate, pari-

or small tree up to 15 m tall, occurring in
northern Madagascar. Its wood is used for

utensils.
Ludia scolopioides Capuron & Sleumer is a
shrub or small to medium-sized tree up to 20(—
30) m tall with bole up to 45 cm in diameter,
occurring in northern, central and eastern
Madagascar. Its pinkish brown wood is used
for construction purposes.
Ecology In East Africa Ludia mauritiana
occurs in dry evergreen forest and thickets, up
to 1750 m altitude. In Madagascar and Mauritius it is found in dry to slightly moist forest up
to 1800 m altitude. It occurs on various soil
types, from limestone to laterite and sandy
soils.
Genetic resources and breeding Ludia

Lychnodiscus cerospermus — wild
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pinnately compound with 6-7 pairs of leaflets;
stipules absent; petiole up to 10 cm long,rachis
grooved, up to 60 cm long; petiolules 3-6 mm
long; leaflets opposite to alternate, oblongelliptical to ovate-oblong, 11-15 cm x 3-5 cm,

acuminate at apex, margins usually toothed,
pinnately veined with 10—16(—22) pairsoflateral veins. Inflorescence an axillary or terminal
panicle up to 45 cm long, brown hairy. Flowers
unisexual, regular, 5-merous; pedicel 4-6 mm
long; sepals c. 2.5 mm long, fused at base; pet-

als free, funnel-shaped, 3-3.5 mm long, whitish, with a reflexed hairy scale just below the
apex; stamens 10-138, filaments c. 4 mm long;
ovary superior, 3-lobed and 3-celled, style undivided. Fruit a 3-lobed ellipsoid to ovoid capsule up to 2 cm long, hairy, red when ripe, dehiscent, (1—-)3-seeded. Seeds 3-angled, up to 18
mm long, covered by a waxy,red aril.
Lychnodiscus comprises 7 species and is confined to tropical Africa. Lychnodiscus reticulatus Radlk. is a small tree up to 13 m tall, occurring from Guinea Bissau to Equatorial
Guinea. Its wood is whitish and hard. Lychnodiscus multinervis Radlk. is a large shrub or
small tree from DR Congo. Its wood is used for
construction.
Ecology Lychnodiscus cerospermus is found
in the understorey of primary forest and gallery forest at 1000-1500 altitude. The forests
in which it grows are often inundated part of
the year.
Management Baboons eat the foliage of Lychnodiscus cerospermus, but not fruits and seeds.
They uproot seedlings for the edible root-bark,
and this may hamper regeneration.
Genetic resources and breeding Lychnodiscus cerospermus may easily become threatened as it has both a restricted range and a low
population density.
Prospects Lychnodiscus cerospermus is of
some importance only locally. Because of its
small size, it is not likely to become more im-

MACARANGACAPENSIS(Baill.) Benth. ex Sim
Protologue Forestfl. Cape: 314, t. 139 (1907).
Family Euphorbiaceae
Synonyms Macaranga kilimandscharica Pax
(1895), Macaranga neomildbraediana Lebrun
(1934).
Vernacular names River macaranga, spiny
macaranga, swamp poplar, wild poplar (En).
Mkalanga, mlanga-makelele, mbawa (Sw).

Origin and geographic distribution Macaranga capensis is distributed from Sudan and
Ethiopia south to Zimbabwe, Mozambique and
South Africa.
Uses The woodis used for light construction,

planks, low-grade furniture,

knife sheaths,

boxes, crates, beehives, xylophones, water pots
and stools, and as firewood.

Macaranga capensis is planted for shade in
coffee plantations and for soil conservation. In
Burundi the leaves are consumedas vegetable.
A decoction of the leaves is used as medicine
for stomach-ache. A decoction of boiled roots is
used for treating coughs and colds, and a root
extract to cure bilharzia. Leaves are used to
treat allergies. In north-western Ethiopia a
ground piece of fresh root is put in local beer,
and a cup is drunk to cure male infertility. In
Zimbabwe powdered roots are used as an aphrodisiac. The flowers are scented and attract
honey-bees.
Production and international trade The
timber of Macaranga capensis is traded under
the names ‘muhaa’, ‘mukuhakula’, ‘muhoti’ and
‘omuburashasha’. No trade statistics are available.
Properties The heartwood is pink to greyish, with dark brown stripes, and distinctly

portant as a timber tree.

Major references Burkill, 2000; Davies &
Verdcourt, 1998.

Other references Eggeling & Dale, 1951;
Eilu, Hafashimana & Kasenene, 2004; Hauman,
1960; Hawthorne & Jongkind, 2006; Paterson,
2006; Sommerlatte & Sommerlatte, 1990.

Authors C.H. Bosch
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demarcated from the white, narrow sapwood.
The grain is usually straight, texture medium.
The woodis lightweight, with a density of 360—
500 kg/m* at 12% moisture content. It is liable
to splitting during air drying. The rates of
shrinkageare quite low, from green to oven dry
about 2.3% radial and 6.0% tangential. At 12%
moisture content, the modulus of rupture is 67
N/mm?, compression parallel to grain 41
N/mm’, Janka side hardness 3115 N and
Janka end hardness 3780 N.
The wood is fairly easy to saw and work. It
holds nails and screwswell. It is easy to glue,
but unsuitable for peeling except for core-stock.
The wood is not durable, less than 1 year in
contact with the soil. It is liable to attacks by
blue stain fungi and susceptible to termite,
dry-wood borer and marine borerattacks. It is
easy to impregnate with preservatives.
An acetone extract of the leaves showed pronounced antibacterial activity with a MIC value of 0.03 mg/ml.
Description Dioecious small to mediumsized tree up to 30 m tall; bole branchless for
up to 12 m, usually straight, up to 60(-100) cm

in diameter, often fluted near base, sometimes
with buttresses; bark surface smooth, pale grey
to pale brown, often with horizontal markings;
crown spreading, somewhat flattened; young
twigs densely rusty-brown hairy, later becoming glabrous. Leaves alternate, simple and
usually entire; stipules lanceolate, 1-2 cm long;
petiole (2—)10—20(—30) cm long, whitish hairy;
blade peltate or not, broadly ovate to triangular ovate, (6—)10-30(—40) em x (4—)10—20(—30)
cm,

rounded

to

shallowly cordate

at base,

short-acuminate at apex, papery to thinly
leathery, with 2 basal glands, glabrousor hairy
below, pinnately veined with 7—11 pairsoflateral veins. Inflorescence an axillary panicle,
short-hairy; male inflorescence 8—10(—-14) cm

long, with axes zigzag toward the apex, 20—30flowered; female inflorescence (2.5-)5-12 cm
long, with straight axes, 3—5-flowered. Flowers
unisexual, regular, 2—3(—4)-merous, without
petals; male flowers subsessile, calyx lobes
ovate, c. 0.5 mm long, greenish cream, stamens
free, c. 1 mm long; female flowers with short
pedicel, calyx splitting in c. 0.5 mm longlobes,
greenish, ovary superior, nearly globose, 1—1.5
mm long, usually 1-celled, style short. Fruit a
nearly globose capsule 3-6 mm in diameter,
glandular but becoming smooth, yellowish
green,

dehiscent

with

2

valves,

usually

1-

seeded. Seed nearly globose, 2.5-3 mm in diameter, with fleshy dark reddish or purplish
seed coat.
Other botanical information Macaranga
comprises about 280 species, with approximately 40 species in tropical Africa. Macaranga conglomerata Brenan is a medium-sized
tree up to 30 m tall andis closely related to
Macaranga capensis, but can be distinguished
by the long-stalked inflorescence. It is restricted to the higher altitudes of the Taita Hills in
Kenya and Lushoto District in north-eastern

Macaranga capensis — 1, base of bole; 2, flowering twig ; 8, male flower; 4, dehisced fruit.
Redrawn and adapted by J.M. de Vries

Tanzania. The wood, with a density of 415-480
kg/m? at 12% moisture content, has similar
uses as that of Macaranga capensis, also as
firewood and shadetree.
Macaranga vermoesenii De Wild. is a mediumsized tree with a bole up to 50 cm in diameter,
known from Congo and DR Congo. In eastern
DR Congoits wood is used for house posts and
as firewood.
In Madagascar about 10 species of Macaranga
are recognized. A number of them share the
vernacular name ‘mokorana’ referring to the
whitish and lightweight wood that is in demand for making dug-out canoes and paddles.
Macaranga alnifolia Baker, Macaranga ferru-
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ginea Baker, Macaranga oblongifolia Baill. and
Macaranga obovata Boivin ex Baill. are all
commonly used for canoes. Impregnation with
preservatives is recommended when the wood
is used for construction because it perishable.
Without distinction the crushed leaves of all
these Madagascan species are used medicinally. They are administered to cure colds and
cough in children. From the fruits of Macaranga alnifolia pharmacologically interesting stilbenes andflavonoids with cell division inhibiting properties have beenisolated.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 27: intervessel pits large (@ 10 um);
(30: vessel-ray pits with distinct borders; similar to intervessel pits in size and shape
throughout the ray cell); 31: vessel-ray pits
with much reduced borders to apparently simple: pits rounded or angular; (32: vessel-ray
pits with much reduced borders to apparently
simple: pits horizontal (scalariform, gash-like)
to vertical

(palisade));

42:

mean tangential

diameter of vessel lumina 100—200 um; 46: < 5
vessels per square millimetre; 47: 5—20 vessels
per square millimetre. Tracheids and fibres:
61: fibres with simple to minutely bordered
pits; 66: non-septate fibres present; 68: fibres
very thin-walled; (69: fibres thin- to thick-

walled). Axial parenchyma: 76: axial parenchyma diffuse; 78: axial parenchyma scanty
paratracheal; (79: axial parenchyma vasicentric); 93: eight (5-8) cells per parenchyma
strand; 94: over eight cells per parenchyma
strand. Rays: 97: ray width 1-3 cells; (102: ray
height > 1 mm); 107: body ray cells procumbent
with mostly 2-4 rows of upright and/or square
marginal cells; 108: body ray cells procumbent
with over 4 rows of upright and/or square marginal cells; (109: rays with procumbent, square

and upright cells mixed throughout the ray);
118: disjunctive ray parenchyma cell walls
present; 116: > 12 rays per mm. Mineral inclusions: 144: druses present; 145: druses in ray
parenchymacells; 148: druses in chambered
cells.
(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development Macaranga capensis is fast-growing, light demanding and
fire-resistant. It behaves as a pioneer and becomes established after disturbance. On welldrained and rich soils in localities with more

than 1500 mm annualrainfall, it produces fair
amountsof firewood after 3-4 years. In Rwanda the seeds of Macaranga capensis can contribute 30-35% to the total food intake for 2
monkey species (Cercopithecus spp.) in certain
periods of the year. The dry fruits remain on
the plant and are avoided as long as sufficient
fresh, succulent fruits of more preferred species
are available. Macaranga plants produce
threadlike wax crystals on the stems, which
make the stems slippery and impassable for
insects except species of ants known as ‘wax
runners’.
Ecology Macaranga capensis is common in
sub-montane and montane mixed evergreen
forest, forest patches in grassland, regenerating forest and forest margins, up to 3000 m
altitude, and at lower altitudes in riverine forest. In Kenya it is locally dominant in mountain forest, associated with Ocotea wsambaren-

sis Engl., Juniperus and Podocarpus spp., but
it can also be found in the rainforest in the
coastal belt above 300 m altitude.
Propagation and planting In Uganda it
has been recorded that Macaranga capensis
regenerates profusely in secondary forest, forest gaps and edges. The seeds are usually collected from the ground and sown without any
pre-treatment in the nursery or directly into
the field.
Handling after harvest It is recommended
to treat logs with preservatives soon after
felling to avoid losses by bluestain attack.
Genetic resources Macaranga capensis is
quite widespread andoccurs in disturbed habitats. It is consequently not in danger of genetic
erosion. Systematic germplasm collection or
preservation programmesdo not seem to exist.
Breeding No breeding work has been undertaken yet. The most important selection
criteria would be long and straight boles for
timberproduction.
Prospects The multiple uses and the fast
growth of Macaranga capensis and other Macaranga species make them interesting for more
intensive local utilization, especially in higheraltitude agroforestry systems, e.g. as shade
trees in coffee plantations. Suitable management systems should be developed to optimize
production.
Major references Bolza & Keating, 1972;
Bryce, 1966; Chikamai et al., undated; Coates
Palgrave, 1983; Dale & Greenway, 1961; Gilbert, 1995; Lovett et al., 2007; Palmer & Pit-

man, 1972-1974; Schatz,
1978.

2001; Takahashi,
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Other references Beaujard, 1988; Boiteau,
Boiteau

&

Allorge-Boiteau,

1999;

Chagnon,

1984; Chigora, Masocha & Mutenheri, 2007;
Coset al., 2002; Grace et al., 2002a; Hamill et
al., 2000; Kaikabo et al., 2008; Kaplin, 2001;
Kaplin & Moermond, 1998; McPherson, 1996;
Neuwinger, 2000; Newmark, 2001; Nzigidahe-

ra, 2000; Ragunatha & Mequente, 2009;
Troupin, 1983; Vlietinck et al., 1995; Wilfred,
Madoffe & Luoga, 2006; Yamada, 1999; Yoder
et al., 2007.
Sources ofillustration Dale & Greenway,
1961; Palmer & Pitman, 1972-1974.

AuthorsL. Jimu

MAJIDEA FOSTERI(Sprague) Radlk.
Protologue Bot. Jahrb. Syst. 56: 255 (1920).
Family Sapindaceae
Chromosome number 2n = 24
Origin and geographic distribution Majidea fosteri is distributed from Côte d'Ivoire east
to Sudan and Uganda, and south to DR Congo

and north-western Tanzania.
Uses Although Majidea fosteri produces a
fairly large bole it is not highly valued in West
Africa as a timber tree. However, in DR Congo
its timber is recorded to be of good quality. The
wood is suitable for light construction, flooring,
joinery, interior trim, mine props, ship building, furniture, toys, novelties, veneer and plywood.
Properties The heartwood is yellowish
brown or pinkish brown to greyish brown, becoming paler upon drying, and not distinctly
demarcated from the 3-5 cm wide sapwood.
The grain is straight to shallowly interlocked,

texture fine to medium. Radial surfaces show
fine and regularveins.
The wood is medium-weight to fairly heavy,
with a density of 720-855 kg/m? at 12% moisture content, and moderately hard. It shows
considerable shrinkage in air drying: it is recommended to quarter-cut logs before sawing.
At 12% moisture content, the modulus of rupture is 110-145 N/mm?, modulus of elasticity

10,780 N/mm? and compression parallel to
grain 47-61 N/mm?.
The wood saws easily but quite slowly; ordinary equipment can be used. Planing and machining is easy, but surfaces may be woolly
whenthe grainis irregular. The nailing, painting and varnishing properties are all good. The
wood is moderately durable, being moderately
susceptible to fungal and insect attacks. It is
not durable in contact with the ground. The
sawdust may be irritant to the respiratory
tracts.

The leaves, bark and roots of Majidea fosteri
contain moderate amounts of saponins, which

showed a significant inhibitory effect in vitro
against the dermatophytic fungus Microsporum gypseum. Bark and roots contain small
amounts of tannin.
Botany Monoccious, medium-sized tree up to
30(—35) m tall; bole often straight and cylindrical, branchless for up to 18 m, up to 100(-120)
cm in diameter, usually without buttresses;
bark surface smooth, slightly flaking, greyish
or yellowish, with lenticels, inner bark pale

with orange grit, slowly darkening to pale
brown, strongly camphor-like scented; twigs
slightly flattened, dark brown, initially hairy.
Leaves alternate, paripinnately compound with
5-9 pairs of leaflets; stipules absent; petiole 4—
5 cm long, rachis 15-35 cm long; leaflets opposite or alternate, nearly sessile, lanceolate to
oblong-lanceolate, 5-10 cm Xx 1.5-3 cm, base
asymetrical, obtuse on one side, cuneate on the

other, acuminate at apex, margin entire, nearly
glabrous, pinnately veined. Inflorescence a terminal panicle up to 13 cm long, densely hairy,
with leaf-like bracts c. 8 mm long. Flowers unisexual, regular, greenish, tinged pink; pedicel
up to 6 mm long;sepals 5, free, 8-12 mm long,
hairy; petals 4, smaller than sepals, caducous;

male flowers with conspicuous red disk, stamens 7-8, c. 8 mm long, ovary absent; female

flowers with fleshy disk, stamens rudimentary,
ovary superior, c. 3 mm long, 3-lobed, with
thick style. Fruit a 3-lobed capsule c. 4 cm x 5
Majideafosteri — wild

cm, reddish outside, pink or scarlet inside, dehiscent with 3 valves, 3-6-seeded. Seeds ovoid,
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c. 1.5 cm long, velvety hairy, bluish black.
Seedling with hypogeal germination; epicotyl c.
4 cm long, soft, short-hairy; first 2 leaves opposite, with 4-5 pairs of leaflets up to 3 cm X 1.5
cm.
In Côte d'Ivoire and Benin Majidea fosteri flowers in August and fruits ripen about 3 months
after flowering. In Côte d'Ivoire ripe fruits have
also been recorded in March—May. The bluish
black seeds, that have a slightly fleshy seed
coat and contrast with the pinkish or red inner
wall of the fruit valves, are probably dispersed
by birds.
Majidea comprisesonly 2 species. Majidea zan-

exploited there seems to be no reason for concern.
Prospects At present, there are no reasons
to promote Majidea fosteri for production of
timber. Very little is known about growth
rates, regeneration and ecological requirements, and therefore possibilities for sustainable exploitation are obscure. The interesting
antifungal activity of compounds found in

guebarica Oliv., called ‘velvet seed tree’, ‘pearl

Burg

of Zanzibar’ or ‘black pearl tree’ in English and
‘mgambo’, ‘mlanyuni’ or ‘kmonga’ in Swahili, is
usually a medium-sized tree up to 25 m tall. It
occurs in coastal Kenya and Tanzania, and in
Madagascar, but is widely grown elsewhere in
the tropics as an ornamental tree. It produces

Beentje, 1994; Boiteau, Boiteau & Allorge-

leaves, bark and roots warrants more research.

Major references Bolza & Keating, 1972;
Burkill, 2000; Davies & Verdcourt, 1998;
Fouarge & Gérard, 1964; Hauman, 1960.

Other references Akoégninou,
&

van

der

Maesen

van der

(Editors),

2006;

Boiteau, 1999; de la Mensbruge, 1966; Fouilloy
& Hallé, 1973a; Hawthorne, 1995; Hawthorne
& Jongkind, 2006; Munyi, 2006; Vivien &

Faure, 1985; Yaziji & Bouchet, 1991.
Authors C.H. Bosch

whitish wood that is useful for construction,

furniture and utensils. In Kenya communities
are involved in sustainable collection of seeds
and dried fruits. Seeds are used as beads, and
exported to be grown as ornamental tree in
tropical and subtropical gardens. The dried
fruits are very decorative and exported, especially to the United States, to be used in flower
arrangements. Two subspecies are distinguished: subsp. zanguebarica found in both mainland Africa and in Madagascar, and subsp. madagascariensis (Baill.) Capuron (synonym: Majidea madagascariensis (Baill.) Radlk.) which is
endemic to Madagascar, where it grows in drier

conditions than subsp. zanguebarica.
Ecology In West Africa and Central Africa,
Majidea fosteri mainly occurs in semi-deciduous forest. In East Africa it is confined to
rainforest at 1000-1200 m altitude.
Management There are about 1000 seeds
per kg. The seeds germinate 8-15 days after
sowing, with a high germination rate. In Ghana it has been reported that seedlings are often
abundant in the forest understorey around
mature trees. Logs have to be processed quickly after felling to prevent splitting and checking. The wood is prone to blue stain and insect

MARANTHES GLABRA(Oliv.) Prance
Protologue Bol. Soc. Brot., sér. 2, 40: 184
(1966).
Family Chrysobalanaceae
Chromosome number 2n = 20
SynonymsParinari glabra Oliv. (1871).
Origin and geographic distribution Maranthes glabra occurs from Sierra Leone eastward
to eastern DR Congo, and southward to northern Angola.
Uses The wood of Maranthes glabra is considered difficult to work and oflittle value for
carpentry, but useful for purposes for which it
can be processed green. It is suitable for heavy

attacks, and treatment with insecticide and

fungicide is recommended. In Congo a bole of
15.5 m long and 90 cm in diameter yielded
nearly 6.5 m3 of wood.
Genetic resources and breeding Although
Majidea fosteri is widespread, it usually does
not occur abundantly. In Cameroon and Gabon
it is quite rare. However, as it is not heavily

Maranthes glabra — wild
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construction, particularly for naval construction, flooring, mine props, vehicle bodies, railwaysleepers, poles, piles and agricultural implements. In Sierra Leoneit has been used for
making canoes. In Ghana it is used for beams
and stakes, and provides an excellent, though
expensive firewood.
The oily seeds are eaten in Côte d'Ivoire and
Cameroon. Bark macerations or decoctions are
widely used in traditional medicine to treat
dysentery, diarrhoea, anaemia, and as tonic

and anodyne, whereas bark decoctions are also
applied as a wash to treat chronic itch or scabies. Bark powder is applied to burns. Powdered roots are added to mixtures for the
treatment of skin complaints in humans as
well as livestock. The fruit is used in DR Congo
as bait in traps for red river hogs and antelopes.
Production and international trade The
wood of Maranthes glabra is used and traded
locally, but is of no importance in international
trade.
Properties The heartwood is pink or brown
with a pink tinge, sometimes with attractive
streaks, and clearly demarcated from the white

to yellow-brown sapwood. The grain is variable, texture rather coarse. The wood has a faint
smell of honey when freshly cut, which fades
on drying.
The woodis heavy, with a density of 1060 kg/m?
at 12% moisture content, and very hard. It is
difficult to dry and air-drying before kilndrying is advisable. Severe distortion may occur especially in thicker boards. The rates of
shrinkage are high, from green to oven dry
6.8% radial and 13.0% tangential. At 12% moisture content, the modulus of rupture is 202

N/mm?, modulus of elasticity 17,850 N/mm?,
compression parallel to grain 101 N/mm2, shear
11 N/mm?, cleavage 23 N/mm and ChalaisMeudonside hardness 13.7.
The woodis verydifficult to saw and work with
both hand and machine tools. Because of the
high silica content (up to 2.8%), it has a strong
blunting effect on saw teeth and cutting edges,
but it can be planedto a fairly smooth surface.
For nailing, pre-boring is required. The wood is
not suitable for turnery or veneer making. The
heartwood is fairly resistant to termites and
marine borers. It is resistant to impregnation
with preservatives, the sapwood is fairly permeable.
Botany Evergreen medium-sized tree up to
30(—40) m tall; bole branchless for up to 20 m,
usually straight and cylindrical, but sometimes

bent, twisted or gnarled, up to 80(—150) cm in
diameter, sometimes with buttresses up to 2 m
high; bark surface rough,flaking off in irregular scales, orange-grey to reddish grey, inner
bark thick, granular, pinkish brown to dark
red, sometimes with white streaks, with some

colourless to pinkish or yellowish exudate turning red; crown flattened, dark green, with sin-

uous, more or less upright main branches;
twigs initially sparsely hairy, soon becoming
glabrous. Leaves arrangedspirally, simple and
entire; stipules fused at base, c. 1 mm long,

early caducous; petiole thin, 0.5-1 cm long;
blade elliptical, 6-12(-14) cm x 2.5—5.5(—7.5)
cm, cuneate and with 2 glands at base, acu-

minate at apex, leathery, glabrous, pinnately
veined with 5-6(-8) pairs of lateral veins. Inflorescence an umbel-like panicle up to 8 cm
long and 50 cm wide, strongly branched, shorthairy, many-flowered. Flowers bisexual, slightly zygomorphic, 5-merous; pedicel 2-6 mm
long; receptacle obconical, curved, 3-5 mm
long; sepals obovate-orbicular, c. 3 mm long;
petals obovate-orbicular, up to 6 mm long,
creamy white; stamens c. 20, free, up to 1.5 cm

long, anthers orange; ovary superior, inserted
laterally near apex of receptacle, 2-celled, style
long and slender, curved. Fruit a fleshy, ellipsoid to obovoid drupe 3.5-6 cm Xx 2.54 cm,
slightly flattened, narrowed at base, obtuse at

apex, glabrous, greenish yellow turning brown
to black, usually 2-seeded. Seeds oily. Seedling
with epigeal germination; hypocotyl 6-7 cm
long, epicotyl 3-5 cm long, glabrous; cotyledons
thick and fleshy, 3—4 cm long, soon shrivelling;
first 2 leaves opposite.
Trees may start flowering when only 5 tall.
Flowering andfruiting occur throughoutthe year.
The seeds are eaten by chimpanzees, which in
some regions open the hard fruit stones using
stone tools, and by red river hogs. Probably
rodents serve as seed dispersers, but elephants
have also been suggested to play an important
role in dispersal of seeds and regeneration.
Maranthes comprises 12 species, of which 10
occur in tropical Africa and one each intropical
Asia and tropical America.
Maranthes glabra has been confused with Maranthes robusta (Oliv.) Prance.
Ecology Maranthes glabra occurs in evergreen and semi-deciduousforest, mostly on dry
land but occasionally in temporarily flooded
localities. It occurs from sea-level up to 1000 m
altitude, in eastern DR Congo up to 1900 m. In
Ghana it has been reported to be strongly associated with acidic, base-poorsoils.
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Management There are 30-90 fruit stones
per kg. The stones may take very long to germinate, from 4 months to 3 years, and the

germination rate is low.
Natural regeneration seems to be fair but periodic as often most trees found in a forest are of
the same age. Maranthes glabra has been classified as a shade bearer. In general, it occurs
scattered in the forest or in small groups. Logs
sink in water and cannot not be transported by
river.
Genetic resources and breeding Maranthes glabra is widespread and not heavily exploited. It is unlikely to be under threat of genetic erosion, except where its habitat is being
destructed.
Prospects The wood of Maranthes glabra
will remain locally important for purposes for
which it can be processed green, such as for
beams and posts for construction, canoes and
railway sleepers. It will also remain an important source of firewood.
Major references Bolza & Keating, 1972;

Burkill, 1985; Letouzey & White, 1978a; Prance
& Sothers, 2003b; Takahashi, 1978.
Other references Hawthorne, 1995; Keay,
1989; Letouzey & White, 1978b; Neuwinger,
2000; Poorter et al., 2004; Raponda-Walker &
Sillans, 1961; Savill & Fox, 1967; Vivien &
Faure, 1985; White, 1976; White & Abernethy,
1997.

Authors L.P.A. Oyen

MARANTHESROBUSTA(Oliv.) Prance
Protologue Bull. Jard. Bot. Etat 46: 306
(1976).
Family Chrysobalanaceae
Chromosome number 2n = 20
SynonymsParinari robusta Oliv. (1871).
Vernacular names Mahogany nut, Benin
mahogany(En).
Origin and geographic distribution Maranthes robusta occurs in West Africa, from Côte
d'Ivoire eastward to Nigeria.
Uses The wood of Maranthes robusta, named

‘koaramon’ in trade in Côte d'Ivoire, is mainly
used for construction purposes for which it is
processed green. It is difficult to use economically when re-sawing and machining of dried
wood are required as even hardened steel cutting edges become blunt quickly. The wood may
occasionally be used for joinery, mine props,
vehicle bodies, railway sleepers, canoes and
agricultural implements. It is also used as

Maranthes robusta — wild
firewood and for charcoal production.
In Côte d'Ivoire bark decoctions and pounded
leaves are applied as anodyne. Pregnant women take a decoction of the bark as a tonic.
Properties The heartwood is red to dark
red, resembling some kinds of mahogany. It
darkens upon exposure and is distinctly demarcated from the pinkish or pale yellowish,
thick sapwood. The grain is straight, irregular
or interlocked, texture medium to coarse. The
wood haslittle lustre. It has a scent of honey or
bees wax whenfreshly cut, but the smell fades
upon drying.
The wood is heavy, with a density of about
1000 kg/m? at 12% moisture content, hard and
exceptionally stiff. It air dries slowly and with
serious degrade caused by splitting and twisting, and a combined air and kiln drying schedule is recommended to obtain good results. The
rates of shrinkage are high, from green to oven
dry 9% radial and 12% tangential. Once dry,
the wood is very unstable in service. At 12%
moisture content, the modulus of rupture is
183-242 N/mm2, modulus of elasticity 21,500
N/mm2, compression parallel to grain 89-93
N/mm2, cleavage 30 N/mm and Chalais-Meudon
side hardness 6.2.
The woodis very difficult to saw and work with
both hand and machine tools; because of its

high silica content it has a very rapid blunting
effect on cutting edges, particularly when dry.
While wood with high moisture content can be
sawn and cut quite satisfactorily, stellitetipped saw teeth and tungsten-carbide cutting
tools are required for dry wood, but even these
blunt quickly. The wood polishes fairly well
whena filler is used, but picking up of inter-
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locked grain may occur in planing. The wood is
difficult to nail and pre-boring is needed. The
gluing properties are satisfactory. The wood is
moderately durable, being moderately resistant
to termite attack and resistant to marine borer
attack. Information on its response to fungi is
not available. The heartwood is moderately
resistant to preservative treatment, but sapwood is permeable.
The wood contains about 43% cellulose, 32%
lignin, 16% pentosan, 3.5% ash and up to 2.6%
silica. The solubility is 1.3% in alcohol-benzene,
1.0% in hot water and 17.1% in a 1% NaOH
solution.
Adulterations and substitutes The wood
of Maranthes robusta closely resembles that of
Parinari excelsa Sabine and Maranthes glabra
(Oliv.) Prance and other Maranthes spp. It also
resembles some grades of African mahogany
(Khaya and Entandrophragma) and it has been
described andclassified as ‘false mahogany’.
Description Small to medium-sized tree up
to 20(-30) m tall; bole often low branching,
cylindrical or irregular, up to 100 cm in diameter, sometimes with low buttresses; bark surface scaly with irregular patches, pale greyish
to yellowish brown, inner bark granular, pur-

Maranthes robusta — 1, flowering twig;2, fruits.
Redrawn and adapted by G.W.E. van den Berg

plish or dark red, exuding some reddish gum;
crown large, dense, reddish brown; twigs corky,
often dark with raised rounded _lenticels.
Leaves arranged spirally, simple and entire;
stipules small, early caducous; petiole stout, up
to 1 cm long; blade elliptical, 6-12.5 cm x 2.5-6
cm, cuneate and with 2 glands at base, acuminate at apex, papery, densely yellowish
brown short-hairy below, pinnately veined with
5-8 pairs of lateral veins. Inflorescence a terminal umbel-like panicle, strongly branched,
short-hairy, many-flowered. Flowers bisexual,
slightly zygomorphic, 5-merous; pedicel up to 4
mm long; receptacle obconical, curved, c. 3 mm
long; sepals nearly orbicular, c. 4 mm long;
petals nearly orbicular, up to 6 mm long,
greenish white; stamens 18-25, free, c. 1 cm

long; ovary superior, inserted laterally near
apex of receptacle, 2-celled, style long and
slender, curved. Fruit a fleshy, ellipsoid to obovoid drupe 3-3.5 cm X 2-2.5 cm, glabrous,
greenish yellow turning reddish brown, fewseeded. Seedling with epigeal germination;
hypocotyl 6-9 cm long, epicotyl 1.5—5 cm long,
short-hairy; cotyledons thick and fleshy, 2.5—4
cm long, soon shrivelling; first 2 leaves opposite.
Other botanical information Maranthes
comprises 12 species, of which 10 occurin tropical Africa and one each in tropical Asia and
tropical America.
Maranthes robusta has been confused with
Maranthesglabra (Oliv.) Prance.
The woodof several other Maranthes species is
similar to that of Maranthes robusta and Maranthes glabra and usedfor similar purposes.
Maranthes chrysophylla (Oliv.) Prance (synonym: Parinari chrysophylla Oliv.) is a mediumsized to fairly large tree up to 40 m tall, with
straight bole up to 120 cm in diameter, occurring in evergreen rainforest from Sierra Leone
to Gabon and south-western DR Congo. Its
reddish woodis used in Liberia and Gabon for
construction and planks; although heavy and
strong, it is reported to be not durable upon
exposure. The bark is poisonous.
Maranthes goetzeniana (Engl.) Prance (synonym: Parinari goetzeniana Engl.) is a mediumsized to fairly large tree up to 35(—50) m tall,
with bole branchless for up to 20 m and up to
120 cm in diameter, occurring in evergreen
forest from Tanzania to Zimbabwe and Mozambique. The pale brown woodis heavy, with
a density of about 930 kg/m? at 12% moisture
content, moderately hard but not very strong.
It is used for building poles, railway sleepers,
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and for charcoal production. The fruit pulp is
edible, and the fruit stones are broken and
seeds eaten, especially by children during
times of food scarcity. The bark produces a red
dye. The flowers produce nectar which is collected by honey bees.
Maranthes polyandra (Benth.) Prance is a
shrub or small tree up to 8 m tall, with short
and gnarled bole, occurring from Mali eastward
to Sudan in wooded savannaand grassland. Its
wood is used for poles in construction and fences, and as firewood and for charcoal production. The wood has been used in tanning, and
wood ash is used as a salt substitute. The
leaves are chewedto stain the teeth. Thefruits
are edible. In traditional medicine, the roots
are used against ulcers, syphilis and insanity.
The bark is used to treat kwashiorkor and bark
decoctions are taken against fever and general
pain, and as a tonic by pregnant women; a bark
decoction or powderis used in a bath to treat
wounds and fractures. Leaves are applied to
fractures and to treat abdominal pain in children.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
13: simple perforation plates; 22: intervessel
pits alternate; 25: intervessel pits small (4—7

Growth and development The tree architecture of Maranthes robusta is according to
the growth model of Troll, in which the axesall
have a tendency to grow at an oblique angle or
horizontally with continual superposition. The
main-line axes contribute partly to the trunk
and partly to the branches. Growth in height is
effected by the ability of the basal part of each
shoot to assume anerect position by secondary
growth.
Maranthes robusta regenerates well in shade.
In Ghanaflowering is usually not seasonal and
occurs in January—July and September—January; ripe fruits are normally found in January—April. The seeds are possibly dispersed by
elephants. They are eaten by primates.
Ecology The characteristic habitat of Maranthes robusta is swampforest, often near the
coast. It also occurs in drier types of semievergreen rainforest, often in association with
Brachystegia eurycoma Harms, Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) Baill. and
Triplochiton scleroxylon K.Schum.
Diseases and pests Standing trees of Maranthes robusta are susceptible to attacks by
large borers.
Genetic resources Maranthes robusta is
widespread and although current data on its
abundance are lacking and its habitat is
shrinking rapidly, there are no indications that
it is seriously threatened by genetic erosion.
Prospects The unusual abrasiveness, stiff-

tool handles and yokes, and also as firewood

uum); (31: vessel-ray pits with much reduced

ness, high density and shrinkage values of the

borders to apparently simple: pits rounded or
angular); 32: vessel-ray pits with much reduced
borders to apparently simple: pits horizontal
(scalariform, gash-like) to vertical (palisade);
43: mean tangential diameter of vessel lumina
> 200 um; 46: < 5 vessels per square millimetre.
Tracheids and fibres: (60: vascular/vasicentric
tracheids present); 62: fibres with distinctly
bordered pits; 63: fibre pits common in both
radial and tangential walls; 66: non-septate
fibres present; 70: fibres very thick-walled.
Axial parenchyma: (85: axial parenchyma

wood of Maranthes robusta limit its usage to
domestic markets, where it will continue to be
useful for purposes for which it can be processed green. Its high price as firewood indicates that demandfor this purposeis strong.
Major references Bolza & Keating, 1972;
Burkill, 1985; de Koning, 1983; Irvine, 1961;
Keay, 1989; Kryn & Fobes, 1959; Prance &
Sothers, 2003b; Prance & White, 1988;
Takahashi, 1978; White, 1976.
Other references Arbonnier, 2004; Aubré-

bands more than three cells wide); 86: axial

1966; Hall & Swaine, 1981; Hawthorne, 1990;

parenchyma in narrow bands or lines up to
three cells wide; 93: eight (5-8) cells per parenchyma strand; 94: over eight cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
(104: all ray cells procumbent); 106: body ray
cells procumbent with one row of upright
and/or square marginalcells; 116: > 12 rays per
mm. Mineral inclusions: 159: silica bodies present; 160: silica bodiesin raycells.
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)

Hawthorne, 1995; Hawthorne & Jongkind, 2006;
Lovett et al., 2007; Melville, 1936; Poorter et
al, 2004: Ruffo, Birnie & Tengnäs, 2002; Sal-

ville, 1959b; Bryce,

1967; de la Mensbruge,

lenave, 1955; Savard, Besson & Morize, 1954;
Savill & Fox, 1967; Taylor, 1960; White, 1978a.
Sources of illustration Aubréville, 1959b.
Authors J.R. Cobbinah & E.A. Obeng
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MARGARITARIA DISCOIDEA (Baill.)

G.L.Webster
Protologue Journ. Arn. Arb. 48: 311 (1967).
Family Euphorbiaceae (APG: Phyllanthaceae)
Synonyms Phyllanthus discoideus (Baill.)
Mill.Arg. (1863).
Vernacular names Commonpheasant-berry,
bushveld peacock-berry (En). Mjangari (Sw).
Origin and geographic distribution Margaritaria discoidea is widespread, occurring from
Senegal and Guinea east to Ethiopia and Kenya, and south to Namibia, Botswana, Zimbabwe, Mozambique, northern South Africa and
Swaziland.
Uses The wood of Margaritaria discoidea is
locally used, mainly for poles, planks and shingles in house building, flooring, general carpentry, interior trim, toys and draining boards.
It is suitable for boat building, cabinet making,
carvings, turnery, veneer and plywood. It is
also used as firewood and for charcoal production.
A vegetable salt is made from the wood ashes.
In Côte d'Ivoire and Ghana, young shoots are
used as chewing sticks. Several parts of the
plant are used in traditional medicine across
Africa. In West Africa the stringy and fibrous
bark is commonly chewed as purgative and
aphrodisiac, and for treating toothache and stomach-ache; bark powder is rubbed on the body
to treat fever. In Central Africa bark decoctions
are applied to the skin to serve as stimulant

and tonic, and are taken to relief post-partum
pains and to cure boils. In Malawi powdered
bark is applied to swellings and inflammations,
and a paste prepared from bark ash with local
salt and palm oil is applied as a topical embro-

cation to relieve lumbar pain. In Tanzania root
decoctions are taken to treat schistosomiasis,
gonorrhoea, diarrhoea and hard abscesses, and
in mixture with leaf sap to treat malaria. In
DR Congo bark decoctions are used to relieve
stomach and kidney problemsandto facilitate
parturition. In Sudan the plant is a source of
cough medicine. The leaves are used for different medicinal purposes in the various regions;
they are generally used for wound healing, to
treat ulcers, earache and blennorrhoea, to
counteract poisoning, and as an eye wash to
treat ophthalmia. Margaritaria discoidea foliage serves as fodderfor livestock, especially for
cattle, but in Ghanait is also fed to goats in
mixtures. In Cameroon the tree is planted in
villages to provide shade. In Ugandait hasalso
been planted as a secondline of defensein firebreaks.
Production and international trade The
wood of Margaritaria discoidea is mainly used
locally. Quantities of timber traded in the international market under the trade names
‘adjansì’ and ‘mukarara’ are probably small,
but trade statistics are not available.
Properties The heartwood is pinkish white
to brownish red, taking a purplish tinge with
time, and distinctly demarcated from the pale
brown to yellowish, 5—7.5 cm wide sapwood.

The grain is straight or slightly interlocked,
texture medium to fine. The woodis fairly lustrous, odourless and tasteless when dry.
The wood is heavy, with a density of 740-975
kg/m? at 12% moisture content, hard and
tough. The rates of shrinkage are quite high,
from green to oven dry about 6.2% radial and
9.5% tangential. Once dry, the wood is unsta-

ble in service. It is advisable to quarter-saw the
wood to avoid losses due to shrinkage. At 12%
moisture content, the modulus of rupture is
175-210 N/mm2, modulus of elasticity 14,000
N/mm?, compression parallel to grain 83
N/mm?, shear 5 N/mm?, cleavage 26-29 N/mm,
Janka side hardness 7550 N, Janka end hard-

Margaritaria discoidea — wild

ness 8200 N and Chalais-Meudon side hardness 7.5.
The wood sawseasily but slowly, works moderately well with both hand and machinetools,
and can be planed to an excellent finish. It
polishes well to a smooth surface. The nailing
properties are good. The heartwood is fairly
durable with an expected service life of 8-15
years. It is moderately resistant to fungal attack and resistant to termite and other insect
attacks, but the sapwood maybe susceptible to
Lyctus attack.
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An aqueous bark extract demonstrated antiinflammatory and analgesic activities in rats,
reducing significantly the formation of oedema
induced by carrageenan and histamine. An
ethanolic bark extract showed antimicrobial,
antioxidant and anti-inflammatory activities,
supporting the ethnomedicinal use of the bark
in treating wounds and skin infections. Aqueous and hexane extracts of dry wood showed
acaricidal activities, inducing high mortalities
in nymphs and adults of Rhipicephalus appendiculatus and Amblyomma variegatum. Several alkaloids have also been isolated from Margaritaria discoidea, including securinine and
phylochrysine; the latter compound has stimulant activity on the central nervous system.
Description Deciduous, dioecious shrub or
small to medium-sized tree up to 30 m tall; bole
branchless for up to 20(-26) m, usually
straight, up to 100 cm in diameter, larger trees
often with buttresses; bark surface becoming
scaly or fissured and flaking in irregular strips,
pale grey to brownish grey, inner bark thick,
fibrous but brittle, pink to red with orange

streaks; crown large, flattened or umbrellashaped, with drooping branches; twigs hairy
when young, but soon becoming glabrous, with
lenticels. Leaves alternate, simple and entire;
stipules lanceolate to oblong, up to 13 mm long,
deciduous; petiole 1—-5(-9) mm long; blade
ovate-elliptical to obovate-lanceolate, 1-11 cm
x 0.5-6 cm, rounded to cuneate at base, round-

ed to obtuse or acuminate at apex, papery,
nearly glabrous, pinnately veined with 5-15
pairs of lateral veins. Inflorescence an axillary
fascicle, male inflorescence in axils of fallen
leaves of the previous year, many-flowered,
female one in axils of young leaves, (1—)2-3flowered. Flowers unisexual, regular, 4-merous,
yellowish green, sepals unequal, (1—)2.5(—3)

mm long, petals absent; male flowers with up
to 7 mm long pedicel, 3-4 mm long stamens
and shallowly lobed disk; female flowers with
up to 2 cm longpedicel, moreorless entire disk
andsuperior, ellipsoid, nearly glabrous ovaryc.
2 mm long, (2—)3(—4)-celled, stylar column up
to 2 mm long, stylar arms (2—)3(-4), c. 2 mm
long, each 2-lobed. Fruit a (2-)3(-4)-lobed capsule 5-7 mm X 10-13 mm, yellowish brown,

Margaritaria discoidea — 1, base of bole; 2, twig
with male flowers; 8, male flower; 4, fruiting
twig.
Redrawn and adapted by J.M. de Vries

with persistent sepals at base and the remains
of the styles at apex, irregularly dehiscent, up
to 6(—8)-seeded. Seeds hemispherical, c. 5 mm
x 5 mm X 2.5 mm, seed coat fleshy, smooth,
glossy metallic-blue or purplish blue, with a
groove. Seedling with epigeal germination;
hypocotyl 2-3 cm long, epicotyl 3-5 mm long;
cotyledons leafy, c. 1.2 cm long, obtuse; first
leaves alternate.
Other botanical information Margaritaria comprises about 14 species and occurs
throughout tropical Africa, Asia and America.
In Margaritaria discoidea 4 varieties are distinguished with overlapping distribution areas
and intermediate specimens. Apparently the
tallest trees belong to var. fagifolia (Pax)
Radcl.-Sm.; these are found in mixed evergreen
forest at 900-1900 m altitude.
Anatomy Wood-anatomical description (LAWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 26: intervessel pits medium (7—10
lum); 31: vessel-ray pits with much reduced
borders to apparently simple: pits rounded or
angular; (32: vessel-ray pits with much reduced
borders to apparently simple: pits horizontal
(scalariform, gash-like) to vertical (palisade));
42: mean tangential diameter of vessel lumina
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100-200 um; 48: 20-40 vessels per square millimetre; 56: tyloses common. Tracheids and

fibres: 61: fibres with simple to minutely bordered pits; 65: septate fibres present; 66: nonseptate fibres present; 69: fibres thin- to thickwalled. Axial parenchyma: (75: axial parenchyma absent or extremely rare); 76: axial parenchyma diffuse; (78: axial parenchyma
scanty paratracheal); 93: eight (5-8) cells per
parenchyma strand; 94: over eight cells per
parenchyma strand. Rays: (97: ray width 1-3
cells); 98: larger rays commonly 4- to 10seriate; 102: ray height > 1 mm; 107: body ray
cells proeumbent with mostly 2-4 rows of upright and/or square marginal cells; 108: body
ray cells procumbent with over 4 rows of upright and/or square marginal cells; 109: rays
with procumbent, square and upright cells
mixed throughout the ray; (112: perforated ray
cells present); 115: 4-12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells.
(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development In plantations
in northern Cote d'Ivoire, planted cuttings
reached a meanheight of 3.2 m after 5.5 years,
but some trees reached 4 m tall after 3 years.
Margaritaria discoidea is considered a pioneer
species and natural regeneration is most successful in disturbed habitats; saplings can be
found in medium-large gaps in the forest. In
dry areas branchingof the tree tends to be lower down the stem than in wet areas. The tree
loses its leaves for a long period. It flowers before and during developing a flush of leaves in
the dry season. Generally the tree produces
fruits during the rainy season. In Cote d’Ivoire
trees flower in January-April and fruit in
May-July. Bushbuck eat the fruits, but the
fruits and seeds are mainly eaten by birds such
as green pigeons, guinea-fowl and francolins,
which may serve as seed dispersers.
Ecology Margaritaria discoidea occurs mostly in savanna woodland, dry evergreen forest
and drier secondary forest. It is also found in
semi-deciduous forest. In Kenya it is found in
forest edges from sea-level up to 2000 m altitude.
Propagation and planting Unopenedfruits
can be collected from the mother tree; after

crushing, seeds can be separated from the
chaff. There are about 20,000 seeds per kg.
Dried seeds can bestored in sealed containers
for some time in a cool dry place. Seeds can be
sown directly, but the germination rate is quite

low and germination starts after 1-6 months.
Pre-treatment of seeds by soaking in cold water
for 12 hours hastens germination. Exposure to
the sun is reported to stimulate germination.
Margaritaria discoidea has also been propagated by planting wildlings andcuttings.
Management Margaritaria discoidea can be
coppiced, pollarded and pruned. Plantations
can be found in Uganda, whereit is also planted in a mixture with iroko (Milicia excelsa
(Welw.) C.C.Berg).
Diseases and pests Margaritaria discoidea
is a host plant for Armillaria mellea, a fungal
pathogen causing damage in a large numberof
fruit tree species, as well as in cocoa and bana-

na.
Yield A bole of 26 m long and 88 cm in diameter felled in DR Congo yielded 10 m? of
wood.
Handling after harvest To avoid losses
due to splitting, the logs have to be converted
as soon as possible afterfelling.
Genetic resources Margaritaria discoidea
is widely distributed in tropical Africa andlocally common, also in disturbed habitats, and
is unlikely to suffer from genetic erosion.
Prospects Margaritaria discoidea is a multipurpose tree which is locally valued, mainly
for its timber and medicinal applications. The
characteristics of the wood, which does not
have a special attractive appearance, is heavy,
liable to shrinkage during drying and not very
easy to work, are too moderate to makeit very
interesting for the international market. Moreover, large trees are too uncommonintheforest to be of commercial interest. However,
Margaritaria discoidea will remain important
for local applications, particularly for construction becauseof its durability. The wide range of
diseases treated with the bark demands further pharmacological research; preliminary
results are promising. More research is also
needed to establish its potential as a plantation
species, especially in agroforestry systems.
Major references Arbonnier, 2004; Bolza &
Keating, 1972; Burkill, 1994; Irvine, 1961;

Katende, Birnie & Tengnas, 1995; Keay, 1989;
Maundu & Tengnäs (Editors), 2005: Mensah et
al., 1988; Radcliffe-Smith, 1996; Savill & Fox,
1967.
.
Other

references

Adedapo,

Afolayan, 2009; Beentje,

Sofidiya

&

1994; Coates Pal-

grave, 1983; Cooper & Record, 1931; Dale &

Greenway, 1961; de la Mensbruge, 1966; Dickson et al., 2010; Duku, van der Zijpp & Howard, 2010; Eggeling & Dale, 1951; Fouarge &
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Gérard, 1964; Hawthorne, 1995; Kaaya,
Mwangi & Malonza, 1995; Lovett & Gereau,
1990; Radcliffe-Smith, 1981; Radcliffe-Smith,
1987a; Radcliffe-Smith, 1995; Runyoro et al.,
2006; Takahashi, 1978; Vivien & Faure, 1985;
Wilks & Issembé, 2000.
Sources of illustration Dale & Greenway,
1961; Wilks & Issembé, 2000.
Authors A. Addo-Danso

MARKHAMIA LUTEA (Benth.) K.Schum.
Protologue Engl. & Prantl, Nat. Pflanzenfam. IV, 3b: 242 (1895).
Family Bignoniaceae
Chromosome number 2n = 40
Synonyms Markhamia hildebrandtii (Baker)
Sprague (1905), Markhamia platycalyx (Baker)
Sprague (1905).
Vernacular names Markhamia,siala (En).
Mgambo, mtalawanda (Sw).
Origin and geographic distribution Markhamia lutea occurs from Côte d'Ivoire east to
Kenya and south to DR Congo and Tanzania. It
is commonly planted in someregions within its
distribution area, particularly in Kenya, Uganda and Tanzania, and sometimes elsewhere,

e.g. in Ethiopia and in the southern parts of
the United States.
Uses The woodis usedfor light construction,
often as round-wood,joinery, furniture, cabinet
work, posts, poles, implements, walkingsticks,
beehives, paddles, tool handles and props for
crops. It is suitable for light flooring, interior
trim, ship building, vehicle bodies, sporting
goods, toys, novelties, boxes, crates, matches,

turnery, veneer, plywood and pulpwood. It is

Markhamia lutea — wild

resistant to diluted acids and can be used for
fermentation tanks, tubs and barrels. It is also
used as firewood and for charcoal production.
The wood is considered excellent for tobacco
curing because ofits odourless smoke.
Markhamia lutea is an important agroforestry
tree. It is used as shade tree in crops such as
banana, beans and maize, and as a wind break.

It is useful for erosion control and soil conservation, and provides good mulch. It is planted
as an ornamental tree in gardens and parks
because of its showy flowers, but also in hedges
and live fences, and as a boundary marker. The
flowers are a source of nectar for honeybees.
Roots, bark and leaves are used in traditional

medicine. Leaves and bark are used to treat
toothache, stomach-ache and headache. Roots

are administered to children to treat convulsions, and root and bark decoctions are taken
against asthma, cough and gonorrhoea. Root
decoctions are applied to treat earache and
bark decoctions as aphrodisiac. Ground leaves
and bark are applied externally to treat skin
complaints and wounds. Leaves are used for
the treatment of snakebites and young shoots
to treat throat complaints, lumbago and diarrhoea. Leaf extracts are taken to treat cough
and malaria. In Uganda the roots are a constituent of a complex herbal preparation used
in the alleviation of AIDS symptoms. Markhamia lutea can be usedfor control of the parasitic weed Striga in cereals by inducing germination in the absenceof a host.
Production and international trade The
wood is used locally and not traded on the international timber market.
Properties The heartwoodis straw-coloured
to pale brown, slightly darkening upon exposure, and indistinctly demarcated from the
sapwood. The grain is straight, texture medium and even.
The wood is medium-weight, with a density of
560-575 kg/m? at 12% moisture content, and
moderately hard. It air dries rapidly, but has a
tendency to warp and check. The shrinkage
rates are rather high. At 12% moisture content,
the modulus of rupture is 90-104 N/mm? and
compression parallel to grain 51-54 N/mm2.
The wood is easy to saw and work with both
hand and machinetools. It planes and finishes
to a smooth surface, although some picking up
of grain mayoccur; the useofa filler is recommended. The wood is liable to splitting upon
nailing and screwing, and pre-boring is recommended. It paints and varnishes well when
a filler is used. It peels and slices well, produc-
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ing good-quality veneer. The wood is moderately durable, being moderately resistant to termites, but liable to Lyctus, pinhole borer and
marine borer attacks. Wood dust may cause
irritation to mucous membranes.
A petroleum-ether extract of the roots showed
antibacterial activity. The roots contain alkaloids and saponins. In screening tests, root and
leaf extracts of Markhamia lutea showed pronounced antiviral activity against herpes and
coxsackie viruses. The phenylpropanoid glycosides verbascoside, isoverbascoside and luteosides A-C have been isolated from the roots.
All these compounds showed potent in-vitro
activity against respiratory syncytial virus.
Crude ethyl acetate leaf extracts exhibited in-

vitro antiparasitic activity against Plasmodium
falciparum, Trypanosoma brucei and Leishmania donovani. The cycloartane triterpenoids
musambins A-C andtheir glycoside derivatives musambiosides A-C are considered the
active compounds. Musambin B with its potent
antitrypanosomal activity is most promising
for drug development.
Description Evergreen small to mediumsized tree up to 25(—30) m tall; bole often short
but sometimesbranchlessfor up to 20 m, up to
70 cm in diameter, older trees often fluted at
base; bark surface finely cracked, pale brown to
reddish brownor dark grey, inner bark fibrous,
yellowish;

crown

usually narrow,

irregular;

branches with numerouslenticels, twigs slightly hairy. Leaves opposite, imparipinnately
compound, up to 35 cm long, with (2—)3-6 pairs
of leaflets; stipules absent, but pseudostipules
present, rounded, 2-3 cm in diameter; petiole
6-12 cm long; petiolules up to 0.5(—1) cm long;
leaflets opposite, elliptical to obovate, 4.5-21
cm X 4—9 cm, cuneate to rounded at base, acu-

minate at apex, papery, covered with small
scales, pinnately veined with up to 15 pairs of

lateral veins. Inflorescence a terminal panicle
up to 20 cm long and wide. Flowers bisexual,
zygomorphic, large and showy, scented; pedicel
c. 0.5 cm long; calyx spathe-shaped, 2-2.5(-3)
cm long, covered with small scales; corolla

golden yellow, with brownish purple or red
veins or spots at the throat, with tube (2—)3—
4.5 cm long and 2-lipped and 5-lobed limb,
lobes (1-)1.5—2.5 cm long and wide, glandular;
stamens 4, 2-3 cm long, 2 longer and 2 shorter,
inserted on the corolla tube, included; disk 5lobed; ovary superior, oblong, 0.5-1 cm long, 2celled, style 2-2.5 cm long. Fruit a linear,
curved capsule 35-80 cm Xx 1-2 cm, flattened,
covered with small scales, dehiscing with 2

Markhamia lutea — 1, tree habit; 2, flowering
twig; 8, fruits; 4, seeds.
Redrawn and adapted by W. Wessel-Brand
valves, many-seeded. Seeds irregularly rectangular, with 2 lateral wings, 0.5-1 cm X 2.5-3.5
cm including wings, yellow-white. Seedling
with epigeal germination.
Other botanical information Markhamia
comprises 6 species, 4 of which occur in Africa
and2 in tropical Asia.
Markhamia obtusifolia (Baker) Sprague is a
shrub or small tree up to 15 m tall, occurring
from DR Congo and Tanzania south to Angola,
Botswana, Zimbabwe, Mozambique and South
Africa. The pale-coloured wood, whichis said to
be quite durable, is used for poles, rafters, furniture, utensils and tool handles, and as firewood. The bark is used to make ropes and the
leaves serve as fodder for livestock. Markhamia obtusifolia is sometimes planted as ornamental tree. The roots and leaves are used in
traditional medicine to treat cough, convulsions, lymphadenitis, hookworm, snakebites,
tachycardia, jaundice, conjunctivitis and syphilis, and as nerve stimulant.
Markhamia tomentosa (Benth.) K.Schum. ex
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Engl. is a shrub or small tree up to 15 m tall
with bole branchless for up to 9 m and up to 30
cm in diameter, occurring in savanna and dry
to semi-deciduous forest from Senegal east to
DR Congo and south to northern Angola. Its
pale yellowish brown to pale pinkish brown
wood, with a density of about 580 kg/m3 at 12%
moisture content, is quite similar to that of
Markhamia lutea and used for similar purposes. It is also used as firewood. Markhamia tomentosa is sometimes planted as ornamental
tree. The bark and leaves are used in traditional medicine, particularly to treat externally
skin complaints, sores and rheumatism, but

decoctions are also taken to treat fever, pain
andrespiratory complaints. The bark has been
used in tanning.
Markhamia zanzibarica (Bojer ex DC.) K.Schum.
ex Engl. (synonym: Markhamia acuminata
(Klotzsch) K.Schum.) is a shrub or small tree
up to 10 m tall, occurring in woodland, forest
edges and thickets from Somalia to Angola,

per mm.
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Growth and development Planted trees
grow fast, up to 2 m per year. In an experiment
in Burundi, the wood volume 3.5 years after
planting 5-months-old seedlings of Markhamia
lutea at a spacing of 4 m X 8 m was 0.8 m3/ha.
In a 26-years-old plantation in DR Congo,
planted at a spacing of 2 m X 2 m, the mean
height of trees was 25 m with boles up to 16 m
long and up to 33 cm in diameter. Trees
reached 30 m tall after 60 years. Markhamia
lutea develops a very large root system. Under
favourable conditions, young trees may start
flowering when only 3 m tall. In western Kenya
trees flower in August-September, in eastern
Kenya in December-January. Fruits ripen
about 6 months after flowering. The winged
seeds are dispersed by wind. Colobus monkeys
and chimpanzees commonly feed on the leaves.
Ecology Markhamia lutea occurs naturally

Botswana, Zimbabwe, Mozambique and north-

in evergreen forest, riverine forest, forest edges
and wooded savanna, at 600-2400 m altitude.

ern South Africa. The yellowish woodis used in
house building for the construction of walls and
roofs, and for implement handles, bows and
arrows. Infusions and decoctions of roots and
bark are taken to treat cough, diarrhoea and
pain, and as anthelmintic.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; (19: reticulate, foraminate, and/or other types of multiple perforation plates); 22: intervessel pits alternate;
(23: shape of alternate pits polygonal); 24: intervessel pits minute (< 4 1m); 25: intervessel
pits small (4-7 um); 30: vessel-ray pits with
distinct borders; similar to intervessel pits in
size and shape throughout the ray cell; 42:
mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre. Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: nonseptate fibres present; 69: fibres thin- to thickwalled. Axial parenchyma: 79: axial parenchyma vasicentric; 80: axial parenchymaaliform;
82: axial parenchyma winged-aliform; 83: axial
parenchyma confluent; 85: axial parenchyma
bands more thanthree cells wide; 91: twocells
per parenchymastrand; 92: four (3-4) cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 98: larger rays commonly 4- to 10-seriate;
104: all ray cells procumbent; 115: 4-12 rays

The mean annualrainfall in the area ofdistribution is 700-2000 mm, with 3-5 dry months.
Trees are quite drought resistant, and do not
tolerate waterlogging. Markhamia lutea prefers deep, well-drained red loamysoils, but also
growson gravelly loams, sandy soils and acidic
clay soils as long as these are well drained.
Propagation and planting Markhamia
lutea often colonizes gaps in the forest, forest
edges and formerly cultivated land. Seedlings
can be found in full sun or light shade, but do
not tolerate long dry periods.
Ripe fruits, which are greyish, are collected
from the tree before they open. They are dried
to collect the seeds. There are about 75,000
seeds per kg. Seeds are usually sown when
they are fresh. Fresh seed has a germination
rate of 30-60% in 3-4 weeks. For storage, the
seeds should be dried in the sun to a moisture
content of 5-10% and then threshed gently to
remove the wings, followed by winnowing.
Properly dried seeds can be stored in airtight
containers or sacks at 3°C for several years
without much loss in viability. Seeds can be
sown directly into the field or in a seed bed.
Pre-treatment is not necessary. The seeds
should be broadcasted thinly and evenly (with
a spacing of about 1.5 cm, corresponding to
about 60 g of seed per m2) on a well-prepared
seed bed and covered with a thin layer of sand
and light mulch to keep the seed bed moist.
Watering should be done in the morning and
evening. The mulch is removed when germina-
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tion starts. Seedlings are transplanted in pots
containing soil mixed with NPKfertilizer at a
rate of 30—40 g per 20 of soil. They develop a
taproot that may be over 1 m long when the
stem is only 50 cm. Regular pruning of the root
system is necessary, or seedlings should be
planted in a deep hole. Seedlings are planted
into the field when about 30 cm tall, after 4-6
months.
Propagation by cuttings is sometimes practised, using either small cuttings, or long ones
1-1.5 m long and 3-6 cm in diametercut from
coppice shoots. Wildlings are also collected for
planting. Planting experiments in Ethiopia
showed 98% survival of Markhamia lutea 4
years after planting.
Management Weedingis necessary for some
time after planting. The application of manure
increases growthratesin infertile soils.
In DR Congo more than 100 saplings and trees
have been counted per ha. A survey in western
Kenya at the end of the 1980s showed that
Markhamia lutea was the second most frequently planted agroforestry species. Locally it
has been found on 40% of the farms at an average density of 15 trees per farm. The most
popular management method is by coppicing.
Although Markhamia lutea is locally much
used as auxiliary plant, it competes with crops
with its large fibrous roots and the rather
dense shade caused by its crown. Tests showed
that it affected negatively growth of banana,
beans and maize, but had no effect on coffee.
The shade can be reduced by pruning, andit is
recommended to plant trees far apart. When
planted in hedges, spacing should be 80-150
cm and plants can be pruned forthe first time
after 2 years. Trees are pruned to obtain a regular bole for timber. They coppice well, producing vigorous shoots which can reach 7 cm in
diameter after 2-3 years on good soils, and
poles of 10—12 cm in diameter some yearslater.
Diseases and pests Seeds are commonly
attacked by seed-boring beetles and rodents.
Young trees are commonly attacked by shoot
borers, which may result in crooked boles. Silvicultural measures such as overhead shading
of saplings, mixed planting and removal of
lateral shoots can reduce damage by shoot borers.
Harvesting Trees can be harvested for timber when 15-20 years old. Boles are often fluted, resulting in low recovery rates. Coppice
shoots can be harvested as poles 1.5—4 years
after coppicing. Fruits should be collected from
the trees when they turn from pale yellow to

greyish, before they open and release the seeds.
They are usually collected by climbing the
trees and cutting off the fruits with a sharp
hook. Plant parts used for medicinal purposes
are harvested throughout the year when the
need arises. They are used immediately or
dried and stored for later use.
Yield Logs often have a small diameter and
are commonly poorly shaped. This makes sawing difficult with low yield and sawmills generating much waste. In natural forest in DR
Congo, large trees produced up to 5 m3oflogs,
but the mean volume harvested per tree was
only 1.5 m8, of which only 70% produced good
timber.
Handling after harvest After collection
from the trees, fruits are sun dried in order to

open to release the seeds.
Genetic resources Markhamia lutea is
widely distributed in a variety of habitats and
is additionally commonly planted. This makes
that it is not in danger of genetic erosion, as
seems to be the case for the other African
Markhamia spp.
Breeding Provenance and progeny trials
showed high genetic variation for tree height
and bole diameter, but not for wood density

and strength. This may offer opportunities for
selection of trees with long and straight boles
for increased timber production.
Prospects Markhamia lutea is a well-known
multipurpose tree for use in agroforestry systems. More research is needed to increase its
timber production by selection of superior trees
and by the establishment of appropriate silvicultural systems and propagation methods.
Although Markhamia lutea is already an important auxiliary plant in parts of East Africa,
investigations on best waysto plant it to avoid
competition with crops are recommended. The
antibacterial, antiviral and antiparasitic activities of various plant parts may offer good opportunities for drug development, but much
more pharmacological research is still needed.
Additionally, Markhamia lutea deserves more
attention as an ornamental tree. The other
Markhamia species have similar prospects for
increased use, although they seem to beless
interesting as timber tree because of their usually smaller sizes.
Major references Bidgood, Verdcourt &
Vollesen, 2006; Bolza & Keating, 1972; CAB
International, 2010; Kernan et al., 1998;
Maundu & Tengnas (Editors), 2005; Michelson,
1959; Orwa et al., 2009; Otieno, 1992; Pawlick,
1989; Sesaazi, 1998.
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Other references Albrecht (Editor), 1993;
Beentje, 1994; Bekele-Tesemma, 2007; Burkill,
1985; Chikamai et al., undated; Hamill et al.,
2000; Hawthorne & Jongkind, 2006; International Centre for Research in Agroforestry
(ICRAF), 1992; Irvine, 1961; Katende, Birnie &
Tengnäs, 1995; Lacroix et al., 2009; Liben,
1977; Mbuya et al., 1994; Neuwinger, 2000;
Noad & Birnie, 1989; Palmer & Pitman, 1972—

1974; Raponda-Walker & Sillans, 1961; Takahashi, 1978; Vivien & Faure, 1985; Vlietinck et
al., 1995.
Sources of illustration Maundu & Tengnäs
(Editors), 2005; Noad & Birnie, 1989.
Authors A. Maroyi

sapwood. Some alkaloids, methoxyatherosperminine and N-oxy-methoxyatherosperminine,
have been isolated from the bark, as well as
the triterpene polycarpol and the lignan meiocarpin.
Botany Shrub or small to medium-sized tree
up to 20 m tall; bole up to 30 cm in diameter;
bark surface smooth, grey to dark green, inner
bark yellowish brown, becoming reddish upon
exposure; twigs densely covered with silvery
scales. Leaves alternate, simple and entire;

stipules absent; petiole 10-12 mm long,
grooved; blade oblong to narrowly obovate, 10—
20 cm X 3.5-7 cm, cuneate at base, acuminate

at apex, papery, silvery scaly below, pinnately
veined with 12-17 pairs of lateral veins. Flowers solitary opposite the leaves, bisexual, regu-

MEIOCARPIDIUM LEPIDOTUM (Oliv.) Engl. &
Diels

lar, 3-merous, scaly, pendulous, with lemon

Protologue Notizbl. Königl. Bot. Gart. Berlin 3: 55 (1900).
Family Annonaceae
Origin and geographic distribution Thedistribution of Meiocarpidium lepidotum is lim-

whorls, broadly ovate, c. 2.6 cm X

ited to Central Africa, where it is found in
southern Cameroon, Equatorial Guinea, Gabon

and Congo.
Uses The wood is used for implements such
as spoons, paddles and oars. In southern Cameroon a maceration of the bark in cold water
has been administered to treat fever. Bark
decoctions are used as purgative and in a bath
to treat abdominal pain and worm infections in
babies.
Properties The heartwoodis greenish brown
with darker streaks, distinctly demarcated
from the whitish to yellowish, soft and flexible

Meiocarpidium lepidotum — wild

scent; pedicel 2—2.5 cm long; sepals free, triangular to ovate, 3-5 mm long; petals 6, in 2
1.5 cm,

fleshy, yellow; stamens numerous, 3-4 mm
long, anthers sessile; carpels 3-5, free, 7-8 mm
long, each with a sessile stigma. Fruit consisting of up to 5 indehiscent cylindrical follicles
up to 5 cm long, silvery-yellow scaly, pulp
slimy, each follicle many-seeded. Seeds oblongellipsoid, flattened, 1-1.5 cm x 4-5 mm, with

endosperm lamellate in 4 parts. Seedling with
epigeal germination; hypocotyl 5.5—8.5 cm long;
cotyledonsleafy, ovate, up to 4 cm long.
Meiocarpidium lepidotum hasits fruiting peak
in the rainy season. Although the fruits are not
palatable and have an unpleasant smell, they
are eaten by gorillas and chimpanzees, which
mayserve as seed dispersers.
Meiocarpidium comprises a single species. It
seems to have a rather isolated and ancestral
position within Annonaceae.
Ecology Meiocarpidium lepidotum occurs in
the understorey of lowland evergreen and
semi-deciduous forest, also in secondary forest.
It is locally dominantin the shrublayer.
Genetic resources and breeding Meiocarpidium lepidotum is in many regions within its
distribution area quite common, sometimes
even dominant, and is consequently not threatened.
Prospects The use of the wood for small
items such as implements will remain of limited importance. The small size of the tree is a
drawbackfor increased utilization of the wood.
The medicinal properties of the bark deserve
more attention.
Major references Fournet, 1979; le Thomas, 1969; Normand & Paquis, 1976; Raponda-
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Walker & Sillans, 1961.
Other references Couvreur, 2008; Neuwin-

ger, 2000; Ngouela et al., 2004.
Authors R.H.M.J. Lemmens

MENDORAVIA DUMAZIANA Capuron
Protologue Adansonia,sér. 2, 8(2): 208 (1968).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Mendoravia dumaziana is endemic to south-eastern
Madagascar, where it is restricted to a small

area.
Uses The woodis used for construction and
carpentry.

Properties The wood is very hard and durable, but reportedly easy to work.
Botany Small to medium-sized tree up to 25
m tall; bole up to 30 cm and more in diameter;
bark surface smooth and pale grey, with numerous lenticels; twigs glabrous, with lenticels.
Leaves alternate, simple; stipules triangular,
2-3 mm long, caducous; petiole 3-6 mm long,
grooved above, wrinkled; blade ovate to oblongovate, 5-13 cm X 1.5—5 cm, obtuse at base, ta-

pering but finally obtuse at apex, margins
slightly wavy, thinly leathery, glabrous, pinnately veined with numerous lateral veins.
Inflorescence an axillary raceme 1—4 cm long,
few-flowered. Flowers bisexual, regular, (5—)6merous; pedicel 1-2.5 cm long; sepals nearly
free, narrowly triangular-ovate, 2.5-3 mm
long, spreading, slightly hairy; petals free, elliptical, 1-1.5 cm long, glabrous, yellow; stamens (11-)12, filaments c. 4 mm long, anthers

c. 3 mm long, orange; ovary superior, oblong-

sigmoid, 6-7 mm long, minutely hairy, style c.
1.5 mm long, with head-shaped stigma. Fruit
an oblong, flat pod 5-9 cm long, with beak at
apex and thickened upper margin, glabrous,
reticulately veined, dehiscent with 2 spiralling
valves, 1—2-seeded. Seeds disk-shaped, 8-10
mm long, red-brown.
Mendoravia comprises a single species. It belongs to the tribe Cassieae subtribe Dialiinae,
and it has been suggested that it is related to
the genera Baudouinia and Eligmocarpus from
Madagascar and Poeppigia from tropical America.
Ecology Mendoravia dumaziana occurs in
lowland evergreen forest, up to 100 m altitude.
It is found onlateriticsoils.
Genetic resources and breeding Mendoravia dumaziana is restricted to a small
area of lowland evergreen forest in valleys and
on hillsides, and is certainly liable to genetic
erosion.
Prospects Research should focus on protection of Mendoravia dumaziana and exploitation of its timber should be discouraged.
Major references du Puy et al., 2002;
Schatz, 2001.

Other references Lewis et al., 2005.
Authors R.H.M.J. Lemmens

MICROBERLINIA BRAZZAVILLENSIS A.Chev.
Protologue Rev. Int. Bot. Appl. Agric. Trop.
26: 588 (1946).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names African zebrawood, zingana, zebrano (En). Zingana, zebrano(Fr).
Origin and geographic distribution Microberlinia brazzavillensis occurs in Gabon and
Congo.
Uses The wood, traded as ‘zingana’ and ‘zebrano’, is mainly used for decorative furniture,
turnery, sliced veneer and faces of plywood. It
is also used for flooring and musical instruments such as guitars and drums, and it has
been used for ski manufacture. It is suitable for
construction, joinery, interior trim, mine props,

ship building, vehicle bodies, railway sleepers,
ladders, sporting goods, toys, novelties, tool

Mendoravia dumaziana — wild

handles and pulpwood. In Gabonit is used as
firewood.
In traditional medicine in Congo the pounded
leaves are rubbed on the body for the treatmentof rheumatism and oedemaofthelegs.
Production and international trade In the
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Microberlinia brazzavillensis — wild
1960s Gabon exported on average 230 m3/year
of ‘zingana’ sawn wood. According to ATIBT
statistics, Gabon exported 2000 m3 of zingana
logs in 2001, 9000 m3 in 2002, 6000 m3 in 2003,
7500 m3 in 2004, 11,800 m3 in 2005, 11,500 m3
in 2008 and 15,000 m3 in 2009. Cameroon exported 1500 m3 of sawn wood in 2006, but this
probably refers to Microberlinia bisulcata
A.Chev., which is also traded as ‘zingana’.
Properties The heartwoodis pale yellowish

presence of interlocked grain; sanding gives a
good finish. In most operations the wood has
moderate blunting effects on tools. It tends to
split upon nailing, making pre-boring necessary. The gluing properties are good, and the
wood polishes and varnishes well. It slices well
but veneer must be handled carefully to prevent cracking.
The heartwood is durable. It is moderately
resistant to termite and fungal attacks, but is
resistant to dry-wood borers. The sapwood is
susceptible to Lyctus attacks. The heartwood is
extremely resistant to impregnation with preservatives, making incising necessary, but the
sapwood is permeable. Induction of asthma by
exposure to the saw dust has been recorded.
Adulterations and substitutes The wood
is quite similar in appearance to that of Julbernardia pellegriniana Troupin.
Description Medium-sized to large tree up
to 45 m tall; bole branchless for up to 15 m,
straight and cylindrical, up to 150 cm in diameter, usually with rather low buttresses; bark
surface scaly, reddish, inner barkfibrous, pink;

crown dense; twigs short-hairy. Leaves alternate, paripinnately compound with 7-14 pairs

brown with narrow darker brown streaks, tak-

ing a golden brown and lustrous tinge upon
exposure, and distinctly demarcated from the
up to 10 cm wide, whitish sapwood. The grain
is usually wavy or interlocked, texture coarse
but even. The wood is lustrous. The striped
pattern gives quarter-sawn surfaces a very

decorative appearance. Fresh wood has an unpleasant odour, which disappears after drying.
The wood is medium-weight to heavy, with a
density of 690-880 kg/m? at 12% moisture content, and hard. It must be dried slowly and
stacked with care; there is a serious risk of
distortion. To minimize degrade during drying,
quarter-sawing is recommended. The shrinkage rates are high, from green to oven dry 4.8—
9.6% radial and 7.3-12.3% tangential. Once
dry, the woodis moderately stable in service.
At 12% moisture content, the modulus of rupture is 72-147(-198) N/mm?, modulus of elasticity 16,200-17,500 N/mm?, compression par-

allel to grain 51-77 N/mm?, shear 7.5-12.5
N/mm’, cleavage 13-26 N/mm and ChalaisMeudonside hardness 4.1-6.1.
The wood sawsfairly easily, but cross-cutting
may give rough surfaces. A smooth surface
maybedifficult to obtain in planing due to the

Microberlinia brazzavillensis — 1, base of bole;

2, flowering twig; 3, flower; 4, fruit.
Redrawn and adapted by W. Wessel-Brand
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of leaflets; stipules free, oblong-linear, c. 1 cm

long, caducous; petiole and rachis together 6—7
cm long, grooved, more or less winged, slightly
hairy but becoming glabrous; leaflets opposite,
sessile, oblong, 10-16 mm x 5-7 mm, base
truncate, asymmetrical, apex rounded or

slightly notched, glabrous, pinnately veined.
Inflorescence a terminal panicle, reddish hairy.
Flowers bisexual, zygomorphic, 5-merous; pedicel 1-5.5 mm long, at apex with 2 ovate, thick-

ened, hairy bracteoles 7.5-10 mm long; sepals
unequal, 5-7 mm X 1-3 mm, 2 fused and 3 free,

glabrous; petals free, oblong-spatulate, 6-7 mm
x 2-3 mm, 1 slightly broader than other 4,
clawed, nearly glabrous, usually white; stamens 10, 9 fused at base but 1 free, 9-11 mm

long; ovary superior, with long stipe, style long
and slender. Fruit an oblong pod up to 18 cm x
5 cm, flattened, with distinct stipe at base,
pointed at apex, with prominent longitudinal
ridge, glabrous, dehiscent with 2 woody valves,
3-6-seeded. Seeds elliptical, c. 2 cm x 1.5 cm,

flattened, black. Seedling with epigeal germination; hypocotyl 3-8.5 cm long, epicotyl 3-6.5
cm long; first 2 leaves opposite, with 8-11 pairs
of leaflets.
Other botanical information Microberlinia
comprises 2 species andis restricted to Central
Africa.
Microberlinia bisulcata A.Chev. is a mediumsized to large tree to 45 m tall, with a cylindrical bole branchless for up to 20 m and upto 75
cm in diameter, probably endemic to Cameroon. Its wood is traded under the same trade
names as that of Microberlinia brazzavillensis
and has similar uses and properties; it has a
density of 700-850 kg/m? at 12% moisture content. Microberlinia bisulcata is classified as
critically endangered in the IUCN Red List,
because clearance for agriculture has resulted

other deposits in heartwoodvessels). Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled; 70: fibres very
thick-walled. Axial parenchyma: 80: axial parenchyma aliform; 81: axial parenchymalozenge-aliform; 82: axial parenchyma wingedaliform; 83: axial parenchyma confluent; 85:
axial parenchyma bands more thanthreecells
wide; 89: axial parenchyma in marginal or in
seemingly marginal bands; 91: two cells per
parenchyma strand; 92: four (3-4) cells per
parenchymastrand. Rays: 96: rays exclusively
uniseriate; 97: ray width 1-3 cells; 104: all ray
cells procumbent; (106: body ray cells procumbent with one row of upright and/or square
marginalcells); 115: 4-12 rays per mm; 116: >
12 rays per mm. Storied structure: (122: rays
and/or axial elements irregularly storied). Secretory elements and cambial variants: (131:
intercellular canals of traumatic origin). Mineral inclusions: (136: prismatic crystals present); (142: prismatic crystals in chambered
axial parenchymacells); (143: prismatic crystals in fibres).
(S. N’Danikou, P.E. Gasson & E.A. Wheeler)
Growth and development Flowering and
fruiting is at the end of the rainy season.
Ecology Microberlinia brazzavillensis occurs
in savanna areas, forest margins, along rivers,
and on lagoon sides on sandy soil, usually as
isolated trees or in small stands, but some-

times in nearly pure stands.
Harvesting In Gabon the minimum bole
diameter allowed for harvesting is 70 cm.
Handling after harvest The sapwood is
often removedfrom logs before export.
Genetic resources Microberlinia brazzavillensis is classified as vulnerable in the IUCN
Red List, because populations are often small

in large-scale habitat decline, and exploitation

and trees often scattered, with less than 1 tree

has caused population declines.
Anatomy Wood-anatomical description TAWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 26:
intervessel pits medium (7-10 um); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cell; 43: mean tangential diameter of vessel lumina > 200 um; 46:
< 5 vessels per square millimetre; (47: 5-20
vessels per square millimetre); (58: gums and

per km’.
Prospects The wood of Microberlinia brazzavillensis is very decorative because of its
striped appearance, but it is quite difficult to
work. It enters the international market, but

as it has only a limited distribution andis considered vulnerable, care should be taken that it

is only exploited in a sustainable way.
Major references ATIBT, 1986; Aubréville,
1968; Bolza & Keating, 1972; Chudnoff, 1980;
de Saint-Aubin, 1963; Sallenave, 1955; Sallenave, 1971; Takahashi, 1978; Wieringa, 1999;

World Conservation Monitoring Centre, 1998.
Other references Allen & Allen, 1981; Anonymous, 1966a; ATIBT, 2005; ATIBT, 2007;
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Aubréville, 1970; Ba et al., 2012; Burkill, 1995;
Bush, Yunginger & Reed, 1978; Cheek & Cable, 2000b; CIRAD Forestry Department, 2009;
CTFT, 1949; Keay, Hoyle & Duvigneaud, 1958;
Neuwinger, 2000; Normand & Paquis, 1976;

Phongphaew, 2003; Raponda-Walker & Sillans,
1961; Vivien & Faure, 1985.
Sources of illustration Aubréville, 1968;
de Saint-Aubin, 1963.
Authors M. Brink

MILDBRAEDIODENDRON EXCELSUM Harms

tract of leaves.
Botany Deciduous, medium-sized to large
tree up to 50 m tall; bole branchless for up to
20 m, straight or slightly sinuous, cylindrical,
up to 90 em in diameter, with triangular buttresses up to 3 m high; bark surface scaly with
rectangular scales or slightly longitudinally
fissured, grey-brown, inner bark thick, fibrous,

whitish to pinkish or pale orange, slightly
streaked, with whitish exudate; crown large,

with spreading branches; twigs sparsely shorthairy to glabrous. Leaves alternate, imparipinnately compound with 12-19 pairs of leaflets;
stipules small, caducous; petiole and rachis

Protologue Mildbr., Wiss. Erg. Deut. Zentr.Afr. Exped., Bot. 3: 241, pl. 27 (1911).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Mildbraediodendron excelsum is widespread from
Ghana east to DR Congo, southern Sudan and
western Uganda.
Uses The wood, known as ‘muyati’ in Uganda, is used for heavy construction, flooring and
railway sleepers, and also as firewood andfor
charcoal production. Mildbraediodendron excelsum is occasionally planted as a shade tree
in coffee, cocoa and bananaplantations, and as
an ornamentaltree.
Properties The heartwood is whitish yellow
to pinkish, turning pale brown to ochrous
brown upon exposure, with attractive paler
markings; it is clearly demarcated from the
sapwood. The texture is moderately coarse. The
wood is heavy. It is difficult to nail and has a
tendencyof splitting. It is durable.
Mildbraedin, a kaempferol tetraglycoside, has
been isolated from an aqueous methanol ex-

together 25-45 cm long, grooved; petiolules 3—4
mm long, hairy; leaflets alternate to opposite,
ovate-oblong to lanceolate-oblong, 2-8 cm x 1—
2.5

cm,

rounded

at base,

obtuse

at

apex,

sparsely short-hairy, with numerous translucent dots, pinnately veined. Inflorescence a
lateral raceme on young branches below the
leaves, 1-7 cm long, short-hairy. Flowers bisexual or unisexual, yellowish green, with linear, caducous bracteoles at base; pedicel 0.5-1

cm long; calyx globular, 5-7 mm in diameter,
splitting into (2-)3 lobes upon opening of the
flower; petals absent; stamens 12-18, slightly

fused at base; disk flattened, c. 3.6 mm in diameter; ovary superior, with long stipe, 1celled, style awl-shaped. Fruit a globose pod 4—
10 cm in diameter, greenish, indehiscent, with
1-3(-5) seeds embeddedin soft, yellowish pulp.
Seeds ellipsoid, 4—7 cm long, brown.

Mildbraediodendron excelsum trees grow slowly. The fruits are commonly eaten by elephants, which disperse the seeds. Leaves and

fruits are eaten by chimpanzees.
Mildbraediodendron comprises a single species.
In recent classifications it is usually placed in
the tribes Swartzieae or Sophoreae of the family Papilionaceae (Leguminosae - Papilionoideae), and it is related to Aldina from tropical
America and Cordyla from mainland Africa
and Madagascar. Its flowers, lacking petals
and with more than 10 stamens, do not have

Mildbraediodendron excelsum — wild

the characteristic papilionaceous structure,
and therefore Mildbraediodendron was until
recently usually classified within Caesalpiniaceae.
Ecology Mildbraediodendron excelsum occurs in lowland rainforest up to 1000 m altitude. In Cameroon it occurs mainly in semideciduousforest.
Management To obtain seed for propagation, ripe fruits should be collected and seeds
extracted and gradually dried. The seeds can
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be stored for some time in a cool and dry place,
but they are susceptible to insect attack: it is
recommended to mix the seeds with ash. Wildlings are sometimes also collected for planting.
In Uganda Mildbraediodendron excelsum has
been planted in mixed plantations with Entandrophragma spp. and Maesopsis eminii Engl.
The tree can be managed by lopping andpollarding.
Genetic resources and breeding Although
Mildbraediodendron excelsum is quite widespread, it is in part of its distribution area rare, especially in West Africa.
Prospects It has been suggested more than
once that Mildbraediodendron excelsum is a
timber tree of potential commercial importance. This is certainly the case where it occurs
abundantly, but for sustainable exploitation
the low growth rate should be taken into consideration.
Major references Aubréville, 1970; Brenan,

The bark has several uses in traditional medicine. Bark decoctions and macerationsare tak-

1967; Eggeling & Dale, 1951; Katende, Birnie

en to treat fever, vomiting, general weakness,

& Tengnäs, 1995; Vivien & Faure, 1985.
Other references Burkill, 1995; Hawthorne
& Jongkind, 2006; Keay, 1989; Lewis et al,
2005; Normand & Paquis, 1976; Richter &
Dallwitz, 2000; Sommerlatte & Sommerlatte,
1990; Tailfer, 1989; Veitch et al, 2005: Wilczek

et al., 1952.
Authors R.H.M.J. Lemmens

Mitragyna ledermannii — wild

hypertension, dysentery, gonorrhoea, amenorrhoea, leprosy, colds, chest pain, food poisoning

and sterility, to ease childbirth, and as anthelmintic and diuretic. Bark decoctions are
added to a bath to treat rheumatism, and bark
powderis applied to skin complaints. The bark
serves as fish poison. Leaves are occasionally
used to treat dysentery and gonorrhoea. They
are also used for thatching and wrapping kola
nuts.

MITRAGYNA LEDERMANNII (K. Krause)
Ridsdale
Protologue Blumea 24(1): 68 (1978).
Family Rubiaceae
Synonyms Mitragyna ciliata Aubrév. &
Pellegr. (1936), Hallea ciliata (Aubrév. & Pellegr.) J.-F.Leroy (1975), Hallea ledermannii
(K.Krause) Verdc. (1985), Fleroya ledermannii

(K.Krause) Y.F.Deng (2007).
Origin and geographic distribution Mitragyna ledermannii occurs from Liberia east to
the Central African Republic, and south to
Gabon, DR Congo and Cabinda (Angola).
Uses The wood, often traded as ‘abura’ or

‘bahia’, is used for light construction, flooring,
interior joinery, interior trim, furniture, vehicle
bodies, mine props, sporting goods, toys, novelties, musical instruments, transmission poles,
boxes, crates, canoes, oars, tool handles, food

containers, carving, draining boards andparticle board. It is also suitable for veneer and
plywood. In DR Congo the wood is recommended for paper making.

Production and international trade The
wood of Mytragyna ledermannii is considered a
first class wood of general utility. In trade it is
not distinguished from Mitragyna stipulosa
(DC.) Kuntze wood and together they are sold
under the name ‘abura’ or ‘bahia’. In the 1960s
the main exporter to Great Britain was Nigeria
with about 53,000 m3 of logs and 1300 m3 of
sawn wood per year, whereas Equatorial Guinea exported about 3400 m? per year. Other
countries started the trade in Mitragyna wood
later. In Gabon the volume of Mitragyna logs
exported increased from 10,000 m? in 1982 to
25,000 m3 in 1991, and to 45,000 m3 in 1999. In

1999 ‘bahia’ ranked as fifth most important
timber in Gabon. In 2004 the export of ‘bahia’
sawn wood from Congo was 3000 m? at an average price of US$ 165/m3; small amounts of
veneer were also exported at an average price
of US$ 177/m3. In 2005 Céte d’Ivoire exported
14,000 m3 of sawn wood at an averageprice of
US$ 439/m3, and additionally small amounts of
plywood.
Properties The heartwood is pale brown to
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pinkish brown or greyish brown and indistinctly demarcated from the sapwood. The grain is
straight to interlocked, texture fine and even.
The wood has an unpleasant odour whenfreshly cut.
The wood is medium-weight with a density of
520-620 kg/m? at 12% moisture content. It air
and kiln dries rapidly, with slight risk of distortion and checking. The rates of shrinkage
are moderately high, from green to oven dry
4,2-4.4% radial and 8.8-10.2% tangential. Once
dry, the wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 73-128 N/mm2, modulus of elasticity
7050-8750 N/mm?, compression parallel to
grain 38-51 N/mm?, shear 4.5-9 N/mm?, cleavage 13-18 N/mm, Jankaside hardness 3500 N,

Janka end hardness 5150 N and ChalaisMeudonside hardness 1.1-1.8.
The wood works easily with hand and machine
tools, but the blunting effect on saw teeth and
cutting edgesis often fairly high in dried wood;
the use of stellite-tipped saw teeth and tungsten-carbide cutting edges is recommended.
The woodis brittle and moderately fissile. The
wood surface takes a high polish and finishes
well, but cutting edges should be kept sharp.
The nailing and screwing properties are good.
Gluing is not problematic, but steam bending
properties are poor. The wood has good veneering properties. It is not durable, being suscep-

ty, also against chloroquine-resistant strains of
Plasmodium falciparum.
Description Evergreen medium-sized to
fairly large tree up to 35(-40) m tall; bole
straight, cylindrical, branchless for up to 20 m,
up to 100(—115) cm in diameter, usually without buttresses but sometimes with low rounded
buttresses; bark surface smooth to irregularly
thin-scaly or longitudinally fissured, with lenticels in longitudinal lines, greyish brown to
yellowish brown, innerbarkfinely fibrous, yellowish creamy to pinkish creamy,rapidly turning brownish upon exposure; crownfairly small
and irregular, with few, heavy, often gnarled
branches; twigs angular, nearly glabrous.
Leaves opposite, simple; stipules obovate, up to
10(-12) cm X 7 cm, with manyparallel veins;
petiole up to 5 cm long, grooved above; blade
nearly orbicular to obovate, 10-60 cm Xx 5-30
45) cm, cuneate to rounded at base, rounded at

apex, margins sometimesslightly wavy, leathery, with only scattered hairs on veins, pinnately veined with 5-12 pairs of lateral veins.
Inflorescence a head, up to 70-flowered, with

numerous bracts between the flowers, heads
arranged in terminal cymes; peduncle up to 10

tible to termite, dry-wood borer and marine

borer attacks. The sapwood is susceptible to
pinhole borers. The sapwood is easy to treat
with preservatives, the heartwood moderately
easy. Sawdust may be irritant and cases of
nausea, eye irritation and dizziness have been
recorded.
The wood contains about 43.5% cellulose, 32.7%
lignin, 13.8% pentosan, 1.0% ash and 0.16(—
0.23)% silica. The solubility is 2.8% in boiling
water, 3.4% in alcohol-benzene and 12.9% ina

1% NaOH solution. The wood is suitable for
paper production by the kraft process, but the
pulp yield is low, about 45%. The tearing
strength of the paper is comparatively high.
Bark extracts contain alkaloids, flavonoids and
kaempferol derivatives, and showed vasodilating activity in experiments with rats and guinea-pigs. They also showed potent anti-inflammatory and analgesic effects in rats. The alkaloids have been reported to have local anaesthetic activity, to increase heart rhythm and to
affect the lymphatic system of the intestines.
Leaves and roots also contain alkaloids. Leaf
extracts showed in-vitro antiplasmodial activi-

Mitragyna ledermannii — 1, base of bole; 2, tree
habit; 3, part of flowering twig.
Redrawn and adapted by Iskak Syamsudin

468

TIMBERS 2

cm long, nearly glabrous. Flowers bisexual,
regular, 5(—7)-merous, sessile, scented; calyx c.

3 mm long, with minute lobes hairy at apex;
corolla white, tube 1-3.5 mm long,lobes triangular, 1-2 mm long; stamens inserted on corolla tube and alternating with lobes; ovary inferior, c. 2 mm long, 2-celled, style 6-7 mm long,

stigma mitre-shaped. Fruit a spindle-shaped
capsule 5-8 mm long, many together in globose
infructescences 1.5-2.5 cm in diameter, manyseeded. Seeds angular, c. 1.5 mm long, slightly
winged. Seedling with epigeal germination;
hypocotyl 2-5 mm long, epicotyl 1.5-6 mm
long, short-hairy; cotyledons leafy, broadly
elliptical, c. 1.5 mm long; first leaves opposite.
Other botanical information Mitragyna
comprises about 10 species, of which 6 in tropical Asia and 4 in tropical Africa. Three of the
African species have been placed into a separate genus Hallea (later called Fleroya because
Hallea was considered an illegitimate name),
but molecular and morphological data support
the inclusion in Mitragyna. Mitragyna ledermannii closely resembles Mitragyna stipulosa
(DC.) Kuntze, of which the distribution area
partly overlaps. In the field, these two species
are often indistinguishable, differing mainly in
calyx characters. However, there are ecological
differences, Mitragyna stipulosa occurring in
drier forest zones.
Anatomy Wood-anatomical description TAWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 25: intervessel pits small (4-7
lum); 29: vestured pits; 30: vessel-ray pits with
distinct borders; similar to intervessel pits in
size and shape throughout the ray cell; 42:
mean tangential diameter of vessel lumina
100-200 um; 48: 20-40 vessels per square millimetre. Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 62: fibres
with distinctly bordered pits; (63: fibre pits
common in both radial and tangential walls);
66: non-septate fibres present; 69: fibres thinto thick-walled; (70: fibres very thick-walled).

Axial parenchyma: 76: axial parenchyma diffuse;
77:
axial
parenchyma
diffuse-inaggregates; 78: axial parenchymascanty paratracheal; 92: four (3-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 97: ray width 1-8 cells; (102: ray
height > 1 mm); 107: body ray cells procumbent
with mostly 2—4 rows of upright and/or square
marginal cells; 108: body ray cells procumbent

with over 4 rowsof upright and/or square marginal cells; 115: 4-12 rays per mm. Mineral
inclusions: 159: silica bodies present; 160: silica
bodiesin raycells.
(F.D. Kamala, P. Baas & H. Beeckman)
Growth and development Mitragyna ledermannii is fast growing. In agroforestry
plantations in Ghana, trees reached 10 m tall 9
years after planting, but a tree of 10 m tall
after 6 years has also been reported with a
mean annual bole diameter incrementof 1 cm.
In thinned natural stands in Nigeria, the mean
annual diameter increment of boles was 1 cm,

with the fastest growing trees reaching 2
cm/year. Trees show monopodial growth in the
first 10 years.
Trees produce knee roots that reach a few cm
above soil level, later branching to form compound structures in the mud. Flushes of new
leaves are bronze-coloured and conspicuous.
Flowering of trees has been recorded in Liberia
in November—January; fruits ripen about 4
months later. In Côte d'Ivoire trees can apparently be found flowering andfruiting throughout the year, whereas in Nigeria fruiting is
recorded twice a year. Trees disperse large
amounts of seed by wind, giving rise to dense
beds of seedlings (up to 500/m2) on exposed
mud.
Ecology Mitragyna ledermannii occurs in
swamps and marshylocalities in areas with an
annual rainfall above 1250 mm and a temperature of 25—35°C. It needs subsoil moisture during the whole year, but does not grow in
swamps thatare deeply flooded throughout the
year. It is strongly light demanding, and dependent on open swampsites for regeneration.
Propagation and planting Mitragyna ledermannii can be propagated by seed and cuttings. Seedis often difficult to collect because it
is often already dispersed by wind before the
fruits fall. The seeds are very light, with a
1000-seed weight of 0.4 g. Seeds germinate
rapidly, under wet and sunny conditions in 1-2
weeks. In shade they may remain dormant for
up to 8 months. Under natural conditions,
seedling mortality is often high due to competition from other plants and insect attacks. Stem
cuttings of about 12 cm long and 2 cm in diameter can be planted in mud beds, which should
be kept humid. Under favourable conditions,

the development of roots and shoots is rapid
and plants can be transplanted into cleared
swampareas at the beginning of the rainy season. Root suckers can also be used for propagation. Young plantations need good care during
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the first years to counteract too much competition by climbers and other fast-growing plant
species.
Management In Liberia an average density
of about 0.25 tree of more than 60 cm in bole
diameter per ha has been recorded, in Cameroon about 0.1 tree per ha with an average
wood volume of 0.3-1.1 m%/ha. In Gabon an
average wood volume of 1.1 m?/ha has been
recorded. However, locally Mitragyna ledermannii occurs in high densities. In somelocalities in Congo, a density of 11 trees with a bole
diameter of more than 60 cm hasbeen recorded
per ha, with 19 m3 of bole woodperha.
Harvesting Boles may have spongy heart
and therefore somecaution is neededatfelling.
The minimum bole diameter for harvesting is
50 cm in the Central African Republic and 60
cm in Cameroon.
Handling after harvest Logs should be
converted soon after felling or treated with
preservatives to prevent sapwood degradation
by fungi and insects. Freshly harvested logs
float in water and can be transportedby river.
Genetic resources Mitragyna ledermannii
is in general locally commoninits specific habitat, but it has been heavily overexploited in
many areas within its range, e.g. in Ghana. It
is therefore classified as vulnerable in the
IUCN Red List of threatened species. However,
in 1997 the standing stock in Gabon wasestimated to be 7 million m3,
Prospects Apart from its usefulness as a
source of commercially important timber and of
traditional medicine, Mitragyna ledermannii
has potential for reforestation in swampyareas, where it can play an important role in water management and erosion control. More
information is neededon its silvicultural managementto draw up regulations for sustainable
management, taking into consideration that it
often grows in fragile aquatic ecosystems. Several pharmacological properties deserve more
research attention for potential drug development, especially the anti-inflammatory, analgesic, antimalarial and antihypertensive activities.
Major references Bolza & Keating, 1972;
Burkill,

1997; de Koning,

al., 2004; Gassita et al. (Editors), 1982; Hall &

Swaine, 1981; Hawthorne, 1990; Hawthorne &
Jongkind, 2006; Irvine, 1961; Iwu, 1993; Liu et
al., 2008d; Neuwinger, 2000; Razafimandimbi-

son & Bremer, 2002; Siepel, Poorter & Hawthorne, 2004; UNEP-WCMC, 2006; Vivien &
Faure, 1985; White & Abernethy, 1997.
Sources of illustration Voorhoeve, 1979;
White & Abernethy, 1997; Wilks & Issembé,

2000.
Authors N. Nyunai

MITRAGYNA STIPULOSA (DC.) Kuntze
Protologue Revis. gen. pl. 1: 289 (1891).
Family Rubiaceae
SynonymsHallea stipulosa (DC.) J.-F.Leroy
(1975), Fleroya stipulosa (DC.) Y.F.Deng (2007).
Vernacular names African linden (En). Tilleul d'Afrique (Fr).

Origin and geographic distribution Mitragyna stipulosa is widespread, from Senegal
east to Uganda, and south to Zambia and Angola.
Uses The wood, often traded as ‘abura’ or
‘bahia’, is used for light construction, flooring,
interior joinery, interior trim, furniture, vehicle

bodies, sporting goods, toys, novelties, transmission poles, canoes, drums, oars, tool han-

dles, mortars, pestles, matches, carving, turnery, draining boards and particle board. It is
also suitable for battery separators, veneer and
plywood. The wood is recommended for paper
making. It is also used as firewood and for
charcoal production.
The bark has several uses in traditional medicine. Bark decoctions and macerationsare tak-

1983; Hawthorne,

1995; Keay, 1989; Phongphaew, 2003; Raponda-Walker & Sillans, 1961; Takahashi, 1978;
Taylor, 1960; Voorhoeve, 1979.

Other references Adjétey et al., 2007; African Regional Workshop, 1998; ATIBT, 1986;
Christy et al., 2003; CIRAD Forestry Department, 2008; Dongmoet al., 2003; Dongmo et

Mitragyna stipulosa — wild

470

TIMBERS 2

en to treat fever, vomiting, general weakness,
hypertension, dysentery, gonorrhoea, amenorrhoea, leprosy, ulcers, colds, chest pain, stom-

ach-ache, convulsions, food poisoning and sterility, to ease childbirth, and as anthelmintic
and diuretic. Bark decoctions are added to a
bath to treat rheumatism and haemorrhoids,
and bark powder is applied to skin complaints.
Leaves are applied to wounds and used to treat
fever; they are also used to treat poisoning in
cattle. Boiled roots are taken to treat colic. The
leaves are used for thatching and for wrapping
kola nuts.
Production and international trade The
wood of Mitragyna stipulosa is considered a
first class wood of generalutility. In tradeit is
not distinguished from Mitragyna ledermannii
(K.Krause) Ridsdale wood and together they
are sold under the name ‘abura’ or ‘bahia’. In
Gabon the volume of Mitragyna logs exported
increased from 10,000 m3 in 1982 to 25,000 m3
in 1991, and to 45,000 m3 in 1999. In 1999 ‘ba-

hia’ ranked as fifth most important timber
Gabon, but probably the major part consists
Mitragyna ledermannii. In 2004 the export
‘bahia’ sawn wood from Congo was 3000 m3

in
of
of
at

blunting effect on saw teeth and cutting edges
because of the presence ofsilica; the use of

stellite-tipped saw teeth and tungsten-carbide
cutting edges is then recommended. The wood
surface takes a high polish and finishes well.
The nailing and screwing properties are good.
Gluing is not problematic, but steam bending
properties are poor. After steaming for 72
hours at 75°C, veneer of all thicknesses can be
produced by peeling with satisfactory results,
although the surface shows a tendency to become slightly fibrous. The veneer can be dried
with only little splitting. The woodis resistant
to acids and corrosion. It is not durable, being
susceptible to termite, dry-wood borer and pinhole borer attacks. Fresh woodis susceptible to
blue stain attack. The sapwood is easy to treat
with preservatives, the heartwood moderately
easy. Sawdust may be irritant and cases of
nausea, eye irritation and dizziness have been
recorded. The wood has a cellulose content of
about 52% and an average fibre length of 1.6
mm, and makesa pale brown paperofsatisfactory strength and quality.
Several alkaloids have been isolated from Mitragyna stipulosa. Some of these showed hypo-

an average price of US$ 165/m3; small amounts

tensive, anaesthetic and intestinal and uterine

of veneer were also exported at an average
price of US$ 177/m3. In 2005 Cote d’Ivoire exported 14,000 m3 of sawn wood at an average
price of US$ 439/m3.
Properties The heartwood is pale brown to
pinkish brown or yellowish brown, slightly
darkening upon exposure, and indistinctly demarcated from the wide sapwood. The grain is
straight to interlocked, texture fine and even.
The wood is slightly glossy on quarter-sawn
surfaces, and has an unpleasant odour when
freshly cut.
The wood is medium-weight with a density of
480-610 kg/m® at 12% moisture content. It air
and kiln dries rapidly, with slight risk of distortion and checking. The rates of shrinkage
are moderately high, from green to oven dry
4.1-5.0% radial and 8.4-10.5% tangential.
Once dry, the wood is moderately stable in
service.
At 12% moisture content, the modulus of rupture is 65-117 N/mm?, modulus of elasticity

contractive properties. Leaf and bark extracts
of Mitragyna stipulosa showed antibacterial
activity against Staphylococcus aureus, Esche-

9600-12,350 N/mm?2, compression parallel to
grain 33-51 N/mm?, shear 8-9 N/mm?, cleav-

age 14-19 N/mm, Janka side hardness 3200-—
3430 N, Janka end hardness 4700-5200 N and
Chalais-Meudonside hardness 1.9-2.6.
The wood workseasily with hand and machine
tools, but occasionally it has a rather high

richia coli, Bacillus subtilis and Pseudomonas

aeruginosa, supporting the use in traditional
medicine as antiseptic to treat wounds.
Triterpenoids have been isolated from the
bark, including quinovic acid and associated
glycoside derivatives. These compounds showed
significant inhibitory activity against snake
venom phosphodiesteraseI.
Description Evergreen medium-sized to
fairly large tree up to 35(-40) m tall; bole
straight and cylindrical or crooked, up to 95 cm
in diameter, with low rounded buttresses or
without buttresses; bark surface smooth to

irregularly thin-scaly or longitudinally fissured, greyish brown to dark brown, inner bark
finely fibrous, pale brown to pinkish brown,
rapidly turning brownish upon exposure; crown
rounded, with few, heavy branches; twigs angular, glabrous or slightly hairy. Leaves opposite, simple; stipules obovate to nearly round,
up to 8 cm X 5 cm, hairy in lower part, with
many parallel veins; petiole up to 3.5(-5) cm
long, grooved above; blade oblong-elliptical to
obovate, 10-45 cm x (5—)9-27 cm, cuneate to

rounded at base, rounded at apex, margins
sometimesslightly wavy, thin-leathery, usually
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Mitragyna stipulosa — 1, flowering twig; 2,
flower;8, fruits.
Redrawn and adapted by Iskak Syamsudin
hairy on veins, pinnately veined with 7-11
pairs of lateral veins. Inflorescence a head 1.5—
2.5 cm in diameter, many-flowered, with numerous bracts between the flowers, heads arranged in terminal cymes; peduncle up to 20
cm long, short-hairy. Flowers bisexual, regular,
5(—7)-merous, sessile, scented; calyx c. 3 mm
long, tube entire to slightly wavy at apex, glabrous; corolla white to yellowish, tube 1-3 mm
long, lobes ovate-triangular, 2—2.5 mm long,

hairy outside; stamensinserted on corolla tube
and alternating with lobes; ovary inferior, c. 2
mm long, 2-celled, style 6.5—-7.5 mm long, stigma mitre-shaped. Fruit an ellipsoid to spindleshaped capsule 8-9 mm long, many together in
globose infructescences 2—3 cm in diameter,
many-seeded. Seeds angular, c. 2 mm long,
slightly winged.
Other botanical information Mitragyna
comprises about 10 species, of which 6 in tropical Asia and 4 in tropical Africa. Three of the
African species have been placed in a separate
genus Hallea (later called Fleroya because Hallea was considered an illegitimate name), but
molecular and morphological data support the
inclusion in Mitragyna. Mitragyna stipulosa

closely resembles Mitragyna ledermannii
(K.Krause) Ridsdale, of which the distribution
area partly overlaps. In the field, these two
species are often indistinguishable, differing
mainly in calyx characters. However, there are
ecological differences, Mitragyna ledermannti
occurring in more wet forest zones.
Mitragyna rubrostipulata (K.Schum.) Havil.
(synonyms: Fleroya rubrostipulata (K.Schum.)
Y.F.Deng, Hallea rubrostipulata (K.Schum.) J.F.Leroy) is a small to medium-sized tree up to
20(-35) m tall, occurring in swamp forest and
wet upland forest up to 2200 m altitude from
eastern DR Congo east to southern Ethiopia,
Kenya and Tanzania, and south to Malawi,
Zambia and northern Mozambique. The pinkish brown wood is locally used for construction,
flooring, moulding and canoes, and also as
firewood and for charcoal production. Mitragyna rubrostipulata is considered useful for
planting in degraded vegetation along upland
rivers. Bark and leaf decoctions and macerations are used in traditional medicine to treat
fever (including malaria), stomach-ache, colic,
diarrhoea, dysmenorrhoea, menorrhagia and
liver complaints, and as purgative, emetic and
oxytocic. Leaf powderis applied in cases of skin
diseases, and fruit extracts are taken to treat
asthma.
The wood of Mitragyna inermis (Willd.) Kuntze,
a small tree occurring from Mauritania east to
Sudan, is mainly used for smaller artefacts,
but this species is much more important as
medicinal plant.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 25: intervessel pits small (4-7
um); (26: intervessel pits medium (7-10 um));
29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size
and shape throughout the ray cell; 41: mean
tangential diameter of vessel lumina 50-100
uum; 42: mean tangential diameter of vessel
lumina

100-200

um;

47:

5-20

vessels

per

square millimetre; (48: 20-40 vessels per
square millimetre). Tracheids and fibres: 62:
fibres with distinctly bordered pits; 63: fibre

pits common in both radial and tangential
walls; 66: non-septate fibres present; 69: fibres
thin- to thick-walled; 70: fibres very thickwalled. Axial parenchyma: 76: axial parenchyma diffuse; 77: axial parenchyma diffuse-inaggregates; (78: axial parenchymascanty para-
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tracheal); 93: eight (5-8) cells per parenchyma
strand; (94: over eight cells per parenchyma
strand). Rays: 97: ray width 1-3 cells; 102: ray
height > 1 mm; 108: bodyray cells procumbent
with over 4 rows of upright and/or square marginal cells; 112: perforated ray cells present;
115: 4-12 rays per mm. Mineral inclusions:
159: silica bodies present; 160: silica bodies in
ray cells.
(F.D. Kamala, A.A. Oteng-Amoako & H. Beeckman)
Growth and development Inthefirst 3
years after germination, the annual height
growth of seedlings is up to 45 cm, but young
trees of 4 years old may reach 2.7 m tall, with

an average bole diameter of 4 cm. In natural
stands in Uganda, the mean annualbole diameter growth of older trees has been estimated
at only 3 mm.
Trees produce knee roots that may reach 45 cm
above soil level, later branching to form compound structures in the mud. Flowering of
trees has been recorded in Nigeria in December—February; fruits ripen about 3 months
later. In Uganda fruits are ripe in July—
October. Trees start producing seed when
about 10 years old and approximately 10 m
tall. They disperse large amounts of seed by
wind, giving rise to dense beds of seedlings on
exposed mud.
Ecology Mitragyna stipulosa occurs in
swamps and marshy localities, occasionally in
evergreen forest on drier localities, in Uganda
up to 1200 m altitude. It needs subsoil moisture during the whole year, but does not grow
in swamps that are deeply flooded throughout
the year. It is strongly light demanding, and
dependent on open swampsites for regeneration. In Ugandait occurs in areas with an annual rainfall of about 1200 mm and temperatures of 10-33".
Propagation and planting The verylight
seeds of Mitragynastipulosa are often difficult
to collect because they are often already dispersed by wind before the fruits fall. The 1000seed weight is about 1 g. Nearly ripe infructescences should be collected from trees and dried
in the sun on polyethylene, from where seed
can be collected after the fruits have opened.
Seed can be stored for sometimein sealed containers in a cool place, but after 10 months the
germination rate was less than 1%. Seed is
very susceptible to fungal attack. Seeds germinate rapidly, under wet and sunny conditions
in 1-2 weeks. Under natural conditions, seedling mortality is often high due to competition

from other plants and insect attacks.
Root suckers can also be used for propagation.
Wildlings may be abundant around mother
trees and can be collected for propagation.
They are mainly found on exposed soil mounds
rising above the water level. Young plantations
need good care during the first years to counteract too much competition by other fastgrowing plant species. Cuttings appeared to be
very susceptible to fungal infection.
Management Locally Mitragyna stipulosa
occurs in high densities. In swamp forest in
Uganda it may be found in nearly pure stands
and is locally dominant in the upper canopy. It
is particularly gregarious in the narrow belt of
swamp forest fringing the papyrus swamps at
the north-western shores of Lake Victoria.
Trees coppice freely at all growth stages when
light conditions are suitable. They can be pollarded. Based on measurements in Uganda,
very long rotation cycles would be needed to
harvest boles of 80 cm in diameter, varying
from 100 years to 250 years. A clear-felling
system would be needed to obtain good regeneration.
Harvesting The swampforest, which is the
usual habitat for Mitragyna stipulosa, requires
special equipment for harvesting. Boles may
have spongy heart and therefore some caution
is neededat felling. The minimum bole diameter for harvesting is 60 cm in Cameroon, 70 cm
in Ghana and 80 cm in Liberia.
Handling after harvest Freshly harvested
logs float in water and can be transported by
river. Logs have a tendency to end splitting
and should be sealed if not converted immediately.
Genetic resources Mitragyna stipulosa is
in general locally common in its specific habitat, but it has been heavily overexploited in
many areas within its range. It is therefore
classified as vulnerable in the IUCN Red List
of threatened species. In Uganda it is considered threatened.
Prospects Apart from its usefulness as a
source of commercially important timber and of
traditional medicine, Mitragyna stipulosa has
potential for reforestation in swampy areas,
where it can play an important role in water
management and erosion control. More information is needed on its silvicultural management to draw up regulations for sustainable
management, taking into consideration that it
often grows in fragile aquatic ecosystems. Several pharmacological properties deserve more
research attention for potential drug develop-
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ment, especially the antihypertensive and antibacterial activities.
Major references Bolza & Keating, 1972;
Bridson & Verdcourt, 1988; Burkill, 1997;
Hawthorne, 1995; Katende, Birnie & Tengnas,
1995; McCarthy, 1961; Oteng-Amoako (Editor),
2006; Takahashi, 1978; Taylor, 1960; Zigah,

elliptical, up to 14 cm X 5 cm, roundedto acuminate at apex, margins entire, pinnately
veined. Inflorescence an axillary, slender panicle up to 16 cm long, branches angular, with

2000.

hairy; ovary superior, 3-celled, style short;
male flowers with rudimentary ovary, female

Other references ATIBT, 1986; Aubréville,
1959c; Chikamai et al., undated; Chilufya &
Tengnas, 1996; CIRAD Forestry Department,
2008; Fatima et al., 2002; Hallé, 1966; Haw-

lenticels. Flowers unisexual, regular, 5-6 mm

in diameter; sepals 5, free; petals 5, free, slightly smaller than sepals; stamens usually 8, free,

flowers with reduced stamens. Fruit a 3-lobed,

Irvine, 1961; Iwu, 1993; Keay, 1989; Latham,

dehiscent, slightly winged capsule up to 3.5 cm
in diameter, tapering at base, up to 3-seeded.
Seeds surrounded at base by a solid, waxy,
whitish yellow to red aril.

2004; Neuwinger, 2000; Omagor, 1999; Razaf-

Molinaea comprises 9 species, 6 of which are

imandimbison & Bremer, 2002; Savill & Fox,

endemic to Madagascar and 3 endemic to the
Mascarene islands. Molinaea brevipes Radlk.,
Molinaea petiolaris Radlk. and Molinaea sessilifolia Capuronareall restricted to Madagascar
and their timberis also used for boat building.
Molinaea arborea J.F.Gmel. (synonym: Molinaea alternifolia Willd.) and Molinaea laevis
Willd. (synonym: Cupania laevis (Willd.) Pers.)

thorne, 1990; Hawthorne & Jongkind, 2006;

1967; Vivien & Faure, 1985; Voorhoeve, 1979;
World Conservation Monitoring Centre, 1998.
Sources of illustration Hawthorne & Jongkind, 2006; Keay, 1989.
Authors N. Nyunai

MOLINAEA TOLAMBITOU (Cambess.) Radlk.
Protologue Sitz.-Ber. Bayer. Akad. 9: 662
(1879).
Family Sapindaceae
Origin and geographic distribution Molinaea tolambitou is endemic to eastern Madagascar.
Uses The primary use of Molinaea tolambitou timberis for boat building.
Botany Monoecious shrub or small to medium-sized tree up to 20 m tall. Leaves alternate,

paripinnately compound with (1-)2-4 pairs of
leaflets; stipules absent; petiole c. 3 cm long;
petiolules short; leaflets opposite or nearly so,

are both distributed in Mauritius, but the for-

mer is found in Réunion as well. Molinaea arborea is a small tree up to 15 m tall. Its wood is
considered excellent for construction; it is
known in Réunion under the French names
‘tan Georges’, ‘bois de gaulettes blanc’ and ‘bois
de gaulettes batard’, and in Mauritius as‘bois
de gaulettes’ and ‘bois de sagaie blanc’. Molinaea laevis occurs in drier areas and is a
shrub. Its woodis occasionally used. The leaves
of both species are madeinto a decoction that
is drunk to cure chronic diarrhoea and gargled
to treat throat infections.
The genera Neotina and Tina closely resemble
Molinaea; they are difficult to distinguish unless in fruit, and have the same vernacular

Molinaea tolambitou — wild

namesand probablyalso uses.
Ecology Molinaea tolambitou is found in
humid evergreen and sub-humid deciduous
forest, from sea-level up to 1000 m altitude.
Genetic resources and breeding There
are no reports that Molinaea tolambitou is under threat, but monitoring its populations will
be meaningful in view of the reduction of natural forest areas in eastern Madagascar.
Prospects Molinaea tolambitou will remain
of local importance only as a timber tree. Very
little is known about this species and other
Molinaea spp.
Major references Capuron, 1969; Guéneau,
1971a; InsideWood, undated.
Other references Adsersen & Adsersen,
1997; Buerki et al., 2009; de Cordemoy, 1895;
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Friedmann, 1997; Gurib-Fakim & Brendler,
2004; Gurib-Fakim, Guého & Bissoondoyal,
1997; Schatz, 2001; Styger et al., 1999; Vary et
al., 2009.

Authors C.H. Bosch

MONIMIA ROTUNDIFOLIA Thouars

Protologue Hist. vég. iles France: 35, tab. 9,
fig. 2 (1804).
Family Monimiaceae
Chromosome number n = 44, 48

Vernacular names Mapou, mapou a grandes feuilles, mapou blanc, mapou des hauts
(Fr).
Origin and geographic distribution Monimia rotundifolia is endemic to Réunion.
Uses The wood of Monimia rotundifolia is
used locally for construction and clapboards.
Properties The woodis pinkish yellow with
slight streaking andfairly hard. It works and
finishes moderately well. The wood is reputed
to be incombustible.
Ethanol and acetone extracts of the leaves
were found to inhibit angiotensin converting
enzyme (ACE), which plays a role in the regulation of blood pressure and diuresis. The antioxidant activity of methanol extracts of the
leaves was found to be high. The alkaloid
laurotetanine has been isolated from the
leaves. Laurotetanine can be used to produce
compoundswith anti-arrhythmic properties.
Botany Evergreen, dioecious shrub or small
tree up to 10 m tall; bole up to 60 cm in diameter; twigs densely soft hairy. Leaves opposite,
simple and entire; stipules absent; petiole 0.5—
2 cm long, velvety-hairy; blade usually ellipti-

cal to broadly elliptical, 4.5-15 em x 3.5-16 cm,
base cuneate, apex short-acuminate, appressed
hairy and glandular above, densely whitish to
yellowish hairy below, pinnately veined with
3-7 pairs of lateral veins. Inflorescence a dense
to lax panicle up to 13 cm long on leafless
branches or in leaf axils, up to 75-flowered.
Flowers unisexual, regular; pedicel up to 1.5
cm long; male flowers with 3-5 tepal lobes c. 4
mm long and (25-)50-100 stamens up to 3.5
mm long; female flowers with urn-shaped,
densely hairy receptacle 3.5-5 mm x 2.54
mm, enclosing 5-10 free carpels with styles
short-exserting the receptacle. Fruit consisting
of 1-8 ovoid orange drupelets 6-8 mm long,
enclosed by the enlarged, hairy receptacle 0.5—
1.5 cm in diameter, dehiscing with 3-5 irregular valves.
Monimia comprises 3 species, 2 of them endemic to Réunion and thethird, Monimiaovalifolia

Thouars, occurring in both Réunion and Mauritius. The wood of Monimia ovalifolia has been
used to make staves for barrels. The pharmaceutical properties of the leaves are similar to
those of Monimia rotundifolia.
Ecology Monimia rotundifolia is usually
found in cloud forest at 1000-2000 altitude. It
regenerates mainly in forest gaps.
Genetic resources and breeding Monimia
rotundifolia is locally abundant but might easily become threatened as a result of habitat loss
or increased exploitation.
Prospects Whereas the use of Monimia rotundifolia for timber will remain modest, it
may well have prospects from a pharmacological point of view.
Major references Borderes, 1991; Lorence,
1985; Lorence, 1998.

Other references Adsersen & Adsersen,
1997; Forgacs et al., 1981; Leboeufet al., 1980;

Poullain, Girard-Valenciennes & Smadja, 2004;
Romanovet al., 2007; Triolo, 2005.

Authors C.H. Bosch

MONOTESKERSTINGII Gilg

we
Monimia rotundifolia — wild

Protologue Bot. Jahrb. Syst. 41: 288 (1908).
Family Dipterocarpaceae
Origin and geographic distribution Monotes kerstingii occurs from Guinea and Mali east
to Sudan.
Uses The wood is used for poles and also as
firewood and for charcoal production. Several
plant parts are used in traditional medicine.
Decoctions of bark and leafy twigs are taken to
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treat dysentery and diarrhoea, whereas a decoction of leafy twigs is also used to treat jaundice. Leaf and root decoctions are applied to
abscesses and fractures.
Properties The heartwood is brown to dark
brown and distinctly demarcated from the
pinkish brown sapwood. The grain is usually
straight, texture fine. The wood is heavy, with
a density of about 1050 kg/m? at 12% moisture
content, hard, and difficult to work.
Botany Shrub or small to medium-sized tree
up to 16 m tall; bole up to 60(—90) cm in diameter; bark surface smooth to slightly fissured or
scaly with rectangular scales, grey, brown under the scales, inner bark brown to reddish
brown; crown rounded, open; twigs greyish
short-hairy, with reddish brown _lenticels.

=
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Monotes kerstingii — wild

seeded, surrounded by 5 elliptical to narrowly
obovate wings 2.5-5.5 cm long derived from the
sepals. Seed ovoid, c. 5.5 mm long, brown.
Monotes kerstingii usually flowers in the rainy
season, from June to October. The flowers are
pollinated by insects such as bees. The fruits
persist for a long time on the tree. Monotes
kerstingii is associated with ectomycorrhizae
and arbuscular mycorrhizae.
Monotes comprises about 25 species and occurs
in mainland tropical Africa and Madagascar
(one endemic species). Monotes africanus A.DC.
is a shrub or small tree up to 9(-15) m tall occurring in Brachystegia woodland from DR
Congo to Tanzania, Zambia, Angola and
Mozambique. The wood is used for poles and
tool handles, and as firewood. The flowers provide nectar and pollen for honeybees.
Monotes wood is used in Angola for construction, but the identity of the species is uncertain; it may be Monotes caloneurus Gilg. The
wood of Monotes elegans Gilg, a small tree up
to 15 m tall with bole up to 50 cm in diameter

Leaves alternate, simple and entire; stipules

triangular, c. 4.5 mm long, caducous; petiole 1—
3 cm long, hairy; blade ovate to ellipticaloblong, 6-15 cm x 3.5—-8 cm, roundedto slightly
cordate at base, usually rounded at apex,
leathery, glabrous to slightly hairy above,
densely greyish short-hairy below, with a gland
at base of midrib above, pinnately veined with
12-16 pairs of lateral veins. Inflorescence an
axillary or terminal, short panicle up to 6 cm
long, densely short-hairy, many-flowered. Flowers bisexual, regular, 5-merous; pedicel short;

sepals slightly fused at base, broadly ovate, 3—
3.5 mm long, short-hairy, accrescent to wings
in fruit; petals free, contorted, lanceolate, 10—
12 mm long, partially hairy at both surfaces,
yellowish green to greenish white; stamens
numerous, free, 5-10 mm long; ovary superior,
ovoid, c. 2.6 mm long, hairy, 3-celled, style 2.5—
3.5 mm long, stigmas 3. Fruit an ovoid to glo-

Monotes kerstingii — 1, flowering twig; 2, fruiting twig.
Source: Flore analytique du Bénin
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occurring in DR Congo, Tanzania, Zambia and
Angola, is locally used for building houses and
for railway sleepers.
Monotes engleri Gilg is a shrub or small tree up
to 7(—10) m tall occurring in mixed woodland in
Malawi, Zambia, Zimbabwe and southern
Mozambique. Its wood is used for poles to support roofs and for floors of granaries, and to
produce charcoal. In Zimbabwe leaves are applied to treat leprosy and bark infusions or
decoctions are administered to wounds and
rash. Extracts of Monotes engleri showed antifungal activity against Candida albicans. Several prenylated flavanones have been isolated
from the leaves; these displayed cytotoxic activity against several human cancer cell lines.
The reddish brown wood of Monotes glaber
Sprague, a small tree up to 10 m tall occurring
in open woodland in Zambia, Botswana and
Zimbabwe, is used for poles of huts and is suitable for furniture although pieces are often
small and the wood is difficult to work. In Zimbabwe root decoctions or infusions are used to
treat haematuria and loss of blood during
pregnancy, and as aphrodisiac. Roots are
chewed to treat toothache and pulverized roots
are taken against male infertility, whereas
pulverized bark is taken to treat cardiac pain.
Extracts of Monotes glaber displayed significant dose-dependent mutagenicity in Salmonella typhimurium strains.
Ecology Monotes kerstingii occurs in wooded
savanna and dry, open forest. It is found on
reddish, well-drained soils. It is fire tolerant.
Monotes kerstingii is often found together with
Isoberlinia doka Craib & Stapf and Uapaca
togoensis Pax.
Genetic resources and breeding Monotes
kerstingii is not threatened. It is locally common and apparently not much exploited. In
Cameroon it has been recorded that woodland
dominated by Afzelia africana Sm. ex Pers. is
invaded by the more fire-tolerant Monotes
kerstingii.
Prospects The small size and poor shape of
the bole make Monotes kerstingii and other
Monotes spp. less interesting for commercial
timber exploitation. They will continue to be
used locally for construction becauseof the fair
durability of the wood.

gneaud, 1961; Leyens & Lobin, 2009; Seo etal.,
1997; Sohniet al., 1995; Verdcourt, 1989b.
Authors R.H.M.J. Lemmens

MUSANGA CECROPIOIDES R.Br. ex Tedlie
Protologue T.E.Bowdich, Miss. Ashantee:
372 (1819).
Family Cecropiaceae (APG: Urticaceae)
Chromosome number2n = 28
Synonyms Musanga smithii R.Br. ex Benn.
(1838).
Vernacular names Umbrella tree, African
corkwood (En). Parasolier, bois bouchon (Fr).
Origin and geographic distribution Musanga cecropioides is widespread from Guinea east
to eastern DR Congo and western Uganda, and
south to southern DR Congo and northern Angola. It has been introduced in Madagascar.
Uses The woodis usedfor light interior construction, partitions, doors, fences, roof rafters,
stools, beds, musical instruments, toys, walk-

ing sticks, paddles, trays, baskets, and as a
substitute of cork to make floats for fishing
nets andrafts. It is suitable for sporting goods,
boxes, crates, carvings, veneer, plywood, hard-

board, particle board and wood-wool. The boles
are traditionally hollowed out to make containers for palm wine and canoes, and the wood is

used traditionally to produce thin split boards.
The wood can be used as industrial insulation.
It is suitable for paper production, and is used
in Nigeria as fuel although it burns only for a
short period.
Musanga cecropioides is an important medicinal plant. Several plant parts are used in traditional medicine. Bark decoctions are taken to

Major references Arbonnier, 2004; Aubré-

ville, 1950; Bancroft, 1934; Neuwinger, 2000;
Villiers, 1991.

Other references Adjanohounet al., 1989;
Bingham, 1990; Burkill, 1985; Chilufya &
Tengnas, 1996; Coates Palgrave, 1983; Duvi-

Musanga cecropioides — wild
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treat cough, arterial hypertension, constipation, pain during childbirth and schizophrenia,
and as antidiabetic and anthelmintic, and in
combination with the barks of other trees to
treat tuberculosis. Bark decoctions are applied
in a bath to treat skin complaints and gargled
to treat toothache, whereas bark is applied
externally against stiffness and lumbago. Stem
sap is administered against dysmenorrhoea
and as galactagogue, and root sap against
stomach spasms, diarrhoea, gonorrhoea, pul-

monary complaints, trypanosomiasis, skin diseases, otitis, rheumatism, oedema and epilepsy, and to ease childbirth. The sheath-like sti-

pules are applied as emmenagogue and oxytocic, and to treat stomach complaints, hiccough

and wounds. An infusion of young leaves is
taken to treat gonorrhoea and cough. In Cameroon leaves are used in the treatmentof hypertension. A decoction of inflorescences is administered to ease childbirth.
The flesh of the compoundfruit is edible. The
wood ash is used as a vegetable salt and as a
lye in soap making. The fibrous bark can be
made into paper and rope. Bark shavings are
added as intoxicant in the preparation of palm
wine. The bark sap has been used as ink.
Leaves have been used to polish ivory. As a
pioneer, Musanga cecropioides is valuable in
forest regeneration after felling. It produces
good-quality humus that is favourable for the
establishment of other tree species later in the
succession. It has been used as shade tree in
coffee plantations andis also planted as ornamental tree. The stilt roots and young branches
provide drinking water in times of scarcity.
The flowers provide nectar and/or pollen to
honey bees. Edible caterpillars are collected
from the leaves.
Production and international trade The
wood has some local importance, but is rarely
traded on the international timber market.
Properties The heartwood is white, sometimes with a pinkish tinge when freshly cut,
turning to pale yellow or pale brown upon exposure, and not distinctly demarcated from the
sapwood. Thegrain is straight, texture coarse.
The woodis lightweight with a density of 190—
370 kg/m? at 12% moisture content, and soft.
Air drying may result in checking and distortion; kiln drying is preferred. The rates of
shrinkage are moderate, from green to oven
dry 2.1-2.5% radial and 6.2-8.3% tangential.
Once dry, the wood is moderately stable in
service. At 12% moisture content, the modulus
of rupture is 31-67 N/mm2, modulusofelastici-

ty 2550-6570 N/mm?, compression parallel to
grain 15-25 N/mm?, shear 4-7 N/mm?, cleav-

age 3.5-9.5 N/mm, Janka side hardness 735 N,
Chalais-Meudon side hardness 0.3-1.5 and
Janka end hardness 1470 N.
The wood saws well, but the use of saws with
small teeth is recommended. It is difficult to
plane and polish becauseof the coarse texture.
It can be nailed without splitting but the nailholding power is poor. The gluing properties
are satisfactory. The wood is non-durable, being susceptible to attacks by fungi, pinhole
borers and Lyctus borers, but some resistance
to termites has been recorded.
The lignin content of the woodis quite low, 20—
28%. The wood contains 46-55% cellulose and
12-17.5% pentosan. The solubility is 2.4-5.6%
in alcohol-benzene, 1.0-2.6% in hot water and
15.3-17.1% in a 1% NaOH solution. The wood
is suitable for paper production; the pulp has
higher tensile index and burst index than that
of Gmelina arborea Roxb. ex Sm., but the tear-

ing strength is less. The kraft pulp yield is 53—
57%.

The bark contains saponins, tannins and flavonoids. Bark extracts showed a dose-related
hypotensive effect. Daily oral administration of
bark extracts for 14 days significantly lowered
fasting plasma glucose levels in a dosedependent way in normal and diabetic rats.
Tests showed that aqueous extracts of the bark
are relatively safe toxicologically to rats when
administered orally. Leaf extracts showed contractile effect on uterine smooth muscle as well
as hypotensive activity in tests with rats, with
saponins as the active compounds for the latter
activity. Leaf extracts produced significant
inhibition of the twitch and pendular movement of rat and rabbit smooth muscles, and
reduced writhing induced by acetic acid in
mice.
Description Deciduous or evergreen, dioecious medium-sized tree up to 30 m tall; bole
branchless for up to 15 m, straight and cylindrical, up to 120 cm in diameter, usually with
well-developed stilt roots; bark surface with
ring marks and corky outgrowths, pale grey,
inner bark thin, fibrous, whitish to pinkish or

greenish grey; crown flattened, with branches
in whorls andoften spreading in the form of a
candelabra; twigs 1—1.5 cm thick, hairy. Leaves
arranged spirally, peltate, radially incised with
(9-)11-18 segments, up to 110 cm in diameter;
stipules fused and completely embracing the
stem, 7-30 cm long, hairy; petiole up to 110 cm
long, broadened towards base and apex; leaf
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comprises 2 species. Musanga leo-errerae
Hauman & J.Léonard is a medium-sized tree
up to 30 m tall, occurring in secondary mountain forest at 1000-2000 m altitude in eastern
DR Congo, Rwanda, Burundi and western
Uganda. It differs from Musanga cecropioides
in lacking stilt roots or having short ones, leaf
segments usually fewer and rough above, larger male flower heads in little-branched inflorescences, and smaller female spikes and compound fruits. Probably it has uses similar to
Musanga cecropioides, although these have not
been documented.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
18: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 27: intervessel pits large (= 10 um); 31:
vessel-ray pits with much reduced borders to
apparently simple: pits rounded or angular; 32:
vessel-ray pits with much reduced borders to
apparently simple: pits horizontal (scalariform,
gash-like) to vertical (palisade); 43: mean tangential diameter of vessel lumina > 200 um; 46:

Musanga cecropioides — 1, base of bole; 2, tree
crown,3, stipule and male inflorescence; 4, leaf,
stipule and female inflorescences.
Redrawn and adapted by Achmad Satiri Nurhaman
segments oblanceolate, 6—75 cm x 1.5-15 cm,
cuneate at base, usually short-acuminate at

apex, whitish short-hairy below, pinnately
veined with many parallel lateral veins. Male
inflorescence repeatedly branched, up to 15 cm
in diameter, with many heads on the ultimate

branches, peduncle up to 9 cm long; female
inflorescence a club-shaped spike up to 5 cm
long, peduncle up to 12 cm long. Flowers unisexual, sessile or with short pedicel; male flowers with 2-lobed perianth c. 1.5 mm long and 1
stamen; female flowers with tubular perianth
c. 2 mm long and superior 1-celled ovary, style
c. 0.5 mm long, stigma c. 0.5 mm long. Fruit
drupe-like, with fleshy perianth, greenish
white, 1-seeded, closely arranged and many
together forming a compoundfruit up to 12 cm
long. Seed up to 1 mm long. Seedling with epigeal germination; hypocotyl 0.5-1 cm long,
epicotyl 2-3 cm long, glabrous; cotyledonselliptical, c. 7 mm long,leafy; first leaves opposite
to alternate, simple.
Other botanical information Musanga

< 5 vessels per square millimetre: (47: 5-20
vessels per square millimetre); 56: tyloses
common. Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: nonseptate fibres present; 68: fibres very thinwalled. Axial parenchyma: 78: axial parenchyma scanty paratracheal; 92: four (3-4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchyma strand; 94: over eight cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 98: larger rays commonly 4- to 10-seriate;

(102: ray height > 1 mm); 106: body ray cells
procumbent with one row of upright and/or
square marginal cells; 114: < 4 rays per mm;
(115: 4-12 rays per mm). Mineral inclusions:
136: prismatic crystals present; 137: prismatic
crystals in upright and/or squareraycells; 140:
prismatic crystals in chambered upright and/or
square ray cells; 142: prismatic crystals in
chamberedaxial parenchymacells.
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Growth and development In the forest
seedlings are often found on the boles and rootballs of fallen trees. Later they develop stilt
roots and when the dead trees have decomposed, the young Musanga cecropioides trees
are supported by their stilt roots. Musanga
cecropioides is a strong light demander. It
grows rapidly and may reach 5 m tall in 1 year
and 24 m tall in 9 years. In tests in Gabon,
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are stored for one year at room temperature.

with charcoal; stones start to germinate after 2
weeks. Optimum conditions for germination
include a temperature of 24—28°C and saturated air humidity.
After the development of young seedlings, they
should be thinned in plantations. Wildlings are
sometimes also collected for planting. It has
been recorded that Musanga cecropioides can
be propagatedby layering from stilt roots.
ManagementIn open, naturally regenerating forest, Musanga cecropioides can grow in
dense populations. In young secondary forest in
DR Congo, Musanga cecropioides may cover
more than 50% of the soil surface. It can be
problematic in okoume (Aucoumea klaineana
Pierre) plantations in Gabon, especially when
thinning young plantations, which maybefollowed by an invasion of the umbrella tree. In
several areas it is poisoned by using arboricides. Trees can be managed by pollarding.
They coppice readily.
At the end of the 1980s, it was reported from
Cameroon that the neotropical Cecropia peltata
L. had locally replaced Musanga cecropioides
as a pioneer in a large area, after introduction
at the beginning of the 20t century in Limbe
Botanical Garden.
Harvesting The lightweight wood of Musanga cecropioides, with a green density of less
than 500 kg/m, is easy to harvest and handle
without heavy machinery.
Yield In DR Congo a Musanga cecropioides
bole of 15 m long and 104 cm in diameter above
the stilt roots yielded 10.8 m? of timber.
Handling after harvest The freshly harvested boles float in water and can betransported by river. They should be removed from
the forest immediately after harvesting, or
treated with preservatives, because they are
susceptible to attacks by fungi and insects.
Genetic resources Musanga cecropioides,
being a pioneer with wide distribution, is not
liable to genetic erosion. There is no information on its genetic variability.
Prospects Musanga cecropioides is a multipurposetree that has prospects for use in agroforestry systems. Its rapid growth makes it
suitable for wood pulp production; the pulp
seems to have satisfactory properties for paper
production. However, the invasive nature of
Musanga cecropioides should be taken into
consideration.
Major references Bolza & Keating, 1972;

Another method developed in DR Congo consists of pounding fresh compound fruits, extracting the fibrous matter and mixing this

Koning, 1988; de Ruiter, 1976; Katende, Birnie
& Tengnäs, 1995; Latham, 2004; Orwa et al,

planted trees reached an average height of 13
m and a bole diameter of 19 cm 6 years after
planting. The trees are short-lived with an
estimated life span of 15-20 years.
In many regions Musanga cecropioides has
been reported to flower and fruit throughout
the year. The fruits are eaten by pigeons, turacos, fruit bats, monkeys and elephants, which
all may serve as seed dispersers. They are considered to be local ‘keystone resources’ for
chimpanzees in times of food scarcity. In Cameroon the fruits have been recorded to be a
major food source for drills.
Ecology Musanga cecropioides is mainly
found in disturbed areas in wetter forest, in

regions with a mean annual temperature of
25-30°C and annual rainfall of 1300—2500(—
5000) mm. It is often found around villages and
along roads. It usually occurs below 800 m altitude, in DR Congooccasionally up to 1200 m. It
prefers soils of medium texture.
Propagation and planting In natural forest areas, Musanga cecropioides is a colonizer

of forest clearings. In the forest soil, the fruit
stones appear to be viable for years. Musanga
cecropioides is one of the most characteristic
species in the seed bank of forest soils in some
areas. In young secondary forest in Cote
d'Ivoire, an average density of 500 stones/m?
has been estimated. Natural regeneration can
be abundant in burned forest. There are about
865,000 stones in 1 kg.
Artificial propagation by seed is not easy.
Compound fruits can be mashed up in a bucket
of water. The stones sink to the bottom and can
be collected after pouring off the water. After
subsequent drying, they can be stored for more
than 12 months in sealed containers in a dry
and cool place. Sowing is usually done directly
on site by broadcasting. To have a fair germination rate, pre-treatment of stones is recommended. Under natural conditions this is done
by passing through the digestive system of
animals such as birds. In an experimental station in Côte d'Ivoire, a simple technique of pretreatment has been developed. Stones are fermented during two weeks in the shade, after
which the resulting paste is dried in the sun for
two weeks, pounded and passed through a
sieve to collect the stones, which are ready for
sowing. After this treatment, the germination
rate is 60-65% and 40-50% when the stones

Burkill,

1985;

CAB International,

2005;

de
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2009; Savill & Fox, 1967; Takahashi, 1978.
Other references Adeneye, Ajagbonna &
Ayodele, 2007; Adeneye et al., 2006; Ayinde,

Omogbai & Onwukaeme, 2004; Ayinde, Onwukaeme & Nworgu, 2006; Aziba & Gbile, 2000;
Berg, 1989; Berg, Hijman & Weerdenburg, 1985:
Doat, 1971a; Doat, 1971b; Dongmo, Kamanyi &
Bopelet, 1996; Dongmo et al., 2002; Hawthorne, 1995; Kamanyi, Bopelet & Tatchum,
1992; Latham, 2005; Neuwinger, 2000; Rapon-

da-Walker & Sillans, 1961; Sekyere, 1997; Vivien & Faure, 1985; White & Abernethy, 1997;
Wilks & Issembé, 2000.

Sources of illustration Berg, Hijman &
Weerdenburg, 1985; White & Abernethy, 1997;
Wilks & Issembé, 2000.
Authors G. Todou & M.G. Meikeu Kamdem

MYRSINE MELANOPHLOEOS(L.) R.Br.
Protologue Prodr.: 533 (1810).

Family Myrsinaceae
Synonyms Rapanea melanophloeos (L.) Mez
(1902), Rapanea rhododendroides (Gilg) Mez
(1902).
Vernacular names Cape beech (En).
Origin and geographic distribution Myrsine melanophloeos is widespread, occurring from
Nigeria east to Ethiopia and Kenya, and south
to Angola, Zimbabwe, Mozambique, South Africa and Swaziland.
Uses Thewoodis used for joinery, decorative
panelling, poles, furniture, cabinet work, vehi-

cle bodies, musical instruments such as violins,
carved sticks, implements and tool handles. It
is suitable for construction, flooring, interior

trim, railway sleepers, toys, novelties, pattern

making, carvings, turnery, veneer and plywood. It is used as firewood and for charcoal
production.
Bark decoctions are taken as expectorant and
emetic, and to treat pains, fever, diarrhoea and
palpitation. Roots are administered as purgative. Bark is applied to wounds. Dried fruits
are used as anthelmintic and purgative; they
are a common anthelmintic for livestock. Myrsine melanophloeos is planted as an ornamental tree.
Production and international trade The
woodis only used locally and not traded on the
international timber market. The bark is commonly traded on markets in South Africa.
Properties The heartwoodis whitish to pale
brown or pinkish brown, darkening upon exposure, and indistinctly demarcated from the
wide sapwood. The grain is straight, sometimes
with a tendency to wavy, texture medium to
fine and even. Quarter-sawn surfaces show a
nice silver-grain figure, and backsawn surfaces
show reticulated-mottled pattern.
The wood is medium-weight to heavy, with a
density of 680-845 kg/m3 at 12% moisture content. It should be dried slowly and with care
because it is susceptible to splitting, warping
and cupping, particularly in backsawn boards.
It is recommended to quarter-saw logs before
drying. The rates of shrinkage are rather high,
from green to oven dry about 3.2% radial and
11.4% tangential..
At 12% moisture content, the modulus of rupture is 112 N/mm2, modulusofelasticity 15,780
N/mm?, compression parallel to grain 58
N/mm?, shear 13 N/mm?, Janka side hardness

6625 N and Janka end hardness 8135 N.
The wood is easy to saw and work with both
hand and machine tools, and finishes to a
smooth surface without the use of a filler. The
nailing properties are moderate. The wood
glues and turns well. It is not durable, being
liable to fungal, termite, dry-wood borer and
marine borerattacks. It is moderately resistant
to impregnation with preservatives.
The bark contains up to 15% tannin. Triterpenoid saponins such as sakurasosaponin have
been isolated from the leaves. Sakurasosaponin
showed molluscicidal and antifungal activities
against Biomphalaria glabrata and Cladosporium

Myrsine melanophloeos — wild

cucumerinum,

respectively.

In

tests

methanolic extracts of leaves and twigs showed
weak in-vitro antiplasmodial activity. The benzoquinone embelin has been isolated from the
seeds. This compound caused a decline in testosterone levels in male rats. Tests in sheep
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infected with the nematode parasite Haemonchus contortus showed no anthelmintic effect of
Myrsine melanophloeos fruit extracts, and tests
in mice infected with Heligmosomoides polygyrus showedlittle effect.
Adulterations and substitutes The wood
resembles that of Fauwrea spp., which is used
for similar purposes.
Description Evergreen shrub or small to
medium-sized tree up to 20(—25) m tall; bole
branchless for up to 6 m, usually straight and
cylindrical, sometimes twisted, up to 70(—100)
cm in diameter, often fluted at base or with

very small buttresses; bark surface fissured,
rough, white-grey to reddish brown, inner bark
pale brown to reddish; twigs glabrousto slightly hairy. Leaves alternate, often clustered at
ends of branches, simple and entire; stipules
absent; petiole up to 1(-3.5) cm long, often
slightly winged; bladeelliptical to lanceolate or
obovate, 2.5-20 cm X 1—7 cm, cuneate at base,
obtuse to short-acuminate at apex, leathery,

glabrous, sometimes with resinous streaks,
pinnately veined with 8-22 pairs of lateral

veins. Inflorescence an axillary fascicle of 3-12
flowers, often also on older leafless branches,
with many scale-like bracts at base. Flowers
bisexual or functionally unisexual, regular, (4—)
5(-6)-merous, often with dark markings; pedicel up to 7 mm long, stout; calyx cup-shaped,
up to 3 mm long with lobes c. 1.5 mm long,
minutely hairy at margins; corolla up to 5 mm
long, whitish to greenish yellow or pinkish,
with c. 1 mm long tube and ovate to oblong
lobes, minutely hairy at margins; stamens opposite petals, attached at throat of corolla,
without filaments; ovary superior, ovoid to
nearly globose, 1-celled, style short or absent,

stigma conical. Fruit a fleshy globose drupe up
to 8 mm in diameter, with irregular longitudinal lines, pinkish to bluish or purplish, with
persistent calyx at base and style base at apex,
1-seeded. Seed flattened globose, up to 4 mm in
diameter, with cavity at base, slightly pitted,
brownish.
Other botanical information Myrsine
comprises about 300 species and occurs in all
tropical regions. In mainlandtropical Africa 2
species occur, 2 additional ones in South Africa, and another 2 in Madagascar. In most African floras, Rapanea has been kept separate
from Myrsine, based on the presence (Myrsine)
or absence (Rapanea) of a collar uniting the
stamens. However, in several tropical American species transitions between the two conditions exist, and therefore it has been proposed
to include Rapanea into Myrsine.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 13: simple
perforation plates; 22: intervessel pits alternate; 25: intervessel pits small (4-7 um); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 41: mean tangential diameter of
vessel lumina 50—100 Um; 42: mean tangential
diameter of vessel lumina 100-200 um; 47: 5—
20 vessels per square millimetre. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 63: fibre pits common in both
radial and tangential walls; 65: septate fibres
present; 66: non-septate fibres present: (69:

Myrsine melanophloeos — 1, part of branch with
flowers; 2, flower; 3, branch with leaves and

fruits; 4, part of branch with fruits; 5, fruit.
Redrawn and adapted by W. Wessel-Brand

fibres thin- to thick-walled); 70: fibres very
thick-walled. Axial parenchyma: 78: axial parenchyma scanty paratracheal; 92: four (3-4)
cells per parenchyma strand; (93: eight (5-8)
cells per parenchymastrand). Rays: 98: larger
rays commonly 4- to 10-seriate; 102: ray height
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> 1 mm; 109: rays with procumbent, square
and upright cells mixed throughout the ray;
114: <4 rays per mm.

(R. Shanda, E. Uetimane, H. Beeckman & P.E.
Gasson)
Growth and developmentTrees grow fairly rapidly. In southern Africa they usually
flower in June-August, sometimes until December. The flowers have a faint scent and are
visited by insects such as bees andflies. Fruits
take at least 3 monthsto ripen. They are eaten
by birds, which probably disperse the seeds,
but wild pigs and monkeys also feed on the
fruits.
The roots develop suckers and the tree is consequently not suited for planting as ornamental in smaller gardens.
Ecology Myrsine melanophloeos occurs in
mountain forest, grassland and thickets up to
3750 m altitude, but in southern Africa also in
evergreen coastal forest near sea-level. It usually grows in open forest or forest edges, or
along streams becauseit prefers fair amounts
of light. In the mountains of Ethiopia, it is associated with Hagenia, Juniperus, Podocarpus,
Schefflera and Erica spp., in regions with a
mean annualrainfall of 1000—1500(—2000) mm.
Myrsine melanophloeos is fairly tolerant to
drought, frost, salt and wind.

Propagation and planting Natural regeneration is often abundant, sometimes resulting
in nearly pure stands. Seeds should be stored
in sealed containers in a cool and drylocality;
it is recommended to add ash because they are
susceptible to insect attack. Sowing can be
done directly in the field. Seeds can also be
sown in pots with a well-drained general potting mixture and placed in a warm and slightly
shaded locality. It is recommended to treat the
seeds with a fungicide before sowing to avoid
damping off in seedlings. Propagation by wildlings is sometimes also practised.
Management The tree can be managed by
coppicing and pollarding.
Diseases and pests In South Africa it has
been observed that fungal species such as
Ceratocystis spp. may cause significant lesions
on Myrsine melanophloeos trees.
Harvesting Care should be taken during
harvesting because logs are liable to splitting.
Debarked trees do not recover easily and it has
been recommended to limit harvesting of the
bark for medicinal purposes to narrow vertical
strips.
Genetic resources Locally the bark of Myrsine melanophloeos is heavily exploited, e.g. in

northern South Africa. The average height,
bole diameter and numberof trees in different
size classes is higher in unharvested populations, although the harvested populations appear to withstand current levels of harvesting.
In other regions where Myrsine melanophloeos
is an important timber and/or medicinal plant,
e.g. in Uganda and southern Ethiopia,it is still
abundantand not threatened.
Prospects Myrsine melanophloeos has been
suggested as useful for firewood plantations in
highland regions, but undoubtedly the wood
from such plantationsis also useful as generaluse timber for local applications. As a multipurpose tree, it could be considered for promotion for planting in agroforestry systems, but
more research is still needed on propagation,
planting and proper managementpractices.
Major references Bolza & Keating, 1972;
Chikamai et al., undated; Coates Palgrave,
1983; Grace et al., 2002a; Halliday, 1984;
Katende, Birnie & Tengnäs, 1995; Palmer &
Pitman, 1972-1974; Porter, 2005; Sebsebe Demissew, 2003; van Wyk, van Oudtshoorn &

Gericke, 1997.
Other references

Botha,

Witkowski

&

Shackleton, 2004; Bryce, 1967; Burkill, 1997;

Clarkson et al., 2004; Friis, 1992; Githiori et
al., 2002; Githiori et al., 2003; Grace et al.,
2002b; Kamgan et al., 2008; Kupicha, 1983a;
Mungai, Makawiti & Konji, 1997; Neuwinger,

2000; Ohtani, Mavi & Hostettmann, 1993;
Pipoly II, 1996; Sommerlatte & Sommerlatte,
1990; Takahashi, 1978; Taton, 1980; Tyiso &
Bhat, 1998; van Vuuren, Banks & Stohr, 1978;
van Wyk & van Wyk, 1997.
Sources ofillustration Dale & Greenway,
1961; Halliday, 1984.

Authors A. Asamoah, C. Antwi-Bosiako, K.
Frimpong-Mensah & A. Atta-Boateng

NAUCLEADIDERRICHII (De Wild. &
T.Durand) Merr.
Protologue Journ. Wash. Acad. Sci. 5: 535
(1915).
Family Rubiaceae
Chromosome number2n = 44
SynonymsSarcocephalus diderrichit De Wild.
& T.Durand (1901), Sarcocephalus trillesii
Pierre ex De Wild. (1901), Nauclea trillesti
(Pierre ex De Wild.) Merr. (1915).
Vernacular names Brimstone tree, African

peach (En). Acajou jaune d’Afrique, acajou
jaune du Gabon, acajou jaune du Congo (Fr).
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Origin and geographic distribution Nauclea diderrichii is widespread in tropical Africa, from Guinea and Sierra Leone eastwards to
Uganda and southwards to Angola. Nauclea
diderrichii is frequently planted in tropical
Africa, and has also been planted in trials in
Brazil, Peru, Fiji and Vanuatu.
Uses In Ghana the wood of Nauclea diderrichii is the most popular wood for carving
mortars, but it is also used for poles, mine

In Côte d'Ivoire the bark is sometimes used to
treat fever and jaundice. In Nigeria bark preparations are used against fever and malaria,
and as antiperiodic, appetizer and diuretic. In
Gabon a bark infusion is drunk against fever.
In Congo bark decoctions are taken or the leaf
pulp is rubbed in for the treatment of fever,
stomach problems, gonorrhoea and menstruation problems, while a bark infusion is taken as
a vermifuge. In DR Congo bark decoctions are

props, furniture and drums. In Nigeria it is

drunk for

used for drums, poles, doors, chairs and tools.

drunk or used as a wash as a vermifuge. In
various countries leaf infusions, leaf decoctions
and the leaf pulp are drunk or used in washings, baths or embrocations to treat fever. In
Guinea leaf preparations are applied on tumours. In Sierra Leone leaf decoctions are
drunk against diarrhoea and a as a wash for
the treatment of measles. The ripe infructescence is eaten as a cough medicine in Sierra
Leone.
Production and international trade The
wood of Nauclea diderrichii is important commercially and in high demand on the interna-

In other countries it is also used for carving
sculptures and dug-out canoes. In DR Congo it
was already by the end of the 19» century in
some demand for furniture. The wood, traded

as ‘bilinga’, ‘opepe’ or ‘badi’, is suitable for
heavy construction (including bridges, harbour
works and underground construction), heavy
flooring, joinery, interior trim, boat building,
vehicle bodies, railway sleepers, sporting
goods, toys, novelties, agricultural implements,
draining boards, turnery andsliced veneer. It
is also used for making canoes, as fuelwood and
for charcoal production.
The pulp of the infructescenceis edible, but not
much eaten and mainly as a famine food. In
Nigeria the leaves are fed to livestock. The
root, bark and wood are used for makinga yellow dye. Nauclea diderrichti is a good shade
tree, used for crops as well as other timber

the

treatment

of hepatitis,

and

tional market. According to ITTOstatistics, the

export from Côte d'Ivoire in 2005 was 4000 m3
of sawn wood at an average price of US$
439/m3. Cameroon exported 4000 m3 of logs at
an average price of US$ 129/m3 in 2005, and
4000 m3 at US$ 287/m3 in 2006. Congo exported 22,000 m3 of logs at an average price of US$

trees.

124/m3 in 2004, 5000 m3 at US$ 235/m3 in

Nauclea diderrichii is widely used in local traditional medicine. The roots are credited with
diuretic properties and used for the treatment
of anaemia. Bark decoctions are taken in Sierra Leone and Ghana against stomach-ache and
malaria, and as a foot wash after long walks.

2005, and 18,000 m? at US$ 142/m3 in 2006.
Gabon exported 1000 m3 of sawn wood at an
average price of US$ 320/m3 in 2004, and 1000
m3 at US$ 195/m? in 2005. The export from

Gabon was 5000 m? of logs at an average price
of US$ 118/m3 in 2008, and 4000 m? at US$

100/m3 in 2009.
According to ATIBT statistics, Cameroon exported 200 m3 of logs and 5500 m3 of sawn
wood in 2003, 500 m3 of logs and 3700 m3of
sawn wood in 2004, and 4900 m3 of logs and
2900 m3 of sawn wood in 2006; in 1997 the

export wasstill 31,300 m® of logs. Congo exported 22,000 m3of logs and 400 m3of finished
products in 2004, and 17,800 m3 of logs and

500 m3 of sawn wood in 2006. Gabon exported
49,500 m3 of logs in 2000, 19,300 m3 in 2001,
21,700 m3 in 2002, 13,500 m2 in 2008, 14,100
m? in 2004 and 16,300 m3 in 2005. Ghana ex-

Nauclea diderrichii — wild and planted

ported 7400 m3of logs in 1998, but only 1400
m? and 1300 m3 in 2000 and 2001, respectively,
in addition to an unknown quantity of sawn
wood.
Properties The heartwood is orange or
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golden yellow, darkening upon exposure, and
distinctly demarcated from the up to 5 cm
wide, white to pale yellow, pink or grey sapwood. The grain is usually interlocked or irregular, texture moderately coarse to coarse. The
wood is lustrous, and quarter-sawn surfaces
have a streakedfigure.
The wood is medium-weight to heavy, with a
density of 670-910 kg/m3 at 12% moisture content. Quarter-sawn material dries well, with
little warping or checking, but flat-sawn material may show much checking and splitting,
with sometimes serious distortion. Air drying
should be done slowly and carefully. Boards of
2.5 cm thick take about 9 weeksto air dry from
green to 19% moisture content, and boardsof 4
cm thick take about 20 days to kiln dry from
green to 15% moisture content. The rates of
shrinkage are moderate to high, from green to
oven dry 3.7—-6.3% radial and 6.2-9.2% tangential. Once dry, the woodis fairly stable in service.
The wood is strong and moderately hard to
hard. At 12% moisture content, the modulus of
rupture is 85-166 N/mm2, modulusofelasticity
10,490-14,660 N/mm2, compression parallel to
grain 52-78 N/mm?, shear 8.5-17 N/mm?,
cleavage (7—)12—24 N/mm, Janka side hardness
5790-7260 N, Janka end hardness 7140-9160

N and Chalais-Meudonside hardness 3.0-8.6.
The wood saws and worksfairly well with both
hand and machinetools, with normal blunting
effects on saw teeth and cutting edges. In sawing, slow feeding and an angle of 17° are advised. In planing, a 10° cutting angle is recommendedto avoid picking up of quarter-sawn
material. The wood polishes well when filler
is used. It takes screws well but has slight
tendency to split upon nailing, and therefore
pre-boring is advised. It takes waxes, paints
and varnishes well. The gluing properties are
good, but the steam bending properties are
poor. The woodslices easily after appropriate
steaming. It has a high durability with an expected service life of up to 50 years. It is resistant to attacks by fungi, termites, Anobiwm
spp. and marine borers, but the sapwood may
be susceptible to attacks by pinhole borers and
powder-post beetles. The heartwood is fairly
easy to treat with preservatives by pressure
impregnation, the sapwood is permeable to
preservatives. The presence of alkaloids in the
wood may cause allergic reactions and may
have serious negative effects on the health of
wood workers,

death.

sometimes even resulting in

The energy value of the wood is 20,870 kJ/kg.
Charcoal made from Nauclea diderrichii wood
is of good quality. Studies in Nigeria showed
that the wood produces poor quality pulpwood
for paper making. The wood contains 38.5-43%
cellulose, 32-35% lignin, 12-16.5% pentosan,
0.1-0.6% ash and less than 0.03% silica. The
solubility is 2.8-9.1% in alcohol-benzene, 1.5—
4.7% in hot water and 9.6-16.9% in a 1%
NaOH solution.
A range of compoundshavebeenisolated from
the bark, such as alkaloids, secoiridoids, sapo-

nins and terpenoids. Quinovic acid glycosides
(saponins) and cadambine acid (an alkaloid)
isolated from the bark have shown strong invitro antileishmanial activity against Leishmania infantum. Hydromethanolic extracts of
the bark showed significant in-vitro DNAdamage and chromosome mutations in mammalian cells, which was due to the presence of
quinovic acid glycosides. Various fractions of a
chloroform extract of the bark have showninvitro activity against Entamoeba histolytica,
Trichomonas vaginalis and Leishmania donovani. Alkaloids and saponins from the bark
are recorded to have antiplasmodial activity.
Extracts of the stem and leaves had no antiplasmodial activity against various Plasmodium falciparum strains, and it has been suggested that the plant may have effects on the
symptoms of malaria, such as fever, rather
than on the parasite itself. Stem extracts have
shown molluscicidal activity against the freshwater snail Bulinus globulus. Compoundsisolated from the leaves include alkaloids, triterpenes,

ursolic

acid

and

B-sitosterol.

Dried

leaves in Nigeria contained 15.9 mg hydrogen
cyanide per kg fresh weight. The roots also
contain alkaloids.
Description Evergreen or deciduous, large
to very large tree up to 50 m tall; bole branch-

less for up to 30 m, straight, cylindrical, up to
150(—180) cm in diameter, with low or no but-

tresses; bark surface scaly, shallowly longitudinally fissured, pale brown, greyish, yellowish
or brownish orange, inner bark fibrous, white

to pale yellow, turning pale brownto yellowish
brown on exposure and becomingsticky; crown
rounded, with branches in whorls, often hori-

zontal; twigs glabrous. Leaves opposite, simple
and entire; stipules interpetiolar, leaf-like,
oblong-elliptical, 1-4(-8) cm long, distinctly
keeled, caducous; petiole 1-3 cm long, glabrous;
blade elliptical, oblong, ovate or obovate, (4—)7—
30(-45) em x (2.5-)4-16(-21) cm, cuneate to
rounded at base, obtuse or slightly acuminate
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Nauclea diderrichii — 1, tree habit; 2, flowering
branch; 8, flower; 4, infructescence.
Redrawn and adapted by W. Wessel-Brand
at apex, glabrous, pinnately veined with 4-18
pairs of lateral veins. Inflorescence a solitary,
terminal, spherical head 1—4 cm in diameter;

peduncle up to 4 cm long. Flowers bisexual,
regular, 4—5-merous; calyx lobes prismatic or
club-shaped, c. 2 mm long, thickened, hairy at

apex; corolla white, greenish or yellowish, tube
narrowly funnel-shaped, 6-7 mm long, lobes
oblong-elliptical, 1.5-2.5 mm long, hairy inside;
stamens inserted in the throat of the corolla
tube, alternating with the lobes; ovary inferior,
2-celled, style exserted 4.5-6 mm from the corolla, stigma club-shaped. Fruits fused into a
globose, fleshy infructescence 2—4 cm in diameter, greyish brown to orange-brown, pitted with
pits 2-4 mm in diameter, rough because of the
persistent calyx lobes, many-seeded. Seeds
globose to ellipsoid or ovoid, c. 1 mm long,reticulate, pale brown. Seedling with epigeal
germination; hypocotyl up to 2 cm long, epicotyl c. 3 mm long; cotyledons leafy, up to 5 mm
long, obtuse; first leaves opposite, c. 7 mm X 4
mm, each succeeding pair of leaves bigger than
previous one.
Other botanical information Nauclea com-

prises about 10 species, of which 4 occur in
tropical Africa and the rest in Asia. It is related
to Sarcocephalus, which differs in its smaller
and persistent stipules and placenta attached
to the middle of the septum (to upper third of
the septum in Nauclea).
Nauclea vanderguchtii (De Wild.) E.M.A.Petit
is a medium-sized tree up to 30 m tall with bole
up to 80 cm in diameter. It occurs along rivers
and in swampyareas from southern Nigeria to
DR Congo and Cabinda (Angola), but it probably also occurs in Liberia and has been recorded for Ghana as well. It can be distinguished
from Nauclea diderrichii by its only slightly
keeled stipules and larger infructescences (up
to 10 cm in diameter), whereas young twigs are
often swollen and occupied by small ants. The
wood, slightly darker and softer than that of
Nauclea diderrichii, is used for furniture in
Nigeria and boat building in Cabinda. The infructescence is edible but is only rarely eaten.
In traditional medicine in Congo, a maceration
of the wood in water is taken against impotence, the barkis usedin frictions applied topically for the treatment of rheumatism, and a
bark decoction is drunk or the leaf pulp is
rubbed in for the treatment of abdominal problems, painful menstruation and gonorrhoea.
Anatomy Wood-anatomical description (AWA
hardwood codes):

Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(7: vessels in diagonal and/or radial pattern); 9:
vessels exclusively solitary (90% or more); 13:
simple perforation plates; 22: intervessel pits
alternate; 25: intervessel pits small (4—7 um);
29: vestured pits; 30: vessel-ray pits with distinct borders; similar to intervessel pits in size
and shape throughout the ray cell; 42: mean
tangential diameter of vessel lumina 100-200
um; 46: < 5 vessels per square millimetre; 47:
5-20 vessels per square millimetre. Tracheids
and fibres: 62: fibres with distinctly bordered
pits; 63: fibre pits common in both radial and
tangential walls; 66: non-septate fibres present; 69: fibres thin- to thick-walled. Axial parenchyma: 76: axial parenchyma diffuse; 77:
axial parenchyma diffuse-in-aggregates; 78:
axial parenchyma scanty paratracheal; 93:
eight (5-8) cells per parenchymastrand. Rays:
97: ray width 1—8 cells; 100: rays with multise-

riate portion(s) as wide as uniseriate portions;
107: body ray cells procumbent with mostly 2—4
rows of upright and/or square marginal cells;
108: body ray cells procumbent with over 4
rows of upright and/or square marginal cells;

486

TIMBERS 2

(112: perforated ray cells present); 116: > 12
rays per mm. Mineralinclusions: (152: crystals
of other shapes (mostly small)); (153: crystal
sand).
(F.D. Kamala, P. Baas & H. Beeckman)
Growth and development Natural regeneration is usually abundant in forest gaps and
forest clearings. Seeds can lie dormant in the
soil until they are stimulated to germinate by
increased exposure to sunlight. Initial seedling
growthis slow, but later growth is moderately
fast. In 15-year-old unthinned stands in Ghana, the average tree height was 19.3 m, the

average bole diameter 21.6 cm and the mean
bole volume 0.32 m3. Trees on old logging
tracks attained a height of 12 m and a diameter of 10 cm already within 4 years. In plantations in Nigeria, annual bole diameter increments of up to 1.6 cm have been obtained. In a
26-year-old taungya plantation, trees had a
mean height of 16 m and a mean bole diameter
of 27 cm. In 30-year-old plantations (500
trees/ha) in south-western Nigeria, the tree
height was on average 23.6 m, the bole diameter 29.3 cm, the bole volume 476 m/ha, and the

total biomass 288 t/ha. In plantations in Cameroon of up to 8 years old, annual diameter increments of 3.1 cm have been recorded. In
Congo planted trees of 10 years old showed a
mean annual growth of 1.7 m in height and 1.8
cm in bole diameter. In Gabon 11-year-old
trees planted at a density of 625 trees/ha in
entirely and partially cleared land were on
average 21 m and 19 m tall, with average bole
diameters of 16.8 cm and 15.3 cm, respectively.
In natural forest in Côte d'Ivoire, the mean

annual bole diameter growth has been estimated at 6-8 mm.
Nauclea diderrichii has the ixoroid pollination
mechanism, with the style head acting as a
pollen receptacle where the pollen is deposited
before anthesis. After the flower has opened,
the style elongates and the pollen is ready for
insect transfer. Later the stigma surface is
revealed, being ready for pollen from other
flowers. In the Central African Republic it has
been observed that trees flowered for the first
time when they had reached 45 cm in bole diameter. In Liberia flowering is in March—June,

and ripe infructescences are found in September—December. In Sierra Leone flowering is in
May—December, with heaviest fall of infructescences in October-February. In Côte d'Ivoire
trees flower in January—May. In Ghana the
main flowering period is May—August, while
ripe infructescences can be found in Septem-

ber-December. The infructescences are relished by birds and form an important component of the diet of mammals such as elephants,
duikers and monkeys, which probably help to
disperse the seeds.
Ecology Nauclea diderrichii occurs from
sea-level up to 1650 m altitude in areas with
an average annual rainfall of (1200—)1600—
3500(—4500) mm, and a dry season of 0-6
months. It is a light-demanding pioneer species, and grows in a wide range of habitats,
occurring particularly in humid evergreen forest and moist semi-deciduousforest. It is also
found in swampy areas. Nauclea diderrichii
prefers light to medium textured, well-drained,
neutral to slightly acid soils, and does not grow
well on excessively wet soils or on lateritic
soils. In Sierra Leone, it is typically associated
with other light-demanding species such as
Bridelia grandis Pierre ex Hutch., Terminalia
ivorensis A.Chev. and Zanthoxylum gilletii (De
Wild.) P.G.Waterman.
Propagation and planting Nauclea diderrichii regenerates profusely in large forest
gaps and along roads in the vicinity of mother
trees. It is easily propagated from seeds, cuttings and wildlings. Reports on the 1000-seed
weight vary widely, from 1 g to 18 g. Seeds are
extracted from dried infructescences by pounding. Seed treatment is not necessary, but germination is faster when the seeds have been
soaked in water or buried in dampsoil before
sowing. Seed can bestored in airtight containers, with the viability retained for over a year.
It is usually sown broadcast and covered with a
thin layer of sand or sownin seed beds. Germination takes place in 2-4 weeks, with a germination rate of 50-75%. Excessive watering of
seedlings should be avoided to prevent losses
through damping-off at the nursery. It is recommendedto prick out the seedlings after 1.5—
2 months, when they are 10-15 cm long and
have 4—6 leaves, and plant them into seedbeds
at a spacing of 25 cm, but care should be taken
to avoid damagingor wilting of the soft stems.
Seedlings can be planted out when 1—1.5 years
old. Because of the soft stems, they are best
stumped before planting out. Planting out is
doneat a spacing of 2.5-4.5 m X 2.5-3 m.
Management In Ghana the density of larger Nauclea diderrichii trees in the forest is
generally quite low. In Cameroon as well the
density is low, with an average number of trees
with a bole diameter of more than 60 cm up to
0.1 per ha and a mean bole volume upto 0.7
m%/ha. In Gabon the wood volume has been
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estimated at 0.5 m®/ha.
In cultivation, Nauclea diderrichii can be man-

aged by side pruning, thinning and coppicing.
Young saplings are often multi-stemmed, and
it is advisable to prune the secondary stems in
the early years of a plantation. A rotation cycle
of 80-40 years is needed to obtain trees with a
diameter of 50 em. In Côte d'Ivoire recommended silvicultural practices include planting
at a density of 1100 seedlings per ha, first
thinning after 5 years to 400-500 stems per ha,
second thinning after 9-10 years to 200—250
stems per ha and third thinning after 15 years
to 125-160 stems per ha. Nauclea diderrichii is
commonly grown in taungya plantations andis
recommended as a nurse crop for valuable Meliaceae trees such as Lovoatrichilioides Harms
and Khaya spp. In Cote d'Ivoire it was successfully mixed with Heritiera utilis (Sprague)
Sprague.
Diseases and pests In nurseries and young
plantations, especially in open conditions, Nauclea diderrichii may be attacked by larvae of
the shoot-boring moth Orygmophora mediofoveata, resulting in stunted growth, death of the
principal shoot and formation of multiple
shoots. Infestation levels of 30-80% have been
recorded in Nigeria in the 1960s, and more
recently in nurseries in Ghana 60-80% of the
potted seedlings were found to be destroyed.
Especially in Ghanathis pest is a serious factor
limiting the possibilities of pure Nauclea diderrichii plantations. For its control, the use of
insecticides has been recommended and in
Ghana research has been started on silvicultural control practices and genetic resistance.
Monkeys can cause top damage to young saplings.
Harvesting The minimum bole diameter for
harvesting Nauclea diderrichii is 110 cm in
Ghana, 80 cm in Liberia, Cameroon and Ga-

bon, and 60 cm in Céte d’Ivoire, Central African Republic and DR Congo.
Handling after harvest Freshly harvested
boles usually do not float in water and thus
cannot be transported by river. Brittle heart
maybe presentin large logs.
Genetic resources Nauclea diderrichii has
a large distribution area, but is in many regions uncommon and heavily exploited. Although its regeneration is usually good in large
forest gaps, it is often outcompeted by other
pioneer species. Therefore, it is included as
vulnerable in the IUCN Redlist of threatened
species, with the observation that the status of
the species should be kept under review. In

Liberia an export ban has been implemented
on this species, and in Ghana special felling
permit is needed since 1998.
Prospects Nauclea diderrichii is a popular
commercial timber species, yielding very durable wood with good mechanical properties. Its
density in the natural forest is low, however,

and to ensure sustainable exploitation of the
species, more research is needed on appropriate management systems in natural forest and
on the establishment of commercial plantations. It has good prospects for wider-scale
planting for timber production because it combines excellent wood properties with fair
growth rates. More research on the chemical
constituents for possible drug development in
the pharmaceutical industry also seems warranted.
Major references Bolza & Keating, 1972;
Bridson & Verdcourt, 1988; Burkill, 1997; CAB
International, 2005; CIRAD Forestry Depart-

ment, 2008; Hawthorne, 1995; Onyekwelu,
2007; Orwa et al., 2009; Taylor, 1960; Voorhoeve, 1979.

Other references Adu-Anning & Anglaaere,
1997; African Regional Workshop, 1998; di
Giorgio et al., 2006; Hallé, 1966; Hawthorne &
Jongkind, 2006; Konda ku Mbutaetal., 2010;
Koumba Zaou et al., 1998; Liu et al., 2011;

Mustofa et al., 2000; Neuwinger, 2000; Obute
& Ekiye, 2008; Ogunsanwo, Aiyeloja & Owowa,
2007; Onwuka, 1992; Oteng-Amoako (Editor),
2006; Savill & Fox, 1967; Takahashi, 1978;
USDA Forest Service, undated; Vivien &
Faure, 1985; Vivien & Faure, 1996; Wagner,

Cobbinah & Bosu, 2008.
Sources of illustration Bridson & Verdcourt, 1988; Voorhoeve, 1979; White & Abernethy, 1997.

Authors N.Y. Opuni-Frimpong & E. OpuniFrimpong

NECEPSIA AFZELII Prain
Protologue Bull. Misc. Inform. Kew 1910:
343 (1910).
Family Euphorbiaceae
Synonyms Mareya acuminata Prain (1912).
Origin and geographic distribution Necepsia afzelii occurs from Sierra Leone east to the
Central African Republic, and south to Gabon
and Congo.
Uses The wood is used for spoons, mortars
and pestles. It is suitable for containers and
turnery.
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brown with paler spots.
Necepsia comprises 3 species and is restricted
to mainland tropical Africa, but one species
extends to northern Madagascar. Necepsia afzelii is variable, and 2 subspecies, one with 2

varieties, have been distinguished.
Ecology Necepsia afzelii occurs in the understory of lowland rainforest, also in secondary forest, up to 400 m altitude.
Genetic resources and breeding There
are no indications that Necepsia afzelii is in
danger of genetic erosion.
Prospects The wood of Necepsia afzelii is
likely to remain of local use only. The bole is
too small to be of commercialinterest.
Major references Bouchat & Leonard,
1986; Brown, Hutchinson & Prain, 1909-1913;
Necepsia afzelii — wild

Burkill, 1994; Cooper & Record, 1931; Hall &
Swaine, 1981.

Properties The wood is yellow, has a fine
texture, and is moderately heavy and hard.
Once dry, it is stable in service. It is easy to
work and takes a fine polish, but is liable to
attacks by fungi. Roots, bark and leaves contain alkaloids.
Botany Monoecious shrub or small tree up

Other references Breteler, Mennega &
Punt, 1997; Hawthorne & Jongkind, 2006; Léonard, 1996b.
Authors L.P.A. Oyen

NECTAROPETALUM KAESSNERI Engl.

to 12(-15) m tall; bole up to 30 cm in diameter;

bark surface greyish green, with black spots;
young twigs slightly hairy, soon becoming glabrous. Leaves alternate, simple; stipules narrowly triangular, 4-12 mm long, keeled, shorthairy outside at the middle and at the margins;
petiole 0.5-6.5 cm long; blade elliptical to obovate-elliptical, 5-37.5 cm x 1.5—11.5 cm, usual-

ly cuneate at base, acuminate at apex, margins
recurved, whitish and with minute teeth, thin-

leathery, nearly glabrous, with glandsat base,
pinnately veined with (5-)6—-10(-11) pairs of
lateral veins. Inflorescence an axillary spike up
to 21(-25) cm long, consisting of fascicles of
male flowers only or of several male flowers
with

1

central

female

flower,

Protologue Bot. Jahrb. Syst. 34: 151 (1904).
Family Erythroxylaceae
Vernacular names Mfunda mweupe(Sw).
Origin and geographic distribution Nectaropetalum kaessneri occurs in coastal regions of
East Africa from Somalia through Kenya to
Tanzania and possibly Mozambique.
Uses In Kenya the woodis used for poles in
house building andfor tool handles. In Somalia
a decoction of fresh roots is used against rheumatism. In Tanzania leaf sap is taken against

short-hairy;

bracts up to 4 mm long. Flowers unisexual,
regular, whitish or greenish, with pedicel up to
3 mm long; male flowers with 3-4 sepals 1.5—
2.5 mm long, stamens many, inserted on a
rounded receptacle, filaments 1-2 mm long,
numerous glands inserted between the stamens; female flowers with 4—5 sepals 2-3 mm
long, ovary superior, 2-3 mm in diameter,
densely hairy, 3-celled, styles 3, nearly free, 2—
3 mm long, 2-lobed. Fruit a depressed globose,
3-lobed capsule 7-8 mm X c. 14 mm, slightly
warty, yellowish brown, splitting into 3 2valved parts, each 1-seeded. Seeds nearly globose, 5-6 mm in diameter, smooth, reddish

Nectaropetalum kaessneri — wild
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dysentery and root decoctions against cough.
Rice cooked with a root decoction is eaten to
treat enterobiasis.
Properties The woodis hard.
Botany Shrub or small tree up to 6 m tall;
bark surface smooth; twigs glabrous. Leaves
alternate, simple and entire; stipules united,
3-7 mm long, early falling; petiole 3-7.5 mm
long; blade elliptical to oblong-elliptical, 1.5—9
cm X 0.5—4.5 cm, base cuneate to rounded, apex
rounded to obtuse, thin-leathery, glabrous,

pinnately veined. Inflorescence an axillary
fascicle, glabrous, few-flowered. Flowers bisexual, regular, (4-)5-merous, sweet-scented, heterostylous, nearly sessile; calyx 2.5-3.5 mm
long, deeply divided into acute lobes; petals
free, linear-oblong to linear-spatulate, 1—-1.5 cm
long, narrowed at base, rounded at the apex,

with small nectary appendages inside, white;
stamens 10, fused at base, 4-7 mm long; ovary
superior, 2-celled, styles 2, fused, 1-2 mm long

in short-styled flowers, 3-4 mm long in longstyled flowers, stigmas 2. Fruit a cylindrical
drupe 1—1.5 cm long.
Nectaropetalum comprises about 7 species,
most of them in coastal eastern and southern
Africa, 2 in DR Congo and 1 in Madagascar.
Nectaropetalum carvalhoi Engl, described
from Mozambique but very poorly known, may
be conspecific with Nectaropetalum kaessneri;
the formeris an earlier name.

Ecology Nectaropetalum kaessneri occurs in
dry evergreen forest, often together with
Brachylaena and Cynometra spp., but also in
thickets, secondary bushland and on granitic
rocky outcrops together with Adansonia digitata L. and Afzelia quanzensis Welw., from sealevel up to 400 m altitude.
Genetic resources and breeding Nectaropetalum kaessneriis fairly widespread and
common. There are no indications that it is in
dangerof genetic erosion.
Prospects The wood of Nectaropetalum
kaessneri is likely to remain of occasional local
use. Too little is known of its pharmacology to
assess its value in traditional medicine.
Major references Beentje, 1994; Thulin,

NEOBOUTONIA MACROCALYX Pax
Protologue Bot. Jahrb. Syst. 30: 339 (1901).
Family Euphorbiaceae
Origin and geographic distribution Neoboutonia macrocalyx is distributed from eastern DR Congo eastward to Kenya and southward to Zimbabwe and Mozambique.
Uses In East Africa the wood of Neoboutonia
macrocalyx is used in house construction and
for carving and innerparts of plywood. In Tanzania it is further used for boxes, crates, stools,
water pots and beehives. The wood is a good
substitute for balsa wood (from Ochroma pyramidale (Cav. ex Lam.) Urb.). It is widely used
as firewood.
In Uganda Neoboutonia macrocalyx has been
planted for soil conservation. In East Africa
root infusions and root scrapings are taken as
purgative, root decoctions to treat diabetes, leaf
infusions as emetic and leaf decoctions against
dizziness, whereas a decoction of leaves and

twig bark is drunk and used as a washto cure
fever.
Properties The heartwood is white to greywhite, often with irregular dark brown streaks,

and not distinctly demarcated from the sapwood. The grainis straight, texture coarse.
The wood is lightweight, with a density of 350—
390 kg/m? at 12% moisture content. It air and
kiln dries rapidly. The wood is easy to saw and
work with sharp hand and machinetools. It
usually planes to a woolly or stringy finish,
with lustrous surfaces. The nailing, screwing,
gluing, varnishing, painting andjointing properties are all satisfactory. The wood has good
steam bending properties. It has a low durability, being liable to fungal attacks including

1993b; Verdcourt, 1978; Verdcourt, 1984a.
Other references Friis & Vollesen, 1989;
Haerdi, 1964; Neuwinger, 2000; Robson, 1963a;
Samuelssonet al., 1992.

Authors L.P.A. Oyen

Neoboutonia macrocalyx — wild
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blue stain, termite, pinhole borer and marine
borer attacks. The heartwood is moderately
permeable to preservatives, the sapwood permeable. The wood is said to be suitable for paper pulp.
Bark extracts of Neoboutonia macrocalyx have
shown antiplasmodial activity, and 4 different
tigliane-type diterpenoids have been isolated
from these extracts. These compounds are
known to have biological properties such as

In Congo and DR Congo root and bark decoctions are taken as purgative and anthelmintic.
They have abortifacient properties and therefore are not given to pregnant women. In eastern DR Congo roots are chewed as a cure for
gonnorhoea. In Cameroon the baked pulverized
bark is eaten once a week to prevent epileptic
fits. This treatment causes diarrhoea and vomiting, and high doses can be fatal. The bark has
skin-irritant properties and is used in Came-

irritant, cytotoxic, carcinogenic and antitumor

roon against worms, abdominal pains, stom-

activity, and may be responsible for the antiplasmodial activity of the extracts.
Botany Dioecious, small to medium-sized
tree up to 20(-40) m tall; bole straight and
cylindrical, up to 60 cm in diameter; bark surface smooth, pale white to grey; crown spreading; twigs densely stellate hairy. Leaves alternate, simple and usually entire; stipules ovate,
up to 1 cm long; petiole 5-15 cm long, densely
stellate hairy; blade broadly ovate to nearly

ach-ache and malaria.
Ecology Neoboutonia macrocalyx is found
mainly in lower montane forest in high rainfall
areas at 600-2500 m altitude, as a pioneer in
clearings and along streams. Secondary forests
can consist of almost pure stands.
Management Propagation of Neoboutonia
macrocalyx is easily done with seedlings or
wildlings. Fruits should be collected just before
they open. After they have opened and the
seeds are dry, these can be stored in a sealed
container in a cool place. For good results seeds
should be used within 2 months after harvesting. The growth is fast and trees can be pollarded or coppiced. Usually Neoboutonia macrocalyx is grown in pure stands for production
of firewood or in lines or strips for soil conservation.
Genetic resources and breeding There
are no serious threats because Neoboutonia
macrocalyx is a widespread pioneer which is
abundant in secondaryforest.
Prospects Neoboutonia macrocalyx may not
be a first-choice timber tree, but may have potential for paper production, soil conservation
andfirewood production.

orbicular, 10-30 cm x 10-15 cm, deeply cordate

at base, short-acuminate at apex, stellate hairy
on the veins and minutely gland-dotted below,
with 7-9 veins from the base and 5-7 pairs of
lateral veins. Inflorescence a terminal panicle
up to 30 em long, often leafy at base. Flowers
unisexual, regular, without petals; male flowers with 2-3 mm long pedicel, calyx creamcoloured, with 2-3 broadly ovate lobes 2.5-3
mm long, disk glands 10, stamens 30-40, free,
up to 3 mm long; female flowers with pedicel
up to 8 mm long, calyx with 4—6 lobes c. 3 mm
long but accrescent in fruit, disk shallowly 5lobed, ovary superior, 3-lobed, c. 2 mm in di-

ameter, densely stellate hairy, styles c. 2 mm
long. Fruit a 3-lobed capsule c. 1 cm in diameter, stellate hairy, 3-seeded. Seeds ellipsoid, c.

Major references Chikamaiet al., undated;

7mm X 5 mm, dark brown-mottled.
Neoboutonia comprises only 3 species and is

Katende, Birnie & Tengnäs, 1995; Kirira et al,

restricted to mainland tropical Africa. The 2

other species, Neoboutonia mannii Benth.
(synonyms: Neoboutonia diaguissensis Beille,
Neoboutonia glabrescens Prain) and Neoboutonia melleri (Müll.Arg.) Prain have a wider
distribution than Neoboutonia macrocalyx.
They are doubtfully distinct as differences are
minor. Both are usually multi-stemmed small
trees up to 12-20) m tall, with a combined
distribution area from Guinea eastward to
southern Sudan and Uganda, and southward to
Zambia, Angola and Mozambique. In West
Africa the wood is sawn into planks, and in DR
Congo it is used for construction and as firewood. In Tanzania the wood is used in the
same way as that of Neoboutonia macrocalyx.

2007; Lovett et al., 2007; Radcliffe-Smith, 1996.
Other references Beentje, 1994; Bolza &
Keating, 1972; Burkill, 1994; Chifundera, 2001;
Dale & Greenway, 1961; Kirira et al., 2006;
Neuwinger, 2000; Tene et al., 2008; Yamada,

1999; Zhaoet al., 1998.
Authors C.H. Bosch

NEOTINA ISONEURA(Radlk.) Capuron
Protologue Mém. Mus. natl. Hist. nat., sér.
B, Bot. 19: 175 (1969).
Family Sapindaceae
SynonymsTina isoneura Radlk. (1879), Tinopsis isoneura (Radlk.) Choux (1925).
Origin and geographic distribution Neotina
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paripinnately compound with 2-5 pairs ofleaflets; stipules absent; petiole 2.5-3.5 cm long,
rachis 6-16 em long; petiolules short; leaflets
opposite to alternate, oblong, 6-12 cm Xx 2-3
cm, upperleaflets largest, obtuse at apex, margin entire, glabrous, pinnately veined with
numerous lateral veins. Inflorescence an axillary panicle, short-hairy. Flowers unisexual,
regular, 5-merous, small, c. 4 mm in diameter,
whitish; sepals free, ovate, reflexed in fruit;
petals free, smaller than sepals, with 2 lateral
scales; stamens hairy; ovary superior, 2-celled,

Neotina isoneura — wild
isoneura is endemic to Madagascar, where it
occurs widespread.
Uses The wood of Neotina isoneura is appreciated for heavy construction. It is traded together with the wood of Tinopsis apiculata
Radlk. as ‘ramaindafy’, andis suitable for flooring, bridges, mine props and railwaysleepers.
It is also used as firewood andfor charcoal production. Bark extracts are drunk to cure gonorrhoea.
Properties The heartwood is pale pinkish
brown and distinctly demarcated from the
greyish white, 3-5 cm wide sapwood. The grain
is usually straight, texture medium. The wood
is heavy, with a density of 900-960 kg/m3 at
12% moisture content. It air dries moderately
rapidly with little distortion. Boards of 2.5 cm
thick dry to 12% moisture content in 2-3
months. The rates of shrinkage are high, from
green to oven dry 6.1—7.4% radial and 10.0—
11.2% tangential. Once dry, the wood is not
stable in service.
At 12% moisture content, the modulus of rupture is 180-189 N/mm?, modulusof elasticity

style short. Fruit a fleshy capsule up to 2 cm
long, orange to red, dehiscent with 2 valves, 1seeded. Seed obovoid, c. 1 cm long, nearly completely enclosed by a waxy,yellow to redaril.
Neotina comprises only 2 species. It resembles
Molinaea, Tina and Tinopsis, but can be distinguished byits leaflets with entire margins,
usually only 5 stamens and reflexed calyces in
fruit. The wood of Neotina coursii Capuron
resembles that of Neotina isoneura and is used
for similar purposes; it is traditionally used for
boat building. Neotina coursii is a shrub or
small tree up to 10 m tall with usually opposite
leaves, occurring in eastern Madagascar.
Ecology Neotina isoneura is found in subhumid evergreen forest, mainly at medium
altitudes.
Genetic resources and breeding Neotina
isoneurais not likely to be seriously threatened
because it is widespread, but monitoring it and
Neotina coursii is recommended in view of the
reduction in natural forest areas in Madagascar.
Prospects Knowledge on Neotina isoneura
is very limited and only further study could
reveal serious opportunities for more extensive
use of the species.
Major references Boiteau, Boiteau & Al-

lorge-Boiteau, 1999; Guéneau, Bedel & Thiel,
1970-1975; Rakotovao et al., en préparation.
Other references Beaujard, 1988; Buerki

14,580—14,830 N/mm?, compression parallel to

et al., 2009; Cailliez & Guéneau, 1972; Capu-

grain 73-82 N/mm? and Chalais-Meudon side
hardness 10.2-11.6. The wood is easy to work
and takes a smooth finish. It is durable and
quite resistant to treatment with preservatives.
The bark of Neotina isoneura contains tannins
that belong to the group of condensed tannins
of the proanthocyanidin type.
Botany Monoecious small to medium-sized
tree up to 25 m tall; bole branchless for up to
10 m, up to 50 cm in diameter; bark surface
pale grey; twigs glabrous. Leaves alternate,

ron,

1969; Debray,

Jacquemin

& Razafin-

drambao, 1971; Guéneau, 1971; Hegnauer,
1990; Rabevohitra, 2006; Varyet al., 2009.

Authors C.H. Bosch

NUXIA CONGESTAR.Br. ex Fresen.
Protologue Flora 21: 606 (1838).
Family Loganiaceae (APG: Stilbaceae)
Vernacular names Common wild elder,
brittle wood (En).
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Origin and geographic distribution Nuxia
congesta is the most widespread species of the
genus, occurring from Guinea eastward to
Ethiopia and Somalia and southward through
East Africa to South Africa and Swaziland. It
is also found in southern Arabia.
Uses The wood of Nuxia congesta is mainly
used for poles for construction, fence posts and
carpentry. It is suitable for furniture. It is also
used as firewood and for charcoal production,
whereas branches are used as firesticks. The
abundance of fragrant flowers makes Nuxia
congesta an attractive ornamental. It is suitable as boundary, barrier and support tree. The
trees prevent erosion on rocky sites and provide shadeor shelter. The foliage is browsed by
livestock. In traditional medicine in Kenya,
bark decoctions are taken to treat indigestion
and menstrual problems, and as an expectorant. Bark and leaves are also chewed against
indigestion, whereasash ofleafy twigs is taken
in water against diarrhoea. In Uganda the
bark is applied against toothache and impotence. Smoke from the leaves is applied to the
udder to treat mastitis in cattle. In Kenya and
Tanzania Nuxia congesta is an important honey plant.
Properties The heartwoodis white to whitish yellow and indistinctly demarcated from
the sapwood. The texture is fine and even. The
wood is medium-weight to fairly heavy, with a
density of 650-860 kg/m? at 12% moisture content, and moderately hard. It has a severe risk
of surface checking and end splitting during air
drying. At 12% moisture content, the modulus
of rupture is 71 N/mm? and compression parallel to grain 53 N/mm2. The woodis not durable.
Botany Evergreen shrub or small tree up to

15(—25) m tall; bole often gnarled and fluted,

up to 60(-100) cm in diameter; bark surface
fissured, peeling in narrow strips or scales,
grey to brown, inner bark yellowish white;
twigs short-hairy to glabrous, often orange.
Leaves arranged in whorls of 3(—4) at the ends
of branches, simple; stipules absent; petiole up
to 2 cm long; blade elliptical to obovate or nearly orbicular, (1-)2—15 cm x (0.5—)1—7.5 cm, base
cuneate, apex rounded to acute or shortacuminate, entire or sometimes toothed, leath-

ery, glabrous orslightly short-hairy, pinnately
veined with up to 10 pairs of lateral veins. Inflorescence a terminalor axillary, often umbellike panicle up to 15 cm Xx 15 cm, short-hairy.
Flowers bisexual, nearly regular, 4-merous,
fragrant, nearly sessile; calyx tubular, 3-8 mm

long, with short lobes; corolla whitish, tube
usually slightly shorter than calyx, lobes 2—5
mm long, hairy in the throat of the tube; sta-

mens inserted at apex of corolla tube, alternating with lobes, up to 8 mm long; ovary superior, ovoid to ellipsoid, 1.5—2.5 mm long, hairy, 2celled, style slender, up to 11 mm long. Fruit
an ovoid to ellipsoid capsule slightly longer
than the persistent calyx, hairy, dehiscing with
2—4 valves, many-seeded. Seeds spindle-shaped,
c. 2mm long, brown.

Nuxia congesta frequently develops suckers
whenit is subject to regular fires. The flowers
produce abundantly nectar and pollen and are
commonly visited by bees, which are probably
the main pollinators.
Nuxia comprises about 15 species occurring in
southern Arabia and throughout tropical Africa, including Comoros, Madagascar and the
MascareneIslands.
Ecology Nuxia congesta is a pioneer in evergreen forest, wooded savanna and grassland,
usually in mountain regions up to 3200 m altitude, but in South Africa also occurring near

Nuxia congesta — wild

sea-level. It is often found growing on edgesof
open, upland or lower montane forest, often
associated with bamboo, Juniperus procera
Hochst. ex Endl. or Olea europaea L. It may be
commonon rocky ridges.
ManagementDirect seeding is the mostreliable method of propagation. Mature fruits
should be collected and seeds can be obtained
by threshing. The seeds can be stored in a dry
and cool locality for some time. Nuxia congesta
is suitable for planting in marginal areas and
on rocky soils. It can be coppiced.
Genetic resources and breeding Nuxia
congesta is very widespread and common in
many regions, and not in danger of genetic
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erosion.
Prospects The wood of Nuxia congesta is
likely to remain an important source of poles
for construction and fencing, but its suitability
as a general-purpose timber warrants testing.
However, the usually small size and poor shape
of the bole is a major drawback. The many uses
in traditional medicine need to be investigated.
Major references Chikamaiet al., undated;
Coates Palgrave, 2002; Leeuwenberg, 1975;
Maundu & Tengnas (Editors), 2005; Orwa et
al., 2009.
Other references Bekele-Tesemma, 2007;

ons. It is suitable for construction, flooring,
joinery, interior trim, vehicle bodies, ladders,
musical instruments, toys, novelties, precision
tools, vats, handles, carvings, pattern making,

Origin and geographic distribution Nuxia
floribunda occurs from eastern DR Congo
eastward to Kenya and southward to Zimbabwe, Mozambique, South Africa and Swaziland.
Uses The wood of Nuxia floribunda is used
for fence posts, carpentry, furniture and turnery, and formerly in the construction of wag-

veneer and plywood. It is also used as firewood.
Powdered leaves and twig bark are applied to
skin diseases, and powdered leaves in water
are taken against diarrhoea. A maceration of
leafy twigs is administered against insanity. In
Kenya root extracts are prescribed against
influenza. In Uganda a decoction of the bark
together with Spilanthes flowers is drunk
against impotence. Leafy shoots are placed
under the bed as mosquito repellent. The flowers produce nectar in abundance and are much
visited by honey bees. Nuxia floribunda is becoming an increasingly popular garden tree,
notable for its conspicuous flowers and shapely
crown.
Production and international trade The
wood of Nuxia floribunda is not traded on the
international market, and its local importance
seems also limited.
Properties The heartwood of Nuxia floribunda ranges from whitish to yellowish or reddish and has an attractive streaky figure; it is
not clearly demarcated from the sapwood. The
grain is straight or shallowly interlocked, texture fine and even. The wood is mediumweight, with a density of about 735 kg/m3 at
12% moisture content, and fairly hard and
tough. It air dries slowly, but usually without
serious defects. The rates of shrinkage are
moderate, from green to oven dry about 3.0%
radial and 6.5% tangential. At 12% moisture
content, the modulus of rupture is 105 N/mm2,
modulus of elasticity 14,200 N/mm2, compression parallel to grain 59 N/mm?, shear 16

Nuxia floribunda — wild

Janka end hardness 8975 N.
The wood saws and works fairly easily with
both hand and machinetools. It can be planed
to a smooth surface, and polishes very well. It
has good nailing and screwing properties, but
pre-boring is needed. The wood glues and turns
well. It is fairly durable, being rather resistant
to fungal and insect attacks.
A dichloromethane/methanol extract of the
leaves had a strong repellent effect on malaria
mosquitos in a test with rabbits. The iridoid
glycoside unedoside and its derivatives nuxioside and a cinnamoyl-nuxioside have been isolated from the extract.
Description Shrub or small to mediumsized tree up to 20(-25) m tall; bole often
somewhat contorted, up to 60(—90) cm in diam-

Bruce & Lewis, 1960; Burkill, 1995; Friis,
1992; Hawthorne & Jongkind, 2006; Latham,
2007; Leeuwenberg, 1983; Lovett et al., 2007;
Mothogoane, 2011; Neuwinger, 2000.

Authors L.P.A. Oyen

NUXIA FLORIBUNDABenth.
Protologue Hook., Comp. Bot. Mag. 2: 59
(1836).
Family Loganiaceae (APG: Stilbaceae)
Chromosome number2n = 38
Synonyms Lachnopylis floribunda (Benth.)
C.A.Sm. (1930).
Vernacular names Forest elder, forest
nuxia, wild elder (En).

N/mm?,

Janka
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tent calyx, glabrous, dehiscing with 2—4 valves,

many-seeded. Seeds spindle-shaped, c. 1 mm
long, brown.
Other botanical information Nuxia comprises about 15 species occurring in southern
Arabia and throughout tropical Africa, including Comoros, Madagascar and the Mascarene
Islands. The wood of some Nuxia spp. is used
for similar purposes as that of Nuxia floribunda.
Nuxia oppositifolia (Hochst.) Benth., called
‘river nuxia’, ‘bush nuxia’ or ‘water elder’, is an
evergreen shrub or small tree up to 15(—20) m
tall, occurring from Eritrea and Ethiopia
southward to Namibia, Zimbabwe, Mozambique, South Africa and Swaziland, andalso in
Madagascar and southern Arabia. Its reddish
yellow and nicely marked woodis rarely sound
and little used in southern Africa, but in Madagascarit is used for carpentry and utensils. In
traditional medicine in southern Africa, the
smoke of burning leaves is inhaled against
headache. In Madagascar leaf decoctions are
given to children to treat malaria, enlarged
spleen and coughs. Leaf decoctions are also
taken as stomachic andastringent.
Nuxia floribunda — 1, flowering twig; 2, flower;

Nuxia verticillata Lam., called ‘bois maigre’ or
‘bois de bombarde’, is a small to medium-sized

leathery, usually glabrous, pinnately veined
with up to 13 pairs of lateral veins. Inflorescence a terminal or axillary, often umbellike panicle up to 32 cm X 25 cm, heavily
branched, nearly glabrous. Flowers bisexual,
nearly regular, 4-merous, fragrant, nearly sessile; calyx tubular, 2-3.5 mm long, with short

tree up to 25 m tall with fluted bole up to 80
cm in diameter, endemic to the MascareneIslands; it is rare in Reunion and fairly common
but vulnerable in Mauritius. Its wood has been
used for similar purposes as the wood of other
Nuxia spp., e.g. for construction and carpentry.
A decoction of young leaves is drunk against
irregular menstruation. An infusion or decoction of the leaves is taken to treat various urinary problems.
Growth and development In southern
Africa Nuxia floribunda flowers mostly between May and September. Usually full flowering occurs every second year, after which very
large numbers of fruits develop. The flowers
are self-pollinated or by bees, but numerous
other insects visit the flowers as well as birds.
The tiny seeds are dispersed by wind as well as
on the bodies of birds, but many are still underdeveloped at this stage and fail to germi-

lobes; corolla whitish,

nate.

3, fruit; 4, seed.

Redrawn and adapted by J.M. de Vries
eter; bark surface fissured, flaking, grey to
greyish brown; twigs angular, purplish, becoming paler with age, glabrous or finely hairy,
with prominent leaf scars. Leaves in whorls of
3 or opposite, simple; stipules absent; petiole
slender, (0.5—-)1.5—4.5(-5.5) cm long; blade elliptical to narrowly elliptical or oblongelliptical, 4-16 cm x 1-7 cm, base cuneate,
apex acuminate, sometimes acute, margins
entire to slightly toothed or wavy, papery to

tube

slightly shorter

than calyx, lobes c. 2 mm long, hairy in the
throat of the tube; stamens inserted at apex of
corolla tube, alternating with lobes, up to 4mm
long; ovary superior, nearly globose, c. 1 mm in
diameter, glabrous, 2-celled, style slender, up
to 4.5 mm long. Fruit an obovoid capsule up to
5 mm long, distinctly longer than thepersis-

Ecology Nuxia floribunda occurs in forest,
often on riverbanks, in forest margins, savanna

or heath vegetation, at 800-2400 m altitude
but in subtropical southern Africa at 0-1000 m.
Trees need ample water and arefrost tender.
Propagation and planting Nuxia floribunda can be grown from seedor cuttings. For
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propagation by cuttings, up to 10 cm long pieces of semi-hardwood or hardwood are used.
Theyare placed in well-drained river sand or a
mixture of river sand and compost. The latter
medium is also suitable for sowing seed. The
very small seeds are scattered evenly on the
surface andvery lightly covered with fine sand,
placed in a warm, light place and kept moist.
Germination generally takes 6-12 weeks; the
germination rate maybe verylow.
ManagementAsa garden tree, Nuxia floribundais best planted in a moist, sunny to part-

OCHNA HOLSTIHEngl.

ly shaded locality, but it is not suited to frost-

Mozambique and eastern South Africa.
Uses The wood of Ochna holstii is used for
joinery, furniture, domestic utensils and tool
handles. It is suitable for heavy construction,
heavy flooring, interior trim, ship building,

prone areas. Its root system is not aggressive
or invasive, allowing for planting in close proximity to roads, buildings and pavement. It
thrives when planted in deep soil with plenty
of compost. Undersuch favourable conditionsit
is a medium tofast grower.
Diseases and pests Diseases knownto attack Nuxia floribunda include Fusarium spp.,
which are often fatal to seedlings, and leaf
moulds such as Meliola spp., which attack and
kill older seedlings.
Genetic resources Nuxia floribunda is
widespread and not in danger of genetic erosion.
Prospects Nuxia floribundais likely to remain a source of poles for construction. Wider
applicability of its wood deserves further study,
but the often small size and poor shapeof the
bole is a drawback. The medicinal uses of
Nuxia floribunda warrant further investigation
of its pharmacological properties. It can be
recommendedas a garden ornamental.
Major references Bolza & Keating, 1972;

Bruce & Lewis, 1960; Coates Palgrave, 2002;
Hutchings et al.,

1996; Leeuwenberg,

1975;

Protologue Abh. Kénigl. Preuss. Akad.
Wiss. Berlin: 69 (1894).
Family Ochnaceae
Synonyms Ochnaprunifolia Engl. (1895).
Vernacular names Red ironwood, real red
pear, commonforest ochna (En). Mkamachuma
(Sw).
Origin and geographic distribution Ochna
holstii occurs from eastern DR Congo, southern
Sudan and Ethiopia southward to Zimbabwe,

vehicle bodies, sporting goods, toys, novelties,
musical instruments, precision instruments,

agricultural implements, carvings, turnery,
pattern making, sliced veneer and plywood. It
is also used as firewood and for charcoal production.
The tree is used as ornamental shadetree. The
bark produces a yellow dye. In Kenya root extracts are taken against kidney and stomach
problems.
Production and international trade The
wood of Ochnaholstii is only usedlocally.
Properties The properties given refer to
wood of several Ochna species, including that
of Ochna holstii. The heartwood is pale redbrown anddistinctly demarcated from the narrow, pale yellow sapwood. The grain is
straight, texture fine and even. The wood is
heavy, with a density of 880-950 kg/m3 at 12%
moisture content. It air dries well, but has
some tendency to surface checking and warp-

Neuwinger, 2000; Orwaet al., 2009; Palmer &
Pitman, 1972-1974; Takahashi, 1978; van Wyk

& van Wyk, 1997.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Gasson, Jarvis & Page,
1998; Gurib-Fakim & Brendler, 2004; GuribFakim, Guého & Bissoondoyal, 1996; Jensen,
Ravnkilde & Schripsema, 1998; Jonville et al.,

2011; Lavergne & Véra, 1989; Leeuwenberg,
1983; Leeuwenberg & Bamps, 1979; Lovett et
al., 2007; Maharaj et al., 2010; Mothogoane,
2011; Oxelman, Backlund & Bremer, 1999; van
Vuuren, Banks & Stohr, 1978; Venter & Venter, 1996.

Sources of illustration Leeuwenberg, 1975.
Authors A. Asamoah, C. Antwi-Bosiako, K.
Frimpong-Mensah & A. Atta-Boateng
Ochna holstii — wild
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ing. The wood is hard, tough and elastic. It
saws and works remarkably well for its high
density. It planes to a smooth, lustrous surface
and takes a nice polish. Pre-boring is required
for nailing and screwing. Slicing and jointing
properties are good and gluingproperties excellent. The wood is moderately durable, but has
been reported to be resistant to termites.
Botany Deciduous shrub or small to medium-sized tree up to 25(—30) m tall; bole branch-

less for up to 6 m, usually straight; bark surface smooth, grey or grey-brown, inner bark
granular-fibrous, hard, pale orange outwards
and brown-red with white lines inwards; twigs
somewhat quadrangular, purplish brown, glabrous, with numerous small lenticels. Leaves

alternate, simple; stipules caducous; petiole 1—
3 mm long, slender, grooved above; blade ob-

lanceolate to obovate or oblong-elliptical, (1.5—)
5-13 cm xX (0.5-)1.5-4 cm, base cuneate or
sometimes rounded, apex acute or acuminate,

margins densely set with curved teeth, herbaceous to papery, glabrous, pinnately veined
with up to 25 pairs of lateral veins. Inflorescence a short raceme, with rachis up to 2 cm
long, glabrous, 5—20-flowered. Flowers bisexual, nearly regular, 5-merous; pedicel 1.5-4 cm
long, jointed near base; sepals free, oblongelliptical, slightly unequal, 6-9 mm long, enlarging and becoming red in fruit; petals free,
obovate, 8-12 mm long, with a short claw at
base, yellow; stamens numerous, free, c. 5 mm

long; carpels 5(-6), free, styles completely
fused, stigma 5(—6)-lobed or globose. Fruit consisting of somefree ellipsoid-cylindrical, black
drupelets, 8-14 mm x 5—9 mm, each 1-seeded.

Ochnaholstii is variable, especially in leaf size
and shape, and in habit. In South Africa it
flowers in September—November and fruits
mature 1—2 monthslater.
Ochna comprises about 80 species and occurs
in tropical and subtropical regions of Asia and
Africa. Mainland Africa is by far richest in species, about 15 species are endemic to Madagascar and 1 to the Mascarene islands, whereas

about 5 species are found in Asia.
Ochna afzelii R.Br. ex Oliv. (synonym: Ochna
gilletiana Gilg), called ‘ochna blanche’ in
French, is a shrub or small tree up to 13 m tall,

occurring in savanna woodland and forest
margins from Guinea eastward to Sudan and
Uganda, and southward to Zambia and Angola.
Its pale brown andattractively marked woodis
heavy and hard, and used for joinery, cabinet
work and turnery, and traditionally for walking sticks and hoe handles. Thefruit is edible

and the seedis oily. In Central Africa the bark
enters into traditional medicines against skin
parasites, anaemia, cough and dysentery,
whereas leaf pulp is applied to treat gingivitis.
In Mali, leafy twigs are used in the treatment
of paralysis. Pharmacological research has so
far not found support for the traditional medicinal uses.
Ochna arborea Burch. ex DC., called ‘Cape
plane’ or ‘redwood’, is a shrub or small tree up
to 12 m tall, occurring in evergreen forest and
bushland in Zimbabwe, Mozambique and
South Africa. Its wood is heavy, hard and
strong, and is used to make tool handles and
carved sticks. The bark contains tannins and
has been used as snuff against headache.
Ochna ovata F.Hoffm., called ‘buttercup bush’,
is a deciduous shrub or small tree up to 9(—15)
m tall, occurring in dry forest and bushland in
Kenya, Uganda and Tanzania. Its woodis similar to that of Ochnaholstii and is used for construction,

walking sticks,

arrow shafts and

pegs, and as firewood. In Tanzania leaf sap is
applied as an eye medicine and root extracts
against stomach-ache with diarrhoea.
Ochna thomasiana Engl. & Gilg, called ‘bird’s
eye plant’ or ‘mickey mouse plant’, is a shrub or
small tree up to 6(—10) m tall, occurring in ev-

ergreen bushland and coastal forest in Somalia, Kenya and Tanzania. Its brown durable

wood is used for door frames in Kenya. Ochna
thomasiana is cultivated as ornamental and
sometimes naturalized outside its natural distribution area, e.g. in DR Congo, Hawaii and
India.
Ecology Ochna holstii occurs in evergreen
rainforest but also in drier, more open vegetation including wooded grassland, up to 2400 m
altitude.
Management Ochnaholstii occurs wild, but
occasionally trees for amenity or shade are

tended or may have been planted. Somecareis
needed at felling because the bole may have
heartrot.
Genetic resources and breeding Ochna
holstii is widespread and locally common in
various habitats. There are no indications that
it is in dangerof genetic erosion.
Prospects Ochna is in need of a thorough
comprehensive taxonomic revision. Ochna species are generally small trees rarely yielding
sizeable timber. The properties of the woods of
Ochna holstii and other Ochna species developing a larger bole (such as Ochna calodendron
Gilg & Mildbr. described from Cameroon,
which reportedly has a bole branchless for up
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to 20 m and up to 60 cm in diameter) have to
be documented before specific prospects can be
assessed.
Major references Bolza & Keating, 1972;
Coates Palgrave, 1983; Lovett et al., 2007; Rob-

son, 1963b; Verdcourt, 2005.
Other references Beentje, 1994; du Toit &
Obermeyer, 1976; Grace et al., 2002a; Keay,
1954e; Kokwaro, 1993; Neuwinger, 2000; Som-

merlatte & Sommerlatte, 1990; Starr, Starr &
Loope, 2003; Vivien & Faure, 1985; Vollesen,

1995.
Authors L.P.A. Oyen

finished to a smooth surface. It is fairly durable.
Botany Dioecious, medium-sized tree up to
30 m tall; bole straight, cylindrical or slightly
uneven, up to 60 cm in diameter, with buttresses; bark surface slightly rough, flaky, inner bark cream-coloured to pale yellow, often
with irregular orange stripes, fibrous; crown
dense, consisting of long branches; twigs and
leaves with persistent scurfy, stellate hairs.
Leaves alternate, simple and entire; stipules
absent; petiole up to 3 cm long, swollen at
apex; blade oblong to obovate, often slightly
asymmetric, 8-30 cm X 3-138 cm, cuneate at

OCTOKNEMA BOREALIS Hutch. & Dalziel
Protologue Fl. W. trop. Afr. 1(2): 464 (1928).
Family Olacaceae
Origin and geographic distribution Octoknemaborealis occurs from Guinea to Ghana.
Uses The wood is used locally, mainly for
making framesin the construction of huts and
for reinforcement of the mudwalls. It is also
used as firewood. The pulverized bark is
rubbed on the skin as a treatment for fever.
The bark is steeped in cold water and the resulting infusion is drunk to cure cough.
Properties The heartwoodis yellow to pale
brown and not distinctly demarcated from the
sapwood. The woodis fairly hard and strong;it
has a glossylustre. It is medium-weight, with a
density of 650-800 kg/m? at 12% moisture content. At the same moisture content, the modu-

lus of rupture is 127 N/mm?, modulus of elasticity 16,760 N/mm? and Janka side hardness
6000 N. The wood cuts easily, but has a tendency to pick up on planing. However, it can be

base, acuminate at apex, pinnately veined with
6-10 pairs of distinct lateral veins. Inflorescence an axillary spike-like raceme; male
inflorescence 5-8 cm long, many-flowered, female one shorter, few-flowered. Flowers uni-

sexual, regular, usually 5-merous; pedicel 1-8
mm long, pubescent; perianth lobes up to 2.5
mm long, yellow, stellate hairy; male flowers
with stamens opposite perianth lobes, c. 1.5
mm long; female flowers with inferior ovary, 1celled, style very short, 3—5-lobed with bifid
lobes. Fruit a nearly globose drupe up to 1.5 cm
long, orange whenripe, hairy, with persistent
perianth lobes at apex, 1-seeded. Seedling with
epigeal germination; hypocotyl 8-10 cm long,
epicotyl c. 1 em long; cotyledons leafy, ovateelliptical, c. 5 cm X 2.5 cm.

Octoknemaborealis flowers from Novembertill
April and ripe fruits can be found from January to June.
Octoknema comprises about 6 species and has
been frequently placed in a separate family
Octoknemataceae, but it is now generally accepted as belonging to Olacaceae.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 14: scalariform perforation plates; 15: scalariform perforation plates with < 10 bars; 16: scalariform
perforation plates with 10-20 bars; 21: intervessel pits opposite; (22: intervessel pits alternate); (26: intervessel pits medium (7—10 um));
27: intervessel pits large (© 10 um); 32: vesselray pits with much reduced borders to apparently simple: pits horizontal (scalariform, gashlike) to vertical (palisade); 41: mean tangential
diameter of vessel lumina 50—100 um; (48: 20—
40 vessels per square millimetre); 49: 40-100

Octoknemaborealis — wild

vessels per square millimetre. Tracheids and
fibres: 61: fibres with simple to minutely bor-

498

TIMBERS 2

dered pits; (65: septate fibres present); 66: nonseptate fibres present; 69: fibres thin- to thickwalled. Axial parenchyma: 75: axial parenchyma absent or extremely rare; 93: eight (5-8)
cells per parenchyma strand. Rays: 97: ray
width 1-3 cells; (98: larger rays commonly 4- to
10-seriate); (107: body ray cells procumbent
with mostly 2—4 rows of upright and/or square
marginalcells); 108: body ray cells procumbent
with over 4 rowsof upright and/or square marginal cells; 115: 4-12 rays per mm; 116: > 12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 140: prismatic crystals
in chambered upright and/or squareraycells.
(E. Uetimane, P.E. Gasson & E.A. Wheeler)
Ecology Octoknemaborealis is found in evergreen and semi-deciduousforest. In Ghanait is
most common on moisterforest slopes.
Management Octoknema borealis regenerates in the shade; it is classified as a shade
bearer.
Genetic resources and breeding Octoknema borealis is fairly common in many regions
within its distribution area. As the wood ofis
not much sought after yet, the main threat
could come from increased demand for medicinal purposes.
Prospects Although the wood of Octoknema
borealis has favourable properties, too little information is available to properly evaluate its
prospects for increased use as a source of timber. However, the comparatively small size of
the tree limits its applications, remaining particularly useful for the construction of local
houses. The fact that it is available in moderate volumes demands more research into its
industrial use.
Major references Burkill, 1997; de Koning,
1983; Hawthorne & Jongkind, 2006; Savill &
Fox, 1967; Takahashi, 1978.
Other references Aubréville, 1959b; Hallé,
1987; Hawthorne, 1990; Hawthorne, 1995;
Keay, 1958g; Malécot et al., 2004; Oteng-

Amoako (Editor), 2006.
Authors C.H. Bosch

OLDFIELDIA AFRICANA Benth. & Hook.f.
Protologue Hooker’s Journ. Bot. Kew Gard.
Misc. 2: 185 (1850).

Family Euphorbiaceae (APG: Picrodendraceae)
Vernacular names African oak, turtosa (En).
Chêne d'Afrique (Fr).
Origin and geographic distribution Old-

Oldfieldia africana — wild
fieldia africana occurs from Guinea and Sierra
Leone to western Côte d'Ivoire and also in
Cameroon; possibly in the Central African Republie and Gabon.
Uses The brown or reddish brown wood,

known in trade as ‘African oak’, is used for
bridge construction and bridge decks, ship
building and ship yards. It is suitable for heavy
construction and flooring, joinery, interior trim,
mine props, vehicle bodies, furniture, cabinet
work, sporting goods, toys, novelties, musical

instruments, ladders, agricultural implements,
handles,

carvings,

vats,

turnery,

draining

boards and pattern making.
In traditional medicine in Côte d'Ivoire, pounded leaves are applied as an antiseptic and
haemostatic to wounds. Powdered twig bark is
applied to wounds to promote healing and
against kidney pain, whereas a maceration of
twig bark in palm wineis drunk as an aphrodisiac. In Liberia bark decoctions are added to
medicines used as pelvic decongestant against

gonorrhoea. In Sierra Leone the leaves are
used to repel bees and flies, and in Liberia

pounded seeds and bark are used as insecticide.
Production and international trade The
woodof Oldfieldia africana was probably one of
the first woods traded from tropical West Africa to Europe. Already in the 18th century it was
imported in Britain as a substitute for oak for
ship building.It is still traded internationally,
but in small volumesonly.
Properties The heartwood is dark red-brown,
often with a purplish tinge and fairly distinctly
demarcated from the pale red, 4-6 cm wide
sapwood. The grainis straightto slightly inter-
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locked or wavy, texture fine and even. The
wood is similar to oak in appearance, but
stronger and more resistant to compression. It
is heavy to very heavy, with a density of 870—
1060 kg/m? at 12% moisture content. It air
dries fairly well, without much distortion and
with few end checks. Boardsof 2.5 cm thick air
dry to 20% moisture content in about 6 weeks.
However, boards of 5 cm thick showed numerous surface checks after drying. The shrinkage
rates are moderately high, from green to oven
dry about 6.2% radial and 10.0% tangential.
Once dry, the wood is moderately stable in
service. At 12% moisture content the modulus
of rupture is 163-176 N/mm2, modulusofelasticity 18,100-22,700 N/mm?, compression parallel to grain 84 N/mm?, shear 16 N/mm? and
Janka side hardness 12,600 N.
The wood is somewhat difficult to work with
both hand and machine tools because of its
high density. It saws and planes slowly but
well. It polishes to a smooth surface. Much
force is needed for nailing and screwing, but
the wood holds nails and screws well. The wood
stains in contact with iron. It is not suitable for
veneer production, but it turns very well. The
wood is very durable and only rarely attacked
by marine borers or termites, but occasionally
by pinhole borers. The heartwoodis resistant
to impregnation with preservatives. The wood
contains 2.4% ash and 0.02% silica.
Description Evergreen or short-deciduous,

dioecious, medium-sized to fairly large tree up
to 40 m tall; bole straight and cylindrical, up to
20 m long, up to 120(-150) cm in diameter,
with root swellings at base, sometimes extending into swollen surface roots; bark surface
vertically fissured, thin scaly, yellowish brown,
inner bark rough fibrous, brittle, brown with
lighter and darkerstripes, paler inside, bitter;
crown rather narrow, with heavy, ascending

branches; twigs rusty-brown hairy, becoming
glabrous and with marked leaf-scars when
older. Leaves opposite, digitately compound
with (8—-)5—8(—9) leaflets; stipules absent; petiole up to 10 cm long, broadened at apex; petiolules c. 0.5 em long, grooved above; leaflets
oblanceolate to elliptical, 4-17.5 cm x 1.5-6.5
cm, central leaflet largest, cuneate at base,

acuminate at apex, margins entire, leathery,
glabrous, pinnately veined with 6-15 pairs of
lateral veins. Inflorescence a lax, axillary cyme
up to 6 cm long, brown hairy, male one with
many-flowered, female 2-3-flowered. Flowers
unisexual, regular, small, calyx short-hairy,
with 5-7 short lobes, petals absent; male flow-

Oldfieldia africana — 1, male flower; 2, fruiting
twig; 3, fruit.
Source: Flore analytique du Bénin
ers with pedicel 0.5—4 mm long, calyx tube c.
0.5 mm long, stamens (2-)5-10, free, disk
rounded, hairy; female flowers with larger calyx, ovary superior, (2—)3(—4)-celled. Fruit an
ovoid-globose capsule 2—2.5 cm long, orange
whenripe, dehiscent with usually 3 leathery to
woody valves, few-seeded. Seeds obliquely obovoid, c. 1 cm long, slightly flattened, orange
when ripe. Seedling with epigeal germination;
hypocotyl 5-9 cm long, epicotyl 0.5-1 cm long,
hairy; cotyledons leafy, broadly obovate to
nearly round,c. 2.5 cm in diameter; first leaves
alternate and often simple, later ones opposite
and compound.
Other botanical information Oldfieldia
comprises 4 species, all occurring in continental tropical Africa.
Oldfieldia dactylophylla (Welw. ex Oliv.) J.Léonard (synonym: Paivaeusa dactylophylla Welw.
ex Oliv.) is a much-branched small tree up to
15 m tall, with a short straight bole up to 25
cm in diameter, occurring in woodland in DR
Congo, Tanzania, Malawi, Zambia and Angola.
Its wood is used for construction in house
building, for utensils such as spoons, and as
firewood. The fruit pulp is edible. Root decoc-
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tions are administered to treat sexually transmitted diseases and hernia, and as aphrodisiac.
Oldfieldia somalensis (Chiov.) Milne-Redh., called
‘mbaur? or ‘mbambara’ in Swahili, is an evergreen, much-branched, small to medium-sized
tree up to 20 m tall, occurring in lowland dry
forest and woodland in coastal regions from
Somalia through Kenya and Tanzania to
Mozambique. Its wood is used for construction,
door frames, utensils, mortars and carvings,

and as firewood. Root decoctions are taken to
treat chest complaints andsterility. The bark
is bitter and poisonous, but is used in Tanzania
as medicine against pneumonia. The tree is
poisonous to livestock.
Oldfieldia macrocarpa J.Léonard is a very poorly known, medium-sized to fairly large tree up
to 40 m tall with a straight bole branchless for
up to 25 m and up to 100 cm in diameter, occurring in rainforest in DR Congo. It has beautiful pinkish brown to reddish brown wood that
may become more important in trade if sufficient stands are available.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small (4-7 um);
26: intervessel pits medium (7-10 um); 30:
vessel-ray pits with distinct borders: similar to
intervessel pits in size and shape throughout

(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development After transplanting, seedlings grow up to 20 em in 1
month, and up to 45 cm in 8 months. In Guinea
1-year-old seedlings planted in full sun reached
2.7 m in height 4 years after planting, but the
mortality was 33%. Seedlings planted with
lateral shade showed a lower mortality rate of
20%. Trees do not lose their leaves in evergreen
forest, but are deciduous for a short period in
semi-deciduous forest. In Liberia and Côte
d'Ivoire, new pale reddish brown leaves appear
together with the inflorescences in March—
May;fruits are found from June to February.
Oldfieldia africana regenerates readily and is
fairly tolerant of shadein the saplingstage.
Ecology Oldfieldia africana in evergreen
and moist semi-deciduous rainforest, occasion-

vessel lumina 50-100 um; 48: 20-40 vessels
per square millimetre; (49: 40-100 vessels per
square millimetre); 58: gums and other deposits in heartwood vessels. Tracheids and fibres:
61: fibres with simple to minutely bordered
pits; 66: non-septate fibres present; 70: fibres

ally in secondary forest, usually on welldrained soils and not in swampylocations.
Propagation and planting The seeds are
difficult to collect as they are rich in oil and
readily eaten by monkeys and other animals.
Theylose viability quickly upon storage. There
are 4000-5000 seeds per kg. In a test in Sierra
Leone, seeds germinated in 4.5-7 weeks and
had a germination rate of 40%. In Côte d'Ivoire
seeds started germinating 3—4.5 weeks after
sowing and had a high germination rate. In
Guinea the germination rate was 17-97% in 2—
4 weeks, depending on the freshness of the
seeds; seeds sown immediately after collection
showed best results. It is recommended to
plant seedlings into the field when they are
about 1 yearold.
Management Oldfieldia africana occurs
scattered or in small groups in theforest. It is
rarely common, but locally in Sierra Leone on
average 0.35 trees with a bole diameter of more
than 60 cm can be found per ha. No attempts

very thick-walled. Axial parenchyma: 76: axial

have been made to manage natural stands or

parenchymadiffuse; 77: axial parenchyma diffuse-in-aggregates; (78: axial parenchyma
scanty paratracheal); (86: axial parenchyma in
narrow bandsor lines up to three cells wide);
93: eight (5-8) cells per parenchymastrand; 94:
over eight cells per parenchyma strand. Rays:
97: ray width 1-3 cells; 106: body raycells procumbent with one row of upright and/or square
marginal cells; 107: body ray cells procumbent
with mostly 2—4 rows of upright and/or square
marginal cells; (113: disjunctive ray parenchyma cell walls present); 115: 4-12 rays per mm.
Mineral inclusions: (136: prismatic crystals
present); (142: prismatic crystals in chambered
axial parenchyma cells).

to plant it in in forest plantations. Small-scale
planting experiments showed that weeding is
essential to reduce competition for a period of
3-4 years after planting.
Handling after harvest Logs are very heavy
and cannotbe transported byrivers.
Genetic resources Although Oldfieldia africana occurs in a fairly small area and largely
in heavily exploited rainforest, it is not included in the IUCN Redlist of endangered species.
In Cameroon it is considered vulnerable, but
probably it should be considered as such in its
whole distribution area because it is quite uncommon and mainly found in primaryforest.
Prospects The wood of Oldfieldia africana

the ray cell; 41: mean tangential diameter of
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is likely to remain in demand on international
and local markets, but it is available in small

quantities only. It is unlikely that this situation will change. The pharmacological properties deserve research attention.
Major references Adjanohoun & Aké Assi,
1979; Bolza & Keating, 1972; Burkill, 1994;
Dudek,

Förster

&

Klissenbauer,

1981;

Ilic,

1991; Keay, 1958d; Léonard, 1956; Neuwinger,
2000; Savill & Fox, 1967; Voorhoeve, 1979.
Other references Aubréville, 1959a; Betti,
2002; Bouquet & Debray, 1974; Chilima &
Namoto, 2008; Chilufya & Tengnäs, 1996; de la

Mensbruge, 1966; Dery, Otsyina & Ng'atigwa
(Editors), 1999; FAO, 1985; Hubert, undated;
Jansen, 1974; Kryn & Fobes, 1959; Lovett et

al., 2007; Méniaud & Bretonnet, 1926; Normand, 1955; Normand & Paquis, 1976; Radcliffe-Smith, 1987b; Ruffo, Birnie & Tengnas,
2002; Tailfer, 1989; Torelli, Piskur & Tisler,
2003; Vivien & Faure, 1985.

Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.

Authors L.P.A. Oyen

OLEA CAPENSIS L.
Protologue Sp. pl. 1: 8 (1753).
Family Oleaceae
Vernacular names Fast African olive,
ironwood olive, Elgon olive, African ironwood,

black ironwood (En). Olivier du Cap (Fr).
Mushargi, loliondo (Sw).
Origin and geographic distribution Olea
capensis is widespread from Guinea and Sierra
Leone east to Ethiopia and Kenya, and south to
South Africa and Swaziland. It also occurs in

Comoros and Madagascar, and on Socotra island (Yemen).
Uses The heartwood, often traded as ‘iron-

wood’, is in high demandfor flooring, carpentry
andpanelling, and is widely used for house and
bridge construction, counter and table tops,

railway sleepers, tool handles and wagon parts.
It produces beautiful furniture, turnery and
sliced veneer, and is often used by African artists. It is suitable for interior trim, sporting
goods, toys, novelties and agricultural implements. In South Africa it has been used traditionally to make assegais. It is also used as
firewood andfor charcoal production.
The oily fruits are edible and are used in
southern Africa in the preparation of beer and
lemonade. In East Africa bark decoctions are
used as an emetic and anthelmintic, and to
treat malaria, venereal diseases and female

sterility; bark ash is applied as a dressing to
wounds. In Swaziland bark decoctions are taken to treat peptic ulcers, and in South Africa
the bark is used for skin lightening. In southern Africa root powder is applied to fractures
and joint swellings, and leaf infusions to treat
infections of the respiratory tract and pains.
The foliage serves as fodder, especially during
the dry season. The flowers produce nectar for
honeybees. In South Africa Olea capensis has
been used as stock for grafting olive cultivars
from the Mediterranean region. The tree is
considered sacred by the Maasai people andis
commonly used in ceremonies.
Production and international trade The
international trade in Olea capensis wood is
very limited. The volumes sold by auction in
South Africa in the period 2000-2008 varied
from 50 m3 to 300 m/year. In 2008 theprice of
first-quality boards of 2.6 cm and 5 cm thick
was US$ 1225/m3 and US$ 1335/m3respective-

ly, and in 2009 theprice of 2.5 cm thick and 10
em thiek boards was US$ 2110/m? and US$

Olea capensis — wild

2160/m3respectively.
Properties The heartwood is pale brown to
dark brown, often with irregular grey-black or
yellowish streaks. It is distinctly demarcated
from the yellowish white to grey, 2.5—5 cm wide
sapwood. The grainis straight to slightly interlocked, texture fine and even. The wood surface
shows a nice figure andis slightly oily to the
touch.
The wood is heavy, with a density of 860—975(—
1170) kg/m? at 12% moisture content, and hard.
It air dries very slowly with a marked tendency
to surface checking, splitting, warping and
distortion. Kiln drying is difficult and should
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be done at low temperatures. The shrinkage
rates are moderate, from green to oven dry 4.0—
4.7% radial and 6.7—7.9% tangential. The dried
wood is unstable in service unless properly
dried. At 12% moisture content, the modulus of
rupture is (78-)127-174 N/mm2?2, modulus of
elasticity (8600—)16,500-19,500 N/mm?, compression parallel to grain (41—-)73-84 N/mm2,
compression perpendicular to grain 19 N/mm2,
shear (16—)22.5-26 N/mm?, cleavage 28-94
N/mm, Janka side hardness 10,050—13,750 N
and Janka end hardness 9780—14,200 N.
The wood is easy to saw when green, but difficult to saw and work when dried, and blunts

saw teeth and cutting edges rapidly. In working the material should be held firmly. Quarter-sawn surfaces have a tendencyto pick up in
planing, and a cutting angle of 20° is recommended. The wood finishes with a nice polish
without the use of a filler. Pre-boring is necessary in nailing and screwing. The wood does
not always glue well with conventional wood
glues because of the oily surfaces. It turns fairly well and good-quality veneer has been obtained with slicing. The steam bending properties are satisfactory. The wood is moderately
durable to durable. It is sometimes attacked by
ambrosia beetles and termites, but is not sus-

ceptible to Lyctus beetles. The heartwood is
somewhat resistant to impregnation with preservatives, the sapwoodis permeable.
Coumarin and secoiridoid glucosides have been
isolated from the bark. The lignans (—)-olivil

and (+)-cyclo-olivil have also beenisolated from
the bark.
Adulterations and substitutes The wood
of wild African olive (Olea europaea L. subsp.
cuspidata (Wall. ex G.Don) Cif.) closely resembles that of Olea capensis and is used for similar purposes.
Description Evergreen shrub or small to
fairly large tree up to 35(-40) m tall; bole
branchless for up to 15 m, straight and cylindrical but sometimesirregular or fluted, up to
90(-150) cm in diameter; bark surface of young
trees smooth andpale grey, in old trees becoming longitudinally fissured and dark grey, inner bark thick, hard, cream-coloured to orange-

brown or greenish, exuding a blackish gum;
crown small and dense with steeply ascending
branches, or rounded with spreading branches;
twigs rounded, glabrous, with scattered white
lenticels. Leaves decussately opposite, simple;
stipules absent; petiole 0.5—1(-2) cm_ long;
blade elliptical to oblong-elliptical or ovateelliptical, 83-11(-16) em x 1.5—5(-6.5) cm, cune-

Olea capensis — 1, tree habit; 2, leaf; 3, flowering twig; 4, fruiting twig.
Redrawn and adapted by Achmad Satiri Nurhaman
ate at base, obtuse to acute or short-acuminate

at apex, entire to slightly wavy at margins,
leathery, glabrous, glossy green above, pale
green below, pinnately veined with 5-7pairs of
inconspicuous lateral veins. Inflorescence a
terminal panicle 3-8 cm long, glabrous, manyflowered. Flowers bisexual, regular, 4-merous,
fragrant; pedicel short; calyx cup-shaped, c. 1
mm long, with triangular lobes; corolla 2-3 mm
long, white, with short tube and elliptical lobes;
stamens 2, inserted on corolla tube, c. 2 mm
long; ovary superior, flask-shaped, c. 1.5 mm
long, 2-celled, style short. Fruit a globose to
ellipsoid drupe 0.5-2 cm x 0.5—-1 cm, purpleblack when ripe; stone with thick and woody
wall, usually 1-seeded. Seed with copious endosperm.
Other botanical information Olea comprises 33 species, most of them occurring in
eastern and southern Africa and in tropical
Asia.
Three subspecies of Olea capensis are distinguished: subsp. capensis restricted to South
Africa, subsp. enervis (Harv.) I.Verd. restricted
to South Africa and Swaziland, and subsp.
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macrocarpa (C.H.Wright) I.Verd. (synonyms:
Olea guineensis Hutch. & Dalziel, Olea hochstetteri Baker) covering the whole areaof distribution of the species. They differ in leaf
shape andsize, and in size of the fruit, subsp.
macrocarpa having the largest leaves and
fruits. The latter subspecies is often a larger
tree than the other two, and consequently more
important as a timbertree.
Olea welwitschii (Knobl.) Gilg & Schellenb. has
also been considered as a subspecies of Olea
capensis, but in most recent taxonomic publications it is regarded again as a distinct species,
mainly differing in its usually narrower leaves
with longer petioles. Olea welwitschii is widespread from Cameroon east to Ethiopia and
Kenya and south to Zambia, Angola and
Mozambique, from lowland rainforest to evergreen mountain forest. It is a small to fairly
large tree up to 35 m tall, with bole up to 100
cm in diameter, sometimes with large buttresses. Its wood resembles that of Olea capensis and is used for similar purposes, e.g. for
construction, flooring, joinery, furniture and
sliced veneer. However, its density appears to
be slightly lower, 690-820 kg/m? at 12% moisture content, and the wood is less strong but
more stable in service. In Ethiopia the buttresses are cut to make doors. The wood is also
used as firewood and for charcoal production.
The bark is applied in traditional medicine for
similar purposes as that of Olea capensis.
Olea lancea Lam. is also closely related to Olea
capensis, but differs in its usually narrower
leaves with shorter petioles. It is a shrub or
small tree up to 6 m tall and occurs in Madagascar, Réunion and Mauritius. The wood (‘bois
de cerf,, ‘bois d’olive blanc’) is used for construction and joinery. Bark decoctions are used to
treat infections of the respiratory tract and
skin complaints, and leaf infusions as emmenagogue and aphrodisiac.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
7: vessels in diagonal and/or radial pattern; 10:
vessels in radial multiples of 4 or more common; 13: simple perforation plates; 22: intervessel pits alternate; 24: intervessel pits minute (< 4 um); 30: vessel-ray pits with distinct

borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
49: 40-100 vessels per square millimetre; 58:
gums and other deposits in heartwoodvessels.

Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 78: axial parenchyma scanty paratracheal; 92: four (3-4) cells per parenchyma
strand; (93: eight (5-8) cells per parenchyma
strand). Rays: 97: ray width 1-8 cells; (98:
larger rays commonly 4- to 10-seriate); 106:
body ray cells procumbent with one row of upright and/or square marginal cells; 113: disjunctive ray parenchyma cell walls present;
115: 4-12 rays per mm. Mineral inclusions:
(150: acicular crystals).
(E. Uetimane, P. Baas & H. Beeckman)
Growth and developmentOlea capensis is
characterized as a shade tolerant species. Initial growth of seedlings may be up to 1.1
m/year, but after about 4 years the tree grows
slowly. In Tanzania, 31-year-old trees were 12—
15 m tall with a bole diameterof 12.5—14.5 cm.
In southern Africa trees flower periodically, at
intervals of 2—4(-7) years. Fruits ripen 0.5-1
year later. They are eaten by birds such as
hornbills and doves, which may disperse the
stones. Stones that have past the digestive
system of birds germinate after 4—6 months.
Studies of faecal samples of chimpanzees in
Rwanda showed that these often contained
Olea capensis stones. Monkeys, wild pigs, fruit
bats and squirrels have also been recorded to
feed on the fruits. Investigation of the roots
revealed the presence of vesicular mycorrhizae.
Ecology Olea capensis is characteristic of
humid mountain forest. In West Africa it is
restricted to mountains above 600 m altitude,
in Central Africa it occurs at 1000-2800 m
altitude, and in East Africa it is mainly found
at 1500—2700(—3200) m altitude. In South Africa Olea capensis is locally a dominant canopy
tree, especially in forests along the coast. In
East Africa Olea capensis can dominate the
climax vegetation in lower and mid-altitude
montaneforest, together with Olea europaea L.
subsp. cuspidata (Wall. ex G.Don) Cif. and Po-

docarpuslatifolius (Thunb.) R.Br. ex Mirb. In
Ethiopia it is often found together with Juniperus procera Hochst. ex Endl. and Afrocarpus
falcatus (Thunb.) C‚.N.Page.
In general, Olea capensis prefers regions with
an annualrainfall of 800—1500 mm and a mean
annual temperature of 14—18°C. Young trees
prefer well-drained, deep, loamy and fertile
soils. Once established, they are quite drought
resistant and they also grow in poorsoils.
Propagation and planting Natural regeneration in mountain forest in south-eastern
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Ethiopia was reported to be poor, but in Tanzania it was reported to be abundant. In South
Africa seedlings are often abundant in the forest, but many die off as a result of diseases
such as damping-off.
For sowing, the use of fresh stones is recommended. One kg contains 1500-3300 stones.
The germination rate is about 35% and germination takes 2-9 months, but sometimes up to
2 years. Whole fruits or stones can be collected
from the ground. Stones can be stored for up to
3 months, but they should be cleaned from pulp
by rubbing in running water and subsequently
dried for about 5 days. At a low temperature of
3°C they can be stored for longer periods. Before sowing the dry stones should be soaked in
water for 2 days. Wildlings are sometimesalso
collected for planting. Planting should be done
during the wettest part of the year. Seedlings
of about 180 cm tall with lower leaves stripped
off are often used for plantinginto thefield.
Management In Tanzania Olea capensis is
grown in plantations in clusters of up to 10
trees at close spacing (1 m X 1 m) with nurse
trees such as Grevillea robusta A.Cunn. An
interval of 7-8 m is maintained between the
clusters. Olea capensis does not interfere much
with crops and has been recommended for agroforestry systems. The young tree can be
managed by lopping, pollarding and coppicing.
In South Africa trees showed regeneration by
coppices in 40% of cut stems.
Diseases and pests Olea capensis is often
browsed by goats as well as wild animals such
as elephants and antelopes, but it recovers
well.
Harvesting In plantations the boles can be
harvested for timber about 75 years after
planting. In forests in southern South Africa,
where Olea capensis is a dominant canopytree,
trees are harvested under a 10-year felling

cycle and selected according to externally visible criteria of maturity.
Yield In Tanzania well-established stands of
Olea capensis had a standing volumeof about
20 m3/ha 25-80 yearsafter planting.
Handling after harvest It is recommended
to remove logs soon from theforest after felling
because the sapwood is prone to fungal and
insect attacks. Freshly harvested logs sink in
water and cannot be transported by river.
Genetic resources In many regions Olea
capensis is becoming rare due to overexploitation. This is the case in many mountain regions in Ethiopia, Kenya and Tanzania.
Locally in South Africa, already by 1890 over-

exploitation of forests where Olea capensis
dominated had made conservation measures
essential. However, in forests in southern
South Africa, it is still the most common canopy tree. Olea capensis is legally protected in
South Africa and harvesting is regulated. Some
provenance testing has been done in Tanzania
with the aim ofselecting the best trees regarding growth performancefor larger-scale planting.
Prospects The heavy weight and hardness
of the wood of Olea capensis are serious drawbacks for many applications. However, the
nicely figured wood is attractive for furniture
and sliced veneer. Plantations could produce
wood with good export prospects, but the rotation cycles needed are quite long. Olea capensis
is an interesting species for planting in degraded forests throughout its natural distribution area. Studies to determine the genetic
variation are needed, as well selection of provenances with superior bole characteristics for
timber production and investigations on optimal silvicultural systems. In countries with
high deforestation rates, immediate action is
needed for in-situ conservation of remaining
stands.
Major references Bekele-Tesemma, 2007;

Bolza & Keating, 1972; Coates Palgrave, 1983;
Friis, 1992; Green, 2002; Hines & Eckman,
1993; Maundu & Tengnäs (Editors), 2005:
Palmer & Pitman, 1972-1974; Takahashi,
1978; van Wyk & van Wyk, 1997.
Other references Baldoni et al., 2002;
Bamuamba etal., 2008; Beentje, 1994; Burkill,
1997; Bussmann, 2001; Chikamaiet al., undated; Grace et al., 2002a; Green, 2003; GuribFakim & Brendler, 2004; Hawthorne & Jongkind, 2006; Katende, Birnie & Tengnäs, 1995;
Liben, 1973; Maunduet al., 2001; Muthaura et
al., 2007; Neuwinger, 2000; Scott, 1981; Shangali et al., 2004; Sommerlatte & Sommerlatte,
1990; Tsukamoto, Hisada & Nishibe, 1985; van
Wyk & Gericke, 2000.

Sources of illustration Bekele-Tesemma,
2007; Hawthorne & Jongkind, 2006; von
Breitenbach, 1974.
AuthorsR. Aerts

ONCOBABREVIPES Stapf
Protologue Journ. Linn. Soc., Bot. 37: 84

(1905).

Family Flacourtiaceae (APG: Achariaceae)
Chromosome number 2n = 24
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Synonyms Caloncoba brevipes (Stapf) Gilg
(1908).
Origin and geographic distribution Oncoba
brevipes occurs from Guinea east to western
Cote d'Ivoire.
Uses The wood of Oncoba brevipes is used
for poles in house building, fence posts, tool
handles and sticks. The seed arils are edible.
Theinner bark and the leaves are used medicinally in Liberia against headache, either in a
poultice or in decoction by draught. The seed
oil or a paste from pulverized seeds is used for
treating skin diseases, river blindness and
scrofula. The bark yields a fish poison.
Properties The sapwood is greyish, the
heartwood pale brown to reddish brown. The
wood is medium-weight and moderately hard
and strong. The grain is generally straight,
texture fine. The wood is easy to work andfinishes fairly smoothly. There is no information
on its durability.
Botany Deciduous small tree up to 15 m
tall; bole up to 25 cm in diameter; bark surface
smooth, brown to blackish, inner bark thin,

red; twigs covered with scales or resinous
glands. Leaves alternate, simple and entire;

stipules absent; petiole 1.5-3(-4) cm_ long;
blade obovate-oblong to oblanceolate, 12—20(—
26) cm X 4.5-7(-10) cm, base cuneate, apex

abruptly short-acuminate, papery to thinleathery, glabrous, pinnately veined with 7-9
pairs of lateral veins. Flowerssolitary or sometimes 2—3 together in axils of leaves on young
twigs, bisexual or male, regular; pedicel 3.5—4
cm long, up to 8 cm in fruit; sepals 3, obovateoblong, c. 3 cm x 2 cm, greenish with white

margins, with glandular dots outside; petals 9—
12, oblanceolate, c. 6 cm X 3 cm, tapering to-

wards the base, white; stamens numerous,
yellow, but anthers becoming brown; ovary
superior, oblong-ovoid, 1-celled, style c. 1 cm

long, at apex divided into 5-6 stigmatic lobes.
Fruit an ellipsoid to ovoid capsule 6-8 cm x 3—
5 cm, with faint ridges, many-seeded. Seeds
angular, c. 5 mm long, enveloped by an aril.
Seedling with epigeal germination; hypocotyl
2-3 cm long, epicotyl c. 1.5 cm long; cotyledons
leafy, oblong-elliptical, c. 1.5 cm long; first
leaves alternate.
In Côte d'Ivoire, trees flower in September—
October, and young fruits have been collected
in May.
Oncoba comprises about 35 species, most of
them in tropical Africa and 6 in tropical America. Several genera, including Caloncoba, have
been merged into Oncoba in 1997. However, in
2002 a phylogenetic analysis based on DNA
sequences resulted in a position of Caloncoba
in the family Achariaceae, whereas Oncoba
spinosa Forssk., the type of Oncoba, wasplaced
in Salicaceae. Currently research is done to
elucidate the status of the species within Oncoba sensulato.
Oncoba gilgiana Sprague (synonym: Caloncoba
gilgiana (Sprague) Gilg) is a shrub or small
tree up to 15 m tall, occurring from Guinea
eastward to Cameroon. Its pale brown and
hard wood is used in house construction and
for inlay and cabinet work, and also as fire-

wood. The seed arils are edible. It has showy
flowers and may haveprospects as ornamental.
Ecology Oncoba brevipes occurs in the understorey of evergreen rainforest, also in
brushwood and forest regrowth, often in
swampyandoccasionally flooded localities, up
to 700 m altitude.
Management There are about 4000 seeds
per kg. The germination rate of seeds is high,
within 8-12 days after sowing.
Genetic resources and breeding Oncoba
brevipes does not seem to beselectively harvested for timber or other products and has not
been classified as endangered or threatened.
However, it has a limited area of distribution
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andits habitat is shrinking.
Prospects The woodis likely to remain of
local importance for posts and poles, and bark,
leaves and seeds for medicinal purposes. The
ornamental value of Oncoba brevipes with its
showyflowers deserves attention.
Major references Aubréville, 1959c; Cooper
& Record, 1931; Hul & Breteler, 1997; Kryn &
Fobes, 1959; Sleumer, 1974.
Other references Bärner & Müller, 1943;
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Chase et al, 2002; de la Mensbruge, 1966;
Hawthorne & Jongkind, 2006; Keay, 1954b;
Kew Science Directory, undated; Neuwinger,

2000; Normand, 1960; Téré, 2004.
Authors L.P.A. Oyen

ONGOKEA GORE (Hua)Pierre
Protologue Bull. Mens. Soc. Linn. Paris 2:
1314 (1897).
Family Olacaceae
Synonyms Ongokea klaineana Pierre (1897),
Ongokea kamerunensis Eng]. (1909).
Vernacular names Angueuk, boleko, isano
(En). Angueuk, boléko, ongokéa (Fr). Nsanu
(Po). Kileku, ntuli, oleko (Sw).
Origin and geographic distribution Ongokea gore occurs from Sierra Leone eastward to
eastern DR Congo and southward to Angola.
Uses The wood of Ongokea gore, called ‘angueuk’ in trade, is used mostly locally in heavy
construction, for railway sleepers and vehicle
frames, in interior and exterior carpentry, for
flooring, containers and boxes, turnery and
veneer. It is well suited for interior joinery
provided it is perfectly dry to avoid deformation.
The seed oil, called ‘boleko oil’ or ‘isanooil’, is
inedible but can be used as additive to linseed
oil in the manufacture of paints, varnishes and
linoleum andto oil for moulding cores in metal
foundry. It can also be used to protect metal
and wooden surfaces. Polymerization at moderately high temperatures yields a film with
remarkable properties: strong, flexible and
insoluble in acid and alkaline solvents. This
makes it suitable for manufacturing brake

Ongokea gore — wild

pads and linings. In association with linseed oil
the oil can be made into a standoil (a heatpolymerized oil, very thick and strongly adhesive, but slowly drying; used as a final coat in
oil painting) of superior qualities. Boiling
boleko oil with copal gives this resin a very
high heat resistance. The oil can be used to
make de-emulsifying products for the crude oil
extraction industry and for the prevention of
icing-up of airplane wings. It can also be vulcanized to yield highly resistant syntheticrubber products. Ozonolytic cleavage can yield
saturated double acids, which are used in the
synthesis of polyamides. The use of fatty acids
from boleko oil in the manufacturing ofsilicones and of isolating glue for lithium-based
batteries has been patented. The oil is used
traditionally to anoint the skin.
The pulp of the fruit is edible. The barkis laxative; in Congo fresh bark is rubbed on the
breasts of lactating mothers to purge their babies; similarly, in Gabon a decoction of the bark
is used as a washfor babies or they are given a
pinch of pounded bark mixed with little salt.
Thesap is used as styptic and the bark to treat
splenomegaly in DR Congo. Theseeds are used
as bait for small rodents and the fruits as
spinningtopsfor children.
Production and international trade The
wood of Ongokea goreis of little importance in
international trade and is mostly included in
statistics under ‘miscellaneous timbers’. Few
accurate data are available: Equatorial Guinea
exported 400 m3/year between 1963 and 1968,
while Cameroon exported 500 m3/year in 1997
and 1998. In the Central African Republic the
total extractible volume has been estimated at
3.7 million m3, of which 2.2 million m? is quality class 1 and 2.
Boleko oil has been traded in small amounts.
At the end of the 1950s less than 100 t/year
were exported, although France and Belgium
had high hopes to develop the use of the oil in
the paint industry. Potential production at that
time was estimated at 30,000 t/year for DR
Congoalone. No information is available on the
current production and tradeof bolekooil.
Properties The heartwood of Ongokea gore
is pale yellow to pale brown and darkens on
exposure to light. It is indistinctly demarcated
from the 6-10 cm thick sapwood. The grain is
straight, sometimesfinely interlocked or wavy,
texture fine and even. Quarter sawn surfaces
are sometimes finely mottled or banded and
slightly lustrous. The wood is heavy, with a
density of 840-910 kg/m? at 12% moisture con-

ONGOKEA 507

tent. The rates of shrinkage on drying are high,
from green to oven dry 4.0% radial and 10.7%
tangential. The wood should be dried slowly,
and there is a high risk of distortion and a
slight risk of checking. Logs should be quarter
sawn before drying to avoid warping.
At 12% moisture content the modulus of rupture is 94-143 N/mm?, modulus of elasticity
10,000-16,135 N/mm?, compression parallel to
grain 53-74 N/mm?, shear 9—11 N/mm?, cleavage 20-33.5 N/mm and Chalais-Meudon side
hardness 3.0—7.5.
Once dry, the wood is easy to work, saw and
plane with little blunting of tools. It is easy to
finish, sand andpolish. It can be painted, varnished, waxed and glued withoutdifficulty. For
nailing pre-boring is often required. It can be
sliced into veneer, but requires muchforce.
The heartwoodis durable; in a test in Japanit
was little affected by decay fungi or termites
and was resistant to marine borers and in a
test in Ghanait was little affected in a 3-year
wood graveyard test. The sapwoodis sensitive
to blue-stain and to dry-wood borers. The
heartwood is extremely resistant to impregnation, whereas the sapwood is moderately resistant.
The dry seed contains about 63% oil. The seed
oil differs from other vegetable oils in its fatty
acid composition. Boleko oil has a high iodine
number, but it does not dry when exposed in a
thin film such as linseed oil or tung oil. When
heated to 250°C a strongly exothermic spontaneous polymerization reaction starts, which
may lead to a further increase in temperature
to more than 400°C and to an explosion. Diacetylenic fatty acids and hydroxy-diacetylenic
fatty acids characterize the oil; it consists
mainly of isanic acid and bolekic acid (together
30-50%) and of isanolic acid (15-85%). It further contains saturated and unsaturated fatty
acids of which linoleic acid is the most important one. Isanic acid is an unbranched Cisfatty acid with a single ethylene bond and 2
conjugated acetylene bonds; its formula is 17octadecene-9,11-diynoic acid. Bolekic acid is 13-

are related to sakuranetin and are characterized by a non-aromatic C¢-ring moiety that is
otherwise only known from certain ferns.
Description Medium-sized to large, glabrous tree up to 40 m tall; bole straight and
cylindrical, branchless for up to 20 m, 100(—
150) cm in diameter, without buttresses but
sometimes with heavy root swellings; bark
surface grey to dark brown or black, finely fissured and peeling off in fine irregular scales,
inner bark 1—2 cm thick, softly granular, yellow-brown; crown pyramidal, rather open, with
few heavy branches; twigs laterally compressed. Leaves alternate, simple and entire,
without stipules; petiole thin, 0.5-1 cm long,

grooved above, decurrent into 2 fine ridges
along the branch; bladeelliptical, 4-12 cm x 2—
5 cm, base rounded to cuneate, apex short-

acuminate, papery, glabrous, pinnately veined
with 6-10 pairs of lateral veins. Inflorescence
an axillary panicle up to 15 cm long, consisting
of densely flowered, umbel-shaped cymes.
Flowers bisexual or functionally unisexual,
regular, 4-merous, greenish; pedicel slender, c.

6 mm long; calyx shallowly cup-shaped, c. 1
mm in diameter; petals strap-shaped, 3-4 mm

octadecene-9,11-diynoic acid, isanolic acid 17-

octadecene-8-hydroxy-9,11-diynoic acid. The
unsaponifiable matter of the oil contains a
crystalline dialcohol with molecular formula
C2sH4402.
The pulp of the fresh fruit contains 67% moisture; its smell is reminiscent of apple, its taste

is sweet but slightly astringent. The root and
stem bark of Ongokea gore contain cyclohexanoid protaflavanones named ongokeins; they

Ongokea gore — 1, base of bole; 2, flowering
twig; 3, flower; 4, fruit; 5, fruit stone.
Redrawn and adapted by Iskak Syamsudin
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long, recurved; disk 4-lobed; stamens united
into a tube c. 3 mm long; ovary superior, sessile, 1-celled, style hardly exserted from the
staminal tube. Fruit a globose drupe 2—4 cm in
diameter, enclosed by the enlarged calyx except
for apical part, slightly acuminate, 1-seeded.
Seed globose, c. 1.5 cm in diameter. Seedling

with epigeal germination; hypocotyl very short,
epicotyl c. 18 cm long;first pair of leaves opposite.
Other botanical information Ongokea
comprises a single species. It is closely related
to Aptandra, a genus with about 4 species in
tropical America and one species in tropical
Africa, Aptandra zenkeri Engl., which differs
from Ongokea gore in its raceme-like inflorescences and large, collar-shaped, pinkish calyx
surroundingthe fruit.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(7: vessels in diagonal and/or radial pattern); 9:
vessels exclusively solitary (90% or more); 13:
simple perforation plates; 22: intervessel pits
alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small (4-7 um); 30:

vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 31: vessel-ray pits with much reduced borders to apparently simple: pits
rounded or angular; 33: vessel-ray pits of two
distinct sizes or types in the sameraycell; 42:
mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre. Tracheids and fibres: 62: fibres with
distinctly bordered pits; 63: fibre pits common
in both radial and tangential walls; 66: nonseptate fibres present; 69: fibres thin- to thickwalled; 70: fibres very thick-walled. Axial parenchyma: 76: axial parenchyma diffuse; 77:

axial parenchyma diffuse-in-aggregates; 78:
axial parenchyma scanty paratracheal; (86:
axial parenchyma in narrow bandsorlines up
to three cells wide); 92: four (3-4) cells per parenchymastrand. Rays: 97: ray width 1-3 cells;
(104: all ray cells procumbent); 106: body ray
cells procumbent with one row of upright
and/or square marginalcells; 116: > 12 rays per
mm. Mineralinclusions: 136: prismatic crystals
present; 138: prismatic crystals in procumbent
ray cells; 139: prismatic crystals in radial
alignment in procumbent ray cells; 140: prismatic crystals in chambered upright and/or
square ray cells; 142: prismatic crystals in
chamberedaxial parenchymacells.

(E. Uetimane, P. Baas & H. Beeckman)
Growth and development In Côte d'Ivoire
Ongokea gore flowers from January to June
and fruits from May to July; in DR Congo fruiting is abundant in September, in Gabon in
December and January. The fruits are eaten by
many animals and the seeds are dispersede.g.
by monkeys.
Ecology Ongokea gore is found scattered in
dense evergreen forest and in moist semideciduous forest. It occurs on dry ground and
in periodically inundatedlocalities. In Gabon it
often occurs in forest dominated by Sacoglottis
gabonensis (Baill.) Urb. and Aucowmea
klaineanaPierre.
Propagation and planting Germination is
slow and may take several months and even
more than one year. Because of its slow and
irregular germination, Ongokea gore is not
grownin nurseries.
Management Large trees of Ongokea gore
occur scattered in the forest. In Liberia 1 tree
with a bole diameter over 60 cm has been reported per 43 ha for evergreen forest, and 1
tree per 7.5 ha for moist semi-deciduousforest.
Harvesting Fruits of Ongokea gore are collected from the wild and mostly the pulp is
allowed to rot away before the fruit stones are
collected from thesoil.
Handling after harvest Fresh logs sink in
water and cannot be transported by river.
Depulping of fruits can be done by passing the
fruits between rubber rollers and washing
them with cold water. Boleko oil is produced by
hydraulic pressing, but this is hampered by the
high viscosity of the oil. During pressing the
temperature can rise to 80°C which can alter
the properties of the oil. The press cake contains considerable amounts of polymerized oil.
The cake is unsuitable as cattle feed, but can

be used as manure. Theoil can also be extracted by solvents after the kernels have been
ground and subjected to treatment with cold
methanol.
Genetic resources Ongokea gore is widespread and does not seem to be in danger of
genetic erosion. No germplasm collections are
knownto exist.
Prospects Ongokea gore is likely to remain
important in its region of origin. There are no
indications that it will become a commodity in
international trade, but its volume in miscellaneous timberlots is likely to increase. Demand
for the oil is likely to remain low exceptif local
paint industries develop or if new applications
for its unique fatty acids are found.
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Major references Anonymous, 1957a; Aubréville, 1959b; Chudnoff, 1980; CIRAD Forestry Department, 2003; CTFT, undated; Miller et
al., 1977; Normand, 1950a; Pouliquen, 1959;
Vieux & Taratibu, 1968; Voorhoeve, 1979.
Other references Burkill, 1997; De Borger,
1960; De Vries, 1956; De Vries, 1957; Heckel,

1902; Jerz, Waibel & Achenbach, 2005; Keay,
1989; Libouga, Womeni & Bitjoka, 2002; Magliocca, 1998; Mangala, 1999; Normand &
Paquis, 1976; Pauwels, 1993; Raponda-Walker
& Sillans, 1961; Sallenave, 1955; Saunders &
Hall, 1968; Tsunoda, 1990; Villiers, 1973b; von
Mikusch, 1963; von Mikusch, 1964; Wilks &
Issembé, 2000.

Sources of illustration Pauwels, 1993;
Voorhoeve, 1979; Wilks & Issembé, 2000.
Authors D. Louppe

OPHIOBOTRYS ZENKERIGilg
Protologue Bot. Jahrb. Syst. 40(4): 516
(1908).
Family Flacourtiaceae (APG: Salicaceae)
Origin and geographic distribution Ophiobotrys zenkeri occurs from Liberia east to the
Central African Republic and south to Gabon
and western DR Congo.
Uses The woodis used locally, but there is
little technical information on its uses. In Ghana it has been used for utensils including mortars.

Properties The pale brownish yellow wood
is moderately heavy and hard. It has some
resemblance to the woodof Scottellia klaineana
Pierre.
Botany Shrub or small to medium-sized tree

up to 30(—40) m tall; bole usually straight and

long, up to 90(—120) cm in diameter, with steep
and flat buttresses up to 4 m high; bark surface
fairly smooth, peeling off in thin flakes, yellowish green to pale brown or pale grey, inner
bark thin, brittle, yellow-orange; crown round-

ed, rather open, with spreading branches;
twigs slightly short-hairy or glabrous. Leaves
alternate, simple and entire; stipules minute,
caducous; petiole c. 1 cm long; blade elliptical,
7-15 cm X 2.5-6 cm, cuneate to obtuse at base,
acuminate at apex, papery to thin-leathery,
glabrous, with 1-2 pairs of lateral veins from
near the base of leaf blade and c. 3 pairs of
additional lateral veins. Inflorescence a terminal panicle c. 20 cm long, with long, slender
branches, short-hairy, many-flowered. Flowers

bisexual or male, regular, small, creamy to
greenish white, scented; pedicel c. 1 mm long;
sepals 5, free, ovate, c. 2 mm long; petals absent; stamens 5—6, c. 2.5 mm long; disk with

hairy lobes alternating with stamens; ovary
superior, ovoid, hairy, 1-celled, style thick, with
3 spreading branches. Fruit an ellipsoid capsule up to 1.5 cm X 1 cm, pointed, short-hairy,
pinkish to reddish, dehiscent with 3 valves, 3—

6-seeded. Seeds with small, lobed aril. Seedling
with epigeal germination; hypocotyl 3-3.5 cm
long, epicotyl c. 2 cm long, short-hairy; cotyledons leafy, rounded, c. 1.5 cm long;first leaves
alternate, slightly toothed.
In Côte d'Ivoire trees have been recorded to
flower in June and fruits have been collected in
August—October.
Ophiobotrys comprises a single species. It is
related to Casearia and several genera restricted to tropical America andtropical Asia.
Ecology Ophiobotrys zenkeri occurs mainly
in lowland semi-deciduousforest.
Management There are about 25,000 seeds
per kg. The seeds germinate within 8-12 days
after sowing, but the germination rate is re-
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portedly low, 15-25%. Larger trees are often
difficult to fell because they have large buttresses. Freshly harvested logs sink in water
and cannot be transportedby river.
Genetic resources and breeding Although
Ophiobotrys zenkeri is quite widespread, it
seems to be uncommon or even rare in many
regions within its distribution area. From some
countries very few herbarium collections are
available, e.g. from Côte d'Ivoire and Gabon.
Prospects Very little is known about Ophiobotrys zenkeri. It seems to be rarely exploited
for timber, probably because it is uncommon
and has hard wood and large buttresses.
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Major references Aubréville, 1959c; Burkill,
1994; Normand, 1960; Normand & Paquis,
1976; Sleumer & Bamps, 1976.
Other references de la Mensbruge, 1966;
Hawthorne, 1995; Hawthorne & Jongkind,
2006; Hul, 1995; InsideWood, undated; Irvine,
1961; Keay, 1954b; Keay, 1989; Miller, 1975;
Tailfer, 1989.

Authors R.H.M.J. Lemmens

OUBANGUIA AFRICANABaill.
Protologue Bull. Mens. Soc. Linn. Paris 2:
869 (1890).
Family Scytopetalaceae (APG: Lecythidaceae)

Synonyms Oubanguia denticulata Tiegh.
(1905), Oubanguia laurentii Baill. (1908).
Origin and geographic distribution Oubanguia africana is found in Cameroon, Central
African Republic, Equatorial Guinea, Gabon,
Congo and DR Congo.
Uses The wood of Oubanguia africana is
used in Gabon to make packing cases. In DR
Congo the bark is powdered and taken orally to
cure backache and haemorrhoids.
Properties The wood of Oubanguia africana
is greyish pink, heavy, and similar to that of
the commercially more important timber tree
Scytopetalum tieghemii (A.Chev.) Hutch. &
Dalziel.
Botany Small to medium-sized tree up to 20

very small, caducous; petiole 1-3 mm long;
blade ovate to lanceolate, sometimes elliptical,
8-16 cm xX 3.5-6.5 cm, base cuneate and
asymmetrical, apex long-acuminate, margin

entire to finely toothed, leathery, glabrous,
pinnately veined with 6-8 pairs of lateral
veins. Inflorescence an axillary or terminal
panicle up to 15 cm long. Flowers bisexual,
regular; pedicel 5-6(-8) mm long; calyx saucershaped to cup-shaped, 3-4 mm in diameter,
margin entire or incised; petals 6-8, 6-8 mm
long, recurved, white; stamens numerous, c. 5

mm long; ovary superior, globular, 3—4(—5)celled, style slender, c. 5 mm long, stigma
small. Fruit a globose to obovoid capsule, 1.5-2
cm X 1-1.5 cm, violet, usually 1-seeded. Seed
oblong, 9-11 mm X 6-7 mm.
Oubanguia comprises 3 species. Oubanguia
laurifolia (Pierre) Tiegh. is a rare species restricted to south-eastern Nigeria, Cameroon
and Gabon. It is a small tree up to 15 m tall
with a bole diameter up to 60 cm. In Cameroon
the woodis used to makeoars.
Oubanguia alata Baker f. is also found in
south-eastern Nigeria, Cameroon and Gabon,
but nowhere further from the coast than 100
km. It is a small to medium-sized tree up to 20
m tall with a low-branching bole up to 50 cm in
diameter. The wood is probably used for similar purposes at the other Oubanguia spp.
Fruits are produced in abundance in some
years and the seeds are often eaten by children. The seeds are hard, low in oil content and

m tall; bole often short, up to 50(-80) cm in

they taste like coconut but have a bitter after-

diameter; bark surface longitudinally fissured,
pinkish, inner bark fibrous, reddish; crown
small; twigs angular. Leaves alternate, crowded towards the ends of twigs, simple; stipules

taste.

Ecology Oubanguia africana is found in
swamp forest and periodically inundated forest, and along rivers.
Genetic resources and breeding Oubanguia africana is fairly widespread and occurs
locally abundantly, although in general consid-

ered to be rather uncommon.At present, there
is no reason to consider this species as threatened.
Prospects Oubanguia africana and other
Oubanguia spp. will probably remainof interest for local use only.
Major references Ilumbe Bayeli, 2006;
Letouzey, 1978a; Raponda-Walker & Sillans,
1961.
Other references Breteler, 2002; Breteler,
2005; Germain, 1963; Lebrun & Stork, 2003;

Moyersoen, Alexander & Fitter, 1998; Normand & Paquis, 1976; Thomas et al., 1989;

Oubanguia africana — wild

Vivien & Faure, 1985; Vivien & Faure, 1996.
Authors C.H. Bosch
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OXYANTHUS ZANGUEBARICUS (Hiern) Bridson
Protologue Kew Bull. 34(1): 119 (1979).
Family Rubiaceae
Vernacular names Mfupapu (Sw).
Origin and geographic distribution Oxyanthus zanguebaricus is distributed in Somalia,
Kenya, Tanzania and Mozambique.
Uses In Kenya the stems are used as poles
in building. In Mozambique the wood is made
into dishes, spoonsand otherutensils.
Properties The woodis durable.
Botany Shrubor small tree up to 8.5 m tall,
much-branched; twigs somewhat grooved, usu-

ally glabrous. Leaves opposite, simple and entire; stipules triangular, 5-11 mm long, acu-

minate at apex, persistent; petiole 3-10 mm
long; blade elliptical to narrowly ovate, 5—
15.5(-19) cm x 2-6(—7) cm, base obtuse to
rounded, apex acute to short-acuminate, thin-

Oxyanthus comprises about 35 species and is
confined to mainland Africa. The wood of several species is used in tropical Africa for similar purposes as that of Oxyanthus zanguebaricus, but most of these are more important as
ornamental shrub ortree.
Ecology Oxyanthus zanguebaricus occurs in
open forest including coastal and riverine forest, woodland and bushland, from sea-level up

to 500 m altitude.
Genetic resources and breeding Oxyanthus zanguebaricus has a limited distribution,
but is fairly common and seemsnot threatened
with genetic erosion.
Prospects Oxyanthus zanguebaricus is a
useful local source of wood for construction
poles and utensils. Information on its wood
properties is lacking, but in view of its small
size its importanceis unlikely to increase.
Major references Beentje, 1994; Bridson &

leathery, usually glabrous, pinnately veined
with 8-9 main pairs of lateral veins. Inflorescence an axillary, compact, narrowly pyramidal panicle, nearly sessile, (8—)5—12-flowered;
bracts lanceolate or linear-lanceolate, (7—)10—
12 mm long. Flowers bisexual, regular, 5merous; pedicel up to 5 mm long; calyx gla-

Verdcourt, 2003; Verdcourt & Bridson, 1991.

brous, tube 4-5 mm long, lobes linear-subulate,
(4—)5-8 mm long; corolla white, tube 7—11.5 cm
long, lobes oblong-lanceolate, 1-2 cm long,
acuminate; stamens inserted on corolla throat,

J.Léonard

alternating with lobes, anthers nearly sessile;
ovary inferior, 1—2-celled, style slender, at apex
with an oblong-ellipsoid pollen presenter 2—2.5
mm long. Fruit a pear-shaped berry 3.5—7 cm x
2.5-3 cm, greenish flecked with white. Seeds
compressed-ellipsoid, c. 6 mm long, blackish
brown, strongly striated.

Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number 2n = 24
Synonyms Macrolobium coeruleoides De
Wild. (1907), Macrolobium coeruleum (Taub.)
Harms (1915), Macrolobium dawei Hutch. &
Dalziel (1928).
Vernacular names Mkwe(Sw).
Origin and geographic distribution Paramacrolobium coeruleum is widespread, from
Guinea east to Kenya and south to DR Congo,
Tanzania and northern Angola. However, the
distribution area is notably discontinuous.
Uses In DR Congo the woodis used for join-

Other references Bridson, Thulin & Degreef, 2006; d'Oliveira Feijäo, 1960.
Authors M. Brink

PARAMACROLOBIUM COERULEUM (Taub.)

Protologue Bull. Jard. Bot. Etat 24(4): 348

(1954).

ery, doors, frames of doors, furniture, railway

Oxyanthus zanguebaricus — wild

sleepers and gongs. It is suitable for heavy
flooring, interior trim, toys, novelties, turnery,
carving, veneer and plywood. Paramacrolobium coeruleum has been used as shadetree in
cocoa plantations in Sierra Leone. In Kenya
the bark is used as rough fibre. The seeds are
used in games.
Properties The heartwood is pale brown to
yellowish brown or pinkish brown with darker
brown streaks on quarter-sawn surfaces, and
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2-15 cm X 1-6 cm, asymmetrical at base, acu-

minate at apex, thinly leathery, glabrous, pinnately veined with 10-15 pairs of indistinct
lateral veins. Inflorescence a terminal, flat-

topped panicle 4—8 cm long, usually glabrous.
Flowers bisexual, zygomorphic, with 2 bracteoles up to 3.5 cm long at base; pedicel 1.5-3 cm
long; sepals 4, 1-1.5 cm long, 1 broader than
the other 3 and 2-toothed; petals 5, free, unequal, bluish, upper onelargest, up to 4.5 cm X
2.5 cm, lateral 2 up to 3 cm X 2.5 mm, lower 2
minute; stamens 9, fused at base, usually 3

fertile, large, up to 3.5 cm long and 6 rudimentary; ovary superior, linear,

Paramacrolobium coeruleum — wild
usually indistinctly demarcated from the sapwood. Thegrain is straight to interlocked, texture moderately coarse and even. The wood is
moderately heavy, with a density of about 700
kg/m? at 12% moisture content, and is moderately hard. The rates of shrinkage during drying are high and the wood may develop severe
surface splits and cupping, whereasit is susceptible to blue stain attack during drying. The
wood sawsand workswell, is easy to plane and
takes a good finish. The gluing and bending
properties are satisfactory. The wood is moderately durable, being liable to termite, Lyctus
and marine borerattacks.
Several long-chain fatty acids have beenisolated from root bark extracts; these acetylenic
acids showed inhibitory activity of 3-hydroxy-3methylglutaryl coenzyme A reductase, the enzyme responsible for the formation of mevalonate in the rate-determining step of cholesterol
biosynthesis.
Botany Evergreen, medium-sized to fairly

large tree up to 35(—40) m tall; bole branchless
for up to 20 m but often low-branching,
straight and cylindrical or irregular, up to 90(100) cm in diameter, with buttresses; bark

surface nearly smooth, but with fine longitudinal grooves andlenticels, becomingflaky, greybrown, inner bark fibrous, brownish to reddish;

crown often long and narrow, often with drooping branches; twigs usually glabrous, with lenticels. Leaves alternate, paripinnately compound with 2-5 pairsof leaflets; stipules fused,
up to 1.5 cm long, clasping the twigs, persistent; petiole and rachis together 5-22 cm long,
grooved; petiolules 1-4 mm long, twisted; leaf-

lets opposite, elliptical to oblong or lanceolate,

1-1.5 cm long,

hairy, with long stipe, 1-celled, style 2-2.5 cm
long. Fruit an oblong, flattened pod 8.5—20 cm
x 2.5-6 cm, glabrous, dehiscing with 2 spiralling woody valves, 3-8-seeded. Seeds rectangular, flattened, 1.5-2.5 cm X 1-2 cm, glossy dark
brown, seed coat hard. Seedling with epigeal
germination; hypocotyl 5-12 cm long, epicotyl
4—7 cm long; first 2 leaves opposite, with 2-3
pairsofleaflets.
In the nursery seedlings are about 30 cm tall
after 4 months and 60 cm tall after 15 months.
In Guinea 6-years-old saplings showed a mean
annual height growth of 85-130 cm, but in DR
Congo planted trees were only 4.5 m tall after
11 years and had a high mortality. Fruits are
eaten by monkeys and large rodents, which
mayserveas seed dispersers.
Paramacrolobium comprises a single species
and seemsto be related to Cryptosepalum.
Ecology Paramacrolobium coeruleum occurs
in lowland rainforest up to 450 m altitude, but
also in gallery forest in savanna areas and in
wooded savanna.
Management Seeds can be stored for at
least 18 months, when the viability is still

about 40%. Pre-treatment of seeds is not needed, but soaking in cold water for 1-2 days or in
boiling water for a few minutes accelerates
germination. Seedlings should be planted out
in the full sun and in fertile soils to obtain good
growth. They are planted at a spacing of 3 m X
3 m in pure stands or together with other moderately fast growing timber species.
Genetic resources and breeding Although
Paramacrolobium coeruleum occupies a large
distribution area, it is absent in large regions
within that area and thus shows a disjunct
distribution pattern. It is common in many
regions, and there is no reason to consider it
threatened by genetic erosion.
Prospects Paramacrolobium coeruleum will
remain a locally important timbertree, but it is
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unlikely that it will gain importance for commercial exploitation because in areas where it
is common the logs are usually too small and
too poorly shaped. However, surprisinglylittle
is known about this widespread tree that may
have prospects in agroforestry systems or as
timber tree in plantations. Research on propagation and growthrates is recommended.
Major references Bolza & Keating, 1972;
Brenan, 1967; Chikamai et al., undated; Patil
et al., 1989; Savill & Fox, 1967.
Other references Beentje, 1994; Burkill,
1995; Gilbert & Bellefontaine, 1973; Hawthorne & Jongkind, 2006; Hubert, undated;
Lewis et al., 2005; Normand & Paquis, 1976;

Pauwels, 1993; Wilczek et al., 1952; Wimbush,
1957.

Authors R.H.M.J. Lemmens

PARINARI EXCELSA Sabine
Protologue Trans. Hort. Soc. London 5: 451
(1824).
Family Chrysobalanaceae
Chromosome number2n = 20
SynonymsParinariholstii Engl. (1895).
Vernacular names Mubura, grey plum,
Guinea plum, rough-skinned plum (En). Parinari, Manguier sauvage, prunier de Guinée
(Fr). Parinari, mampataz (Po). Mbula, mbura
(Sw).
Origin and geographic distribution Parinari excelsa is extremely widespread, occurring
on both sides of the Atlantic Ocean. In Africa it
occurs in nearly all forest types of the GuineoCongolian region, but is absent from the wettest parts; it is also widely distributed on the

mountains of East Africa and in the northern
part of the Zambezian region. It occurs from
Senegal eastward to Sudan and Uganda, and
southward to Mozambique and Angola. In
South America it is found from Bolivia, Peru
and Colombia to eastern Venezuela, the Guianas and Brazil and northward to Costa Rica.
Uses The wood, knownin trade as ‘sougué’,
‘kokodyor ‘African greenheart’, is traditionally
used for house posts. Tenda people from Senegal, Guinea Bissau and Guinea use it to make
barrels, drums and mortars. In Zambia it is
used similarly and to make dug-out canoes.
The wood is suitable for heavy construction,
also for hydraulic works in sea water, heavyduty flooring, poles, piles, joinery, interior trim,
mine props, vehicle bodies, furniture, ladders,
sporting goods, agricultural implements, tool
handles, veneer, plywood and block-board. It
has been used for railway sleepers after treatment with preservatives. It is in demand as
firewood and for charcoal production.
The pulp of the fruit is eaten, but is not as flavourful as that of Parinari curatellifolia
Planch. ex Benth. The fruit pulp is also boiled
with groundnuts into a sauce, or is fermented
into an alcoholic drink. Seedsare oily and eaten after roasting. Roasted bark is added to
palm wineto improveits flavour.
Parinari excelsa has numerous uses in traditional medicine in Africa. In the Central African Republic an extract of the bark is taken
against gall bladder complaints, and a macerate of the bark is taken in wine as a sexual
stimulant. In central DR Congo a decoction of
the bark is drunk against chest pain. In Côte
d'Ivoire bark decoctions are taken by pregnant
women against anaemia and, in combination
with a plaster of the leaves, against rheumatic
pains. In Tanzania a decoction of the bark enters into medicines against malaria, fever and
parasites such as hookworm. In Senegal and
Sierra Leone bark decoctions are taken against
stomach problems including dysentery. In Senegal and DR Congo a plaster made of the bark
is applied to circumcision wounds.
In Senegal and the Central African Republic a
decoction of the leaves is applied as a wash or
its vapour is inhaled to treat gingivitis and
toothache. In Senegal women take root decoctions against headache, stomach pain and infertility. A maceration of the roots is applied to
wounds as antiseptic and haemostatic; it is also

Parinari excelsa — wild

drunk and applied as a bath against pain of
various causes and amnesia. An infusion of the
fruit pulp is taken against diarrhoea.
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The tree is used for shade in Cinchona and
coffee plantations. The nectar in the flowers is
collected by honey bees. Leafy twigs are used
as fodder. A dye obtained from the fruit pulp
and fruit stones is traditionally used to colour
leather. In Tanzania the bark has been used in
tanning leather. The fibre of the fruit stones is
used as tinder to start fire.
Production and international trade Formerly, the wood of Parinari excelsa was exploited commercially, e.g. in Sierra Leone
where it was logged until 1964; later it was
considered undesirable because it is too hard,
difficult to work and perishable. Like other
Parinari spp., it has now no commercial value
in international timber markets, and even in

the countries where it grows its value as timber is limited. It cannot be used economically
when resawing and machining of dried wood
are required, and mayonly be used on a larger
scale for construction purposes as posts or in
large sizes, sawn whenstill green.
In local markets in Guinea fruits were sold in
2002 at US$ 0.15-—0.25 per kg.

Properties The heartwood is yellowish brown,
darkening upon exposure to deep red or chocolate brown, and not clearly demarcated from
the yellowish white sapwood. The grain is
wavyto interlocked, texture moderately coarse
to coarse. Fresh sapwood has a smell of honey.
The wood is heavy, with a density of (530-)
730-920 kg/m? at 12% moisture content, and
hard. It dries slowly with a tendencyto distort,
check and split. Air drying prior to kiln drying
and mild kiln drying schedules are recommended. Boards of 2.5 cm thick were dried in
Liberia to 20% moisture content in 3 months.
The shrinkage rates are high, from green to
oven dry 5.0—7.6% radial and 8.3-11.4(-12.8)%
tangential. Once dry, the wood is moderately
stable to unstable in service.
At 12% moisture content, the modulus of rupture is 114-204 N/mm2, modulusof elasticity
10,900—18,050(-23,900) N/mm”, compression
parallel to grain 42-88 N/mm?, shear 10-16
N/mm?, cleavage 15-26 N/mm, Janka side

locked grain. The wood finishes well if a filler
is used. Pre-boring is required for nailing and
screwing, but holding properties are good.
Steam bending properties are moderate. The
gluing properties are moderate. The wood is
technically suitable for plywood or veneer only
when processed green. It is not suitable for
turning or moulding. The woodis resistant to
marine borers, but susceptible to attacks by
termites and boring insects. Its susceptibility
to fungal decay is moderate; in tests in Tanzania untreated wood lasted for less than 1 year
in contact with the ground. The sapwood is
permeable to preservatives, the heartwood
moderately resistant but easily treatable under
pressure. The woodis not suitable for pulping.
The yellowish fruit pulp of Parinari excelsa has
a taste like avocado, is very nutritive and contains 38-40% carbohydrates. The seed yields
about 14% oil. The oil is edible, but dries quickly. It contains a-elaeostearic acid. In spite of
the numerous uses of most parts of the tree in
traditional medicine, little research has been

done into its pharmacological compounds or
properties.
Description Evergreen large tree up to 45(—

hardness 7640-8880 N, Chalais-Meudon side
hardness (2.9-—)4.5-7.8 and Janka end hard-

ness 8220—10,890 N.
The wood is difficult to saw and work with
hand and machine tools, and has a strong
blunting effect on saw teeth and tool edges due
to its high silica content (usually more than
1%). It is best sawn withstellite-tipped blades
and whenstill green. In planing picking up of
grain may occur due to the presence of inter-

Parinari excelsa — 1, base of bole; 2, flowering
twig; 3, flower;4, fruit.
Redrawn and adapted by J.M. de Vries
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50) tall; bole branchless for up to 20(-25) m,
straight or somewhat sinuous, cylindrical, up
to 150 cm in diameter, with buttresses up to 3
m high; bark surface slightly rough with numerous warty lenticels or with deep longitudinal fissures, yellowish grey to brownish grey,
scaling off in flakes, inner bark hard, granular
and brittle, red or pale reddish brown with
whitish spots, smelling sour, with a resinous
exudate; crown roundedorflattened, cauliflower-shaped, dense, golden brown from below;
twigs sparsely hairy. Leaves alternate, simple
andentire; stipules up to 2 mm long, caducous;
petiole 3-8 mm long, terete, with 2 glands becoming inconspicuous with age; blade ovate to
oblong-elliptical, 83-10 cm x 1.5-5 cm, base
glabrous above, densely brownish or greyish
hairy below, pinnately veined with 13—24 pairs
of lateral veins. Inflorescence a terminal or
axillary panicle, up to 12 cm long, brownish
hairy. Flowers bisexual, slightly zygomorphic,
5-merous; pedicel 1-2 mm long; receptacle bellshaped to top-shaped, 2-3 mm long, hairy; sepals narrowlyovate to triangular, 2-3 mm long,
hairy; petals free, obovate to narrowly ellipti-

Parinari excelsa.
Parinari congensis Didr. is an evergreen medium-sized tree up to 30 m tall with often short,
tortuous bole up to 100 cm in diameter, characteristic of swamp forest and periodically flooded forest from Guinea and Mali eastward to the
Central African Republic and southward to DR
Congo. Its orange-brown and hard woodis used
for rafters and for posts and poles in construction, and is probably suitable for other purposes similar to Parinari excelsa. In DR Congo the
bark is used as purgative and enters into medicines against leprosy, in Congo it is used
against dysentery. The fruits are eaten and
used as fish bait. The seedsare also edible.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
13: simple perforation plates; (19: reticulate,
foraminate, and/or other types of multiple perforation plates); 22: intervessel pits alternate;
25: intervessel pits small (4—7 um); (30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the

cal, 2-2.5 mm long, pinkish white; stamens 7(—

ray cell); (31: vessel-ray pits with much reduced

8), c. 2 mm long, on 1 side of flower, with 7-8
rudimentary stamens on opposite side; ovary
superior, inserted in upper part of receptacle,
hairy, 2-celled, style originating from base of
ovary, 2.5-3.5 mm long. Fruit an ellipsoid to
nearly globose drupe 2.5—6 cm X 2-4 cm, warty,
yellowish to reddish brown when ripe, pulp
fleshy, yellowish; stone granular and fibrous,
slightly ridged, 1(-2)-seeded. Seedling with
hypogeal germination; epicotyl 5-10 cm long,
hairy; cotyledons remaining within seed coat;
first c. 8 leaves strongly reduced, first normal
leaves alternate.
Other botanical information Parinari
comprises about 40 species and is pantropical
with most species in tropical America and tropical Asia and 6 in Africa. In general, the species are remarkably similar despite the very
large distribution area of the genus. Parinari
excelsa is quite variable, particularly in indu-

borders to apparently simple: pits rounded or
angular); 32: vessel-ray pits with much reduced
borders to apparently simple: pits horizontal
(scalariform, gash-like) to vertical (palisade);
43: mean tangential diameter of vessel lumina

cuneate to rounded, apex acuminate, leathery,

mentum colour,

shape

of inflorescence and

flowersize.
Parinari hypochrysea Mildbr. ex Letouzey &
F.White closely resembles Parinari excelsa, but
differs in its rounded to cordateleaf bases. It is
locally abundant in a narrow band of evergreen
coastal rainforest in Nigeria, Cameroon, Equatorial Guinea and Gabon, and its wood is possibly used for similar purposes as that of

> 200 um; 46: < 5 vessels per square millimetre;

(47: 5-20 vessels per square millimetre). Tracheids and fibres: 62: fibres with distinctly
bordered pits; 63: fibre pits common in both
radial and tangential walls; 66: non-septate
fibres present; 69: fibres thin- to thick-walled;

70: fibres very thick-walled. Axial parenchyma:
86: axial parenchyma in narrow bandsorlines
up to three cells wide; 93: eight (5-8) cells per
parenchyma strand; 94: over eight cells per
parenchyma strand. Rays: (96: rays exclusively
uniseriate); 97: ray width 1-3 cells; 104: all ray
cells procumbent; (106: body ray cells procumbent with one row of upright and/or square
marginalcells); 116: > 12 rays per mm. Mineral
inclusions: 159: silica bodies present; 160: silica
bodiesin raycells.
(E. Ebanyenle, P.E. Gasson & E.A. Wheeler)
Growth and development Growth follows
the tree architectural model of Troll, in which
all axes grow horizontally, but the basal part of
each axis can assumevertical growth after leaf
loss to become the new main axis. In Liberia
and Côte d'Ivoire trees flower in January—
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April(-June) and fruit in October-January (—
March); in Nigeria flowering occurs in January—May and October—November, and fruits

Genetic resources Parinari excelsa is extremely widespread and locally common, also
in disturbed forest. Although there are reports

mature in November—December and March; in

that it is locally becoming threatened, there is

eastern Tanzania flowering occurs in August—
March, and fruit maturation peaks in November—December; in Zambia flowering occurs in
July—October, and fruiting in May—November.
Seed dispersal is mainly by elephants, which

no general risk of genetic erosion.
Prospects Although the wood of Parinari
excelsa is difficult to work, it is available in
large sizes and fairly large amounts and may
gain importance as better tools have become
available. In its area of distribution it will remain important for construction purposes,
firewood and charcoal production, and as a
source of edible fruits and products for traditional medicine. It may be promising for agroforestry systems, but more research is needed
on suitable propagation methods and silvicultural practices.

eat the fruits, but some studies indicate that

dispersal is very limited. Regeneration in mature forest is poor, except in clearings or along
roads. In secondary vegetation gregarious
stands of all ages may develop from seedlings
and root suckers, and this may eventually result in a single-dominant Parinari excelsa high
forest.
Ecology Parinari excelsa is a characteristic
canopy tree occurring throughout the African
rainforest, but also in drier forest types such as
dry evergreen forest and well-drained fringing
forest, in areas with average annual temperatures of 10-27°C, up to 2100 m altitude. Sometimes it persists in grassland after the destruction of forest, and then may act as centre for

the re-establishment of forest.
Propagation and planting Germination of
fruit stones takes 2 months to 3 years, and the

germination rate is reported to be low, although natural regeneration may be abundant
under optimal circumstances. Parinari excelsa
can also be propagated by wildlings and root
suckers.
Management Densities of up to 0.8 trees
per hectare with a bole diameter of more than
60 em have been recorded in Liberia. The highest density observed in Sierra Leone was 7.5
trees/ha with a bole diameter of 20-60 cm, decreasing to 0.1 trees/ha with a bole diameter of
more than 120 cm. Parinari excelsa can be
managed by lopping, coppicing and pollarding.
Seedlings planted into the field should be protected against herbivores.
In logged-over forest where Parinari excelsa
trees have not been removed during logging
operations, its numbers may increase as young
trees continue to grow and regeneration can be
abundant. Under such circumstances, Parinari
excelsa may become difficult to control, suppressing more valuable tree species.
Harvesting In the Central African Republic
and Gabon, the minimum bole diameter al-

lowed for harvesting is 70 cm.
Handling after harvest Freshly harvested
logs sink in water and cannot be transported
by river.

Major references Aubréville, 1959c; Bolza

& Keating, 1972; Burkill, 1985; Burkill, 2000;
Graham, 1960; Letouzey & White, 1978a;
Phongphaew, 2003; Prance & Sothers, 2003a;
Takahashi, 1978; Vivien & Faure, 1985.
Other references Baerts & Lehmann,
2012; Chilufya & Tengnas, 1996; Coradin,
Giannasi & Prance, 1985; de la Mensbruge,
1966; de Saint-Aubin, 1963; Edema, Oderoha &
Daro-Idollo, 2009; FAO, 1994; Gross-Camp,
Mulindahabi & Kaplin, 2009; Keay, 1958i; Kryn
& Fobes, 1959; Lovett et al., 2007; OgunkaNnoka & Mepba, 2008; Poorter et al., 2004;

Prance & White, 1988; Ruffo, Birnie & Tengnas, 2002; Vivien & Faure, 1996; Voorhoeve,
1965; White, 1976; White, 1978a; White & Abernethy, 1997.

Sources ofillustration Keay, 1958i; Vivien
& Faure, 1985; Voorhoeve, 1965.
Authors L.P.A. Oyen

PAUSINYSTALIA JOHIMBE (K.Schum.) Pierre
ex Beille

Protologue Act. Soc. Linn. Bordeaux 61:
130 (1906).
Family Rubiaceae
Vernacular names Johimbe, yohimbe (En).
Yohimbe, démarreur(Fr). Pau de Cabinda (Po).

Origin and geographic distribution Pausinystalia johimbe is distributed from southern
Nigeria to Cabinda (Angola). Its occurrence in
DR Congo needsto be confirmed.
Uses Young stems are used aspoles in construction. The wood is used as fuelwood. The
bark is used in house construction, and the

inner bark is utilized for making straps for
hunting panniers. Young saplings are used as
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snare-trap mechanisms.
Bark preparations are widely used as aphrodisiacs and stimulants. In Cameroon, for instance,
the bark is popularly known as ‘the African
viagra’. In Gabon small quantities of the bark
are chewed to dispel sleep, while as an aphrodisiac it is used in larger quantities or more
frequently. The bark is also used as a local
anaesthetic, a hallucinogen, for the treatment

United Kingdom yohimbine-based drugs have
become fashionable as ‘herbal highs’.
Production and international trade The
bark is extensively traded in local markets and
exported. Most of the bark entering commercial
trade comes from Cameroon. In 1985-1991 the
annual exports of bark from Cameroon amounted to 286 t, of which 65% to the Netherlands,
18% to Germany, 11% to Belgium/Luxembourg
and 6% to France. The bark exports from Cameroon in the season 1997-1998 amounted to
715 t, with a value of about US$ 600,000. However, a large proportion of the exported bark is
probably not from Pausinystalia johimbe but from
Pausinystalia macroceras (K.Schum.) Pierre,
which has a much lower yohimbine content.
Properties The heartwood is ochre-yellow
and not clearly demarcated from the thin, yellow sapwood. The grain is fine. The wood is
moderately heavy, with a density of 650—750
kg/m3 at 12% moisture content, and moderately

hard.
Thebastfibre cells are 0.7—1.6 mm long, with a
diameter of 22-29 um. The bark of Pausinystalia johimbe contains up to 6% alkaloids. The
alkaloid content is highest in the root bark and
the bark of the bole, lower in the bark of the

branches, and very low in the leaves. Within

of angina, against constipation and intestinal

the bole, the alkaloid content increases from

worms, as a performance enhancer for athletes,

the base upwards. The alkaloids present in
Pausinystalia johimbe include yohimbine (1015%), mesoyohimbine, yohimbinine, corynanthine, alloyohimbine and ajamalicine.
Yohimbine (also known as aphrodine, quebrachine or corynine)is a selective inhibitor of 4-2adrenergenic receptors. At low doses it has
hypertensive activity, while at higher doses it
is hypotensive, through vasodilation of peripheral vessels. Yohimbine raises heart rate and
norepinephrinelevels. The use of yohimbine as
an aphrodisiac is attributed to its dilating effect on the blood vessels of the sexual organs,
thus increasing blood supply, while it also provides an enhancementof the reflexes involved
in the control of ejaculation. Tests have shown
that treatment with yohimbineindeed results
in increased libido and easier ejaculation. The
effects of yohimbine on smooth muscles favours
tonus and movement of the intestine. It also
acts on a-2-adrenergenic receptors of adipocytes, resulting in increased lipolysis. However,
double-blind trials on the effectiveness of yohimbine for body-weight reduction gave conflicting results, and it is therefore unclear
whether yohimbine is effective in reducing
body weight. A wide range of adverseeffects of

and to increase theclarity of singers’ voices. In
Congo a bark decoction is drunk for the treatment of pelvic pain. In Gabon the bark is used
as a fish poison.
The barkis the standard source of the alkaloid
yohimbine, which is included in various European pharmacopoeias for its sympatholytic,
hypotensive and local anaesthetic activity. Yohimbine-based products are widely used as
aphrodisiacs in the Western World, either
through pharmaceutical channels or herbal
medicine markets. The most common use of
yohimbine-based drugs in western medicineis
in the treatment of diabetes-related male impotence. Yohimbine-based products are also used
as food supplements for body weight reduction.
In the United States they are recorded to be
used as food supplements to substitute anabolic steroids and improve athletic performance.
However, in a study investigating the alkaloid
content of 26 yohimbe products sold in retail
health food outlets throughout the United
States, 9 of the products appeared not to contain any yohimbine, 8 only contained trace
amounts, and the product with the highest
yohimbine content contained only 0.05%. In the
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the use of yohimbine have been recorded, including hypertension,

mania, bronchospasm,

anxiety, agitation, hallucinations, vertigo,
stomach problems, headache and weakness. It
may also interact with antidepressants. Especially people with hypertension, prostate problems or heart diseases are warned against using yohimbine-based products.
Ajamalicine also has vasodilating activity.
Corynanthine closely resembles yohimbine, but
is more active as a sympatholytic agent and
less toxic. The bark also contains tannins.
Adulterations and substitutes Pausinystalia johimbe bark is frequently adulterated
with the bark of other Pausinystalia and Corynanthe spp., which have a lower yohimbine
content.

Description Evergreen, medium-sized tree
up to 30(-35) m tall; bole straight, up to 50(—

60) cm in diameter, without buttresses but
grooved at base; bark easy to peel off, bittertasting, bark surface longitudinally fissured,
with transverse cracks, grey to reddish brown,
inner bark fibrous, pinkish, turning reddish
brown on exposure; crown compact, with
branches in whorls. Leaves in whorls of 3, sim-

ple; stipules 1.5-2 cm long, glabrous, caducous;
petiole up to 5(-8) mm long; blade obovate or
oblanceolate, (11-)138—47 cm X 5-17.5(-19) cm,
base cordate, cuneate or rounded, apex shortacuminate, margin often wavy, glabrous, pinnately veined with (8-)10—20 pairs oflateral
veins. Inflorescence a terminal or axillary panicle 5-21(-30) cm x 9-15 cm, branched in
whorls of 3, with flowers in clusters at the ends

of branches, main axes glabrous; peduncle 0.5—
5 cm long, with 3 ridges. Flowers bisexual, regular, (4-)5(—6)-merous, fragrant; calyx consisting with short tube and triangular or rounded
lobes c. 0.56 mm long, hairy; corolla white,
sometimes yellowish, red or purple, with tube
consisting of a basal narrow part c. 0.5 mm
long and an apical bladder 1.5—2.5 mm long,
hairy inside, glabrous outside, lobes erect,
shortly toothed, each with a linear appendage
8-20(—25) mm long; stamens attached at the
base of the corolla bladder, alternating with

the lobes, sessile; ovary inferior, 2(—3)-celled,
style 1-2 mm long, stigma 2-lobed. Fruit an
oblong, compressed capsule 10-16 mm x 5—7
mm, dehiscing with 4 valves, many-seeded.
Seeds oblong, 8-12 mm X 1.5-2.5 mm, compressed, winged.
Other botanical information Pausinystalia comprises 5 species, and occurs in West and
Central Africa. It is closely related to Corynanthe.
Pausinystalia johimbe can be distinguished
from Pausinystalia macroceras by its larger
leaves with shorter or no petioles. Furthermore, the bark of Pausinystalia johimbe is tasting extremely bitter and is easy to peel off,
whereas that of Pausinystalia macroceras is
less bitter and difficult to peel off. Differences
in slash characteristics, often mentioned as

Pausinystalia johimbe — 1, base of bole; 2, flowering twig; 3, leaf; 4, fruit; 5, seed.

Redrawn and adapted by J.M. de Vries

being distinguishing, are not reliable.
Growth and development Light is necessary for germination and good seedling growth,
and the survival rate of seedlings under a
closed canopy is very low. Growth is usually
fast, but the bole diameter never becomes larger than 50-60 cm. Throughout its range,
Pausinystalia johimbe usually flowers in August—February, and bearsfruits in September—
March. Pollination is probably by insects.
Large amounts of seeds are produced each year.
The seeds are dispersed by wind. Pausinystalia
jJohimbe coppices well from stumps, producing
strong, highly phototropic shoots.
Ecology Pausinystalia johimbe occurs in
evergreen lowland forest, in primary as well as
secondaryforest, at relatively low densities.
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Propagation and planting Vegetative
propagation trials with single-node leafy cuttings have given good results. Propagation with
seeds is also done, but seeds are difficult to

collect. Furthermore, the survival rate of seedlings was very low in experiments. Wildlings
collected from the forest showed poor survival
andlow growthrates.
Management Although Pausinystalia johimbeis often stated to be common, inventories

in Cameroon and Equatorial Guinea in the
1990s indicated that there are on average only
15 plants/ha with a diameter over 1 cm and 4
trees/ha with a diameter over 10 cm.
The World Agroforestry Centre (ICRAF) has
initiated a research programme to investigate
the domestication potential of Pausinystalia
johimbe and its possible inclusion in agroforestry systems. Initial results have shown that
it will readily grow in association with annual
food crops.
Diseases and pests Removal of large bark
surfaces can lead to stem borers penetrating
the unprotected stem andkilling thetree.
Harvesting Trees are harvested when they
have reached a bole diameter of about 10 cm.
As yohimbine levels are highest in the rainy
season, harvesting is a seasonal activity. The
bark is usually stripped after the tree has been
felled for this purpose, making exploitation
unsustainable. It would be better to harvest
bark strips from standing trees, which will stay
alive and renew the bark in 2 years. However,
harvesters often claim that the tree will die
anyway after removal of part of the bark, because of stem borer attacks. Although a permit
is required for harvesting the bark in Cameroon, it is often done by local people who are
paid for delivery to contractors. The bark may
also be harvested by employees of logging companies after the felling of timber trees in an
area.
Handling after harvest The bark is marketed in dried flat or curved pieces up to 1 m

of yohimbine and local medicine than as a
source of timber.
The high demand for medicines based on the
bark has led to over-exploitation of natural
populations. The tree is easily vegetatively
propagated, however, and may have potential
for inclusion in agroforestry systems, which
could help to relieve the pressure on natural
populations. For this purpose, it has been recommendedto carry out studies on the breeding
system (the presenceofself-incompatibility) of
Pausinystalia johimbe, and on seed dormancy,
seed germination andseedling survival.
Care should be taken with the use of yohimbine-based products for medicinal purposes, as
adverse side effects have been recorded. As the
content of yohimbine and otheralkaloids in the
bark may vary widely, the use of crude products is even more dangerousthan thatof products with a known amount of yohimbine.
Therefore, yohimbine-based products should be
taken cautiously and only under supervision of
a specialist, and not as self-medication.
Major references Burkill, 1997; Ernst &
Pittler, 1998; Hallé, 1966; Hostettmann etal.,
2000; Pousset, 2004; Stoffelen, Robbrecht &
Smets, 1996; Sunderlandet al., 1999; Sunderland et al., 2004; Tchoundjeu et al., 2004;
Vivien & Faure, 1985.
Other references Betz & White, 1995;
Cunningham,

1997;

de

Saint-Aubin,

1963;

Goetz, 2006; Hepper & Keay, 1963; Keay, 1989;
Keay, Onochie & Stanfield, 1964; Missouri
Botanical Garden, undated; Musa, 2005; Neu-

winger, 2000; Orwa et al. 2009; Paris &
Letouzey, 1960; Pittler & Ernst, 2003; Pittler,

Schmidt & Ernst, 2005; Raponda-Walker &
Sillans, 1961; Razafimandimbison & Bremer,

2002; Sunderland, Tchoundjeu & Ngo-Mpeck,
2000; Tharakan & Manyam, 2005; Valli &
Giardina, 2002; Zanolariet al., 2003.
Sources of illustration Hallé, 1966; White
& Abernethy, 1997; Wilks & Issembé, 2000.
AuthorsR.B. Jiofack Tafokou

long, or ground.

Genetic resources The high demand for
medicines based on the bark of Pausinystalia
johimbe has led to over-exploitation and may
lead to local scarcity of the species, if not longterm endangerment.
Prospects The wood is of good quality, but
the relatively small bole diameters limit its
usability. Nevertheless, it has been suggested
as a suitable substitute for Khaya ivorensis
A.Chev. Probably, however, Pausinystalia johimbe will remain more important as a source

PAUSINYSTALIA LANE-POOLEI (Hutch.)
Hutch. ex Lane-Poole
Protologue A list of trees, shrubs, herbs

and climbers of Sierra Leone: 74 (1916).
Family Rubiaceae
Origin and geographic distribution Pausinystalia lane-poolei occurs from Sierra Leone
to Gabon, eastern DR Congo and Rwanda.
Uses The wood is used for house posts and
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grant; calyx with short tube and lobes, hairy
inside and outside; corolla white, sometimes
pinkish, tube with narrow basal part up to 1
mm long and apical bladder 2—-2.5 mm long,
hairy inside, glabrous outside, each lobe with a
linear appendage 7-15 mm long; stamensattached at base of the corolla bladder, alternat-

Pausinystalia lane-poolei — wild
interior joinery. It is suitable for furniture and
veneer. The strong and flexible branches are
used for making traps. In traditional medicine
in Liberia, the poundedbark is used as a poultice for the treatment of yaws, scabies anditch.
Theroot is an ingredientof arrow poison.
Properties The heartwood is pale brown to
pinkish, turning pale olive on exposure, andis
not clearly demarcated from the sapwood. The
grain is straight to irregular, texture fine. The
wood is moderately heavy, with a density of
about 720 kg/m* at 12% moisture content. It is
moderately hard. At 12% moisture content, the
modulus of rupture is 93 N/mm2, modulus of
elasticity 13,900 N/mm2, compression parallel
to grain 65 N/mm2, Janka side hardness 6540
N and Janka end hardness 7560 N. The wood
works and finishes well. It is recorded to be
durable, but it has also been reported to be
susceptible to insect attacks.
Botany Evergreen, medium-sized to fairly

ing with the lobes, sessile; ovary inferior, 2celled, style c. 1.5 mm long, stigma 2-lobed.
Fruit an oblong, compressed capsule, 8-20 mm
long, dehiscent with 4 valves, many-seeded.
Seeds 5-9 mm X 1-2.5 mm, winged.
In Liberia Pausinystalia lane-poolei flowers in
the rainy season.
Pausinystalia comprises 5 species, and occurs
in West and Central Africa. It is closely related
to Corynanthe. Pausinystalia lane-poolei has a
strikingly disjunct area of distribution. Two
subspecies are distinguished. Subsp. lanepoolei occurs from Sierra Leone to Ghana.
Subsp. ituriense (De Wild.) Stoffelen & Robbr.
(synonym: Pausinystalia ituriense De Wild.)
has slightly shorter corolla lobe appendages
and slightly smaller fruits and seeds and is
found in eastern DR Congo and Rwanda, with
onecollection from Gabon.
Ecology Pausinystalia lane-poolei occurs in
evergreen forest, usually at altitudes above 500
m, up to 2000 altitude.
Genetic resources and breeding It is
unclear to what extent Pausinystalia lanepoolei is threatened with genetic erosion. In
Sierra Leone and Liberia it is recorded to be
common, but in Ghanait is rare.
Prospects Few reports exist on the use of
the timber of Pausinystalia lane-poolei, although research indicated it is of fairly good
quality. The timberis unlikely to become more
important in the future.
Major references Abbiw, 1990; Burkill,

large tree up to 40 m tall; bole branchless for

1997; Kryn & Fobes, 1959; Stoffelen, Robbrecht

up to 15 m, straight, cylindrical, up to 120 cm

& Smets, 1996; Takahashi, 1978.

in diameter, with short buttresses or without
buttresses; bark surface scaly, the scales leay-

1995; Hawthorne & Gyakari, 2006; Hepper &

Other references Hallé, 1966; Hawthorne,

ing rounded pits, grey-brown, inner bark soft,

Keay, 1963; Irvine, 1961; Neuwinger, 1998a;

fibrous, pinkish yellow, darkening on exposure,

Neuwinger, 2000; Razafimandimbison & Bremer, 2002; Savill & Fox, 1967; Voorhoeve, 1979.
Authors M. Brink

bitter-tasting. Leaves decussately opposite,
simple and entire; stipules triangular, caducous; petiole up to 3 cm long; bladeelliptical,
oblong or obovate, 7—20(-24) cm x 3-9.5 cm,
base cuneate to rounded, apex short-acuminate, leathery, glabrous, pinnately veined with
9-14 pairs of lateral veins. Inflorescence a terminal panicle, 10-25 cm x

15-24 cm, with

flowers in clusters at the ends of branches.
Flowers bisexual, regular, (4—)5-merous, fra-

PAUSINYSTALIA MACROCERAS (K.Schum.)
Pierre ex Beille
Protologue Act. Soc. Linn. Bordeaux 61:
130 (1906).
Family Rubiaceae
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Vernacular names False johimbe (En).
Origin and geographic distribution Pausinystalia macroceras is distributed from Nigeria eastward to DR Congo and southward to
Cabinda (Angola).
Uses The wood is valued for furniture and
cabinet work. In Cabinda (Angola) it is used for
house construction and flooring. The wood is
suitable for joinery, interior trim, ship building, vehicle bodies, ladders, sporting goods,
toys, novelties, agricultural implements, handles, musical instruments, boxes, crates, precision equipment, matches, carvings, turnery,

pattern making, veneer and plywood. In Nigeria it is used as fuelwood.
The bark is widely used as an aphrodisiac and
stimulant. In Cameroon, for instance, the pul-

verized bark is eaten against sexual weakness.
In Congo the bark is used to stave off sleep,
and sap from the bark is applied in an enema
as a vermifuge andtopically for the treatment
of ringworm andother fungal skin infections.
Properties The heartwoodis pale yellow to
pale pink, with irregular stripes occasionally
present; it is not clearly demarcated from the
sapwood. The grain is straight, texture fine
and even. The woodis lustrous and contains a
reddish brown gum.
The wood is medium-weight, with a density of
about 700 kg/m? at 12% moisture content. It air
dries rapidly without serious deformation. The
rates of shrinkage are rather high, from green
to oven dry 4.7% radial and 10.7% tangential.
Once dry, the wood is moderately stable in
service. At 12% moisture content, the modulus
of rupture is 151 N/mm2, modulusofelasticity
10,900 N/mm2, compression parallel to grain 65
N/mm2, shear 8 N/mm2, cleavage 12.5 N/mm

and Chalais-Meudonside hardness 3.8.
The wood sawswell, workseasily with all tools,
planes to a smooth surface, andfinishes well. It
takes and holds nails and screws well, and
glues satisfactorily. The peeling properties are
good, but splitting of veneer may occur during
drying. For slicing, radial sections are recommendedto reduce defects caused by the rather
high shrinkagerates.
The durability of the wood is classified as moderate, although it is not susceptible to attacks
by termites and marine borers. The sapwood is
not susceptible to Lyctus borer attack. The heartwood is resistant to impregnation with preservatives, the sapwood moderately resistant.
The bark contains the indole alkaloid yohimbine, but in smaller quantities than in the bark
of Pausinystalia johimbe (K.Schum.) Pierre ex
Beille, which has led to Pausinystalia macroceras sometimes being called ‘false yohimbe’. The bark has beenrecorded to contain only
0.02-0.32% indole alkaloids and more of the
inactive alkaloid yohimbinine than of yohimbine. However, bark from Congo was found to
contain 4% alkaloids, of which 60-65% yohimbine. Other alkaloids isolated from this bark
were corynanthidine (ot-yohimbine), B-yohimbine, ajmalicine, corynanthine, and the levo-

rotatory isomer of calycanthine.
The bark also contains saponins and tannins.
Methanolic extracts of the stem bark have
shown in-vivo anti-ulcerogenic, antidiarrhoeal,

analgesic and anti-inflammatoryeffects in rats.
Botany Evergreen, medium-sized to fairly
large tree up to 40 m tall; bole branchless for
up to 18 m, straight, cylindrical, up to 90 cm in
diameter, without buttresses, but with grooved
base; bark surface often fissured, grey to
brown, inner bark fibrous, creamy white, turn-

ing reddish brown upon exposure. Leaves decussately opposite, simple and entire; stipules
caducous; petiole (3—)7—25 mm long; blade obovate to elliptical, 6.5-47 cm X 2.5-17.5 cm, base
cuneate

to

rounded,

apex

short-acuminate,

papery or thinly leathery, glabrous, pinnately
veined with 5—16 pairs of lateral veins. Inflorescence an axillary panicle, 9-15 cm X 5-14
cm, with flowers in clusters at the ends of

Pausinystalia macroceras — wild

branches. Flowers bisexual, regular, (4—)5—6merous, fragrant; pedicel up to 0.5 mm long;
calyx with short tube up to 0.5 mm long and
triangular to rounded lobes 0.5-1 mm long,
acute, glabrous or somewhat hairy outside,
densely hairy inside; corolla white, sometimes
pink, glabrous outside, hairy inside, tube with
basal narrow part 0.5-1 mm long and apical
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bladder 1-2 mm long,lobes erect, each with a
linear appendage 6-12.5 mm long; stamens
attached at base of the corolla bladder, alternating with the lobes, sessile; ovary inferior, 2celled, glabrous, style 1-2 mm long,stigma 2lobed. Fruit an oblong, compressed capsule,
10-20 mm x 5-7 mm, 4-valved, many-seeded.
Seeds 5-14 mm X 1-2 mm, winged.
In Nigeria Pausinystalia macroceras flowers in
May-—September, and fruits in January—March.
Pausinystalia comprises 5 species, and occurs
in West and Central Africa. It is closely related
to Corynanthe. Pausinystalia macroceras can
be distinguished from Pausinystalia johimbe by
its smaller leaves with longer petioles. Furthermore, the bark of Pausinystalia johimbeis
tasting extremely bitter and is easy to peeloff,
whereas that of Pausinystalia macroceras is
less bitter and difficult to peel off. Differences

Origin and geographic distribution Pausinystalia talbotii occurs in Nigeria and Cameroon.
Uses The woodis suitable for construction,
flooring, joinery, interior trim, mine props, ship
building, vehicle bodies, furniture, cabinet
work, ladders, sporting goods, agricultural implements, handles, musical instruments, toys,
novelties, precision equipment, boxes, crates,

in slash characteristics, often mentioned as

sapwood. The grain is usually straight and
regular, texture very fine. The wood is lus-

being distinguishing, are not reliable.
Ecology Pausinystalia macroceras occurs in
lowland evergreen forest, primary as well as
secondary, and also in gallery forest.
Genetic resources and breeding In view
of its fairly wide distribution and local abundance, it is unlikely that Pausinystalia macroceras is threatened with genetic erosion.
Prospects Although the woodis recorded to
be suitable for a wide range of purposes, evidenceof its use is scarce. Its role as a timberis
unlikely to become more important in the future. The bark of Pausinystalia macrocerasis
used as an aphrodisiac and stimulant as a substitute or adulterant of that of Pausinystalia
johimbe, but contains lower amounts of the
main active compound (yohimbine).
Major references Bolza & Keating, 1972;

matches, carvings, turnery, draining boards,

pattern making, veneer and plywood.
In traditional medicine a bark extract is drunk
for the treatment of fever. In Cameroon the
pulverized bark is eaten against sexual asthenia. The fruit is eaten to cure dysentery and
applied as a topical treatment for tumours.
Properties The heartwood is pale yellow,
turning yellow-brown or olive brown upon exposure; it is not clearly demarcated from the

trous.

The wood is medium-weight, with a density of
about 680 kg/m* at 12% moisture content. It air
dries rapidly with no serious degrade. The
rates of shrinkage are moderate, from green to

oven dry 2.1—3.0% radial and 3.6—5.0% tangential. At 12% moisture content, the modulus of

rupture is 118 N/mm2, modulus of elasticity
14,100 N/mm?, compression parallel to grain 57
N/mm?,

cleavage

19.5

N/mm

Burkill, 1997; Leboeuf et al., 1981; Stoffelen,
Robbrecht & Smets, 1996; Sunderland et al.,
2004.

Other references Hallé,

1966; Ihenyen,

Okoegwale & Mensah, 2009; Keay, 1989; Neu-

winger, 2000; Nwafor, Jacks & Ekanem, 2007;
Nwafor et al., 2005; Sallenave, 1964; Sunder-

land et al., 1999; Takahashi, 1978; Vivien &
Faure, 1985.

Authors M.Brink

PAUSINYSTALIA TALBOTIL Wernham
Protologue Rendle, Cat. pl. Oban: 40 (1918).
Family Rubiaceae
Synonyms Pausinystalia sankeyi Hutch. &
Dalziel (1931).

and

Chalais-

Meudon side hardness 4.7.
The wood is easy to saw and works well with
both hand and machine tools. It planes to a
lustrous surface. It glues well, takes nails and
screws satisfactorily and has good peeling and
slicing properties.
The wood is durable, being resistant to attacks

Pausinystalia talbotii — wild
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by termites and marine borers. The sapwood is
not susceptible to Lyctus borer attack. The
heartwood is resistant to impregnation with
preservatives, the sapwood moderately resistant.
Description Evergreen, small to mediumsized tree up to 30 m tall; bole straight and
cylindrical, up to 90 cm in diameter, with but-

tresses; bark surface smooth, grey, inner bark
soft, cream or pink, turning brownish upon
exposure. Leaves usually decussately opposite,
simple and entire; stipules triangular, caducous; petiole 1-3 cm long; blade elliptical to
ovate, 9-25 cm x 4—11.5 cm, base cuneate, apex
short-acuminate, leathery, glabrous, pinnately

veined with 8-13 pairs of lateral veins. Inflorescence an axillary panicle, (5—-)9—15(—20) cm
long, with flowers in clusters at the ends of
branches, axes more or less hairy. Flowers bisexual, regular, (4-)5-merous, almost sessile;

calyx with short tube and triangular lobes,
densely hairy outside and inside; corolla white
to red, glabrous outside, densely hairy inside,
tube with a basal narrow part c. 0.5 mm long
and an apical bladder c. 1.5 mm long, lobes
each with a linear appendage (4—)5—8 mm long;
stamens inserted in throat of the corolla tube,
alternating with the lobes; ovary inferior, 2celled, style c. 1.5 mm long, stigma 2-lobed.

Fruit an oblong, compressed capsule, 7-23 mm
long, dehiscing with 4 valves, many-seeded.
Seeds narrowly ellipsoid, 9-11 mm Xx 2-25
mm, winged.

Other botanical information Pausinystalia comprises 5 species, and occurs in West and
Central Africa. It is closely related to Corynanthe.
Pausinystalia talbotii may have been confused
in the literature with other Pausinystalia spp.,
and therefore the information on wood properties maypartly refer to other species.
Anatomy Wood-anatomical description ((AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: (4: wood semi-ringporous); 5: wood diffuse-porous; (9: vessels exclusively solitary (90% or more)); (12: solitary
vessel outline angular); 13: simple perforation
plates; 22: intervessel pits alternate; 23: shape
of alternate pits polygonal; 24: intervessel pits
minute (< 4 um); 25: intervessel pits small (4—7
uum); 29: vestured pits; 30: vessel-ray pits with
distinct borders; similar to intervessel pits in
size and shape throughout the ray cell; 41:
mean tangential diameter of vessel lumina 50—
100 um; 49: 40-100 vessels per square millime-

tre. Tracheids and fibres: 62: fibres with distinctly bordered pits; 63: fibre pits common in
both radial and tangential walls; 66: nonseptate fibres present; 69: fibres thin- to thickwalled; (70: fibres very thick-walled). Axial
parenchyma: 76: axial parenchyma diffuse; 77:
axial parenchyma diffuse-in-aggregates; 78:
axial parenchyma scanty paratracheal; 93:
eight (5-8) cells per parenchyma strand. Rays:
97: ray width 1-3 cells; (107: body ray cells
procumbent with mostly 2-4 rows of upright
and/or square marginal cells); 108: body ray
cells procumbent with over 4 rows of upright
and/or square marginal cells; 116: > 12 rays per
mm.
(S. N'Danikou, P. Baas & H. Beeckman)
Growth and development In Nigeria flowering is in March-April, and fruiting in December—April.
Ecology Pausinystalia talbotii occurs in
rainforest, but also in secondary vegetation.
Genetic resources Pausinystalia talbotii
has a limited distribution area, but does not
seem to be threatened by genetic erosion.
Prospects Although the wood of Pausinystalia talbotii is of good quality and durable, and
the range of potential uses is wide, it seems not

much used at present. Too little information is
available on the prevalence, growth characteristics and management aspects of the species
for a good assessmentof its prospects.
Major references Bolza & Keating, 1972;
Burkill, 1997; Stoffelen, Robbrecht & Smets,
1996; Takahashi, 1978.
Other references GBIF, 2011; Hepper &
Keay, 1963; Keay, 1989; Keay, Onochie & Stanfield, 1964; Missouri Botanical Garden, undated; Neuwinger, 2000; Razafimandimbison &
Bremer, 2002.

Authors E.E. Ewudzie, J.R. Cobbinah, S.
Britwum Acquah & E.A. Obeng

PELLEGRINIODENDRON DIPHYLLUM (Harms)
J.Léonard
Protologue Bull. Jard. Bot. Etat 25(2): 208
(1955).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

Synonyms Macrolobium diphyllum Harms

(1901).
Vernacular names Fauxcopalier (FY).
Origin and geographic distribution Pellegriniodendron diphyllum occurs in Liberia,
Côte d'Ivoire, Ghana, Cameroon, Equatorial
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Pellegriniodendron diphyllum — wild
Guinea and Gabon.
Uses In Ghana the wood is used for door
frames and in Gabon for joinery. It is suitable
for cabinet work.
Properties The heartwood is brown to reddish brown, often marbled. The texture is moderately fine. The wood is quite heavy and hard.
Botany Small to medium-sized tree up to 25
m tall; bole often low branching, up to at least
30 cm in diameter, often with adventitious

shoots at base; bark surface smooth, finely fissured, with lenticels, greyish brown, inner bark
fibrous, reddish; crown rounded, with drooping
branches. Leaves alternate, paripinnately
compound with 1 pair of leaflets; stipules triangular, c. 3 mm long; petiole 3-5 mm long;
petiolules 2-3 mm long, with short stipels at
base; leaflets elliptical to oblong or obovate,
10-24 cm xX 3-10 cm, asymmetrical at base,

short-acuminate at apex with acumen often
contorted or rolled up, leathery, glabrous, with
some glands near margins, pinnately veined
with c. 10 pairs of lateral veins. Inflorescence a
terminal, drooping panicle up to 10 cm long,
with raceme-like, densely flowered side
branches 2-3 cm long, with conspicuous scars
of fallen flowers and bracts, usually glabrous.
Flowers bisexual, zygomorphic, with 2 pinkish
bracteoles up to 1 em long at base; pedicel 6-8
mm long; sepals 5, lanceolate, 3-4.5 mm long,

slightly fused at base; petals 5, free, unequal,
upper one up to 1.5 cm long, 2-lobed, whitish,
other ones resembling the sepals; stamens 3,
free, 1-2 cm long, reddish, with a collar of
small rudimentary stamens at base; ovary superior, oblong, hairy at margins, 1-celled, style
c. 1.5 cm long. Fruit an elliptical to obovoid,

flattened pod c. 10 cm X 4 cm, pointed at apex,
smooth, glabrous, reddish brown, dehiscing
with 2 spiralling thinly woody valves, 1-3seeded. Seeds rectangular to elliptical, flattened, up to 3 cm X 2 cm, glossy brown, seed
coat thin. Seedling with epigeal germination;
hypocotyl 1.5-4 cm long, epicotyl 3.5-7 cm
long; cotyledons thick and fleshy, rectangularelliptical, 2—2.5 cm long;first 2 leaves strongly
reduced to opposite scales, subsequent leaves
alternate, with 1 pair ofleaflets.
Young leaves are often bright pink. In West
Africa Pellegriniodendron diphyllum flowers in
September—Decemberand fruits mature about
5 monthsafter flowering. The presence of ectomycorrhizae has been recorded.
Pellegriniodendron comprises a single species
and seemsto be related to Gilbertiodendron.
Ecology Pellegriniodendron diphyllum usually occurs in the understorey of lowland rainforest, often on humidlocalities along streams
and in moist gullies.
Management Natural regeneration is often
abundant, and the seedlings are shade tolerant. Germination starts 1.5—4 weeksafter sowing, with a germination rate of 70-80%. Mature trees are often found in small,

dense

groups.
Genetic resources and breeding Pellegriniodendron diphyllum is not threatened because it is fairly widespread and locally common with abundant regeneration. However, in
Ghana it has been rated as a gold star species,
meaning that there is some inescapable responsibility for maintaining this species because it has a very restricted distribution in
Ghana.
Prospects Pellegriniodendron diphyllum will
remain of little importance as a timber tree
because the logs are usually too small and too
poorly shaped.
Major references Aubréville, 1959b; Aubréville, 1970; de Koning, 1983; Irvine, 1961;

Raponda-Walker & Sillans, 1961.
Other references Aubréville, 1968; Burkill,
1995; Diabate et al., 2005; Hawthorne, 1995;
Hawthorne & Jongkind, 2006; Lewis et al.,
2005; Normand & Paquis, 1976; Voorhoeve,
1979; White & Abernethy, 1997.

Authors R.H.M.J. Lemmens
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PEMPHIS ACIDULA J.R.Forst. & G.Forst.
Protologue Char. gen. pl., ed. 1: 34 (1775).
Family Lythraceae
Chromosome number 2n = 32
Vernacular names Small-leaved mangrove
(En). Bois matelot (Fr). Kilalamba kike (Sw).
Origin and geographic distribution Pemphis acidula is found along the east coast of
Africa from Somalia to Mozambique and on the
Indian Ocean islands. It is further found on
shores of tropical Asia and Australia, and on
islands of the Pacific Ocean.
Uses The hard and durable wood of Pemphis
acidula is used for house posts, fence posts,
tool handles, walking-sticks, domestic implements, turnery, anchors, boat nails and pestles.
It is also used for firewood and charcoal production. Along the East African coast the bark
has been used for tanning.
In Asia Pemphis acidula is occasionally planted as an ornamental, whereas the acid tasting
leaves are eaten raw or boiled as a vegetable.
In Vanuatu a filtered infusion of the bark is
used as an abortifacient, and in Indonesia the
bark is used to treat stomatitis.
Production and international trade Because of the small size and the poor form of the
bole of Pemphis acidula, as well as its limited
supply, the use of the wood is on a small and
local scale only. There is significant trade in
seeds and live plants, especially in Asia for
bonsai.
Properties The heartwood of Pemphis acidula is reddish brown to dark reddish brown,
turning dark brown upon exposure, and is
clearly differentiated from the pale, about 1 cm
wide sapwood. Thegrain is interlocked, texture

Pemphis acidula — wild

very fine. The woodis lustrous.
The wood is very heavy, with a density of
1100-1210 kg/m? at 15% moisture content. It
air dries well with little checking and warping.
The rates of shrinkage upon air drying are
moderate, from green to oven dry 5.4% radial
and 8.5% tangential for wood from the Philippines. The wood is very hard and very strong.
It is very difficult to work, but with care it
takes a high finish. It is very durable, being
resistant to dry-wood termite and Lyctus attacks.
The bark contains 19-43% tannin. In-vitro
tests of the bark showed an increased activity
on the amplitude and frequency of uterine contractions, which confirms the traditional use in
Vanuata as an abortifacient. Bark extracts
were found to have antibacterial, antioxidant

and topoisomerase I inhibitor activities. Four
galloyl flavonol glycosides with antioxidant
activity have been isolated from leaf extracts.
Botany Shrub to small tree up to 11 m tall;

bole usually gnarled and much branched; bark
surface dark grey, rough, reticulately flaking;
twigs angular, densely hairy, nodes thickened
with conspicuous leaf scars. Leaves opposite,
simple and entire, sessile; stipules absent;
blade obovate-oblanceolate to linear-lanceolate,
1-3.5 cm X 3-13 mm, cuneate at base, acute to

obtuse at apex, leathery to fleshy, silky-haired,
with only midrib distinct. Flowers solitary in
leaf axils, bisexual, regular, 6-merous, hetero-

stylous, sweet-scented; pedicel 5-13 mm long;
calyx bell-shaped, greenish, 12-ribbed, hairy,
with short lobes; petals inserted on calyx tube,
c. 5 mm X 4 mm, white or pink, early caducous;

stamens 12, inserted slightly below the middle
of the calyx tube, 6 longer ones alternating
with 6 shorter or all 12 nearly equal; ovary
superior, globose, c. 2 mm long, 3-celled, style
short or elongate. Fruit a globose capsule 4-6
mm long, purplish green, the upper part opening by a lid, many-seeded. Seeds c. 3 mm X 2
mm, with thick marginal wing, reddish.
Pemphis comprises a single species since Pemphis madagascariensis (Baker) Koehne, endemic to Madagascar, has been transferred to a
separate genus Koehneria. The developmentof
the tree corresponds to Attims’ architectural
model, characterized by axes with continuous
growth, differentiated into a monopodial trunk
and equivalent branches. Flowers show heterodistyly, with stamens and styles in 2 length
classes. Flowers are self-incompatible.
Ecology Pemphis acidula occurs at the
landward side of mangroves. It may also be
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found exposed to the ocean, but then often
partly sheltered by rocky shore, and it is occasionally even found below the high-water
mark.
Genetic resources and breeding Although
Pemphis acidula is extremely widespread, it is
uncommon along the east coast of mainland
Africa, and the most important threat is to its
habitat, i.e. mangrove vegetation, of which the
area is rapidly diminishing.
Prospects Increase of the use of Pemphis
acidula wood is unlikely in tropical Africa, but
the wood will remain of interest for specialty
uses.
Major references Graham, Tobe & Baas,
1986; Purnobasuki & Irawan, 1998; Tomlinson,
1986; Verdcourt, 1994.

Other references Bourdy et al., 1996;
Coode, 1993; Gilbert & Thulin, 1993; Gill &
Kyauka, 1977; Greenway, 1941; Hardjito, 2007;
Masudaet al., 2001; MMG, undated.
Authors C.H. Bosch
Based on PROSEA 5(3): Timber trees: Lesserknown timbers.

PETERSIANTHUS MACROCARPUS(P.Beauv.)
Liben
Protologue Bull. Jard. Bot. Etat 38: 207
(1968).
Family Lecythidaceae
Chromosome number 2n = 52
Synonyms
Combretodendron africanum
(Welw. ex Benth.) Exell (1930), Combretoden-

dron macrocarpum (P.Beauv.) Keay (1958).
Vernacular names Stinkwood tree, soap
tree (En).
Origin and geographic distribution Petersianthus macrocarpus is distributed from
Guinea eastward to the Central African Republic and southward to DR Congo and northern
Angola.
Uses The wood of Petersianthus macrocarpus is used for construction, carpentry, furniture, canoes, mortars, tool handles, sliced veneer and plywood. It is suitable for flooring,
mine props, vehicle bodies, railway sleepers,
sporting goods, toys, novelties, agricultural
implements and draining boards. It is valued
as firewood and for charcoal production.
In Côte d'Ivoire the bark is used as a purgative
and laxative and is considered abortifacient. In
Ghana bark decoctions are taken as expectorant, and in DR Congo as cholagogue and as a
cure for stomach pain, pneumonia and jaun-

Petersianthus macrocarpus — wild
dice. In Equatorial Guinea the bark is administered as anthelminthic and to cure cough. Bark
decoctions are widely used to clean wounds and
to promote wound healing. Hot bark is applied
to the skin against muscle soreness. In Gabon
leaf decoctions have been used orally and by
enemafor the treatment of haemorrhoids, constipation, paralysis and ulcerative wounds. In
Cameroonthe leaves are used as a medicine for
dysentery. Edible caterpillars, which feed on
the leaves, are collected and eaten after roasting orboiling.
Production and international trade Wood
of Petersianthus macrocarpus, known as‘essia’,

‘esia’, ‘abalé’, ‘abing’ and ‘owewe’, is mainly
used locally. Ghana has been exporting considerable volumes, predominantly as sliced veneer, but in 1998 still about 2350 m3 of logs
were exported.
Properties The heartwood is reddish brown,
darkening upon exposure and often speckled
with darker streaks, and is distinctly demarcated from the 4-10 cm thick, yellowish white
sapwood. The grain is straight to interlocked,
texture moderately coarse to fine. Quartersawn wood shows a nice ray figure. The green
wood produces an extremely unpleasant smell
whencut, but this disappears upon drying.
The wood is medium-weight to heavy, with a
density of 630-920 kg/m? at 12% moisture content, and moderately hard. Drying needs to be
done slowly to avoid splitting, checking, warping or even collapse. The rates of shrinkage are
high, from green to oven dry 4.3-6.8% radial
and 9.1-11.6% tangential. It is recommended
to quarter-saw logs before drying. Once dry,
the wood is moderately stable to unstable in
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service.
At 12% moisture content, the modulus of rupture is (76-)112-187 N/mm2, modulus of elasticity 7940-19,300 N/mm2, compression paral-

lel to grain 43-75 N/mm?, shear 8.5-14.5
N/mm?, cleavage 13-37 N/mm, Janka side
hardness 6360-9690 N, Janka end hardness
7070-10,400 N and Chalais-Meudon side

hardness 2.9-6.0.
The wood usually saws well, but sometimes
with some difficulty because of high density
and the presence of interlocked grain resulting
in a tendency of over-heating saw blades,
thereby charring sawn surfaces. A reduced
cutting angle of 20° or less is recommended in
planing to avoid picking up of grain at surfaces. The wood has a tendency to char in boring
and chiselling operations. It may split upon
nailing and screwing, and pre-boring is advised. It stains and polishes well whena filler
is used. The bending properties are poor. The
heartwood is moderately to fairly durable, with
contradictory reports on resistance to termites
and borers; it is quite resistant to fungal attacks. The sapwoodis fairly resistant to Lyctus
attack,

but

susceptible

to

blue

stain.

The

heartwood is resistant to impregnation by preservatives, but the sapwood is permeable.
The wood contains 39.5-40.5% cellulose, 29—
30% lignin, 14.5-15.5% pentosan, 0.4-0.6% ash
andlittle silica. The solubility is 6.2-9.6% in
alcohol-benzene, 2.1-3.3% in hot water and

18.3% in a 1% NaOH solution.
The bark contains high levels of sterols, tannins and saponosides, and tracesof flavonoids.
Bark extracts have shown strong filaricidal
effect against Loa loa. High concentrations of
bark extract act on smooth muscles, circulation, heart-muscles and interferes with the

oestrus cycle, conception and pregnancy. An
ethanolic leaf extract showed antiproliferative
activity on humancolon cancer cells (IC50 = 17
pg/ml).
Adulterations and substitutes In Ghana
Petersianthus macrocarpus wood has been suggested as a good substitute for the woods of
Uapaca guineensis Mill.Arg., Tieghemella
heckelii (A.Chev.) Roberty and Diospyros kamerunensis Gürke which have become scarce
as a result of exploitation.
Description Deciduous medium-sized to
large tree up to 45 m tall; bole branchless for
up to 25 m, usually straight and cylindrical, up
to 130 cm in diameter, thickened and slightly
fluted at base or with small buttresses; bark
surface longitudinally fissured and becoming

Petersianthus macrocarpus — 1, base of bole; 2,
flowering twig; 8, flower; 4, fruits.
Redrawn and adapted by W. Wessel-Brand
scaly, medium to dark brown, inner bark fibrous, cream-coloured to yellow-orangeor pinkbrown,

with

an

unpleasant

smell;

crown

rounded, fairly dense; twigs finely hairy, becoming glabrous. Leaves arranged spirally,
crowded towards the ends of twigs, simple;
stipules absent; petiole 0.5-2.5 cm long, narrowly winged; blade elliptical or obovate, 6-16
cm X 4—7 cm, base cuneate, apex acute to acu-

minate, margin entire to slightly wavy or
slightly toothed, papery, nearly glabrous, pinnately veined with 6-12 pairs of lateral veins.
Inflorescence a terminal panicle or raceme up
to 10 cm long, short-hairy. Flowers bisexual,

regular, 4-merous; pedicel 1.5-2 mm long,
jointed below the middle; sepals broadly ovate,
c. 2 mm X 2 mm, attached to winged receptacle;
petals broadly elliptical, c. 7 mm X 7 mm, white
to pale green, soon caducous; stamens numerous, fused at base, c. 1 cm long, early caducous;
ovary inferior, 2-celled, style straight, c. 1 cm
long. Fruit a spindle-shaped nut, with 4 papery
wings up to 7 cm X 38.5 cm, indehiscent, 1seeded. Seeds spindle-shaped, 1—1.5 cm long.
Seedling with epigeal germination; hypocotyl c.
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5 cm long, epicotyl very short; cotyledonsleafy,
elliptical to ovate, 1-1.5 cm long, erect; leaves
arranged spirally, nearly sessile, margins finely toothed.
Other botanical information Petersianthus comprises only 2 species, one in Africa and
the other endemic to the Philippines.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 27: intervessel pits large (> 10
tum); 80: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 31: vessel-ray pits with
much reduced borders to apparently simple:
pits rounded or angular; 32: vessel-ray pits
with much reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to
vertical (palisade); 33: vessel-ray pits of two
distinct sizes or types in the sameraycell; 42:
mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre; 56: tyloses common. Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present: 70:
fibres very thick-walled. Axial parenchyma:
(76: axial parenchyma diffuse); 79: axial parenchyma vasicentric; 80: axial parenchyma aliform; 82: axial parenchyma winged-aliform; 83:
axial parenchymaconfluent; 92: four (3-4) cells
per parenchyma strand; 93: eight (5-8) cells
per parenchymastrand; 94: over eight cells per
parenchyma strand. Rays: (97: ray width 1-3
cells); 98: larger rays commonly 4- to 10seriate; (102: ray height > 1 mm); 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2—4 rows of upright and/or square marginal cells; 110: sheath
cells present; 113: disjunctive ray parenchyma
cell walls present; 115: 4-12 rays per mm.
Mineral inclusions: 136: prismatic crystals
present; (137: prismatic crystals in upright
and/or squareraycells); 138: prismatic crystals
in procumbentraycells.
(L. Awoyemi, A.A. Oteng-Amoako & P. Baas)
Growth and development Growthof seedlings is slow; after 9 months they reach about
11 cm tall. When planted in full sun, seedlings
were only 75 cm tall after 5 years, but in moderate shade they reached about 1 m tall 4 years
after planting.
Although Petersianthus macrocarpusis considered to be an indicator of disturbances in the

forest, seedlings have been reported to tolerate
some shade and are most common in small
forest gaps; saplings can be found in small as
well as larger gaps.
Trees are leafless for a short period towards
the end of the dry season. Leaves turn red before shedding. In Liberia and Côte d'Ivoire
flowering is irregular but peaks around December and May. During flowering the ground
under the tree is covered with fallen petals and
stamens with a penetrant and unpleasant
smell. It has been reported that abundant
fruiting occurs twice a year. The fruits are dispersed by wind. In forests where elephants are
present, Petersianthus macrocarpus trees have
strongly swollen bases as a reaction to regular
debarking. After debarking the bark grows
back not only from the edge of the injury but
also from pores in the wood which speeds up
recovery and results in reduced rates of infection.
Ecology In Liberia Petersianthus macrocarpus is most common in moist semi-deciduous
forest and more uncommonin evergreenforest,
but in Côte d'Ivoire and Ghana it seems to be
more abundantin evergreen forest and transitional zones between evergreen and moist
semi-deciduous forest. It apparently does not
tolerate waterlogging for longer periods. In
Central Africa it is reported to be characteristic
for secondary forest. In southern Cameroon it
is frequently found in agroforestry plantations
of cocoa. Petersianthus macrocarpus prefers
regions with an annual rainfall of about 2000
mm.
Propagation and planting In Guinea and
Côte d'Ivoire seeds are best collected in January—February(—April) and August. There are
about 4300 seeds per kg. The germination rate
is only 15-25%, and manyfruits do not develop
a viable seed or are attacked by insects. Germination starts 3.5—7(—10) weeks after sowing.
Seedlings are ready for planting after 1 year.
In planting tests in Guinea, mortality was
quite high, particularly when seedlings had
been planted in full sun.
ManagementIn forest in southern Cameroon, the average density of Petersianthus
macrocarpus trees with a bole diameter of
more than 60 cm is 0.3—0.4 trees per ha, with a
mean wood volume of 1.5—3 m3 per ha. In Gabon the mean wood volume has been reported
as 0.2 m3/ha. Trees can be coppiced.
Harvesting In Ghana, Central African Republic and Gabon, the minimum bole diameter
allowed for felling is 70 cm. In 2001 it was 50
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em in Cameroon.
Yield A bole felled in south-western DR
Congo branchless for 20.5 m and with a diameter of 85 cm yielded 7.7 m3 of wood.
Handling after harvestIt has been recorded that freshly felled logs were subject to pinhole borer attack, but in general logs do not
deteriorate rapidly whenleft in the forest after
felling, although deep splits may develop after
a longer time. Freshly felled logs are too heavy
to be transported by river.
Genetic resources Petersianthus macrocarpus is fairly widespread in West and Central Africa and occurs commonly in secondary
forest. Export volumes are low, certainly so
from Ghana. It is rarely harvested for the international timber market and not commonly
cut for local use because of the unpleasant

PHYLLARTHRON MADAGASCARIENSE

K.Schum.
Protologue Engl. & Prantl, Nat. Pflanzenfam. IV, 3b: 250, t. 93H (1895).
Family Bignoniaceae
Origin and geographic distribution Phyllarthron madagascariense is endemic to Madagascar, where it is widespread in the eastern
and central parts of the island. It is commonly
planted in Madagascar.
Uses The tough wood, known as ‘zahana’, is

traditionally used for the handles of weapons,
especially of assegais. It is also in demandfor
bridges, fence posts, mine props and railway
sleepers because of its durability. It is suitable
for heavy flooring and framework, joinery, interior trim, vehicle bodies, sporting goods, toys,

present the species is not threatened.
Prospects Petersianthus macrocarpus wood
has been suggested as a substitute of other
more durable woods which have been over-

novelties, agricultural implements and turnery.
The fruits are edible although not very palatable, with a consistency andtaste of dried banana. The stem bark is used in traditional medi-

exploited. However, little information is avail-

cine to treat diarrhoea, inflammations, wounds

able on growth rates, propagation andsilvicultural aspects, but the data available suggest
that low rates of regeneration may hamper
sustainable exploitation from natural forest.
More researchis justified in the lightofits fair
wood quality, good bole shape andsize andits
preference for disturbedforest.
Major references CIRAD Forestry Department, 2008; de Koning, 1983; Fouarge &
Gérard, 1964; Irvine, 1961; Liben, 1971; Siepel,
Poorter & Hawthorne, 2004; Tailfer, 1989;
Takahashi, 1978; Voorhoeve, 1965; White &
Abernethy, 1997.
Other references Addae-Mensah & Ayar-

and cough. The leaves are applied externally to
treat sores, whereasleaf decoctions are administered against blennorrhoea, and as antineuralgic and relaxant. Men drink tea made from
the leaves to treat impotence.
Properties The heartwood is yellowish
brown and distinctly demarcated from the
sapwood. The grain is straight, sometimes
slightly interlocked, texture moderately fine.
The wood is very heavy, with a density of
1050-1210 kg/m? at 12% moisture content. The
wood air dries very slowly with little degrade,
although there is a slight tendency to surface
checking. The rates of shrinkage from green to

smell and the hardness of the wood. Hence, at

kwa, 1998; Aubréville, 1959c; de la Mensbruge,

1966; Fouarge, Quoilin & Roosen, 1970;
thorne, 1995; Hawthorne & Jongkind,
Keay, 1954c; Kouitcheu-Mabeku, Kuiate
same, 2011; Mangenot & Mangenot,

Haw2006;
& Es1962;

Mengome et al., 2009; Mengome et al., 2010;

Nkeoua & Boundzanga, 1999; Normand &
Paquis, 1976; Oteng-Amoako (Editor), 2006;
Sallenave,

1955; Sallenave,

1964; Sallenave,

1971; Senterre & Lejoly, 2001; Terashima &
Ichikawa, 2003; Wilks & Issembé, 2000.
Sources of illustration Liben, 1971; Voor-

hoeve, 1965; Wilks & Issembé, 2000.
Authors F.W. Owusu
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530

TIMBERS 2

oven dry are quite high, 5.0-6.9% radial and
7.2-13.6% tangential. At 12% moisture content, the modulus of rupture is 214-282
N/mm?2, modulus of elasticity 14,800-23,540
N/mm2, compression parallel to grain 90-122
N/mm?, shear 11 N/mm?, cleavage 23 N/mm

and Chalais-Meudonside hardness 9.1—15.3.
The woodis rather difficult to saw and work.
The use of stellite-tipped sawteeth is recommended. It can be finished to a smooth surface.
Pre-boring is needed in nailing. The wood
glues, stains and polishes satisfactorily. It is
very durable. It is resistant to impregnation
with preservatives.
The roots, heartwood and stem bark contain
lapachol, a knownelicitor of contact dermatitis.

The roots and heartwood also contain sesamin,
which also may cause contact allergy. Several
iridoid and phenethyl glycosides were isolated
from the leaves, as well as flavonoids.
Botany Evergreen, small to medium-sized
tree up to 20(—40) m tall; bole branchless for up
to 15 m, usually straight, sometimesfluted at
base, up to 80 cm in diameter; bark surface
fissured, blackish, inner bark fibrous; twigs

glandular hairy. Leaves opposite, occasionally
in whorls of 3, consisting of 2 flattened and
winged articles formed by petiole and rachis,
without leaflets; stipules absent; basal article
obovate-oblong, 4.5-15 cm x 1.5—4 cm, terminal

article elliptical to oblong-lanceolate, 4-19 cm
x 1-5.5 cm, leathery, glabrous, pinnately
veined with numerous lateral veins. Inflorescence an axillary or terminal cyme or raceme, up to 20-flowered. Flowers bisexual, zygomorphic, 5-merous, large; pedicel 0.5—1 cm
long; calyx campanulate, 0.5—1 cm long, ribbed;
corolla funnel-shaped but narrowly cylindrical
at base, 3—-4(—5) cm long, 2-lipped with 2 upper
and 3 lower obtuse lobes, white to pink or purplish red,

with yellow markings in throat,

hairy; stamens 4 in 2 unequal pairs, inserted

car. It can be easily recognized by its leaves
consisting of flattened articles (phyllodes) and
by its large, sticky, indehiscentfruits.
Phyllarthron articulatum (Desf. ex Poir.)
K.Schum. is a small to medium-sized tree up to
25 m tall that is widespread in eastern Madagascar. It differs from Phyllarthron madagascariense in its leaves having 3-5 articles. Its
wood is similar, also known as ‘zahana’, and

used for the same purposes. Other Phyllarthron spp. are either too small trees or occur
too local to be of importance for their timber.
However, some of them are used in traditional
medicine.
Ecology Phyllarthron madagascariense usually occurs in more humid typesof forest, often
in littoral forest on sand, but up to 1600(—2200)
m altitude.
Genetic resources and breeding There
are no indications that Phyllarthron madagascariense or Phyllarthron articulatum are immediately threatened. Both species are comparatively widespread and locally common in
eastern Madagascar, whereas they are also
locally planted.
Prospects Information on propagation, planting and growth rates of Phyllarthron madagascariense and other Phyllarthron spp. is needed
before their prospects as timber plantation
trees can be judged.
Major references Bolza & Keating, 1972;
Guéneau, Bedel & Thiel, 1970-1975; Perrier de
la Bathie, 1938; Rakotovao et al., en préparation; Takahashi, 1978.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Debray, Jacquemin & Razafindrambao, 1971; Guéneau, 1971a; Harinantenaina et al., 2001; Hudson, Lee & Rasoanaivo, 2000; Parant, Chichignoud & Rakotovao,

1985; Sallenave, 1955; Sallenave, 1964; Schatz,
2001; Tillequin, Henri & Paris, 1977.

Authors R.H.M.J. Lemmens

on the corolla, included; disk annular; ovary

superior, c. 3 mm long, slightly 4-angled, 2celled, style slender, 12-15 mm long. Fruit a
fleshy spindle-shaped berry 6—8 cm x c. 2 cm,
smooth, covered with sticky resin, indehiscent,

many-seeded. Seeds globose to obovoid, 1—1.5
cmlong.
Phyllarthron madagascariense flowers and
fruits from November to May. The flowers are
pollinated by large insects such as bees and by
sunbirds. The fruits are eaten by lemurs, which
probably disperse the seeds.
Phyllarthron comprises about 15 species and is
restricted to Comoros (1 species) and Madagas-

PHYLLOCOSMUSAFRICANUS(Hook.f.) Klotzsch
Protologue Abh. Königl. Akad. Wiss. Berlin
1856: 232 (1857).
Family Ixonanthaceae
Synonyms Ochthocosmus africanus Hook.f.
(1848).
Origin and geographic distribution Phyllocosmus africanus occurs from Guinea Bissau
to the Central African Republic and DR Congo.
Uses The woodis used for poles and posts in
hut and housebuilding, and for carpentry. It is
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easily, but it can be planed and finished to a
smooth surface. It holds nails well, although it
has a slight tendency to split. It is moderately
durable, being moderately resistant to fungi
but quite resistant to termite and marine borer
attacks. The sapwood is susceptible to Lyctus.
Botany Evergreen large shrub or small to
medium-sized tree up to 20(-35) m tall; bole
branchless for up to 17 m but usually much
shorter, usually straight and cylindrical, up to
80(-100) em in diameter, often with many adventitious shoots at base; bark surface slightly
longitudinally fissured, with numerous small
lenticels, greyish to nearly black, inner bark
fibrous, reddish to dark brown; crown large,
with slightly sinuous and drooping branches;
twigs glabrous. Leaves alternate, simple; stipPhyllocosmus africanus — wild

ules minute, caducous; petiole up to 0.5 cm

suitable for hydraulic construction work, flooring, mine props, ship building and railway
sleepers, but not recommended for joinery,

cm X 2-6.5 cm, cuneate at base, acuminate at

long; blade ovate to elliptical or obovate, 5-18

interior trim, furniture, musical instruments,

toys, novelties, carvings and turnery. Thepliable twigs are used to maketraps for game. The
wood is considered a good firewood and is also
popular for charcoal production, especially in
demandbytraditional blacksmiths.
The bark is used in traditional medicine. Bark

apex, with glandular teeth at margins towards
apex of leaf, papery, glabrous, pinnately veined
with 5-7 pairsof lateral veins. Inflorescence an
axillary raceme up to 10 cm long, short-hairy.
Flowers bisexual, regular, 5-merous; pedicel 1—
3 mm long; sepals slightly fused at base, ovateoblong, c.

1.5 mm long; petals free, ovate-

oblong, 3-4 mm long, whitish to yellowish;
stamens alternating with petals, slightly fused

decoctions are taken to treat diarrhoea, dizzi-

at base, up to 5 mm long; ovary superior, ovoid,

ness, stiffness and dysmenorrhoea, and as anodyne.
Production and international trade The
wood of Phyllocosmus africanus is only used
locally and not traded on the international
timber market.
Properties The heartwood is brownto reddish brown anddistinctly demarcated from the
fairly wide, yellowish brown sapwood. The
grain is straight or slightly interlocked, texture
fine. Quarter-sawn surfaces show darker
streaks or a ribbon figure. The wood contains
some gum.
The wood is heavy, with a density of 915-965
kg/mat 12% moisture content, and hard but
rather brittle. It should be air dried with care
to avoid serious degrade. The rates of shrinkage are very high, from green to oven dry about
9.2% radial and 14.3% tangential. It is recommended to quarter-saw logs before drying.
Once dry, the wood is unstable in service.
At 15% moisture content, the modulusof rupture is 180-210 N/mm2, compression parallel to

c. 0.5 mm long, style 3-4 mm long, stigma 5lobed. Fruit an ovoid to nearly globose capsule
4—6 mm x 2.5-5 mm, dehiscent with 5 valves,
1—3-seeded, with persistent sepals and petals
at base. Seedsellipsoid, c. 3 mm long, enclosed
by a reddish aril. Seedling with epigeal germination; hypocotyl 2-4 cm long, epicotyl very
short; cotyledonsleafy, elliptical, 6-8 mm long;
first leaves alternate.
In Côte d'Ivoire trees usually flower in June—
August, but they can also be found flowering in
December-March. The flowers are fragrant
and visited by flies, which are probably the
main pollinators. Fruits take about 3 months
to ripen after flowering. The seeds, with their

grain 68-79 N/mm?, shear 4 N/mm?, cleavage

22.5 N/mm and Chalais-Meudon side hardness
6.8. The wood saws slowly and does not work

reddish arils, are eaten by birds, which serve

as seed dispersers.
Phyllocosmus comprises about 5 species and is
restricted to Africa. It has long been included
in Ochthocosmus, which is now considered to

be restricted to tropical America.
Phyllocosmus lemaireanus (De Wild. & T.Durand)
T.Durand & H.Durand (synonym: Ochthocosmus lemaireanus De Wild. & T.Durand) is a
shrub or small tree up to 10(—20) m tall, occurring in southern DR Congo, Tanzania, Malawi,
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Zambia, Angola and northern Mozambique. Its
wood is used for poles in house building and as
firewood. Twigs are used as tooth brush, and
the smoke from the wood is inhaled to treat
colds, cough and sore eyes. Root decoctions are
taken as vermifuge.
Ecology Phyllocosmus africanus occurs in
various lowland forest types up to about 500 m
altitude, from rather dry to moist forest, periodically inundated forest and gallery forest,
sometimes even in wooded savanna and on
termite mounds in savanna. In theforest, it is
often an understoreytree.
Management Fruits are usually picked
from the tree before they open, and the small
seeds are collected from the dehisced fruits
after drying in the shade. The germination rate
is 30-40%; seeds start germinating 3-6 weeks
after sowing. Seedlings prefer shade. In timber
production forest, Phyllocosmus africanus is
often considered a weedy species, which was
formerly sometimes killed by girdling or poisoning, e.g. by sodium arsenite. The tree boles
are often small and short, yielding limited
amounts of wood, but a bole of 17 m long with a
diameter of 70 cm felled in DR Congo yielded
5.5 m3 of wood.
Genetic resources and breeding Phyllocosmus africanus is widespread and locally
common in various forest types and is not exploited on a large scale. Consequently, it is not
liable to genetic erosion.
Prospects The boles are usually too small to
be of interest for commercial timber exploitation. Moreover, the woodis rather difficult to
dry, saw and work. Phyllocosmus africanus
and other Phyllocosmus species will remain of
someinterest for local applications, especially
for poles in construction.
Major references Badré, 1972d; Bolza &
Keating, 1972; Burkill, 1994; Fouarge, Gérard
& Sacré, 1953; Wilezek & Boutique, 1958.
Other references Aubréville, 1959b; Badré,

1973c; Chilufya & Tengnäs, 1996; de Koning,
1983; Hawthorne, 1995; Hawthorne & Jong-

Placodiscus pseudostipularis — wild
discus pseudostipularis is distributed in Sierra
Leone, Liberia, Céte d’Ivoire and Ghana.

Uses In Liberia the wood of Placodiscus
pseudostipularis is used for poles in house
building and for tool handles. It has similar
characteristics concerning quality and aspect
as the wood of European walnut (Juglans regia
L.), and is suitable for similar purposes such as
first-class cabinet work and veneer. It is also
used as firewood. The bark, soaked in water, is

used as an embrocationto give relief to aching
feet and legs.
Properties The heartwood is pale to dark
brown. The grain is usually straight, texture
fine. The woodis fairly lustrous. It is heavy
with a density of about 800-920 kg/m? at 12%
moisture content, hard and strong. The rates of
shrinkage during drying are medium. Once
dry, the wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 131-153 N/mm?, modulus ofelasticity
17,540 N/mm?, compression parallel to grain
49-57 N/mm?, Janka side hardness 17,760 N
and Chalais-Meudon side hardness 5.3-6.1.
The wood is somewhatbrittle and moderately
difficult to saw and work due to its hardness,

Paquis, 1976; Savill & Fox, 1967: Tailfer, 1989.
Authors R.H.M.J. Lemmens

but can be finished smoothly. It is durable.
The leaves contain saponins and tannins.
Description Dioecious small tree up to 15 m

PLACODISCUS PSEUDOSTIPULARIS Radlk.

to 30 cm in diameter; bark surface finely plated
or covered with bumps and warts, greenish

kind,

2006;

Neuwinger,

2000:

Normand

&

tall; bole slender, often crooked or twisted, up

black, inner bark dark reddish brown; twigs

Protologue Sitz.-Ber. Bayer. Akad. 20: 242
(1890).
Family Sapindaceae
Origin and geographic distribution Placo-

glabrous. Leaves alternate, paripinnately compound with 2 pairs of leaflets, sessile; rachis 1—
9 cm long; petiolules up to 8 mm long;leaflets
ovate to elliptical, obovate or lanceolate, lower
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leaflets 2-6 cm x 1-4 cm, usually clasping stem
and resembling stipules, upper leaflets 6-24
cm X 1.5-8 cm, cuneate at base, acuminate at
apex, margins thickened, leathery, glabrous,

pinnately veined with 7-12 pairs of lateral
veins and with reticulate fine nervation. Inflorescence an axillary false raceme up to 35 cm
long. Flowers unisexual, regular, pale green,
nearly sessile; calyx with tube c. 3.5 mm long
and wide, with 5 short lobes, hairy; petals absent; stamens8, free; disk hairy; ovary superior, 3-lobed and 3-celled; male flowers with rudimentary ovary, female flowers with reduced
stamens. Fruit a 1—2-lobed berry up to 3 cm
long, short-hairy when young but becoming
glabrous, yellow to orange when ripe, with
fleshy whitish pulp, indehiscent, 1—2-seeded.
Seeds ellipsoid, laterally flattened, pale brown.
Seedling with hypogeal germination.
Other botanical information Placodiscus
comprises about 15 species and is restricted to
tropical Africa. Even though most species are
only small understorey trees, the wood is appreciated for its strength and resilience. This
maybe the case for at least the following specles.
Placodiscus bancoensis Aubrév. & Pellegr. is a
small tree up to 15 m tall, occurring locally in
evergreen forest in Côte d'Ivoire and Ghana,
where it is considered vulnerable. The bark has
been used to treat asthma.
Placodiscus boya Aubrév. & Pellegr., a small to
medium-sized tree up to 20 m tall, occurs in
closed forest in Côte d'Ivoire and Ghana, where
it can be quite common. The limited distribution area and the severe loss of its habitat render it vulnerable.
Placodiscus glandulosus Radlk. is a small forest tree of Nigeria, Cameroon and Gabon, hav-

ing very strong heartwood.
Placodiscus paniculatus Hauman, a small to
medium-sized tree up to 25 m tall and with a
bole diameter up to 40 cm, is endemic to northeastern DR Congo and considered vulnerable.
The wood is reddish, very hard and used to
manufacture arrows. Thefruit is eaten.
Placodiscus riparius Keay is confinedto riparian, flooded forest of Guinea Bissau, Guinea,
Sierra Leone and Liberia, and is a small tree

up to 10 m tall.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-

lygonal; 25: intervessel pits small (4—7 um); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 41: mean tangential diameter of
vessel lumina 50-100 um; 47: 5-20 vessels per
square millimetre; 58: gums and other deposits
in heartwood vessels. Tracheids andfibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 69: fibres thin-

to thick-walled; (70: fibres very thick-walled).
Axial parenchyma: (78: axial parenchyma
scanty paratracheal); 79: axial parenchyma
vasicentric; (80: axial parenchyma aliform);
(85: axial parenchyma bands more than three
cells wide); 89: axial parenchyma in marginal
or in seemingly marginal bands; 91: two cells
per parenchymastrand; 92: four (8—4) cells per
parenchymastrand. Rays: 96: rays exclusively
uniseriate; (97: ray width 1-3 cells); 104: all
ray cells procumbent; (106: body ray cells procumbent with one row of upright and/or square
marginalcells); 116: > 12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 138:
prismatic crystals in procumbentray cells; 142:
prismatic crystals in chambered axial parenchymacells.
(S. N’Danikou, P. Baas & H. Beeckman)
Growth and development Placodiscus pseudostipularis grows slowly. In Côte d'Ivoire it
flowers in July and fruits mature in February—
March.
Ecology Placodiscus pseudostipularis occurs
in the understorey of evergreen forest.
Propagation and planting There are
about 100 seeds per kg. The germination rate
is quite high and germination starts 10-30
days after sowing.
Management In forest managed for commercial timber production Placodiscus pseudostipularis is usually considered and treated as
a weed.
Genetic resources Placodiscus pseudostipularis is on the IUCN Red List as ‘endangered’.
The effects of reduction in forest area in West
Africa have been severe for this species.
Prospects For commercial timber producers
Placodiscus pseudostipularis and other Placodiscus spp. are not very interesting because of
the small size and often poor shape of the bole
and their slow growth. They will remain of
some local importance because of the excellent
wood properties for special purposes such as
high-quality cabinet work, or where durability
is required for instance for poles in house
building.
Major references Bouquet & Debray, 1974;
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Chevalier, 1909; Cooper & Record, 1931; Kryn
& Fobes, 1959; Sallenave, 1955; Takahashi,
1978.
Other references Burkill, 2000; de Koning,

1983; de la Mensbruge, 1966; Fouilloy & Hallé,
1973a; Hall, 1980; Hauman, 1960; Hawthorne,
1995; Hawthorne, 1998; Hawthorne & Jongkind, 2006; Hegnauer, 1990; Keay, 1958);
Ndjele, 1998; Normand, 1955.

Authors C.H. Bosch

POGA OLEOSA Pierre
Protologue Bull. Mens. Soc. Linn. Paris 2:
1254 (1896).
Family Anisophylleaceae
Vernacular names African brazil nut, inoi

nut (En). Erable d'Afrique (Fr).
Origin and geographie distribution Poga
oleosa occurs in southern Nigeria, Cameroon,

Equatorial Guinea and Gabon.
Uses The wood, known in Cameroon as ‘ovo-

ga’ and in Gabon as ‘afo’, is used for joinery,
interior trim, furniture, boxes, crates, veneer,

plywood, particle board and fibre board. It is
traditionally used for canoes. It is suitable for
light construction, vehicle bodies, musical instruments, toys, novelties, vats and turnery.

The sweet fruit pulp is edible. The seeds can be
eaten fresh or after roasting. They are often
added to sauces. They resemble the brazil nut
(Bertholletia excelsa Humb. & Bonpl.) from
tropical America in flavour and taste. The seed
oil has some resemblance to olive oil and
groundnut oil, and is used for cooking. The
residual meal remaining after expression of the
oil is suitable as feed for cattle. Bark decoctions

Poga oleosa — wild

are taken as emetic, whereas powdered bark is

applied to wounds and skin diseases. The stone
wall of the fruit is burnt and pulverized, and
then applied to soothe toothache. Seed oil is
taken as purgative in the treatment of gonorrhoea and as a massage oil. The bark, which is
rich in tannin, has been used for dyeing cloth
blackish.
Production and international trade The
wood of Poga oleosa has been exported in small
amounts from Cameroon and Gabon. In 1961
Cameroon exported 1300 m? of logs. Gabon
exported on average 230 m3 of sawn wood in
the period 1959-1964 and Equatorial Guinea
3200 m3/year of logs in the period 1959-1968.
The export of logs from Gabon was 100 m3 in
2003, 265 m3 in 2004 and 780 m3 in 2005. In
Gabon a ban on commercial exploitation has
been introduced in 2009 for a period of 25
years. Seeds are fairly commonly available on
local markets in Cameroon and Gabon. They
are imported in Equatorial Guinea from Cameroon.
Properties The heartwood is pinkish white
to pinkish brown, becoming greyish upon exposure, and distinctly demarcated from the white
to greyish, 2-5 cm wide sapwood. The grain is
straight to slightly wavy, texture coarse. Quarter-sawn surfaces show a silver-grain figure.
The woodis lustrous.
The woodis lightweight, with a density of 400—
500 kg/m? at 12% moisture content. It air dries
and kiln dries fairly rapidly, with some risk of
distortion, checking and warping in backsawn
boards. However, the drying rates of boards are
quite variable. The rates of shrinkage are moderate, from green to oven dry 2.5-3.2% radial
and 6.9-9.6% tangential. Once dry, the woodis
moderately stable in service.
At 12% moisture content, the modulusof rupture is 78-90 N/mm2, modulus of elasticity
6370-7160 N/mm2, compression parallel to
grain 35-38 N/mm?, shear 6-6.5 N/mm?, cleavage 7.5-13 N/mm and Chalais-Meudon side
hardness 0.9-1.8.
The wood is easy to saw and work with ordinary equipment. Planing is somewhatdifficult
due to the coarse texture. The use ofa filler is
needed to obtain a good finish and polish, and
also for painting and varnishing. The nailing
and screwing characteristics are satisfactory,
as well as the gluing properties. The wood
peels and slices well, producing good-quality
veneer. It is moderately durable, being moderately resistant to fungi, fairly resistant to drywood borers and susceptible to termites. The
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wood is easy to treat with preservatives.
The weight of 100 dry seeds is about 80 g. The
seeds contain per 100 g: total mineral matter
3.8 g, protein 19 g, fat 69 g, cellulose 0.6 g and
other extractive matters 6.5 g. Hexane extraction of the seeds resulted in an oil which is
fluid at ambient temperature and is mainly
composed of triglycerides. Methanolic fruit
extracts showed anti-inflammatory activity,
inhibiting carrageenan-induced paw oedemain
rats, and antibacterial activity against Staphylococcus aureus and Bacillus subtilis.
Adulterations and substitutes Thefruit of
Poga oleosa strongly resembles that of Panda
oleosa Pierre, which is used for similar purposes but differs in the more smooth stone.
Description Evergreen, medium-sized to
large tree up to 40(—45) m tall; bole branchless
for up to 20 m, usually straight and cylindrical,
up to 100(-150) cm in diameter, often with
broad and rounded buttresses; bark surface
smooth to rough or irregularly scaly, grey to
greyish brown, inner bark granular, pink with
whitish bands; crown rounded, with large, ascending branches; twigs glabrous. Leaves al-

ternate, simple; stipules up to 1.5 cm long, early caducous; petiole 1-2 cm long, stout; blade

broadly elliptical, 7-15 cm x 5-7 cm, rounded
at base and apex, marginsentire but slightly
inrolled, leathery, glabrous, with glandular
dots below, glossy, pinnately veined with numerous lateral veins. Inflorescence a panicle
composed of spikes, short-hairy, manyflowered. Flowers usually functionally unisexual, regular, 4-merous, small, whitish, sessile;

sepals fused at base, triangular, c. 1.5 mm
long; petals free, c. 3 mm long, 5—7-lobed with
gland at apex of the slender lobes; stamens 8,
free, nearly sessile; ovary inferior, 4-celled,

styles 4, short. Fruit a globose to ellipsoid,
fleshy drupe 4—7 cm in diameter, greenish with
numerous brownish lenticels; stone nearly globose, 3.5-5 cm in diameter, distinctly rippled,
very hard, 2—4-seeded. Seeds ovoid, 2—2.5 cm x
1-1.5 cm, brown, oily.
Other botanical information Poga comprises a single species, andis classified together with Anisophyllea (pantropical), Combretocarpus(tropical Asia) and Polygonanthus(tropical America) in the family Anisophylleaceae.
Formerly these genera have been included in
Rhizophoraceae.
Anatomy Wood-anatomical description (AWA
hardwood codes):

Growthrings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small (4-7 pm);
26: intervessel pits medium (7-10 um); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 43: mean tangential diameter of
vessel lumina = 200 um; 46: < 5 vessels per
square millimetre; (58: gums and other deposits in heartwood vessels). Tracheids and fibres:
61: fibres with simple to minutely bordered
pits; (62: fibres with distinctly bordered pits);
66: non-septate fibres present; (68: fibres very
thin-walled); 69: fibres thin- to thick-walled.
Axial parenchyma: 79: axial parenchyma vasicentric; 80: axial parenchyma aliform; 82:

axial parenchyma winged-aliform; 83: axial
parenchymaconfluent; (92: four (3-4) cells per

Poga oleosa — 1, base of bole; 2, flowering twig;
3, part of branch with fruit; 4, fruit stone.
Redrawn and adapted by W. Wessel-Brand

parenchyma strand); 93: eight (5-8) cells per
parenchyma strand; (94: over eight cells per
parenchyma strand). Rays: 98: larger rays
commonly 4- to 10-seriate; 99: larger rays
commonly > 10-seriate; 102: ray height > 1
mm; 103: rays of two distinct sizes; 106: body
ray cells procumbent with one row of upright
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and/or square marginal cells; 107: body ray
cells procumbent with mostly 2-4 rows of upright and/or square marginal cells; 109: rays
with procumbent, square and upright cells
mixed throughout the ray; (110: sheath cells
present); 114: < 4 rays per mm; 115: 4-12 rays
per mm.
(N.P. Mollel, P.E. Gasson & E.A. Wheeler)
Growth and development In a test in Gabon, 57% of seedlings planted in the open survived after one year and 87% of seedlings
planted in the undergrowth of opened-up forest; after 6 years the survival rates were 18%
and 76%, and after 11 years 8% and 61%, respectively. The young trees in the opened-up
forest reached an average height of 22 m and a
mean bole diameter of 24 cm 11 years after
planting. Poga oleosa is classified as a shade
bearer.
In Cameroon fruits ripen in June-August and
January—March. Trees produce fruits about
once every two years. The fruit stones are dispersed by elephants which eat the fruits. However, in a test in Cameroon, stones collected

from elephant dung as well as fresh stones
failed to germinate within the test period of
one year. Gorillas also eat the fruits.
Ecology Poga oleosa is a canopy tree of lowland humid evergreen forest, where it is often
found in valleys, also in swampforest. It may
be found in secondary forest associated with
okoumé (Aucoumea klaineana Pierre), where it
often shows better growth than the latter species. It is sometimesa relic in farmland.
Propagation and planting The germination of fruit stones is irregular and maytake a
long period. Wildlings can be used for planting,
but they are often rare in the forest.
Management In general, Poga oleosa is
quite uncommonin theforest; only locally it is
more common or even abundant. In forests in
south-western Cameroon, the average density
of Poga oleosa trees with a bole diameter of
more than 60 cm is 0.06 per ha, with an aver-

age wood volume of 0.62 m%/ha. In Gabon the
average wood volume has been recorded as
0.56 m3/ha. The trees are sometimes left standing after forest clearance because they are valued by the local population for their oil-rich
seeds.
In Gabon Poga oleosa has been planted in reforestation projects. It was considered promising, but needed to be planted under light to
moderate shade conditions.
Diseases and pests In Gabon longicorn
beetles have been recorded as a common pest

in standing trees.
Yield A bole branchless for 18 m and with a
diameter of 90 cm may yield 10 m? of wood.
The mean weight of the fruit is 90 g, that of the
stone 40 g, and thatof the seed 5 g.
Handling after harvest Logs should be
removed rapidly from the logging sites after
harvesting because they are moderately susceptible to attacks by fungi and insects.
Genetic resources Poga oleosa has a restricted area of distribution and is usually not
abundantin the forest. It might be easily liable
to genetic erosion, although it has been excluded from commercial exploitation in Gabon.
Prospects Although Poga oleosa is a multipurposetree which is not only importantfor its
timber, but also for its edible, oil-rich seeds and
as medicinal plant, little is known about many

aspects, particularly about silviculture, management and propagation. At present, Poga
oleosa does not seem to have good prospects for
more intensified timber exploitation. However,
tests in Gabon showed rapid growth of seedlings planted in the undergrowth of opened-up
forest, and this may offer possibilities for enrichment planting in natural forest. The main
difficulty is the irregular and slow germination
of seeds.
Moreresearch is needed on the properties and
market opportunities of the seed oil. Some applications in traditional medicine have been
confirmed by pharmacological studies, and this
may offer possibilities for drug development.
Major references Bolza & Keating, 1972;
Burkill,

1997; CIRAD Forestry Department,

2008; CTFT, 1950b; Eyog Matig et al. (Editors),
2006; Ogbole et al., 2007; Raponda-Walker &
Sillans, 1961; Vivien & Faure, 1985; Vivien &
Faure, 1996; Wilks & Issembé, 2000.
Other references Chudnoff, 1980; de SaintAubin, 1963; Gassita et al. (Editors), 1982;
Keay, 1989; Koumba Zaouet al., 1998; Louppe

et al, 1999; Nchanji & Plumptre, 2003;
Neuwinger, 2000; Normand & Paquis, 1976;
Pambou Tchivounda et al.,

1992; Sallenave,

1955; Sallenave, 1964; Sunderland & Obama,
1999; Tailfer, 1989; Takahashi, 1978; Tobe &
Raven, 1988; White & Abernethy, 1997.

Sources of illustration Raponda-Walker &
Sillans, 1961; White & Abernethy, 1997; Wilks

& Issembé, 2000.
Authors A.T. Tchinda
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POLYSCIAS FULVA (Hiern) Harms
Protologue Engl. & Prantl, Nat. Pflanzenfam. III, 8: 45 (1894).
Family Araliaceae
Vernacular names Parasol tree (En).
Origin and geographic distribution Polyscias fulva is widespread from Guinea east to
Ethiopia and Kenya, and south to Angola,
Zimbabwe and Mozambique, but it occurs
mainly in mountainregions.
Uses The wood is used for interior joinery,
doors, utensils, musical instruments, contain-

ers, boxes, crates, beehives, carvings, matches,
veneer and plywood. In Cameroon it is valued
for carving to make handicrafts and masks,
and in Uganda for making drums. It is also
used as firewood, although of low quality.
In traditional medicine in DR Congo, bark infusions or decoctions are taken for the treatment of fever and malaria, as an enema to

treat colic, and as a purgative. A bark maceration is applied as drops to the nostrils to treat
mental illness. Pulverized bark is snuffed as
anodyne, and to treat cough, haemoptysis and
tuberculosis. In Cameroon the bark is used in
mixtures with other plants to treat epilepsy.
Leaf decoctions are taken to treat intestinal
complaints including those caused by parasites, whereas pounded leaves are applied externally to treat fractures and internally
against peptic ulcers. Leaves make good mulch,
and the tree is suitable for intercropping with
banana, coffee and cocoa. It is planted in life
fences. The flowers are a good source of nectar
and pollen for honey bees.
Properties The heartwoodis whitish to pale
yellow-brown, and indistinctly demarcated

Polyscias fulva — wild

from the sapwood. The woodis soft and brittle.
The grain is usually straight, texture moderately fine to rather coarse. The wood has no
distinct smell. The wood is lightweight, with a
density of 330-450 kg/m? at 12% moisture content. It is fairly easy to air dry, but splitting
andring shaking mayoccur.
At 12% moisture content, the modulus of rupture is 61 N/mm?2, modulus of elasticity 8625
N/mm?, compression parallel to grain 29
N/mm?, cleavage 12.5 N/mm and ChalaisMeudon side hardness 1.3. The wood is easy to
saw and work, but often planes to a rather
woolly surface. It is liable to splitting upon
nailing and screwing, but glues well. The wood
is not durable; it is susceptible to attacks by
fungi such as blue stain and brown and white
rot, but it is easy to treat with preservatives.
Sometriterpene glycosides have been isolated
from the stem bark. One of these, o-hederin,
showed antifungal activity against Candida
albicans and Cryptococcus neoformans.
Botany Deciduous medium-sized tree up to
30 m tall; bole branchless for up to 15(—25) m,

straight and cylindrical, up to 100 cm in diameter; bark surface grey, smooth, with lenticels,
inner bark whitish; crown umbrella-shaped,
with main branches often whorled, bending
upward; branches with prominent leaf scars.
Leaves arranged spirally, clustered at ends of
branches, usually imparipinnately compound
with (8—-)5-12(-15) pairs of leaflets; stipules
absent; petiole up to 25 cm long, slightly
grooved; petiolules up to 8(-14) mm long; leaflets ovate to oblong or lanceolate, 6-20 cm Xx 2—
10 cm, rounded to slightly cordate at base,
acute to acuminate at apex, margins entire to
slightly wavy, papery to leathery, yellowish
brown hairy below, pinnately veined. Inflorescence an axillary panicle up to 70 cm long,
yellowish hairy. Flowers bisexual, regular, 5merous, creamy to greenish yellow, honeyscented; pedicel 1-3 mm long, jointed; calyx
with very short teeth; petals free, ovate, 1.5—2
mm long, early caducous; stamens alternating
with petals; ovary inferior, 2-celled, styles 2,
0.5-1 mm long, persistent in fruit. Fruit an
ovoid drupe-like berry up to 6 mm long,flattened, ribbed, purplish black, glabrous or
slightly hairy, 2-seeded. Seeds ovoid, slightly
compressed, 3—4.5 mm long, ribbed, glabrous.
Polyscias fulva is fast growing. In plantations
in Cameroon seedlings reached a height of 2(—
3) m after 4 years and 15 m with a bole diameter of 20(-40) cm after 20 years. The flowers
are pollinated by insects such as bees and flies.
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Polyscias comprises more than 100 species and
is distributed in tropical Africa, Asia, Australia
and islands in the Pacific Ocean. Mainland
tropical Africa has about 10 species and Madagascar about 50.
The wood of Polyscias kikuyensis Summerh., a
medium-sized tree up to 25 m tall with a
straight bole up to 120 cm in diameter and
endemic to central Kenya, is similar to that of
Polyscias fulva and used for similar purposes,
especially for food containers, boxes and plywood. In Madagascar the wood of some Polyscias spp. is used by the local population, and
is known together with the wood of several
other genera of Araliaceae as ‘voantsilana’. One
of these is Polyscias ornifolia (Baker) Harms, a
small to medium-sized tree up to 20 m tall, the
wood of which is heavier (density about 630
kg/m? at 12% moisture content), stronger and
harder than that of Polyscias fulva, and locally
used for light construction and flooring, as well
as for matches.
Ecology Polyscias fulva is found in different
types of forest up to 2450(-2750) m altitude,
often in secondary forest, also in mountain
grassland and in vegetations dominated by
bamboo. In West Africa it seems to be confined
to mountain areas. The mean annualrainfall
in its area of distribution is 1500-2000 mm.
Polyscias fulva is sometimesconsidered a pioneer species, but in Cameroon natural regeneration seemsto be rare. It is sensitive tofire,
but may recover by producing sprouts and
suckers.
Management Seeds and cuttings are used
for planting. One kg contains about 300,000
seeds. The seeds germinate after 5-7 weeks,

with a germination rate of up to 75%. Fruits
can best be collected from the trees as soon as
they have become purplish black, but they are
sometimesalso collected from the ground. They
should be dried in the shade for 1-2 days. Then
the fruits should be soaked in water for 4—6
hours and the seeds squeezed out; they float in
the water. After drying the seeds in the shade,
they can be stored for up to 2 years, preferably
at 3°C and 7—-10% moisture content. Seedlings
are gradually exposed to the sun and can be
transplanted from the nursery into the field
after 4-6 months. Wildlings are commonly collected for planting.
The logs are susceptible to attack by blue stain
fungi directly after felling, and should be treated with anti-stain solution or transported from
the logging area and processed immediately.
Genetic resources and breeding Poly-

scias fulva has a very wide distribution area,
but it is uncommon in several regions, e.g. in
West Africa. In Kenya it has been reported
that Polyscias fulva is becoming rare in its
natural habitat. This is also locally the case in
Cameroon and Uganda, where the species has
been overexploited for the production of handicrafts. Monitoring of populations in such regions where it is under pressure because of
timber harvesting is recommended, but Polyscias fulva is not yet subject to serious genetic
erosion, as is the case in Kenya with the endemic Polyscias kikuyensis that is already included as vulnerable in the IUCN RedList.
Prospects Although the wood of Polyscias
fulva is of rather poor quality for building purposes, it seems to have good prospects for
commercial production of carvings, veneer and
plywood. The fair growth rates and the developmentof a long and straight bole are advantageous. Polyscias fulva has good characteristics as a shade tree and auxiliary plant, which
make it interesting for agroforestry systems. In
Uganda it has already been recommended to
start on-farm production of Polyscias fulva to
guarantee future supply of the wood for purposes for which it is much in demand, such as
drum production. However, research is still
needed on propagation techniques and on
growth and development.
Major references Latham, 2007; Maundu
& Tengnas (Editors), 2005; Takahashi, 1978;
Tennant, 1968; World Agroforestry Centre,
undated.
Other references Bamps, 1974; Bediretal.,
2001; Beentje, 1994; Bekele-Tesemma, 2007;
Chikamai et al., undated; Katende, Birnie &

Tengnäs, 1995; Neuwinger, 2000; Noumi &
Fozi, 2003; Tshibangu et al., 2002; Vivien &
Faure, 1985.

Authors R.H.M.J. Lemmens

POPULUSILICIFOLIA (Engl.) Rouleau
Protologue Rhodora 47: 362 (1945).
Family Salicaceae
Vernacular names TanaRiver poplar (En).
Origin and geographic distribution Populus ilicifolia is endemic to eastern Kenya and
north-eastern Tanzania.
Uses The boles of Populusilicifolia trees are
used to make dug-out canoes. Theyarethefirst
choice of Pokomo people for canoes, and these
were often sold down the Tana Riverto fishermen on the coast. These canoes were very
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catkin; male inflorescence axillary, 1.5—-2 cm

long, 6—-9-flowered; female inflorescence terminal on short branches, 1-4 cm long, 5—15flowered. Flowers unisexual, in axils of spatulate bracts 83-6 mm long, lobed or toothed at
apex, without perianth, disk thin, reddish,
deeply fringed; male flowers with pedicel c. 1
mm long, stamens many, c. 1.5 mm long; female flowers with pedicel 3-5(-8) mm long,
ovary ovoid, 3.5-5 mm long, hairy, style c. 1
mm long, stigmas 4, 6-7 mm long, 2—3-lobed.
Fruit an ovoid capsule 0.5-1.5 cm X 0.5—1 cm,
furrowed, rough with pale lenticels, dehiscent

Populusilicifolia — wild
common in the Malindi-Lamu area of Kenya
and were often taken aboard sea-going dhows
for use as dinghies. The woodis also used for
poles, posts, utensils and beehives. Populus
ilicifolia is suitable for the production of plywood. The wood is used as firewood, but is of

low quality for this purpose. The tree is useful
for the stabilization of river banks and as ornamental. Thefoliage is eaten by livestock.
Properties The wood is brown, with a
coarse texture. It is lightweight, with a density
of about 500 kg/m? at 12% moisture content,

and rather soft. The wood air dries well with
some distortion and end checking. At 12%
moisture content, the modulus of rupture is
about 70 N/mm? and compression parallel to
grain 36 N/mm?. The woodis easy to saw and
work. The durability of the woodis low. It has
been reported that dug-out canoeslast for up to
2 years.

Botany Deciduous, dioecious, medium-sized
tree up to 25(-30) m tall; bole cylindrical; bark
surface smooth and whitish to pale brown, but
becoming longitudinally fissured and redbrown or grey-brown in older trees; crown coni-

cal to rounded, open; twigs longitudinally fissured, glabrous, reddish brown, with scattered

lenticels. Leaves alternate, simple; stipules
strap-shaped or obovate, up to 5 mm long,thin
and reddish, deciduous; petiole (0.5—)2.5—4.5

cm long; blade angular ovate or obovate, on
juvenile growth linear to narrowly elliptical, 4—
7.5 cm X (0.5—)4—5 cm, base cuneate to rounded, apex acute to lobed, margins irregularly
lobed or coarsely toothed, papery, glabrous or
sparsely hairy, pinnately veined with 4—7(-8)
pairs of lateral veins. Inflorescence a unisexual

with 2—4 valves, many-seeded. Seeds ovoid, 1—2
mm long, with tuft of long white hairs.
Populus comprises about 40 species, most of
them confined to temperate and subtropical
areas of the northern hemisphere. Populus
ilicifolia is the only species of the genus thatis
a native to tropical Africa. Several Populus
species and hybrids have been introduced in
tropical Africa for timber and pulpwood production, or as ornamental. They are mostly
grown in the highlands. Populus alba L. and
Populus deltoides Marshall are most widely
planted in tropical Africa. Both are mediumsized trees up to 30 m tall. The hybrid Populus
xcanadensis Moench (Populus deltoides x Populus nigra L.) has been planted in Mauritius
to serve as a windbreak.
Populusilicifolia is a shade-intolerant pioneer
species. It is short-lived, with a lifespan of
about 50 years. Leaf fall is usually during the
rainy season. It flowers irregularly, depending
on moisture levels. Pollination is by wind. Ripe
fruits are most common in August—December,
and the seeds with their long hairs are widely
dispersed by wind.
Ecology Populus ilicifolia is found in riverine forest and woodland, and on sand banks
and mud flats, from sea-level up to 1000 m
altitude. It is most frequently encountered on
low-lying sandy point bars that are frequently
flooded, but it requires deep soils. The mean
annual rainfall within the area of distribution
is 200-800 mm and the mean day temperatures vary between 17°C and 35°C.
Management Populus ilicifolia produces
numerousseedlings on alluvial soils, but many
of these are washed away by floods and damaged by grazing animals. It can be propagated
by seed, wildlings, layering, and stem and root
cuttings. For propagation by seed, fruits should
be collected before they open. After opening of
the fruits, the seeds are placed in seed trays
filled with fine sand flooded with water. They
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germinate within a few days. They can also be
stored for up to one year at 0°C.
Stem cuttings of 8-10 cm long and 1-2 cm in
diameter are recommended; they should be
kept moist and at about 25°C, rooting after 3-6

weeks. Root suckers can be planted, as is the
case for other Populus spp. Trees coppice quite
poorly. When they are planted as ornamental,
it is recommended to keep some distance from
buildings and pavements because of the large
superficial roots and because trees are shortliving with easily breaking branches. Intercropping with crops such as maize, rice, millet
and banana is possible as the quite open tree
crown gives little shade.
Seedlings are commonly attacked by blight and
stem-rot caused by Fusarium, caterpillars of
Phalantha butterflies and by scale insects. In
larger-sized boles, heart rot is common.
Genetic resources and breeding Populus
ilicifolia is classified in the IUCN Red List as
vulnerable becauseofits restricted distribution
area and habitat degradation.

However,

as

long as suitable habitats along rivers are
available, it is not threatened because of its
pioneer nature, regenerating easily on alluvial
soils. Some collection of germplasm has been
done in Kenya.
Prospects Populusilicifolia is a promising
plantation tree comparable to other Populus
spp. in temperate regions. Its rapid growth
enables high production of wood, which is,

however, not suitable for purposes where durability is required. The woodis suitable for similar purposesas that of other Populus spp., especially for boxes, crates, utensils, matches,
veneer, plywood and pulp for paper production.
The establishment of experimental plantations
seems worthwhile, but the rather narrow ecological niche of Populus ilicifolia should be
taken into consideration.

POUCHETIA AFRICANA A.Rich. ex DC.
Protologue Prodr. 4: 393 (1830).

Family Rubiaceae
Origin and geographicdistribution Pouchetia africana is distributed from Senegal and
Gambia to Gabon and DR Congo.
Uses In Sierra Leone the stems are used as
supports for fishing nets. In traditional medicine in Senegal a decoction of leafy twigs is
taken in draught and usedin frictions for the
treatment of kidney pain, stitch, lumbago,
stiffness and other pains. A leaf decoction is
taken in draught for the treatment of dysentery. In Benin leaf decoctions are externally
applied on fractures.
Botany Evergreen shrub or small tree up to
6 m tall; bole cylindrical, slender; branches

slender, horizontal. Leaves opposite, simple
and entire; stipules triangular, 3-6 mm long;
petiole 3-8(-10) mm long, grooved; blade oblong-elliptical, 2-15 cm x 1—6.5 cm, base obtuse

or cuneate, apex broadly acuminate, glabrous
or with hairs in the axils of the main lateral
veins, pinnately veined with 4-8 pairs of lateral veins. Inflorescence an axillary or terminal
raceme or panicle up to 11 cm long, lax, pendulous, glabrous; peduncle 3-5 cm long. Flowers
bisexual, regular, 4-5-merous, glabrous, fra-

grant; calyx campanulate, lobes triangular, c.
0.5 mm long; corolla funnel-shaped, whitish or

greenish, glabrous, tube 3-4 mm long, gradually widening, lobes elliptical or oblong, 1.5—3.5
mm long, moreor less erect; stamens inserted
on corolla tube, alternating with lobes, 3-4 mm

long, anthers linear, nearly sessile; ovary inferior, 2-celled, style bifid. Fruit an ellipsoid berry 1-1.5 cm long, acute, red to blackish purple,

Major references Chikamai et al., undated;
Maundu & Tengnäs (Editors), 2005: Oballa,
1996; Oballa et al., 1996; Wilmot-Dear, 1985.

Other references Beentje, 1994; Dale &
Greenway, 1961; Johansson, 1991; Maingi &
Marsh,

2006;

Marais,

1985;

Meikle,

1989;

Njorogeet al., 2010; van Wyk & Gericke, 2000;
Weiss, 1973; Wilmot-Dear, 1991a.

Authors C.H. Bosch, L.P.A. Oyen & R.H.M.J.
Lemmens
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crowned by persistent calyx, up to 15-seeded.
Seeds compressed.
Pouchetia africana is quite variable and 2 varieties have been distinguished. In Benin
Pouchetia africana flowers and fruits in January—February.
Pouchetia comprises 4 species, distributed in
West and Central Africa. Pouchetia parviflora
Benth. is a shrub or small tree up to 5 m tall,
distributed from Guinea and Sierra Leone to
Sao Tomé et Principe and Bioko (Equatorial
Guinea). The wood is used for rafters in hut
construction.
Ecology Pouchetia africana occurs in gallery
forest in savanna regions and in coastal vegetation, but also in swamp forest and humid
forest.
Genetic resources and breeding In view
of its wide distribution, Pouchetia africana
seems not threatened with genetic erosion.
Prospects Pouchetia africana is only locally
used as a source of stakes and traditional medicines. In view of its small size its importance
as a source of wood is unlikely to increase, but
research on pharmacological activity is warranted because the leaves are fairly widely
used for medicinal purposes.
Major references Akoégninou, van der Burg
& van der Maesen (Editors), 2006; Burkill,
1997; Hallé, 1970; Hawthorne & Jongkind,
2006; Hepper & Keay, 1963.
Other references Aubréville, 1950; Figueiredo, 2005; Irvine, 1961; Kerharo & Adam, 1974.
Authors M. Brink

POUPARTIA SILVATICA H.Perrier
Protologue Mem. Mus.natl. Hist. nat., Paris
n.s. 18: 247 (1944).
Family Anacardiaceae
Origin and geographic distribution Poupartia silvatica is endemic to western Madagascar, where it is widespread from the ex-

treme north to the south.
Uses The wood is sometimes used for construction, although it is not durable, and for

knife handles. It is suitable for the production
of veneer, plywood andparticle board, and for
panelling, light boxes and crates. The fruit
pulp is occasionally eaten.
Properties The wood is white to pale grey.
The grain is straight, texture medium. The
wood is lightweight, with a density of 320-500
kg/m? at 12% moisture content, andsoft. It air
dries rapidly and the rates of shrinkage are

Poupartia silvatica — wild
moderate, from green to oven dry 2.4-3.8%
radial and 4.5—7.2% tangential. Once dry, the
wood is stable in service. At 12% moisture content, the modulus of rupture is 49-110 N/mm?,
modulus

of

elasticity

5000-14,000

N/mm2,

compression parallel to grain 20-42 N/mm?,
cleavage 18-24 N/mm and Chalais-Meudon
side hardness 0.5-1.7. The wood works easily
and finishes well. It is not durable, although in
tests it showed fair resistance to fungal attacks. It is quite easy to impregnate with preservatives.
Botany Deciduous, dioecious, small to medi-

um-sized tree up to 20(-30) m tall; bole usually
straight, up to 60(—100) cm in diameter; bark
surface greyish, cracking and scaly, inner bark
reddish brown, with reddish exudate; young
twigs short-hairy. Leaves arranged spirally,
clustered near apex of twigs, imparipinnately
compound with 5-11 leaflets; stipules absent;

petiole and rachis flattened above; petiolules
5-12 mm long, but 2-4 cm long in terminal
leaflet; leaflets opposite, ovate to lanceolate, 5—
9.5 cm X 2.5-5 cm, asymmetrical at base, acute
to acuminate at apex, glabrous, pinnately
veined with 8-9 pairs of lateral veins. Inflorescence an axillary panicle or raceme up to 15
cm long, short-hairy. Flowers unisexual, regular, 5-merous, whitish; pedicel up to 4 mm

long; sepals free, up to 1 mm long, rounded;
petals free, ovate, 2-3 mm long; stamens 10,
free; disk thick, annular, slightly 10-lobed;
ovary superior, spherical, 5-celled, with 5 ses-

sile stigmas; male flowers with strongly rudimentary ovary, female flowers with rudimentary stamens. Fruit an ovoid drupe c. 2.5 cm x
2 cm, yellowish to orange when ripe, with
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fleshy pulp; stone hard and bony, with 3 opercules below the apex and with 5 irregular cavities, 1-seeded. Seed kidney-shaped, c. 1 cm in
diameter. Seedling with epigeal germination.
Growth is rather slow. An annual growth rate
of seedlings of 25 cm has been recorded. Poupartia silvatica usually flowers in September—
December, but mainly at the beginning of the
rainy season, and fruits mature a few months

later, still in the rainy season.
Poupartia comprises about 7 species and is
restricted to Madagascar and the Mascarene
Islands. It is closely related to Sclerocarya from
continental Africa, which is sometimes even
included in Poupartia.
Poupartia chapelieri (Guillaumin) H.Perrier is
endemic to eastern Madagascar, where it is
widespread from Antsiranana in the north to
Taolafaro in the south, in humid, evergreen
forest, from sea-level up to 1500(—1700) m altitude. It is an evergreen small to medium-sized
tree up to 20(-30) m tall, with usually straight
bole, up to 100 cm in diameter. The wood is
used for the same purposesas that of Poupartia silvatica. The fruit pulp is sometimes eaten.
Protium madagascariense Engl. (Burseraceae)
closely resembles Poupartia chapelieri and the
two species are often confused. Slashed bark of
Protium madagascariense has a strong turpentine smell, which lacks in Poupartia chapelieri.
Poupartia orientalis Capuron ex A.Randrianasolo & J.S.Miller is an evergreen, small to medium-sized tree up to 20 m tall from eastern
Madagascar south to Toamasina. It differs
from Poupartia chapelieri in its flowers with
longer pedicels and its fruit stone with 5 opercules (1-2 in Poupartia chapelieri). Its wood is
probably similar and can be used for the same
purposes.
Ecology Poupartia silvatica occurs in seasonally dry forest, from sea-level up to 800(—
1200) m altitude. It is often found on calcareoussoils.
ManagementSeeds can be collected around
February below the trees. The germination
rate is about 50%. The seed still showed fair
germination rates after 2 years of storage.
Fruits should be dried for 4-5 days before storage. Seedlings are ready for planting into the

der threat of genetic erosion at present.
Prospects Poupartia silvatica and other
Poupartia spp. of Madagascar may have good
prospects for veneer and plywood production,
but although this has been suggested already
decadesago,little research has been done until
present. Tests on growth performance and
propagation methodsare warranted.
Major references Blaseret al., 1993; CFPF,
2008; Guéneau, Bedel & Thiel, 1970-1975; Parant, Chichignoud & Rakotovao, 1985: Perrier

de la Bâthie, 1946a.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Rakotovao et al., en préparation; Randrianasolo, 1992b; Randrianasolo
& Miller, 1999; Schatz, 2001.

Authors R.H.M.J. Lemmens

PRIORIA BALSAMIFERA (Vermoesen) Breteler
Protologue Wageningen Agric. Univ. Pap.
99-3: 21 (1999).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
SynonymsGossweilerodendron balsamiferum
(Vermoesen) Harms (1925).
Vernacular names Agba (En). Tola (Fr).
Tola branca (Po).

Origin and geographic
balsamifera is distributed
ria eastward to DR Congo
da (Angola).
Uses The wood, known

in trade as ‘tola’ or

‘agba’, is used for construction, flooring, join-

ery, interior trim, ship building, furniture, boxes, crates, shingles, veneer and plywood.It is
suitable for vehicle bodies, toys, novelties, vats,

field after 12 months, but the survival rate is

often low. They should be protected from wild
pigs andbe kept free from weeds.
Genetic resources and breeding Poupartia silvatica is widespread in eastern Madagascar and locally common. It is not exploited selectively. Therefore, it does not seem to be un-

distribution Prioria
from southern Nigeand south to Cabin-

Prioria balsamifera — wild
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carvings, turnery, hardboard, particle board
and pulpwood. The boles are traditionally used
to make canoes. The resin exuding from the
sapwood has been used as an illuminant, although it reportedly causes a smoky flame, and
for caulking canoes.
Production and international trade In
1961-1970 Nigeria exported on average 22,000
m? of logs and 11,000 m? of sawn wood of
Prioria balsamifera per year. The export of logs
from Gabon increased from 20,500 m3 in 1991
to 56,000 m3 in 2001. In 1999 Prioria balsamifera ranked 7on the list of most important
Gabonese export timbers. Exports decreased to
13,800 m3 in 2005. In 2004 Congo exported
13,000 m3 of logs at an average price of US$
141/m3, and 1000 m3 of veneer at an average
price of US$ 309/m3. Cameroon exported 5600
m3 of logs in 1999, 12,300 m3 in 2000, 3000 m3

in 2001 and only 850 m? in 2003. In 2006 small
amounts of plywood were exported from Cameroon at an average price of US$ 867/m?.
Properties The heartwoodis pale yellowish
brown, darkening to pale reddish brown upon
exposure, and not distinctly demarcated from
the up to 10 cm wide, slightly paler sapwood.
There is an intermediate zone of 2-3 cm wide
between sapwood and heartwood. The grain is
straight or slightly interlocked, texture moderately fine and even. Wood surfaces are lustrous. Freshly cut wood has a resinous or
slightly peppery odour. The intermediate zone
between sapwood and heartwood exudes a
greenish resin in freshly cut logs, and resin
pockets may also be present near the heart of
the bole.
The wood is lightweight to medium-weight,
with a density of 445-580 kg/m* at 12% moisture content, and moderately hard. It air dries
rapidly, with only slight tendency to distortion
and checking. Kiln drying should be done with
care to avoid collapse; it is recommended to use

moderate temperatures to avoid excessive resin
exudation. The rates of shrinkage are moderate, from green to oven dry 2.4—3.0% radial and
5.5-6.2% tangential. Once dry, the wood is
stable in service. At 12% moisture content, the

modulus of rupture is 70-94 N/mm?, modulus
of elasticity 6075—10,900 N/mm2, compression
parallel to grain 33-43 N/mm?, shear 6.5-11.5
N/mm? cleavage 9-14 N/mm, Janka side
hardness 2440-3300 N, Janka end hardness

3510-4400 N and Chalais-Meudon side hardness 1.2—2.3.
The wood is easy to saw and work with both
hand and machinetools, with little blunting

effect on saw teeth and cutting edges. However,
tools may be clogged by resin and boards may
stick together. After drying of the wood, the
difficulties due to the presence of resin have
disappeared. The nailing and screwing properties are satisfactory, and the woodglues, paints
and varnishes well although the presence of
resin may cause difficulties and some staining
may occur. It polishes to an excellent finish.
The steam bending properties are moderately
good. The logs are suitable for rotary peeling,
giving a good-quality veneer that can be glued
satisfactorily to produce plywood. The wood is
moderately durable, being moderately resistant
to fungi, but rather susceptible to termite, drywood borer and marine borer attacks. The
heartwood is moderately resistant to impregnation with preservatives, the sapwoodis permeable. Saw dust can cause irritation of eyes
and mucous membranesin wood workers.
Tests on the pulping properties for paper production showed moderate results; the paper
was of medium-quality. The wood contains 39—
40% cellulose, 27-30% lignin, 16.5-19.5% pentosan, 0.3-0.4% ash and little silica. The solubility is 10.1-11.3% in alcohol-benzene, 1.0—
1.7% in hot water, and 17.9-20.2% in a 1%
NaOH solution.
Adulterations and substitutes The wood
of Prioria balsamifera resembles that of African mahogany (Entandrophragma and Khaya
spp.) and hasbeentraded as a substitute.
Description Evergreen, large to very large
tree up to 55(—60) m tall; bole branchless for up
to 25(-30) m, straight and cylindrical, up to
150(-300) em in diameter, without buttresses;
bark surface scaly with elongate scales, sometimes slightly fissured, greyish brown to reddish brown, inner bark fibrous, reddish; crown

usually comparatively small, with sinuous
branches; twigs glabrous. Leaves alternate,
imparipinnately or paripinnately compound
with (4—-)6—8(-9) leaflets; stipules small, very
early caducous; petiole 1-2(—3) cm long, rachis
4.5-7(-8) cm long, grooved; petiolules twisted,
1—3(—4) mm long; leaflets alternate, obliquely
ovate-elliptical to obovate-elliptical, (2.5—)5—7(—
9) em X (1.5-)2—3(—4) cm, rounded to obtuse at
base, obtuse to rounded, sometimes slightly

acuminate at apex, thin-leathery, glabrous,
pinnately veined with 9-13 pairs of lateral
veins. Inflorescence an axillary compound raceme up to 12 cm long, with branches up to 7
cm long, short-hairy. Flowers bisexual, regular,
whitish; pedicel up to 0.5 mm long; sepals 4(-—
5), elliptical, 1-2 mm long, spreading, hairy at
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Prioria joveri (Normand ex Aubrév.) Breteler
(synonym: Gossweilerodendron joveri Normand
ex Aubrév.) is a large tree up to 40 m tall, with

bole up to 150 cm in diameter. It is found in
rainforest in Cameroon, Equatorial Guinea and
northern Gabon, and differs from Prioria balsamifera in more numerouslateral veinsin its
leaflets and in its fruit tapering to a narrow,
curved top. In trade, logs of this species are
undoubtedly mixed with those of Prioria balsamifera and its wood can probably be used for
similar purposes. Prioria joveri is classified as
vulnerable in the IUCN Red List.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
24: intervessel pits minute (< 4 um); 25: inter-

vessel pits small (4-7 um); 29: vestured pits;
30: vessel-ray pits with distinct borders; similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 47: 5—

20 vessels per square millimetre; 58: gums and
other deposits in heartwood vessels. Tracheids

Prioria balsamifera — 1, flowering twig; 2, flow-

Central Africa), 6 in tropical Asia and on islands of the Pacific Ocean, and 1 in Central

and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: (76: axial parenchyma diffuse); 79: axial parenchyma vasicentric; (80: axial parenchyma aliform); 83: axial parenchyma confluent; 85: axial parenchyma bands more than
three cells wide; 89: axial parenchyma in marginal or in seemingly marginal bands; 90: fusiform parenchymacells; 91: two cells per parenchyma strand; (92: four (3-4) cells per parenchyma strand). Rays: 97: ray width 1-3 cells;
98: larger rays commonly 4- to 10-seriate; 104:
all ray cells procumbent; 106: body ray cells
procumbent with one row of upright and/or
square marginal cells; 115: 4-12 rays per mm.
Secretory elements and cambial variants: 129:
axial canals diffuse. Mineral inclusions: (136:
prismatic crystals present); (142: prismatic
crystals in chambered axial parenchymacells).

America. Until 1999 the name Prioria was re-

(EK, Uetimane, P.E. Gasson & E.A. Wheeler)

served for the American species, but then the

Growth and development Prioria balsamifera is shade tolerant. Natural regeneration
can be abundant. In semi-deciduous forest in
south-western DR Congo, up to 7800 seedlings
and saplings have been counted per ha. Seed
germination can be gregarious under a closed
canopy, but it seems that for good growth of
seedlings openings in the canopy are needed.

er; 8, fruit.

Redrawn and adapted by Achmad Satiri Nurhaman
margins; petals absent; stamens usually 10,
free, 3-4 mm long, filaments hairy; ovary superior, with a c. 1 mm longstipe, hairy, 1-celled,
style slender, curved. Fruit an ovoid, flattened,
indehiscent, 1-seeded pod with large wing at
base, (7-)12-15 cm x (2-)3-4.5 cm, with numerousresin pockets, wing reticulately veined.
Seed rounded to ellipsoid, 2-3 cm long, shallowly grooved. Seedling with hypogeal germination; epicotyl 8-22 cm long, with some small
scales; first leaves alternate, with 4—6 leaflets.

Other botanical information Prioria comprises 14 species, 7 in Africa (most of them in

genera Kingiodendron from Asia and thePacific region, and Gossweilerodendron and Oxystigma from tropical Africa have been added based
on morphological evidence. Wood-anatomical,
pollen and molecular studies support the close
relationship, but more studies are needed to

assess generic delimitation.
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In Nigeria and Cameroon, flowering trees are
mainly found from January to March and
fruits ripen a few months later. In DR Congo
flowering and fruiting trees have been recorded
throughout the year. Fruits are dispersed by
wind, sometimes quite far from the parent tree.
Ecology Prioria balsamifera is most common in lowland semi-deciduous forest up to 600
m altitude, but can also be found in evergreen
forest. It prefers deep ferruginous soils and can
also be found on sandy soils.
Management Prioria balsamifera usually
occurs quite scattered in the forest, although
often in small groups of a few trees. In Cameroon the average number of trees with a bole
diameter of more than 60 em is 0.05-0.1 per
ha, with a mean wood volume of 0.31.25
m?/ha, but locally up to 6 m%/ha. Locally in
eastern Gabon and Congo, 4-6 exploitable
trees per ha have been recorded.
Harvesting Some caution is needed during
harvesting operations because boles may have
brittle heart and ring or wind shakes. The minimum bole diameter allowed for harvesting is
80 cm in Gabon and DR Congo, and 100 cm in
Cameroon.
Yield A bole of 13 m long and 120 cm in diameteryielded 8.7 m3 of wood.
Handling after harvest Freshly harvested
logs are sometimes attacked by pinhole borers,
but chemical protection of logs is usually not
needed whenthe logs do not stay in the forest
for longer periods. They float in water and thus
can be transported by river.
Genetic resources Prioria balsamifera
suffered from habitat loss and heavy exploitation and has therefore been included as endangered in the IUCN RedList of threatened species. FAO recommends that the genetic material of this species should be protected for a
future planting programme.
Prospects Prioria balsamifera produces an
important commercial timber for the international market, but unfortunately there has
been no attention for proper managementpractices to ensure sustainable production. It deserves research attention on genetics andsilviculture for future planting programmes.
Major references ATIBT, 1986; Aubréville,
1970; Bolza & Keating, 1972; Breteler, 1999;
Burkill, 1995; CTFT, 1979; de Saint-Aubin,
1963; Fouarge & Gérard, 1964; Tailfer, 1989;

Forestry

Department,

Cordiez,

2000;

1978; UNEP-WCMC, 2006; Vivien & Faure,

1985.
Sources of illustration

Breteler,

1999;

Wilczek et al., 1952.

Authors J.R. Cobbinah & E.A. Obeng

PRIORIA OXYPHYLLA (Harms) Breteler
Protologue Wageningen Agric. Univ. Pap.
99-3: 37 (1999).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
SynonymsPterygopodium oxyphyllum Harms
(1913), Oxystigma oxyphyllum (Harms) J.Léonard (1950).
Vernacular names Tchitola (Fr). Tola chinfuta, tola mafuta (Po).
Origin and geographic distribution Prioria
oxyphylla is distributed from southern Nigeria
eastward to the Central African Republic, and
south to DR Congo and Cabinda (Angola).
Uses The wood, knownin trade as‘tchitola’,
is used for light construction, joinery, furniture, boxes, crates, shingles, veneer and ply-

wood. It is suitable for light flooring, interior
trim, vehicle bodies, railway sleepers, handles,
ladders,

toys,

novelties,

agricultural

imple-

ments, turnery and pulpwood. The boles are
traditionally used to make canoes. The thick
andtough barkis used to make containers. The
resin from the bark is heated to combat parasites such aslice and jiggers.

Wilczek et al., 1952.

Other references African Regional Workshop, 1998; Antoine, Berben & Sauvage, 1959;
Christy et al., 2003; Chudnoff, 1980; CIRAD

2008;

Fouarge, Quoilin & Roosen, 1970; Fouarge,
Sacré & Mottet, 1950; Gérard et al., 1998;
Keay, 1989; Lewis et al., 2005; Normand &
Paquis, 1976; Sallenave, 1964; Takahashi,

Prioria oxyphylla — wild
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Production and international trade The
timberof Prioria oxyphylla seems to be traded
on the international market in small amounts
only, although it may be traded in mixed consignments, e.g. together with tola (Prioria balsamifera (Vermoesen) Breteler). Gabon exports
small amounts of Prioria oxyphylla wood,
mainly as veneer. In 2006 small amounts of
veneer were exported from Congo at an aver-

Adulterations and substitutes In Europe
and the United States the veneer of Prioria
oxyphylla is considered a substitute for that of
walnut (Juglans regia L.) and jatoba or guapinol (Hymenaea courbaril L.), mainly used for
furniture and decorative purposes.
Description Evergreen, large tree up to 50
m tall; bole branchless for up to 20(—40) m,
straight and cylindrical, up to 130(—300) cm in

age price of US$ 359/m3.

diameter,

Properties The heartwood is pinkish brown
to coppery brown, darkening to reddish brown
upon exposure, with blackish streaks, and distinctly demarcated from the up to 10 cm wide,
pale yellow-pink sapwood. An intermediate
zone up to 12 cm wideis often present between
sapwood and heartwood. The grain is straight
or slightly interlocked, texture moderately
coarse. The wood contains a greenish resin,
becoming brownishto blackish upon exposure.
The wood is medium-weight, with a density of
580-670 kg/m? at 12% moisture content, and
moderately hard. It air dries fairly rapidly,
with only slight tendency to distortion and
checking. It should not be dried too rapidly
because spots caused by resin may develop
then. The rates of shrinkage are medium to
high, from green to oven dry 8.7—4.6% radial
and 8.0-13.1% tangential. Once dry, the wood
is moderately stable to stable in service. At
12% moisture content, the modulus of rupture
is 85-137 N/mm2, modulus ofelasticity 9310—
14,960 N/mm2, compression parallel to grain
37-72 N/mm2?, shear 14 N/mm?, cleavage 14-17
N/mm, Janka side hardness 5560 N and
Chalais-Meudonside hardness3.2.
The wood is easy to saw and work with both
hand and machine tools, with little blunting
effect on saw teeth and cutting edges. However,
tools may be clogged by resin. The resin content can be high and steam and hot water
treatments are sometimes needed to reduce the
amounts to manageable levels. The nailing and
screwing properties are satisfactory, and the
wood glues, paints and varnishes well when
the surfaces are free of resin. The logs are suitable for rotary peeling, giving a good-quality
veneer that can be glued satisfactorily to produce plywood. The wood is moderately durable,
being fairly resistant to fungi, termites and
dry-wood borers, but susceptible to marine
borer attacks. The heartwood is moderately
resistant to impregnation with preservatives,
the sapwood is permeable. Saw dust can cause
irritation of eyes and mucous membranes in
wood workers.

scaly with elongate scales, sometimes slightly
fissured, grey to greenish grey, inner bark fibrous, pinkish to reddish; crown usually comparatively small, with sinuous branches; twigs
glabrous. Leaves alternate, imparipinnately or
paripinnately compound with (4—)6—8(-10)

without

buttresses;

bark

surface

leaflets; stipules small, c. 3 mm long, very early

caducous; petiole (0.5—)1—2(-2.5) cm long, rachis (4—-)6-11 cm long; petiolules 3-6(-7) mm

long; leaflets alternate, obliquely elliptical to
ovate-elliptical, (8-)6-11 cm X (1)2-4.5 cm,
cuneate to rounded at base, short-acuminate at

apex, leathery, glabrous, pinnately veined with
6-11 pairs of lateral veins. Inflorescence an
axillary compound raceme up to 20 cm long,

Prioria oxyphylla — 1, base of bole; 2, flowering
twig; 3, flower; 4, fruit.

Redrawn and adapted by Achmad Satiri Nurhaman
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with branches up to 15 cm long, short-hairy.
Flowers bisexual, regular, yellowish white;
pedicel 1-1.5 mm long; sepals 5, obovateelliptical, 1.5-2 mm long, spreading or erect,
usually hairy at margins only; petals absent;
stamens 10, free, 2-5 mm long, filaments
hairy; ovary superior, c. 1 mm long, densely
hairy, 1-celled, style slender, slightly curved.
Fruit an ovoid, flattened, indehiscent, 1-seeded

pod with large wing at base, 6-11.5 cm x 2-4
cm, sometimes with numerous resin pockets,

wing longitudinally and reticulately veined.
Seed ellipsoid, flattened, up to 2.5 cm long.
Seedling with hypogeal germination; epicotyl
9-17 cm long, with some small scales; first
leaves alternate, with 2 leaflets.

Other botanical information Prioria comprises 14 species, 7 in Africa (most of them in
Central Africa), 6 in tropical Asia and on islands of the Pacific Ocean, and 1 in Central
America. Until 1999 the name Prioria was reserved for the American species, but then the
genera Kingiodendron from Asia and the Pacifie region, and Gossweilerodendron and Oxystigma from tropical Africa have been added based
on morphological evidence. Wood-anatomical,
pollen and molecular studies support the close
relationship, but more studies are needed to
assess generic delimitation.
Prioria buchholzii (Harms) Breteler (synonym:
Oxystigma buchholzii Harms, Oxystigma dewevrei De Wild.) is a medium-sized tree up to 30
m tall, with bole up to 75(-180) cm in diameter.
It is found in periodically inundated forest
along rivers from Cameroon east to DR Congo
and south to northern Angola. It is characterized by glabrous inflorescences and unwinged
fruits circular to obcordate-obovate in outline.
Its wood is used for similar purposesasthat of
Prioria oxyphylla, e.g for joinery andtraditionally for canoes.
Prioria mannii (Baill.) Breteler (synonym:
Oxystigma mannii (Baill.) Harms) is a medium-sized tree up to 30 m tall, with bole up to
70 cm in diameter. It occurs in swamp forest
along the coast from eastern Nigeria to northern Gabon. It resembles Prioria buchholzii, but

differs in short-hairy inflorescences and more
rough and dull fruits. Its wood is used for construction and utensils, and traditionally for
canoes. It has similar properties as that of
Prioria oxyphylla, but the density is slightly
lower, about 510 kg/m? at 12% moisture content, and it is slightly less hard and strong, and
not durable.
Prioria msoo (Harms) Breteler (synonym: Oxy-

stigma msoo Harms)is a large tree up to 40(—
50) m tall, with bole up to 150(-300) em in diameter. It is restricted to evergreen forest in
Kenya and Tanzania. It differs from Prioria
mannii in its sepals which are more hairy inside, and in its shortly winged fruits with longitudinal veins. Its wood is used in house building and for canoes, utensils, tool handles, carv-

ings and plywood, and asfirewood. It has similar properties as that of Prioria mannii, with a
density of about 510 kg/m? at 12% moisture
content, and it is rather soft and not durable.

The tree serves as forage for honey bees.
Prioria msoo has been classified as vulnerable
in the IUCN RedList.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4-7 um);
(26: intervessel pits medium (7-10 um)); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100-200 um;
46: < 5 vessels per square millimetre; (47: 5-20
vessels per square millimetre); 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 79: axial parenchyma vasicentric; 80:
axial parenchymaaliform; 81: axial parenchyma lozenge-aliform; 82: axial parenchyma
winged-aliform; 83: axial parenchyma confluent; 86: axial parenchyma in narrow bands or
lines up to three cells wide; 89: axial parenchyma in marginal or in seemingly marginal
bands; 92: four (3-4) cells per parenchyma
strand; (93: eight (5-8) cells per parenchyma
strand). Rays: 97: ray width 1-3 cells; 104: all
ray cells procumbent; 106: body ray cells procumbent with one row of upright and/or square
marginalcells; 115: 4-12 rays per mm; 116: >
12 rays per mm. Secretory elements and cambial variants: 129: axial canals diffuse. Mineral
inclusions: 136: prismatic crystals present; 138:
prismatic crystals in procumbentraycells; 142:
prismatic crystals in chambered axial parenchymacells.
(S. N’Danikou, P.E. Gasson & E.A. Wheeler)
Growth and development In DR Congo
flowering and fruiting trees have been recorded
throughout the year.
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Ecology Prioria oxyphylla occurs in lowland
rainforest on well-drained soils.
Management Prioria oxyphylla occurs scattered in the forest. In Cameroon and Gabon, it
is apparently comparatively rare, but it is more
common in Congo and DR Congo.
Harvesting The minimum bole diameter
allowed for harvesting is 60 cm in Cameroon,
70 cm in Gabon and 80 cm in the Central African Republic and DR Congo.
Yield In DR Congo a bole of 39 m long and
110 cm in diameteryielded 19.8 m3 of wood.
Handling after harvest Freshly harvested
logs are sometimes attacked by pinhole borers,
but immediate chemical protection of logs is
usually not needed. They usually float in water
and thus can be transported by river, but some
logs sink because the density of green wood is
close to 1000 kg/m3.
Genetic resources Although Prioria oxyphylla has a fairly large area of distribution, it
occurs scattered and is in many regions within
its area of distribution uncommon. Like Prioria
balsamifera, it suffered from habitat loss and
heavy exploitation, but it is not classified on
the IUCN Red List of endangered species like
Prioria balsamifera. Monitoring of the populations of Prioria oxyphylla is recommended because it may become easily liable to genetic
erosion.
Prospects Prioria oxyphylla produces timber that is of great interest for the international market, but the volume of timber available
seems to be limited. Information on growth
rates and natural regeneration is needed to
draw up directives for proper management
practices to ensure sustainable production.
Major references ATIBT, 1986; Aubréville,
1970; Bolza & Keating, 1972; Breteler, 1999;

PROTOMEGABARIA STAPFIANA(Beille) Hutch.

Protologue Prain, Icon. pl. 30: t. 2929 (1918).
Family Euphorbiaceae (APG: Phyllanthaceae)
Chromosome number 2n = 26
Origin and geographic distribution Protomegabaria stapfiana is distributed from Sierra
Leone to Gabon.
Uses The wood of Protomegabaria stapfiana

is widely used for planks, and is also used for
construction and furniture. It is considered a
valuable firewood.
Properties The heartwood is yellowish to
pinkish brown with dark streaks, and not
clearly demarcated from the pale brown sapwood. The grain is mostly straight, texture
medium. The woodis fairly lustrous. It is medium-weight, with a density of about 700 kg/m3
at 12% moisture content. At the same moisture
content, compression parallel to grain is about
53 N/mm2, Janka side hardness 6750 N and

Janka end hardness 7560 N.
The woodis notdifficult to work andit finishes
well to a smooth surface. It splits easily and is
not resistant to decay.
Botany Evergreen, dioecious, small to medium-sized tree up to 30 m tall; bole short, low-

branching, up to 25 cm in diameter, buttresses
well developed; bark surface brownish with
green patches; twigs soft-hairy, soon becoming
glabrous. Leaves alternate, simple and entire;

stipules triangular, 2-4 mm long, caducous;
petiole 3-11 cm long; blade narrowly oblongelliptical, 15-37 cm x 7-15 cm, base cuneate to
rounded, apex rounded to short-acuminate,

sparingly soft hairy below and with few glands,
pinnately veined with 10-20 pairs of lateral
veins. Inflorescence a glabrous raceme, male

Burkill, 1995; CTFT, 1952b; de Saint-Aubin,
1963; Fouarge & Gérard, 1964; Tailfer, 1989;
Wilczek et al., 1952.

Other references Aubréville, 1968; Beentje,
1994; Brenan, 1967; Christy et al, 2003;
Chudnoff, 1980; CIRAD Forestry Department,
2008; Fouarge, Gérard & Sacré, 1953: Gérard
et al., 1998; Keay, 1989; Lewis et al., 2005;

Lovett & Clarke, 1998; Lovett et al., 2007;
Normand & Paquis, 1976; Raponda-Walker &
Sillans, 1961; Sallenave, 1955; Takahashi,
1978; Vivien & Faure, 1985; Wilks & Issembé,

2000.
Sources of illustration Aubréville, 1970;
Breteler, 1999; Wilks & Issembé, 2000.
Authors R.H.M.J. Lemmens
Protomegabaria stapfiana — wild
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one c. 10 cm long, female one c. 4 cm long.

Flowers unisexual, regular, 5(-6)-merous; pedicel 1-3 mm long; sepals triangular, up to 2
mm long; petals absent; male flowers with

stamens 2-3 mm long, disk 5-lobed, ovary rudimentary; female flowers without disk, ovary
superior,

usually

3-celled,

styles

(2-)8,

2-

branched. Fruit a nearly globose capsule 3—4
cm in diameter, often slightly 3-lobed, glabrous, usually 3-seeded. Seeds obovoid, c. 1 cm
long, smooth, shiny. Seedling with epigeal
germination; hypocotyl 2—3 cm long, epicotyl 3—
5 mm long; cotyledons leafy, roundish, c. 4 cm
x 3.5 cm; first leaves alternate.
In Sierra Leone Protomegabaria stapfiana
flowers from March until the start of the rainy
season. Fruits are mature about 6 weeks after
flowering.
Protomegabaria is restricted to West and Central Africa and comprises 3 species. Records of
Protomegabaria macrophylla Hutch. and its
uses for West Africa have been based on wrong
identifications as this species is restricted to
southern Cameroon and Gabon.
Ecology Protomegabaria stapfiana is found
in the understorey of primary and secondary
lowland forest. It sometimes forms pure
stands. It is found both in swamps as well as
on well-drained localities. In swamps the trees
tend to develop adventitiousroots.
Management Caution is needed at felling
because boles often have a spongyheart.
Genetic resources and breeding Protomegabaria stapfiana is widely distributed, often abundant and not much sought after because of its small and often poorly shapedbole.
Therefore it is not under threat of genetic erosion.
Prospects The wood of Protomegabaria stapfiana will probably remain of some local importanceonly.
Major references Burkill, 1994; Cooper &
Record, 1931; Hawthorne, 1995; Kryn & Fobes,

PROTORHUS DITIMENA H.Perrier
Protologue Mem. Mus. natl. Hist. nat., Paris n.s. 18: 260 (1944).
Family Anacardiaceae
Origin and geographic distribution Protorhus ditimena is endemic to northern and
eastern Madagascar.
Uses The wood of Protorhus ditimena and
other Protorhus spp., known as ‘ditimena’, is
used in Madagascar for construction, joinery,
flooring, panelling, moulding and railway
sleepers. The leaves are used in traditional
medicine as sedative.
Properties The heartwood is chestnut
brown and streaked; it is distinctly demarcated

from the paler, up to 6 cm wide sapwood. The
grain is generally straight, texture fine. The
wood is moderately heavy, with a density of
750-810 kg/mat 12% moisture content. It air
dries easily with little checking and warping.
The rates of shrinkage during drying are medium, from green to oven dry 3.4—4.6% radial
and 9.1-10.3% tangential. At 12% moisture
content, the modulus of rupture is 156-177
N/mm?, modulus of elasticity 11,800—14,400
N/mm?, compression parallel to grain 58-70
N/mm?, shear 7.5-8.5 N/mm?, cleavage 21-25
N/mm and Chalais-Meudon side hardness 5.8.
The wood works easily, glues satisfactorily and
the nailing properties are moderate. The wood
is moderately durable, with fair resistance to
termites, but it is rather susceptible to fungal

attacks. Impregnation with preservatives under pressure showed fairly good results. For
usage as railway sleepers, it is advised to treat
the wood with preservatives underpressure.
Botany Evergreen, small to medium-sized

1959; Takahashi, 1978.

Other references Breteler, 2012b; Chave,
2005; Dalziel, 1937; de la Mensbruge, 1966;
Hawthorne & Jongkind, 2006; Keay, 1958d;
Keay, 1989; Léonard, 1995; Normand &

Paquis, 1976; Savill & Fox, 1967.
Authors C.H. Bosch

Protorhus ditimena — wild
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tree up to 25 m tall; bole up to 35 cm in diameter; bark surface slightly rough, finely flaky,
blackish, inner bark reddish, exuding a whitish
resin; young twigs yellowish brownshort-hairy.
Leaves opposite to alternate, simple and entire;
stipules absent; petiole 5-12 mm long; blade
obovate to elliptical, 2—-7.5 cm X 2-3 cm, cuneate to obtuse at base, rounded to notched at

apex, leathery, brownish green above and reddish below, glabrous, pinnately veined with
15-25 lateral veins. Inflorescence an axillary
short panicle, densely reddish brown short-

hairy, densely flowered. Flowers unisexual,
regular, 4—5-merous, whitish or yellowish, sessile; calyx lobes rounded, c. 1 mm long; petals
free, ovate, 2-3 mm long, densely short-hairy;
stamens c. 2 mm long; disk slightly lobed,
hairy; ovary superior, hairy, 3-celled, style
short, 3-branched; male flowers with rudimen-

tary ovary, female flowers slightly larger than
male ones and with rudimentary stamens.
Fruit an ovoid to oblong drupe up to 3 cm long,
slightly grooved, reddish brown short-hairy,
with resinous pulp, 1-seeded.
Protorhus ditimena grows slowly. Trees flower
in September-December and fruits mature 2-3
months later. The fruits are eaten by birds,
which probablyserve as seed dispersers.
Protorhus comprises nearly 20 species, all endemic to Madagascar except Protorhus longifolia (Bernh.) Engl., which is from South Africa.
It has been proposed to transfer the species
from Madagascar to a separate genus Abrahamia. Micronychia, an endemic genus from
Madagascar,is closely related to Protorhus, but
differs in sigmoid, mango-like fruits.
The wood of several other Protorhus spp. is
used for similar purposes as that of Protorhus
ditimena. Oneof these is Protorhus grandidieri
Engl., a small to medium-sized tree up to 25 m
tall from western Madagascar. The gum-resin,
bark and leaves are used in traditional medi-

curs scattered in the forest and is limited to
threatened types of forest. Therefore, caution is
needed in harvesting this species to prevent
genetic erosion. This is even more the case in
some other Protorhus spp. with limited areas of
distribution.
Prospects Protorhus ditimena and other
Protorhus spp. have been recommended for
enrichment planting in natural forest, and as
non-pioneerlight-demanders that also tolerate
some shade they are suited for that purpose.
However, they grow slowly and long cutting
cycles are needed for timber production, and
therefore commercial exploitation on a sustainable basis seemsto havelittle prospects.
Major references Blaser et al., 1993; Guéneau, Bedel & Thiel, 1970-1975: Perrier de la

Bâthie, 1946a; Rakotovao et al, en préparation.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Gurib-Fakim & Brendler,
2004; Sallenave, 1955; Sallenave, 1971: Schatz,
2001.

Authors R.H.M.J. Lemmens

PSYDRAX PARVIFLORA (Afzel.) Bridson
Protologue Kew Bull. 40: 700 (1985).
Family Rubiaceae
Synonyms Canthium rubrocostatum Robyns
(1929), Canthium vulgare (K.Schum.) Bullock
(1932).

Origin and geographic distribution Psydrax
parviflora is widespread from Senegal eastward to Ethiopia and Kenya, and southward to
Angola, Zimbabwe and Mozambique.
Uses In Kenya the wood is sometimes used

cine, but no details are available. The wood of

Protorhus

sericea

Engl,

Protorhus

louvelii

H.Perrier and Protorhus thouvenotii Lecomte,

all occurring in eastern Madagascar, is similar
in properties and uses to that of Protorhus ditimena. A leaf infusion of Protorhus sericea is
administered to treat indigestion. The leaves
are also valued in traditional medicine to treat
heart complaints and as disinfectant.
Ecology Protorhus ditimena occurs in evergreen forest up to 1250(—1600) m altitude. It is
commonly found along watercourses.
Genetic resources and breeding Protorhus ditimena is quite widespread, but it oc-

Psydrax parviflora — wild
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for joinery, interior trim, furniture and implements, and in Tanzania in boat construction. It

is suitable for construction, flooring, mine
props, railway sleepers, ladders, sporting
goods, agricultural implements, tool handles,
draining boards, pattern making, turnery, veneer and plywood. It is also used as firewood
and for charcoal production.
Ripe fruits are eaten fresh. Preparations of
leaves and flowers are applied against lice.
Root decoctions are taken as anthelmintic and
tonic. Fruit extracts are administered against
cough and influenza. Unknown parts of the
plants have been used to prepare medicine to
treat rheumatism, oedema and sores. Psydrax

parviflora is occasionally planted as ornamental shade tree. The flowers are visited by honey
bees.
Production and international trade The
woodis only used locally and not traded on the
international timber market. The fruits are not
marketed.
Properties The heartwood is pale brown to
dark brown, often with a purplish tinge, and
indistinctly demarcated from the paler sapwood. The grain is straight, texture fine and
even. The wood is moderately heavy, with a
density of 720-800 kg/m? at 12% moisture content, and hard. It dries well and rapidly, with
only occasional surface and end splitting. The
rates of shrinkage are moderate. Once dry, the
wood is fairly stable in service.
The wood saws and works moderately well
with both hand and machine tools. It is quite
brittle. It holds nails and screws satisfactorily
and polishes, stains and glues well. It has good
turning properties and can be made into goodquality veneer. The wood is moderately durable. The heartwood is very resistant to impregnation with preservatives.
Botany Evergreen or semi-deciduous shrub
or small to medium-sized tree up to 25(—30) m
tall; bole straight, up to 60 cm in diameter,

sometimesfluted; bark surface slightly fissured
or cracked, pale grey to brown, inner bark
cream-yellow with orangeflecks or darker layers, with a smell of almond; twigs usually angular, glabrous. Leaves opposite, simple and
entire; stipules triangular, 2-7 mm long; petiole up to 1 cm long; bladeelliptical to ovate,
5.5-15.5 cm X 2—8 cm, rounded to cuneate at
base, acuminate at apex, leathery, glabrous,

pinnately veined with 4-8 pairs of lateral
veins. Inflorescence an axillary umbel-like
cyme 2-6 cm wide, short-hairy, many-flowered;

peduncle up to 2 cm long. Flowers bisexual,

regular, 4-merous; pedicel up to 1 cm long; calyx up to 2.6 mm long, with lobes shorter or
longer than the tube, glabrous to short-hairy;

corolla whitish, tube 2-3 mm long, hairy inside, lobes 1.5—2.5 mm long; stamensinserted
at corolla throat, reflexed; ovary inferior, 2celled, style slender, up to 8 mm long. Fruit a
2-lobed drupe 0.5—1 cm x 1-1.5 cm, black when
ripe: stones 2, 0.5-1 cm in diameter, each 1-

seeded. Seeds finely reticulate.
Psydrax parviflora is variable and 4 different
subspecies have been distinguished. The fruits
are eaten by birds, which disperse the seeds.
Duiker antelopes have been reported to eat the
leaves.
Psydrax comprises about 100 species and occurs in the tropics of Asia and Africa, with approximately 35 species in Africa. It is related to
Canthium and Keetia.
The wood of several other Psydrax spp. is used
in tropical Africa for similar purposes as that of
Psydrax parviflora, but most of these are more
important for their use in traditional medicine.
The wood of Psydrax faulknerae Bridson is
used in Kenya for building poles. Psydrax
faulknerae is a shrub or small tree up to 7 m
tall, occurring in woodland and thickets in

south-eastern Kenya and eastern Tanzania.
The yellowish brown to reddish brown, heavy
and hard wood of Psydrax obovata (Klotzsch ex
Eckl. & Zeyh.) Bridson (synonym: Canthium
obovatum Klotzsch ex Eckl. & Zeyh.) is used in
South Africa in house building, for main posts
but also for wall laths and roof laths. Psydrax
obovata preventserosion in coastal dunes. It is
a shrub or small tree up to 15 m tall, occurring
in coastal forest, mixed evergreen rainforest
and woodland in Zimbabwe, Mozambique and
South Africa.
Ecology In West Africa Psydrax parviflora
is found in dry forest and gallery forest in savanna regions, but in East Africa it occurs in
humid lowland forest and rainforest in the
mountains up to 2000(-2800) m altitude. In
southern Africa it is found in evergreen rainforest and woodland up to 2000 m altitude,
sometimes on termite mounds. In Ghana trees
of all size classes are more abundant in forest
that is regularly burned than in undisturbed
forest.
Management In Tanzania ripe fruits are
collected in January-May. Psydrax parviflora
is rarely planted, but can be propagated by
seed.
Genetic resources and breeding Psydrax
parviflora is very widespread and locally com-
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mon, and not subject to genetic erosion. However, two of the subspecies have restricted areas of distribution in montane forest, and might
be more easily liable to habitat degradation.
Prospects Psydrax parviflora is valuable as
a multipurpose tree, providing wood for local
applications but also edible fruits and ingredients for traditional medicine. More research is
needed on its wood properties and pharmacological activities, and to explore its possibilities
for use in agroforestry systems.
Major references Bolza & Keating, 1972:
Bridson, 1985; Bridson, 1998; Chikamai et al.,

undated; Ruffo, Birnie & Tengnäs, 2002.
Other references Beentje, 1994; Burkill,
1997; Coates Palgrave, 2002; Gaugris et al.,
2007; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Lovett et al., 2007; Neuwinger,
2000; Verdcourt & Bridson, 1991; Wimbush,

1957.
Authors R.H.M.J. Lemmens

PYCNANTHUS ANGOLENSIS (Welw.) Warb.
Protologue Notizbl. Kénigl. Bot. Gart. Berlin 1: 100 (1895).

Family Myristicaceae
Chromosome number 2n = 38
Synonyms Pycnanthus kombo (Baill.) Warb.
(1897).
Vernacular names African nutmeg, boxboard
(En). Homba, faux muscadier, arbre a suif (Fr).
Menebantamo(Po). Mkungu mwitu (Sw).
Origin and geographic distribution Pycnanthus angolensis is found in the forest zone
of tropical Africa, from Senegal and Guinea to
Angola, and through DR Congo to Uganda,

Pyenanthus angolensis — wild

Tanzania and Zambia.
Uses A yellow to reddish brown fat, called
‘kombo butter’ or ‘Angola tallow’, is extracted
from the seed and is important in West and
Central Africa for illumination and in soap
making. It is not edible. The seeds somewhat
resemble those of nutmeg (Myristica fragrans
Houtt.) and are burnt as candles. In Central
Africa they are used as spice. Traditionally the
wood is highly valued as fuel and is used to
makesplit planks, knownas ‘calabot’ or ‘caraboard’ in the coastal zone of Cameroon. Because it is easy to work, it is used to make
shingles both for roofing and covering the sides
of native houses, and planks for doors and
window frames. The long straight bole makesit
suitable for making canoes. Since the Second
World War the wood has become an important
timber for plywood corestock, veneer, mouldings, interior trim, interior joinery, furniture

components and paper pulp. In agroforestry
Pycnanthus angolensis is planted or retained
for shade in coffee and cocoa plantations in the
humid lowlands of Cameroon, in Uganda often
also in banana plantations. Farmers in Cameroon considerit a good indicatorofsoilfertility.
In Uganda it has been planted as an amenity
tree.

Throughout its area of distribution, various
preparations of the bark, and to a lesser extent
other parts of the tree, are used medicinally to
treat skin infections, especially of the mouth.
Preparations made from the bark are used as a
potent purgative, to cleanse the milk oflactating mothers and to treat coughs and chest
complaints. In Ghana a decoction of the bark is
taken to treat anaemia, in Côte d'Ivoire as a

poison antidote and against ascites and leprosy. In Congo the bark is used to treat a number
of gynaecological problems, from infertility to
gonorrhoea. In Côte d'Ivoire a root macerate
mixed with parts of other plants is taken by
draught to treat schistosomiasis. In Säo Tomé
the bark is used to treat malaria.
Production and international trade No
information is available on the trade in kombo
butter. Trade in the timber ‘ilomba’ began after
the Second World War due to an increased
demand for plywood and improvements in
wood conservation techniques and also as a
substitute for okoumé (Aucoumea klaineana
Pierre). Trade in ilomba increased spectacularly between 1946 and 1959 from 100 to 5600
boles. Gabon and Cameroon became the first
major exporters in 1952/1953, followed by Côte
d'Ivoire in 1954 and Congo in 1955. For several
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years, ilomba was among the most valued timbers in Central Africa. Between 1950 and 1960,
the quantity of wood exported from Gabon was
3000 m3, from Cameroon 278,000 m3. Cameroon has enforced a ban on exports of ilomba
logs since 1999. Exports of ilomba have fallen
drastically. In 2003 the combined exports of
veneer, sawnwood and plywood from Cameroon
amounted to 72 m3, from Gabon to 816 m3. Exports from the Congo basin dropped to 0.06% of
total timber exports or about 3000 m3 in 2003.
In 2001 11,000 m3 of ilomba veneer were exported from Cote d’Ivoire at an average price of
US$ 240/m?, and 5000 m? from Ghana at an
average price of US$ 351/m3. The export of
plywood from Céte d'Ivoire in 2001 amounted
to 3000 m3 at an average price of US$ 329/m3,
and from Ghana in 2002 to 1000 m3at an average price of US$ 456/m:3.
Properties The seeds of Pycnanthus angolensis are aromatic, but information on volatile
constituents is not available. The seeds yield
45-70% of a yellow to reddish brown solid fat

ly sawn it has an unpleasant odour which disappears on drying.
At 12% moisture the density is 440-570 kg/m3.
The woodis ratherdifficult to dry, it is prone to
collapse, end splitting and distortion. Good
ventilation is required for air drying. Kiln drying can give good results if done carefully.
Shrinkage rates from green to oven dry are
4.6% radial and 8.4% tangential. Drying of
beams more than 55 mm thickis very difficult
and steaming for 2 days is recommended. At
12% moisture content, the modulus of rupture
is 62-72 N/mm2, modulus ofelasticity 8300-—
12000 N/mm2, compression parallel to grain
38-39.5 N/mm2, shear 5.4—8.9 N/mm2, cleavage
13-24 N/mm, Janka side hardness 2700-8400
N.
The wood is easy to saw and plane with normal
tools; blunting effects are moderate. It is difficult to polish. Nailing and screwing are easy
and holding properties are good. The wood may
stain in contact with tools. It peels and slices
well to produce good-quality veneer and ply-

known as ‘kombo butter’, which tastes bitter

wood, although steaming is recommended be-

and is suitable for making soap and candles,
while the residue is used for manureasit is
unsuitable as cattle feed. The melting point of
the fat is 51°C. The fatty acid composition of
kombo butter is lauric acid 5.5%, myristic acid
61.5%, palmitic acid 3.6%, myristoleic acid
23.6%, oleic acid 5.7%. Crude kombo butter
contains about 20% kombic acid (a dihydroxymethylphenyl derivative of hexadecatetraenoic acid) and sargaquinoic acid (a quinone

cause of the occasional presence of numerous
small hard spots. It glues well with all types of
glue. It paints well but is rather absorbent.
The wood is not durable and liable to attack by
termites, powder-post beetles, pinhole borers
and marine borers, but it is permeable to preservatives.

derivative) and several of their derivatives.

These terpenoid quinonic acids have promising
anti-oxidant properties for pharmacology, cosmetics and the stabilization of plastics. They
have also shown hypoglycaemic activity in diabetes patients.
The bark contains dihydroguaiaretic acid,
which has shown non-selective toxicity towards
several human tumour cell lines. Extracts of
the bark also showed the presenceofflavonoids
(2’-hydroxy-formononetin), tannins and saponin glycosides, which might be responsible for
its biological activities. Terpenoid quinones
that have shown hypoglycaemic activity in both
insulin-dependent and insulin-independent
diabetes have been extracted from the bole and
leaves.
The heartwood is whitish to pinkish brown,
sometimes with yellowish markings and indistinctly demarcted from the sapwood. The grain
is generally straight, the texture medium to
coarse. The wood has no lustre and when fresh-

Description Evergreen, monoecious or dioe-

cious, medium-sized to large tree up to 25—35(—
40) m tall; bole usually straight and cylindrical,
branchless for up to 15(-25) m high, up to
120(-150) cm in diameter, usually without
buttresses; outer bark greyish brown, with
orange-brown exudate; crown small, with
branches at right angles to the bole; twigs
slender, pendulous, densely rusty hairy.
Leaves distichously alternate, simple and entire, without stipules; petiole

1-2 cm long;

blade oblong to oblong-lanceolate, 7.5—30(—40)
cm X 4.5—-11(-16) cm, base cordate, apex acuminate, dark green above, glaucous below,

young leaves velvety reddish brown hairy, but
glabrescent, pinnately veined with 20—40 pairs
of lateral veins. Inflorescence an axillary panicle, often on leafless branches, 10-30 cm long,
rusty hairy, with flowers in numerous headshaped clusters. Flowers unisexual, regular,
very small, sessile, with 3-lobed perianth cov-

ered with dark brown hairs; male flowers with
2-4 stamens, filaments merged into a column;

female flowers with superior, sessile, 1-celled
ovary, stigmas 2, sessile. Fruit an ellipsoid to
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Pyenanthus angolensis — 1, base of bole; 2, leafy
twig; 8, inflorescence; 4, fruit; 5, seed.
Redrawn and adapted by Iskak Syamsudin
oblong or globose drupe, 3—4.5 cm x 2—4 cm, in
bunches, yellowish orange whenripe,fruit wall
rather hard and tough, 2-10 mm thick, splitting longitudinally with 2 valves, 1-seeded.
Seed ellipsoid, aromatic, 1.5-3 cm x 1—1.5 cm,
dark brown, with pink to red aril, laciniate
almost to the base. Seedling with epigeal germination, but cotyledons remaining in the testa.

Other botanical information Pycnanthus
comprises 3—4 species, all in Africa. Pycnan-

thus angolensis is variable, especially in the
hairiness of the leaves, the size and shape of
the fruits, and reportedly also in the quality of
the timber. Two subspecies have been distinguished: subsp. angolensis and subsp. schweinfurthii (Warb.) Verde., the latter occurring DR
Congo and East Africa, but possibly also more
to the west, and differing from subsp. angolensis in having larger, often more globose fruits
with thicker fruit wall. The wood of Cephalosphaera usambarensis (Warb.) Warb. and several American Virola species closely resembles
that of Pycnanthus angolensis. Cephalosphaera
usambarensis is restricted to eastern parts of
Kenya and Tanzania, where its timberis occa-

sionally used.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; (14: scalariform
perforation plates); (15: scalariform perforation
plates with < 10 bars); 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 27:
intervessel pits large (> 10 um); (31: vessel-ray
pits with much reduced borders to apparently
simple: pits rounded or angular); 32: vessel-ray
pits with much reduced borders to apparently
simple: pits horizontal (scalariform, gash-like)
to vertical (palisade); 42: mean tangential diameter of vessel lumina 100-200 um; 46: < 5
vessels per square millimetre; 47: 5—20 vessels
per square millimetre; 56: tyloses common.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; (68: fibres very thin-walled); 69: fibres
thin- to thick-walled. Axial parenchyma: 75:
axial parenchymaabsent or extremely rare; 78:
axial parenchyma scanty paratracheal; 93:
eight (5-8) cells per parenchyma strand; 94:
over eight cells per parenchyma strand. Rays:
97: ray width 1-3 cells; 102: ray height > 1
mm; 107: body ray cells procumbent with mostly 2-4 rows of upright and/or square marginal
cells; 108: body ray cells procumbent with over
4 rowsof upright and/or square marginalcells;
109: rays with procumbent, square and upright
cells mixed throughoutthe ray; 115: 4-12 rays
per mm. Secretory elements and cambial variants: (132: laticifers or tanniferous tubes).
Mineral inclusions: 152: crystals of other
shapes (mostly small).
(M. Thiam, P. Détienne & E.A. Wheeler)
Growth and development Seeds of Pycnanthus angolensis are recalcitrant. The duration of germination is 16-36 days. The cotyledons are pulpy andthefirst two leaves which
appear after two months are simple, opposite
or alternate, later leaves alternate. A deep secondary root system develops during the first
seven months of growth. In natural stands
numerous seedlings appear around the mother
tree. In the first year the stem height reaches
20-30 cm and it can reach 50 cm in the second
year. In Sierra Leone a mean annual increment in diameter of 1.6—2.4 cm has been observed. Because of the long straight trunk, the
volume/trunk ratio is higher than in most other
African forest tree species. Pycnanthus angolensis is evergreen, and at any latitude in its
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range leaf fall and flushing occur simultaneously. The flowering period is long and depends
on the location. In Cameroonit flowers in October-May with male and female flowers at
separate parts of the same tree, generally also
at different times, while it fruits in September—
April. Dehiscence takes place on the tree or the
whole infructescence falls before dehiscence.
Ecology Pycnanthus angolensis occurs in
upland and wet evergreen forest and semideciduous forest with more than 1600 mm
rainfall. It is especially abundantin old fallows
and secondary forest as its rate of natural recruitment after disturbance of the forest is
high. In southern Africa it occurs in riverine
and swamp forest, but in West Africa it does
not occur in swamps. In Ugandait also occurs
in gallery forest. It is mostly found in small
groups or solitary and it regenerates in small
to medium-sized gaps in the forest. Its abundance increases with rainfall, the optimum
being about 2000 mm/year; above 2600
mm/year numbers decline strongly. It occasionally occurs where rainfall is only 1300 mm
or less with 4-5 dry months. Seedlings are very
sensitive to drought. Pycnanthus angolensis is
a light-demandingtree typical of the dominant
forest strata, although it can tolerate slight
shade when young. It occurs up to 1200(—1400)
m altitude. Pycnanthus angolensis tolerates
light and heavy soils, but is scarce on sandy
soils, while other reports indicate that it is
often found on poorsoils.
Propagation and planting Pycnanthusangolensis is propagated by seed. There are about
500 seeds per kg. Young broken or cut trees
resprout easily, but in a trial vegetative propagation by stem cuttings failed to succeed. Seeds
should not be dried, but sown as soon as possible because of their short viability. Germination is easy and with proper care the germination rate of fresh seed can reach 100%. Soaking
in cold water for 24 hours hastens germination.
In the case of unsorted seeds, the germination

rate is about 50%. Seeds can be planted directly in the field or in an openfield nursery preferably in polythene bags. It is important to
protect the seeds from rodents. A mixture of
sand and arable soil (50/50) is a suitable germination substrate. The seedling rapidly grows
a large taproot, whose development should be
checked timely in the nursery. Cutting the
taproot when it is large greatly reduces the
plant’s growth rate. It is advisable to transplant seedlings after 1-2 years when 30-50 cm
tall, at the beginning of the rainy season. A

slight mulching is recommended. In the humid
lowlands of Cameroon farmers used to retain
or transplant seedlings from the wild when
clearing new fields. To improve growth, compost or chemical fertilizer may be applied. In
direct sowing in the field, the recommendation
is to plant 3-5 seeds per hole and thin to a single plant after germination. Field spacing has
been 4 m X 5 m, but recent recommendations

are 9 m X 10 m (110 trees/ha).
Management Protection and retention of
natural Pycnanthus angolensis trees has long
been done by farmers in the humid lowland
forest of West and Central Africa. In plantations the initial thinning should be done when
trees are about 7 years old to reduce the density to 300-350 trees/ha; when trees approach
the age of 12 years a second thinning should
reduce the density to 150-200 trees/ha.
Diseases and pests Althoughits leaves are
often marred by small holes, no important diseases or pests have been detected in Pycnanthus angolensis in either the natural state or
plantations and from a phytosanitary point of
view, silviculture of the species is very easy.
Nevertheless, some sporadic insect (Monochamus scabiosus, Mallodon downesi, Bryochaeta
interrupta) and fungi (Ophiostoma sp., Microthyriella sp.) attacks have been reported in
Côte d'Ivoire, Cameroon and Gabon.
Harvesting In good plantations in the evergreen forest zone the exploitable diameter of 50
cm is reached when trees are 30 years old, and
a diameter of 60 cm at 45 years.
Yield Little information on seed yield is
available; an average tree may produce 60—100
seeds annually. In well growingplantations the
annual increment at 15 years of age is 15
m3/ha/year, at 30 years it can be 10 m3/ha/year.
Handling after harvest Logs should be
treated with preservatives and be converted
soon after felling to avoid discoloration by fungi
and damage byinsects. Logs can be floated and
be transportedby river.
Genetic resources Becauseof its wide distribution and occurrence in secondary forest,

thereis little risk of genetic erosion. No genetic
conservation programmeis known toexist.
Breeding Pycnanthus angolensis is one of
the most important agroforestry tree species of
the humid lowland forest of West and Central
Africa identified by the World Agroforestry Centre (ICRAF) for a domestication programme.
Prospects Pycnanthus angolensis is an important medicinal plant in the humid forest
region. It is traditionally protected by farmers
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during forest clearing. Large amounts of timber have been exported, but recently volumes
have dropped markedly. The export of the wood
as veneer and plywood has been most important in recent years. New opportunities for
exploiting the oil and medicinal properties
should be investigated. However, as a fairly

fast-growing species that is not very liable to
diseases and pests, Pycnanthus angolensis
seems to have good prospects for timber plantations and for sustainably managed natural
production forest.
Major references Borie, 2000; CTFT, 1975;
Duguma, Tonye & Depommier, 1990; Katende,
Birnie & Tengnas, 1995; Mapongmetsem etal.,

1995; Mapongmetsem et al., 1999a; Mapongmetsem, Nkongmeneck & Duguma, 2002;
Normand & Paquis, 1976; Richter & Dallwitz,
2000; Verdcourt, 1997.
Other references Adjanohoun etal., 1991;
Adjanohounetal., 1996; ATIBT, 2004; Berhaut,
1979; CTFT, 1961a; Dalziel, 1937; Dounias,
1995;

Forest Product Laboratory,

1999;

In-

sideWood, undated; Irvine, 1961; Laird, 1999;
Letouzey, 1955; Luo et al., 1999; Mapongmet-

sem et al., 1999b; Miquel, 1985; Pérez et al.,
2005; Pope, 1997; Raponda-Walker & Sillans,
1961; Simonet al., 2005; Taylor, 1960; Vabi &
Mala’a, 1995; World Agroforestry Centre, un-

dated.
Sources of illustration Verdcourt, 1997;
Voorhoeve, 1965; Wilks & Issembé, 2000.
Authors P.-M. Mapongmetsem

Rawsonia lucida — wild
um-sized tree up to 20 m tall; bole up to 50 cm
in diameter, sometimes fluted at base or with

buttresses; bark surface smooth, peeling in
rounded scales, grey to reddish brown, inner
bark red; crown with spreading branches; twigs
short-hairy to glabrous. Leaves alternate, simple; stipules narrowly oblong, c. 5(-10) mm
long, caducous; petiole 0.5-1(—1.5) cm long;
blade oblanceolate to oblong-obovate, 7-20 cm
x 2-8.5 cm, cuneate to obtuse at base, acumin-

Protologue Harv. & Sond., Fl. cap. 1: 67
(1860).
Family Flacourtiaceae (APG: Achariaceae)
Synonyms Rawsoniareticulata Gilg (1901).
Vernacular names Forest peach (En).
Origin and geographic distribution Rawsonia lucida occurs from Sudan east to Somalia

ate at apex, margins usually distinctly toothed,
thin-leathery, glabrous, glossy, pinnately veined
with 6—9 pairs of lateral veins. Inflorescence an
axillary raceme up to 2.5(-4) cm long, shorthairy to glabrous, densely flowered. Flowers bisexual or male, regular, scented; pedicel up to 2
mm long; sepals 4—6, free, unequal, rounded to
elliptical, (2-)3—4(-5) mm long, short-hairy on
margins; petals 4-8, similar to sepals but 5-8
mm long and with basal hairy appendage inside; stamens numerous, up to 1 cm long; ovary
superior, glabrous, 1-celled, style up to 2 mm
long, with 3-4 short branches. Fruit a globose
berry-like capsule 2—2.5(-4) cm in diameter,
short-pointed, glabrous, yellow becoming red-

and Kenya and south to Angola, Zimbabwe,

dish, tardily dehiscent with 4—5 valves, up to

Mozambique, eastern South Africa and Swaziland.
Uses The wood is locally used for walking

10-seeded. Seeds ovoid to nearly globose, 6—10
mm long, rough.
Rawsonia lucida sometimes flowers when only
3 m tall. In southern Africa trees flower in September to November, and fruits ripen in November to February. They have been reported
to fruit in Kenya in June-July. Trees may produce masses of fruits that may carpet the forest floor in the fruiting season. They are eaten
by monkeys, which probably disperse the
seeds.

RAWSONIA LUCIDAHarv.

sticks, pestles, spoons and tool handles, and

also as firewood and for charcoal production.
The fruit is recorded as edible.
Properties The pale pink to reddish wood is
heavy, hard and tough. The cyanogenic glycosides gynocardin and cyclopentenylglycine
have been isolated from the leaves.
Botany Evergreen shrub or small to medi-
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Rawsonia comprises 2 species and is related to
Dasylepis, Erythrospermum and Scottellia. Rawsonia burtt-davyi (Edlin) F.White is a small to
medium-sized tree up to 20 m tall, with bole up
to 30 cm in diameter, endemic to Mt Mulanje
in Malawi.
Ecology Rawsonia lucida is most characteristic for mid-altitude and montane semievergreen forest up to 2200 m altitude, but it
also occurs in the lowlands. It is found in dry to
moist evergreen forest and in riverine forest,
usually in the understorey.
Management Rawsonia lucida can be propagated by seeds and cuttings. It is recommended to soak seeds in water for 24 hours before
sowing. They should be covered with 1 cm of
soil and kept at about 25°C, constantly moist
but not wet. The seeds germinate in 3-6 weeks.
Genetic resources and breeding Rawsonia lucida is widespread and locally common,
and certainly not endangered by genetic erosion.
Prospects The wood of Rawsonia lucida will
remain of limited importance for local applications. The small size of the bole makes that it
has no prospects for the international timber
market. As an evergreen tree with shiny
leaves, it may have prospects as ornamental.
Major references Coates Palgrave, 1983;
Dowsett-Lemaire & White, 1990; Lovett, Ruffo
& Gereau, 2003; Palmer & Pitman, 1972-1974;
Sleumer, 1975.
Other references Andersen et al., 2001;
Bamps, 1968; Beentje, 1994; Chase et al., 2002;
Engel, 2000; Hyde & Wursten, 2011; InsideWood,

undated;

Wild,

1960;

Wimbush,

1957.
Authors R.H.M.J. Lemmens

RHABDOPHYLLUM CALOPHYLLUM (Hook.f.)
Tiegh.
Protologue Bull. Mus. natl. Hist. nat., Paris
8 : 216 (1902).
Family Ochnaceae
Chromosome numbern = 12
SynonymsOuratea calophylla (Hook.f.) Engl.
ex Gilg (1893).
Origin and geographic distribution Rhabdophyllum calophyllum occurs from Guinea to
Ghana, and in Cameroon, Equatorial Guinea,
Gabon, Congo and Cabinda (Angola).
Uses The wood of Rhabdophyllum calophyllum is used for poles in housebuilding and for
tool handles, and also as firewood. In Congo

Rhabdophyllum calophyllum — wild
leaves taken together with fruits of Aframomum melegueta K.Schum. are considered
aphrodisiac.
Production and international trade The
wood of Rhabdophyllum calophyllum is only
used locally.
Properties The pinkish brown woodis hard,
flexible and durable.
BotanyErect shrub or small tree up to 10(—
15) m tall; bole up to 15 cm in diameter; bark
surface smooth, grey; twigs robust, glabrous.

Leaves alternate, simple and entire; stipules
fused at base, falling early; petiole 3-6 mm
long, slightly corky; blade narrowlyelliptical to
elliptical-obovate, (6—)9—20(-25) cm x 2.5-8.5
cm, base cuneate, apex acute or acuminate,

leathery, pinnately veined with very numerous
lateral veins. Inflorescence an axillary false
raceme (4-)6-11 cm long, glabrous, densely
flowered, with fascicles of (2-)3-5 flowers.
Flowers pendant, bisexual, regular, 5-merous;
pedicel 7-10 mm long; sepals free, oblong, 7—
10(-12) mm X 2.5-6 mm, persistent in fruit;
petals free, elliptical-obovate, 6-8 mm long,
yellow or cream, falling early; stamens 10, surrounding the style, anthers nearly sessile; carpels 5, free, style 1, long and slender. Fruit
pendant, consisting of up to 5 globose, black
drupelets, each drupelet 1-seeded, with red
sepals at base.
In Ghana flowering occurs in December, and
fruits mature in January—February.
Rhabdophyllum comprises 8 species andis restricted to tropical Africa, where it occurs from
Guinea to Zambia. It is related to Campylospermum andIdertia.
Ecology Rhabdophyllum calophyllum occurs
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in primary and secondary evergreen and semideciduous forest on well-drained soils, but
sometimes also in swampy localities and occasionally in shrub vegetation near the coast or
even in savanna, up to 750 m altitude. In Ghana it is mainly found on mild hill slopes in evergreen forest.
Genetic resources and breeding Rhabdophyllum calophyllum is widespread and common, and there are no indications that it is in

dangerof genetic erosion.
Prospects The wood of Rhabdophyllum calophyllum is likely to remain of limited, local
use only. The tree deserves attention as an
ornamental.
Major references Aubréville, 1959a; Burkill,
1997; Farron, 1965; Keay, 1954e; Sosef, 2008.

Other references Bouquet, 1969; Cooper &
Record, 1931; Hawthorne, 1995; Hawthorne &
Jongkind, 2006; Irvine, 1961; Neuwinger, 2000;

Raponda-Walker & Sillans, 1961.
AuthorsL.P.A. Oyen

RICINODENDRON HEUDELOTII (Baill.) Pierre
ex Heckel
Protologue Ann. Inst. Bot.-Géol. Colon.
Marseille 5(2): 40 (1898).
Family Euphorbiaceae
Chromosome number 2n = 22
SynonymsRicinodendron africanum Mill.Arg.
(1864).
Vernacular names Groundnut tree, cork-

wood tree, African oil-nut tree (En). Essang,
essessang (Fr). Menguela, munguella (Po).
Muawa(Sw).
Origin and geographic distribution Ricino-

dendron heudelotii occurs from southern Senegal eastwards to Kenya, and southwards to

Angola and Mozambique.
Uses The seeds of Ricinodendron heudelotii
are widely used in cooking in West and Central
Africa. An edible oil is extracted from the seeds
and a paste made by crushing dried kernels is
sometimes used as a thickening agent for soups
and stews. A paste from the dried and pounded
kernels is also stored for making porridge in
times of food shortage. The protein-rich leaves
are eaten as a cooked vegetable with dried fish
andare used as forage for goats and sheep.
The wood, called ‘erimado’ or ‘essessang’ in
trade, is very light, soft and perishable, but is
occasionally used in carving and for making
household utensils, furniture, boxes and crates.
In Uganda the Semliki and Unyoro people use
it for making doors for their huts, while in
southern Nigeria and DR Congo well-sounding
drumsare carved from it. It is a potential substitute for balsa wood (Ochroma pyramidale
(Cav. ex Lam.) Urb.) for makingfloats andlifebelts. The wood is also suitable for boat building, sporting goods, toys and novelties, hardboard, particle board, plywood, wood-wool and

wood-pulp. The ash of the woodis used as vegetable salt in cooking, indigo dyeing and soap
making. The seeds are used in rattles and as
counters in games. In Bas Congo (DR Congo)
the tree is planted to attract edible caterpillars
(Umbrasia epimethea), and several other edible
caterpillars are collected from it. The leaves
are used as wrapping material and for mulching. In DR Congo Ricinodendron heudelotii is
planted as amenity tree, as live fence and for
erosion control.
Many parts of the tree are used in medicine.
Bark of the root and stem is used in decoctions
or lotions to treat constipation, cough, dysentery, rheumatism, rickets in children, oedema,

elephantiasis, fungal infection, blennorrhoea,
painful menstruation, and to prevent miscarriage, relieve pain in pregnant women, cure
infertility in women, give strength to premature babies, and to mature abscesses, furuncles

Ricinodendron heudelotii — wild

and buboes. The sap is instilled into the eye
against filaria and ophthalmia and leaf decoctions are used as febrifuge. Leaves are also
used to treat dysentery, female sterility, oedema and stomach pain. Roots are used as aphrodisiac in Côte d'Ivoire. Fruits and latex are
used in West Africa to cure gonorrhoea and
diarrhoea.
Production and international trade Kernels of Ricinodendron heudelotii are traded in-
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ternationally and are found in many markets
in West and Central Africa; they are exported
to Europe from Cameroon as ‘ndjanssang’. The
humid forest zone of Cameroon appears to be
the main production area. In 1995, 36,000 kg of
seeds were marketed in this zone, for a total
value of about US$ 79,000.

Properties The dried seeds of Ricinodendron heudelotii contain on average per 100 g:
water6 g, energy 2200 kJ (530 kcal), protein 21
g, fat 43 g, carbohydrate 23 g, Ca 611 mg, P
926 mg, Fe 0.4 mg, thiamin 10 ug, riboflavin
and niacin traces (Leung, Busson & Jardin,
1968). Some sources give a fat content of up to
60%. The fat is pale yellow and liquid but
somewhatviscous at ambient temperatures. Its
fatty acid composition is: palmitic acid 6—-10%,
stearic acid 6—7%, oleic acid 7—9%, linoleic acid
28-36%, a-eleostearic acid 30-51%. The fat
also contains small amounts of B-eleostearic
acid, catalpic acid, gadoleic acid and lignoceric
acid. When exposed to air in a thin layer it
dries to a frosted film; when the oil is heated

first to 280°C it dries to a hard clearfilm.
The heartwoodis whitish to pale yellow, and is
not differentiated from the sapwood. The wood
darkens on exposure to light. The grain is
straight, texture coarse and even. The wood is
light-weight with a density of 130-300 kg/m3,
soft and brittle. It dries rapidly and withlittle
or no degrade. The shrinkage rates are low:
from green to oven dry 1.9-2.4% radial and
4.7-5.4% tangential. At 12% moisture content,
the modulus of rupture is 29-46 N/mm?, modulus of elasticity 8700-4800 N/mm2, compression parallel to grain 14-21 N/mm?, shear 2.2—
3.2 N/mm2, cleavage 5.0—7.3 N/mm (tangential)
and Chalais-Meudonside hardness 0.2—0.6.
The wood saws and works easily, and nails
without splitting, but turning and planing are
difficult. The wood is liable to decay and attack
by termites, powder-post beetles and marine
borers. The wood is permeable to preservatives.

Ricinodendron heudelotii — 1, base of bole; 2,
part of branch with young fruits; 3, male flower; 4, fruit; 5, seed.

Redrawn and adapted by Iskak Syamsudin
cm, with gland-tipped teeth, persistent; petiole
up to 5-380(-40) cm long; leaflets obovate to

elliptical-lanceolate, median leaflet 10-30 cm x
5-15 cm, lateral ones smaller, base cuneate,

apex long-acuminate, margin almost entire to
shallowly glandular-toothed, thinly papery,
glabrous above, glabrous to densely stellate
hairy below. Inflorescence a terminal panicle,
densely stellate hairy but glabrescent; bracts
awl-shaped to linear, 3-7 mm long; male inflo-

ter, base with short, thick buttresses often extending into heavy superficial roots; outer bark
smooth at first, becoming rough and fissured,
grey; inner bark pink to red, densely mottled

rescence up to 40 cm long; female one up to 20
cm long. Flowers unisexual, regular, (4—)5merous, pedicellate; sepals fused at base, c. 4
mm long, densely stellate hairy; petals laterally coherent, oblong, c. 6 mm long, greenish
white to pale yellow; disk lobes yellowish; male
flowers with 6-14 stamens c. 6 mm long; female flowers with superior, globose ovary, 2-3-

and granular; crown candelabra-shaped, com-

celled, stellate hairy, styles 2-3, bifid. Fruit a

monly with many broken branches; twigs with
few lenticels, densely brown stellate hairy but
soon glabrescent, with thick pith. Leaves alternate, palmately compound with (3—)5—7(-8)
leaflets; stipules fan-shaped, 1-5 cm x 1.5-4

2-3-lobed drupe 2.5-3.5 em x 4-5 cm, green
when young, black when ripe, each lobe containing one l-seeded stone. Seeds globose, c.
1.5 cm in diameter, reddish brown to black.
Seedling with epigeal germination; hypocotyl

Description Deciduous, dioecious, medium-

sized tree up to 30(—45) m tall; bole straight
and cylindrical, up to 120(-150) cm in diame-
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up to 20 cm long, epicotyl short; cotyledons
with petiole 1.5—2.5 cm long, blade leafy, 6-7
cm X 5-6 cm, glandular at margins, palmately
veined; first leaf 3-lobed.
Other botanical information Ricinodendron comprises a single species. It is closely
related to Schinziophyton. In Ricinodendron
heudelotii 2 subspecies are recognized: subsp.
heudelotii occurring from Senegal to Benin,
and subsp. africanum (Miill.Arg.) J.Léonard
from Nigeria eastwards and southwards. The
former has mostly 3-lobed fruits, in the latter
2-lobed fruits are more common.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 27: intervessel pits large (> 10 um);
(30: vessel-ray pits with distinct borders; similar to intervessel pits in size and shape
throughout the ray cell); 31: vessel-ray pits
with much reduced borders to apparently simple: pits rounded or angular; 43: mean tangential diameterof vessel lumina > 200 um; 46: <5

vessels per square millimetre; 56: tyloses common. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate
fibres present; 68: fibres very thin-walled. Axi-

al parenchyma: 76: axial parenchyma diffuse;
77: axial parenchymadiffuse-in-aggregates; 93:
eight (5-8) cells per parenchyma strand; 94:
over eight cells per parenchymastrand. Rays:
96: rays exclusively uniseriate; 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2—4 rows of upright and/or square marginal cells; (109: rays
with procumbent, square and upright cells
mixed throughout the ray); 115: 4-12 rays per
mm. Mineralinclusions: 136: prismatic crystals
present; 141: prismatic crystals in nonchambered axial parenchymacells; 154: more
than onecrystal of about the samesize percell
or chamber.
(N.P. Mollel, P. Détienne & E.A. Wheeler)
Growth and development Theroots of Ricinodendron heudelotii reach deep and cause
little competition for nutrients and water in
the upper soil layers with adjacent crops. The
tree starts bearing fruits at 8-10 years of age.
In Sierra Leone flowering takes place in April—
May, and fruits are produced in September—
October; trees are leafless for a few weeks
whenthefruits fall. In central Cameroon fruits

are collected in July-September. Bats, hornbills and rodents are believed to contribute to
the dispersal of the seed. Fruits also break
open and scatter their seed when they fall on
the ground.
Ecology Ricinodendron heudelotii occurs in
clearings in rainforest; it is characteristic of
humid secondary forest and common in abandoned farmland at 200-500 m altitude. The
minimum annual rainfall required is about
1000 mm, but annual rainfall may be as high
as 10,000 mm/yearas in Dibunscha, Cameroon.
It is a fast-growing and light-demandingtree,
requiring mean annual temperatures of 18—

32°C. Ricinodendron heudelotii prefers medium-textured andfreely draining acidic soils.
Propagation and planting Seedsstart germinating 3-6 weeksafter sowing. Scarification
before sowing accelerates germination. Vegetative propagation is possible by rooting of leafy
stem cuttings, layering andside grafting.
ManagementThereis still little experience
with management of planted Ricinodendron
heudelotii. Trials are in progress at ICRAF,
Cameroon. In DR Congo stakes are sometimes
planted to create a live fence as they easily
strike root. Although the species loses its
leaves during the dry season, some farmers in
Cameroon use it to shade cash crops such as
cocoa. Coppicing is possible, but reports on
regrowth are contradictory.
Diseases and pests Somecaterpillars have
been reported to defoliate Ricinodendron heudelotii in DR Congo, such as Lobobunaea phaedusa, Imbrasia spp. and one identified locally
as ‘mimpemba’. However, these caterpillars
also constitute a considerable protein supply
for local people. In Cameroon, a psyllid (Diclidophlebia xuwani), and aphids have been reported to cause serious damageto young plants.
Harvesting Fallen fruits are collected from

the ground.
Handling after harvest After collection,
the fruits are left to rot in big piles. Once the
fruit pulp is rotten, the stones are extracted by
washing andboiling the fruits vigorously. Then
the stones are removed from the hot water, put
in cold water and left overnight. They are
boiled vigorously once more until the shells
crack. Shells are then removed using a knife.
After extraction, seeds are dried.

Logs felled for timber should be extracted from
the forest and converted rapidly because they
are prone to staining.
Genetic resources Ricinodendron heudelotii is very widespread in tropical Africa and
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genetic variation is large. Within a sample of
47 accessions, considerable variation was found
in fruit size, seed size and oil content of the
seed (49-63%). Because of its wide distribution
and prevalence in secondary forest and on
farmlandthere is no risk of genetic erosion. No
germplasm collections are knowntoexist.
Breeding Domestication of Ricinodendron
heudelotii has started recently under the Tree
Domestication Program of the World Agroforestry Centre (ICRAF) in Cameroon. Selection
work is still in its infancy. Plant characters
preferred by farmers have been identified.
They include high yield, long fruiting season,
stable yield, thin shell, self-cracking stones and
good taste. It appears that fruit size is only
weakly correlated with seed size. The selfcracking shell character is not related to shell
thickness.
Prospects Continuing intensification of
agriculture in humid tropical Africa will increasingly rely on domesticated, fast-growing,
multipurpose tree species that fit well in agroforestry systems. If selections can be made that
meet farmers’ requirements and if appropriate
packages of managementpractices can be developed, Ricinodendron heudelotii is likely to

become a more important component of such
systems and contribute to the regional demand
for edible and industrialoil.
Major references Anigbogu, 1996; Ayuk et
al., 1999a; Fondoun, Tiki Manga & Kengue,
1999; Franzel, Jaenicke & Janssen, 1996; Latham, 2004; Ndoye, Ruiz-Pérez & Eyebe, 1998;
Ngo Mpeck et al., 2003; Shiembo, Newton &
Leakey, 1997; Tchoundjeu & Atangana, 2006;

Tiki Mangaetal., 2000.
Other references Beentje, 1994; Berhaut,
1975a; Burkill, 1994; Firestone, 1999; InsideWood, undated; Katende, Birnie & Tengnäs,
1995; Léonard, 1962; Leung, Busson & Jardin,
1968; Radcliffe-Smith, 1987a; Richter & Dallwitz, 2000; Tabuna, 1999; Tane, 1997; Tchiegang et al., 1997.

Sources of illustration Govaerts, Frodin &
Radcliffe-Smith, 2000; Radcliffe-Smith, 1987a;
Wilks & Issembé, 2000.
Authors Z. Tchoundjeu & A.R. Atangana

RINOREA BRACHYPETALA (Turcz.) Kuntze
Protologue Revis. gen. pl. 1: 42 (1891).
Family Violaceae
SynonymsRinorea poggei Engl. (1902).
Origin and geographic distribution Rino-

Rinorea brachypetala — wild
rea brachypetala is widespreadin tropical Africa from Guinea east to Kenya, and south to
Zambia and Angola.
Uses The wood of Rinorea brachypetala is
used in Kenya and Uganda for hut construction, walking sticks and knobkerries. In DR
Congo it is used in construction and to make
household utensils. Boiled leaves are eaten as a
vegetable and the dried, powdered leaves are
sniffed to relieve headache.
Properties The wood is yellowish white,
fine textured and medium-weight.
Botany Shrub or small tree up to 6.5 m tall;
bark greyish green; twigs hairy or glabrous.
Leaves arranged spirally, simple and entire;
stipules awl-shaped, c. 8 mm long, early caducous; petiole 0.5-5.5 cm long; blade obovate to
oblong-elliptical or elliptical-oblanceolate, 6—23
cm X 3-10 cm, rounded to cuneate at base,

acute or shortly acuminate at apex, nearly glabrous, pinnately veined with 6-10 pairs of lateral veins.

Inflorescence a terminal,

many-

flowered thyrse up to 17 cm long, short-hairy.
Flowers bisexual, regular, 5-merous, nodding,

cream-coloured to greenish yellow; pedicel 1-2
mm long; sepals free, broadly ovate to oblong,
2-4 mm long, thick, usually short-hairy; petals
free, oblong to obovate, 4-6 mm long,thick, tip

strongly recurved; stamens c. 3.5 mm long,
filaments fused into a ring, anthers with a
large central appendage and 2 smaller lateral
appendages; ovary superior, obovoid, glabrous,
style 3-4 mm long, thickened upwards. Fruit a
3-lobed capsule 1—-1.5 cm long, 3-6-seeded.
Seeds angular, c.6 mm X 5 mm.
Rinorea is a large pantropical genus of shrubs
and small trees with about 340 species recog-
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nized at present, most of them occurring in
Africa. Madagascar has about 20 species, nearly all endemic. For continental Africa a proper
taxonomic study is long overdue. There are
about 50 well-defined species in the Neotropics.
Rinorea arborea (Thouars) Baill. (synonym:
Alsodeia arborea Thouars), called ‘mkandaamwitu’ in Swahili, is found in coastal Kenya,
Tanzania and Mozambique, as well as in Mad-

agascar. The wood is used for hut building and
to make tool handles. In Kenya a root decoction
is drunk to cure stomach pain.
Rinorea aylmeri Chipp is restricted to Guinea,
Sierra Leone, Liberia and Côte d'Ivoire. The
wood is used for walking sticks.
Rinorea ilicifolia (Oliv.) Kuntze, called ‘mkurute’ in Swahili, is widespread in tropical Africa from Guinea east to Kenya, and south to
Angola and Mozambique. The hard and heavy
wood is used in Uganda to make wooden hammers, tool handles and walkingsticks. In West
Africa decoctions of the whole plant are drunk
to cure epilepsy. In Côte d'Ivoire sap of young
leafy twigs is added to palm wine for its aphrodisiac properties. In Kenya the pulped root is
steeped in water and the liquid is drunk to
treat cough.
Rinorea kibbiensis Chipp, a shrub or small tree
up to 7 m tall, is distributed from Côte d'Ivoire
to Cameroon. The wood is used to make utensils and the twigs are used as toothbrush.
Rinorea oblongifolia (C.H.Wright) Marquand
ex Chipp is one of the taller species of the genus, reaching 12 m tall and 30 cm in bole diameter. In DR Congo the wood is used in construction and for household utensils, and in

Sierra Leone for spoons and combs. In the Central African Republic a root extract is drunk as
a purgative.
The wood of Rinorea seleensis De Wild. and

use will remain restricted.
Major references Aubréville, 1959; Burkill,
2000; Grey-Wilson, 1986; Neuwinger, 2000;
Taton, 1969.

Other references Bakker, van Gemerden &
Achoundong, 2006; Beentje, 1994; Bos, 1989;

Bouquet & Debray, 1974; Dale & Greenway,
1961; Kokwaro, 1993; Normand & Paquis,
1976; Terashima & Ichikawa, 2003; Wahlert &
Ballard Jr, 2009.

Authors C.H. Bosch

SACOGLOTTIS GABONENSIS(Baill.) Urb.
Protologue Mart., Fl. bras. 12(2): 449 (1877).
Family Humiriaceae
Vernacular names Bitterbark tree, cherry
mahogony(En). Bidou (Fr).
Origin and geographic distribution Sacoglottis gabonensis occurs from Senegal and
Gambia east to the Central African Republic
and south to Angola.
Uses The wood of Sacoglottis gabonensis is
widely, though locally, used for hydraulic construction, house and bridge construction, carpentry, heavy flooring, poles, ship building,
vehicle bodies, railway sleepers and mine
props. It is suitable for interior trim, furniture,
cabinet work, toys, novelties, turnery and pat-

tern making. In Liberia and Nigeria, it is used
to make canoes and in Gabon for the ribs of
boats. The woodis a good firewood and produces a valuable charcoal.
Infusions of the stem bark of Sacoglottis gabonensis are commonly taken to treat fever, diarrhoea, gonorrhoea and abdominal pain, and
sometimesthey are used to treat hypertension

Rinorea subsessilis M.Brandt, both found in
the Central African rainforest, is used for ar-

row shafts and house construction, respectively. The bark sap of the latter species is used to
dye hair.
Ecology Rinorea brachypetala is found in
the undergrowth of evergreen forest and gallery forest, but also in savanna. In East Africa
it is found up to 1900 m altitude.
Genetic resources and breeding Rinorea
brachypetala is widespread and notintensively
exploited. Therefore, it does not seem to be in
dangerof genetic erosion.
Prospects In view of the small size of the
bole, wood of Rinorea brachypetala and other
Rinorea spp. is not of commercial interest, and

Sacoglottis gabonensis — wild
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and diabetes. In coastal Cameroon the Kola
pygmies and Mvae people use a decoction of
the crushed bark mixed with leaves of Dioscorea minutiflora Engl. as a rectal enema to
treat acute abdominal pain. In Congo a decoction of the stem bark is used to cure difficult
cases of dermatitis. In Sierra Leone a bark
decoction is used to treat stomach-ache and it
also used as a spice in food to induce heat in
nursing and pregnant mothers. In coastal Côte
d'Ivoire the diluted stem sap is used in
hipbaths to promote muscle tone in women
after childbirth. In Gabon an extract of the
stem bark is drunk as an emetic. In Senegal
and Congo a stem bark decoction is mixed with
other plants and added to bath water to treat
ovarian troubles, vaginal infections and children with fever.
Stem bark is used as a palm wine additive, as
it is claimed to prolong the shelf life of the
wine, add potency, reduce foaming and impart
a bitter taste. It is reported to have aphrodisiac
properties. The bark is used as fish poison.
The fruit is edible, sweet and tastes like banana bread. It is mainly eaten by children and
can be used to make an alcoholic drink. In
coastal Cameroon the seeds are grilled and
eaten by pygmies. The sweetness of the resin
stored in the cavities of the stone is much
sought by bees.
Production and international trade Timber
of Sacoglottis gabonensis is known in the international trade as ‘ozouga’, but volumes
traded are small. Stem bark is sold for medicinal purposesin local markets. Quantities traded are unknown.
Properties The heartwood is brown to purplish red and rather indistinctly demarcated
from the narrow, yellowish sapwood. The grain
is straight or wavy, texture fine and even. The
wood is heavy, with a density of 870-950 kg/m?
at 12% moisture content. It should be air dried
slowly and with care to avoid serious checking
and warping. The rates of shrinkage are quite
high, from green to oven dry 5.0-5.8% radial
and 9.0-10.0% tangential. Once dry, the wood
is moderately stable to unstable in service.
At 12% moisture content, the modulusof rupture is 109-233 N/mm2, modulus of elasticity
13,330-21,770 N/mm?, compression parallel to

grain 66-104 N/mm2, shear 10-13 N/mm?,
cleavage 22-23 N/mm, Janka side hardness
9065-11,005 N, Janka end hardness 12,495 N
and Chalais-Meudonside hardness 7.3—10.9.
Considering its high density and hardness, the
woodis not difficult to saw and work, but it has

a severe blunting effect on saw teeth and cutting edges; stellite-tipped saw teeth and tungsten-carbide cutting edges are needed. The
woodis difficult to nail and screw, but the holding poweris good; pre-boring is recommended.
The finishing and gluing properties are satisfactory, but the wood is not suited for veneer
and plywood production. It is durable, being
resistant to fungal and insect attacks. The
heartwood is resistant to impregnation with
preservatives.
Bergenin, an isocoumarin, was identified as

the main active compound of the stem bark
extract of Sacoglottis gabonensis. The stem
bark extract is reported to have hepatoprotective properties. Both the extract and bergenin
reduced the rate of formation of intermediates
of the lipid peroxidation pathway (lipid hydroperoxide aldehydes, carbonyls) as well as
complementing the primary anti-oxidant enzymes catalase and superoxide dismutase during 2,4-DNPH-induced membranelipid peroxidation in rat liver and red bloodcells. In vivo in
rats, bergenin protects against 2,4-DNPHinduced hepatotoxicity and toxicity to red blood
cells. However, in another experiment, a stem
bark extract given orally to rats showed hepatotoxicity even at low doses. Bergenin also protects stored vegetable oils against peroxidative
deterioration over a period of time. A stem
bark extract added to drinking water of rats
increased prothrombin and thrombin levels of
blood plasma.
Further analyses of stem bark extract have
shown tannins in appreciable amounts with a
trace of saponins. They havealso revealed the
presence of 2 cis/trans isomers of lignans (calopiptine and galgravine) which may play a
role in cancer prevention.
The alcohol content of palm wine from Raphia
hookeri G.Mann & H.Wendl. with stem bark
added became almost twice as high as that of
untreated palm wine. It was found that the
ethanol tolerance and osmotolerance of the
yeast Saccharomyces cerevisiae were enhanced
by the bark extract, whereas flocculation and
invertase activity were reduced.
The endocarp contains 54% oil of unknown
composition.
Adulterations and substitutes Bergenin
is commercially extracted from Ardisia and
Bergenia spp. (Siberian tea and marlberry
bush) and is used as a weight-loss product, e.g.
in body building, and in Chinese medicine to
increase bodyheat.
Description Evergreen, medium-sized to
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green to yellow; stone with 10 grooves and
many resinous cavities, 1-3-seeded. Seeds oblong, c. 15 mm x 3 mm. Seedling with epigeal
germination; hypocotyl 5-9 cm long, epicotylc.
2 cm long; cotyledonsleafy, ovate, c. 1.5 cm x
0.5 cm; first 2 leaves opposite.
Other botanical information Sacoglottis
comprises 9 species, which all occur in South
America except Sacoglottis gabonensis, which
is consideredto beclosely related to Sacoglottis
amazonica Mart. from South America and the
Caribbean. The fruits of Sacoglottis amazonica
are eaten in Venezuela to cure diarrhoea. The
timberis valued for heavy construction in Venezuela and Brazil.
Sacoglottis gabonensis may have evolved from
seeds, which arrived on the West African coast
from South America, being one of the most
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Sacoglottis gabonensis — 1, flowering branch;2,
fruit.

Redrawn and adapted by Achmad Satiri Nurhaman
fairly large tree up to 40 m tall; bole branchless
for up to 20 m but often branching low, often
crooked, knotty and deeply fluted, up to 180(—
450) cm in diameter, with buttresses up to 2.5
m high; bark surface in young trees fairly
smooth with horizontal lenticels, in old trees
brown to dark brown, very scaly, inner bark
fibrous, brittle, pinkish brown to red-brown,
exuding a clear, sticky sap; crown very large,
wide-spreading, heavily branched, rounded and
fairly open. Leaves alternate, simple; stipules

c. 1 mm long, early falling; petiole 0.5-1 cm
long; blade ovate to elliptical or oblong, 6—15
cm X 2.5-6 cm, base cuneate, apex acuminate,
margin obscurely toothed, thin-leathery, glabrous, pinnately veined with 6—12 pairsof lateral veins. Inflorescence a short axillary cyme
up to 5 cm long. Flowers bisexual, regular, 5merous; pedicel 0.5-1.5 mm long, jointed at
base; sepals c. 1.5 mm long, hairy outside; petals free, linear, c. 7 mm long, hairy outside,
white; stamens 10, fused at base, 5 longer sta-

mens c. 5 mm long, 5 shorter ones c. 3.5 mm
long; ovary superior, ovoid, 5-celled, glabrous,
style grooved, c. 4 mm long. Fruit an ellipsoid
to globose drupe 3-4 cm x 2.5—3.5 em, smooth,

illustrative cases of dispersal by water from
South America to Africa. The resin-filled
chambers of the stone make it float in water
and seeds remain viable for up to 4 years.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
14: scalariform perforation plates; 16: scalariform perforation plates with 10-20 bars; 22:
intervessel pits alternate; (23: shape of alternate pits polygonal); 25: intervessel pits small
(4-7 um); 26: intervessel pits medium (7-10
uum); 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 tum; 47: 5—

20 vessels per square millimetre; 56: tyloses
common. Tracheids and fibres: (60: vascular/vasicentric tracheids present); 62: fibres
with distinctly bordered pits; 63: fibre pits
common in both radial and tangential walls;
66: non-septate fibres present; 70: fibres very
thick-walled. Axial parenchyma: 77: axial parenchyma diffuse-in-aggregates; 78: axial parenchyma scanty paratracheal; (84: axial parenchyma unilateral paratracheal); (92: four
(3-4) cells per parenchyma strand); 93: eight
(5-8) cells per parenchyma strand; (94: over
eight cells per parenchyma strand). Rays: 97:
ray width 1-3 cells; (100: rays with multiseri-

ate portion(s) as wide as uniseriate portions);
(107: body ray cells procumbent with mostly 2—
4 rows of upright and/or square marginalcells);
108: body ray cells procumbent with over 4
rows of upright and/or square marginalcells;
(109: rays with procumbent, square and up-
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right cells mixed throughout the ray); 115: 4—
12 rays per mm. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchymacells.
(L.N. Banak, H. Beeckman & P.E. Gasson)
Growth and development In Liberia flowering of Sacoglottis gabonensis occurs from
December—March. The fruits are adapted for
dispersal by elephants. They develop slowly
over the dry season, ripening in September—
Decemberin Liberia and remaining dull green.
They fall to the ground when ripe and develop
a strong yeasty smell. Chimpanzees and mandrills also eat the fruits. Like Lophira alata
Banks ex P.Gaertn. and Aucoumea klaineana
Pierre, Sacoglottis gabonensis is able to establish in the edges of moist savanna andit is
common in younger forest types. It can dominate this habitat, since its branches form huge

arches, suppressing vegetation under them,
hence cooling annual savanna fires, which
might otherwise scorch their trunk. Early colonizers have low, round canopies and branch

low down, but later generations grow taller and
branch higher to escape from the shadow.
Young trees close to the savanna edge often
have multiple trunks because they have coppiced after being broken by elephants which
feed on their leaves and bark.
Ecology Sacoglottis gabonensis occurs in
evergreen forest, on river banks, along lagoons,

on forest and savanna edges and in secondary
forest. It is one of the dominant trees in the
coastal rainforests of West and Central Africa
and is particularly abundant in Cameroon (associated with Lophira alata) and in Gabon (associated with Aucoumea klaineana). In Cote
d'Ivoire it is characteristic of the most humid
evergreen forests. It is usually found in small
pockets, but occasionally in quite large and
almost pure stands.
Propagation and planting Natural propagation of Sacoglottis gabonensis is only by seed.
Natural regeneration is not very abundant as
many seeds are damaged by insects. The
weight of 100 stones is 560-1000 g. Seeds take
2-4 months to germinate. The germination
rate is quite low.
Management Sacoglottis gabonensis is less
desirable for commercial forestry as the large
crown suppresses regeneration of more valuable timber species. After cutting the tree, the
stumpcoppices vigorously.
Harvesting The minimum bole diameter for
harvesting is 70 cm in Liberia and Gabon. The
stem bark and wood of Sacoglottis gabonensis

is harvested from the wild.
Handling after harvest Logs do not float
in water and cannot be transported by river.
The bark of Sacoglottis gabonensis is generally
sold in markets in sheets or rolls for use as an
additive to palm wine or as a medicine, less
frequently as a powderfor emetic use.
Genetic resources Sacoglottis gabonensis
is widespread and locally common, and therefore not threatened by genetic erosion.
Prospects Sacoglottis gabonensis plays an
important role in the succession in and regeneration of natural forests. As a widespread and
often common species it is important in the
local economy as a timberand for firewood and
charcoal production. Because of the often poor
shape of the bole, commercial exploitation of
the timber for international trade is limited.
Selection for bole shape and research into
proper management practices could lead to
better shaped boles with higher commercial
value in the timbertrade.
The stem bark extracts of Sacoglottis gabonensis and its main isolated compound bergenin
have interesting hepatoprotective and antioxidant properties, but more research is needed to evaluate its potential as a lead drug.Its
use to increase alcohol content in palm wine
deserves more research attention, as does in-

formation concerninghealth risks.
Majorreferences Badré, 1972c; Burkill, 1994;
Irvine, 1961; Maduka, Okoye & Mahmood,
2004; Siepel, Poorter & Hawthorne, 2004;
Takahashi, 1978; Voorhoeve, 1965; White &
Abernethy, 1997.
Other references Cuatrecasas, 1961; Ekouya
& Itoua, 2005; Ezeronye, Elijah & Ojimelukwe,
2005; Gassita et al. (Editors), 1982; Hawthorne, 1995; Hoshino, 1985; InsideWood, un-

dated; Liben, 1970a; Maduka, 2005; Maduka,
Okoye & Eje, 2002; Maduka, Uhwache & Okoye, 2003; Madusolumuo & Okoye, 1993; Ojimelukwe, 2001; Okoye & Ohaeri, 1995; RapondaWalker & Sillans, 1961; Renner, 2004; Udosen

& Ojong, 1998.
Sources of illustration Voorhoeve, 1965.

Authors E. Dounias

SARCOCEPHALUS POBEGUINII Pobég.
Protologue Essaifl. Guinée frang.: 313 (1906).
Family Rubiaceae
Chromosome number 2n = 44
SynonymsNauclea pobeguinii (Pobég.) Merr.
(1915).
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Vernacular names Water kusia (En). Bilinga des marais, bois d'or (Fr).
Origin and geographic distribution Sarcocephalus pobeguinii is distributed from Senegal
to Zambia. It is occasionally planted.
Uses The woodis used for construction, joinery and cabinet work. Although the wood has
been recorded to be suitable for making mortars,

like

that

of the

related

Nauclea

di-

derrichii (De Wild. & T.Durand) Merr., other
sources indicate it is not used for making mortars in Ghana because it imparts a bitter taste
to food. The pulp of the infructescenceis edible,
but not much eaten.
Sarcocephalus pobeguinii is widely used in
African traditional medicine. A root decoction
is taken as an anthelminthic in Guinea. In
Nigeria root preparations are used against
gonorrhoea. The powdered bark is taken in
water against intestinal pain and diarrhoea in
Senegal, and a bark decoction as an oxytocic.
In Guinea a bark maceration is recorded to be
taken as an abortifacient, while in Cameroon
the bark is said to be used against threatened
abortion. In Côte d'Ivoire bark preparations are
used for the treatment of fever and jaundice. In
Nigeria a bark decoction is drunk for the
treatment of stomach-ache. In Gabon a maceration or decoction of the bark is drunk for the
treatment of gonorrhoea. In DR Congo bark
decoctions are taken for the treatment of malaria, a decoction of the barks of Sarcocephalus
pobeguinii and Symphonia globulifera Lf. is
taken against sexual asthenia, and a bark

preparation is applied as a suppository against
epilepsy. A leaf decoction is used against jaundice in Nigeria. In Gabon a leaf infusion is taken against fever.

Production and international trade The
wood is only used locally and not commercialized.
Properties The heartwood is yellow or pale
orange, the sapwood pale yellow to orange. The
grain is irregular, texture fine. The wood is
medium-weight, with a density of 500-780
kg/m3, and moderately hard to hard. It works
and glues well, and holds nails and screws
well.
Aqueous, ethanolic and dichloromethane extracts of the bark have shown in-vitro antimalarial activity against Plasmodium falciparum
and in-vivo antimalarial activity against Plasmodium berghei and Plasmodium yoellii in
mice. No significant in-vivo toxic effects in mice
were observed for aqueous and ethanolic bark
extracts, but dichloromethane extracts have
shown high in-vitro cytotoxic activity. A hydromethanolic extract of the bark showed significant chromosome-damaging activity, but
had no cytotoxic activity. A clinical test with a
small group of human adult volunteers diagnosed with uncomplicated Plasmodium falciparum malaria has shown that oral administration during meals of capsules of an 80%
ethanolic extract of the stem bark waseffective
against malaria and well-tolerated, giving only
mild and self-resolving adverse effects. Alkaloids, especially the major compoundstrictosamide, are assumed to be responsible for the
antimalarial activity. However, neither strictosamide nor other alkaloids did show in-vitro
antimalarial activity, suggesting activation of
strictosamide, probably by the gastrointestinal
tract, is necessaryfor its activity. The root bark

contains alkaloids and quinovic acid glycosides.
An aqueous extract of the leaves has shown invivo anti-oxidant activity in rats.
Botany Deciduous, small to medium-sized
tree up to 380 m tall, sometimes a shrub; bole

branchless for up to 15 m, straight and cylindrical, up to 100 cm in diameter, without but-

tresses; bark surface longitudinally fissured,
flaking in papery scales c. 2 cm in diameter,
whitish, grey or pale brown, inner bark fibrous,

pale yellow-brown, turning darker on exposure;
crown with whorled horizontal branches; twigs

Sarcocephalus pobeguinii — wild

short-hairy when young. Leaves opposite, simple and entire; stipules triangular, 3-7 mm
long; petiole slender, 1.5—5 cm long; blade oblong-elliptical to broadly elliptical, 8-25 cm x
5.5-16 cm, cuneate at base, roundedto acute or
acuminate at apex, thin, glabrous, pinnately
veined with 7-9 pairs of lateral veins. Inflorescence a solitary, terminal, rounded head 2—5
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cm in diameter; peduncle 1—3 cm long. Flowers
bisexual, regular, 4—5-merous, fragrant; calyx
tubes fused to each other, lobes oblongspatulate, 2-4 mm long, densely hairy; corolla
8-10 mm long, pinkish white, white or creamcoloured, tube funnel-shaped, c. 7 mm long,

Hallé, 1966; Hawthorne & Jongkind, 2006; Kadiri, Adegor & Asagba, 2007; Liu et al., 2011;
Mesiaet al., 2005; Mesia et al., 2011; Vivien &
Faure, 1996; Voorhoeve, 1979; Zeches et al.,

1985.
Authors M. Brink

hairy inside, lobes oblong to ovate, 1.5-2 mm

long; stamens inserted in the throat of the corolla tube, alternating with the lobes, without

filaments; ovary inferior, 2-celled, style c. 12
mm long, with spindle-shaped thickening near
apex. Fruits fused into a globose, fleshy infructescence 3.5-10 cm in diameter, yellow,
densely pitted because of the persistent calyx
lobes, with yellow pulp and an apple-like smell,
many-seeded. Seedsellipsoid or ovoid, 1-3 mm
long, reddish, reticulate. Seedling with epigeal
germination.
Sarcocephalus comprises only 2 species, restricted to tropical Africa, and seemsrelated to
Burttdavya and Nauclea.
In West Africa Sarcocephalus pobeguinii flowers in (April-)May—July, and fruits in September—November(—December). The fruits are a
favoured food for chimpanzees in Guinea and
gorillas in Central Africa. The seeds are recorded to be dispersed by water.
Ecology Sarcocephalus pobeguinii occurs
from sea-level up to 1400 m altitude on river
banks and lake sides, and in swamp forest,

where it may grow in nearly pure stands.
Management Seed germination takes 1-3
weeks, and the germination rate is usually
high. In an inventory in forest in southern
Cameroon, an average wood volume of 0.25
m3/ha has been recorded for trees with a bole
diameter of more than 15 cm.
Genetic resources and breeding As Sarcocephalus pobeguinii is widely distributed and

SCHEFFLERA ABYSSINICA(Hochst. ex A.Rich.)
Harms
Protologue Engl. & Prantl, Nat. Pflanzenfam.
III, 8: 38 (1894).
Family Araliaceae
Origin and geographic distribution Schefflera abyssinica occurs in mountain regions
from Nigeria and Cameroon east to Ethiopia
and Kenya, and south to Malawi and Zambia.
Uses The wood is used for furniture, boxes

and agricultural implements. It is suitable for
inner layers of plywood. Occasionally it is also
used as firewood. The flowers are a source of
nectar and pollen for honey bees. Schefflera
abyssinica is plantedaslife fence.
Properties The heartwood is yellowish
brown and indistinctly demarcated from the
sapwood. The texture is coarse. The wood is
lightweight, with a density of about 460 kg/m?
at 12% moisture content. It is soft and easy to
work. Some triterpene saponins have been isolated from the leaves.
Botany Small to medium-sized tree up to 30
m tall, sometimes an epiphyte; bole often
twisted; bark surface smoothto fissured, corky,

grey-brown to grey-black, inner bark whitish;
crown large, spreading. Leaves arranged spirally, digitately compound with 5-8 leaflets;
stipules triangular, 1—-1.5 cm long;petiole up to

not much used, it seems not threatened with

genetic erosion.
Prospects The wood of Sarcocephalus pobeguinii is only used locally and not traded internationally, and there are no indications that

this situation will change. Quantitative data on
the wood properties are scarce, and information on the durability of the wood is lacking
altogether. Research on the pharmacological
properties, especially in relation to the treatment of malaria, showed promising results for
possible drug development in the pharmaceutical industry.
Major references Bridson & Verdcourt,
2003; Burkill, 1997; Mesia et al., 2010; Taylor,
1960; Vivien & Faure, 1985.
Other references de la Mensbruge, 1966;

Schefflera abyssinica — wild
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42 cm long, slightly grooved; petiolules up to
12.5 cm long;leaflets elliptical to ovate, 6—-25(—
40) em xX 3—15(-20) cm, rounded to cordate at
base, acuminate at apex, margins finely
toothed, papery to leathery, glabrous, pinnately
veined with 9-14 pairs of lateral veins. Inflorescence a false raceme up to 40 cm long,often
many together at ends of branches, consisting
of stalked umbels; bracts at base of inflorescences broadly ovate, up to 1.5 cm long. Flowers bisexual, regular, 5—8-merous, creamy to
greenish yellow, fragrant; pedicel 2-11 mm
long; calyx wavy; petals fused, 1.5-2 mm long,

falling as a small cap; stamens the same number as petals, free, 2-3 mm long;ovary inferior,
5-8-celled, styles 5-8, 0.5-1 mm long. Fruit a
nearly globose drupe-like berry c. 5 mm in diameter, ribbed, reddish when ripe, glabrous or
slightly hairy, several-seeded. Seeds ellipsoid,
compressed, smooth.
In Ethiopia trees flower from February to
March, and fruits mature 2-3 months later.
The flowers are pollinated by insects including
bees. The fruits are eaten by birds, which may
serve as seed dispersers.
Schefflera probably comprises about 700 species and is widely distributed in the tropics and
subtropics. In mainland Africa about 12 species
occur, and in Madagascarabout 15.
Schefflera umbellifera (Sond.) Baill. is a small
to medium-sized tree up to 20 m tall, usually
with a straight bole up to 60 cm in diameter,
occurring in Malawi, Zimbabwe, Mozambique
and South Africa. The whitish, lightweight and
soft wood is used for boxes and matches. A
bark extract is taken to treat malaria, leaf extracts are drunk against rheumatism, colic and

insanity, and root infusions against inflammations. The use of the bark in traditional medicine to treat malaria has been rationalized in

tings should be planted at the end of the rainy
season.
Genetic resources and breeding Schefflera abyssinica is widespread in mountainous
regions of Africa, and is not threatened. However, isolated populations, like those in Nigeria
and Cameroon, may become threatened with
ongoingforest clearing.
Prospects Schefflera abyssinica will probably remain of some importance for local applications, but does not seem to have prospects for
commercial exploitation, with its often poorly
shapedbole and low-quality timber.
Major references Bamps, 1974; Bamps,
1989;

Bekele-Tesemma,

2007; Jacques-Félix,

1970; Tennant, 1968.
Other references Beentje, 1994; Cannon,
1978b; Coates Palgrave, 1983; Keay, 1989;
Mbambezeli,

2005; Neuwinger, 2000; Pillay,

Maharaj & Smith, 2008; Sommerlatte & Sommerlatte, 1990; Tapondjou et al., 2006; Tetyana
et al., 2002.

Authors R.H.M.J. Lemmens

SCHOTIA BRACHYPETALA Sond.
Protologue Linnaea 23: 39 (1850).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 24
Vernacular names Weeping schotia, weeping boerbean, fuchsia tree, African walnut
(En).
Origin and geographic distribution Schotia
brachypetala occurs in eastern Botswana, Zimbabwe, southern Mozambique, eastern South
Africa and Swaziland.

experiments with bark extracts, which showed

in-vitro activity against chloroquine-resistant
strains of Plasmodium falciparum. Schefflera
umbellifera is planted as an ornamentaltree in
gardens.
Ecology Schefflera abyssinica occurs in
mountain rainforest at (1200—)1400—2800 m

altitude, often in secondary forest. In Ethiopia
it is locally one of the dominant forest trees,

e.g. with Hagenia abyssinica (Bruce) J.F.Gmel.
at 2400-2800 m altitude, whereas in mountain

forest in southern Sudan it is common.
Management Schefflera abyssinica is propagated by seed, cuttings and wildlings. Seeds
do not require any pre-treatment; they start
germinating about 2 weeks after sowing. Cut-

Schotia brachypetala — wild
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Uses The wood is used for furniture, flooring, wagon beams and carving. Roasted seeds
are eaten. The flowers, which produce abundantly nectar, are sometimes chewed. Preparations of the bark, and sometimes of roots and
leaves, are used in traditional medicine. Bark
decoctions and infusions are taken as emetic,
and to treat heartburn, hangovers, nervous

conditions, mental health problems andfontanel depression in babies, and are applied to
swellings. The bark and roots are usedto treat
diarrhoea, and barkis applied in mixtures as a
tonic. Pulverized leaves are used as a dressing
to treat ulcers, and the smoke of burnt leaves is

inhaled against nose bleeding. The bark has
been used for tanning and dyeing reddish
brown. Schotia brachypetala is planted as ornamentaltree in gardens and parks becauseof
its glossy foliage andbrightred flowers.
Properties The heartwood is dark brown to
nearly blackish, often with a greenish tinge,
and is distinctly demarcated from the pinkish
sapwood, which changes to yellowish brown
upon exposure. The texture is fine. The wood is
heavy and hard. It is only moderately durable,
but quite resistant to termites. It has been
reported that wood dust may cause allergic
reactions to the eyes.
The medicinal activity of the bark may be due
to the presence of tannins. Fatty acids with
antibacterial activity against Bacillus subtilis
and Staphylococcus aureus, and to a lesser
extent against Escherichia coli and Klebsiella
pneumoniae, have been isolated from the
leaves. Bark extracts exhibited pronounced
monoamine oxidase-B inhibition activity, supporting the use in traditional medicine to treat
mental health problems. Polyhydroxystilbenes
have been isolated from the heartwood; the

major compound is 3,3',4,5,5’-pentahydroxystilbene.
Botany Evergreen or briefly deciduous,
small tree up to 15 m tall; bole up to 60 cm in
diameter;

bark

surface

smooth

with

hoop

marks and reddish brown in young trees, becoming rough and greyish brown to reddish
brown in older trees; crown rounded, with
spreading branches; twigs short-hairy when
young. Leaves alternate, paripinnately compound with (8—-)4—6(-7) pairs of leaflets; stipules narrowly triangular, c. 5 mm long, caducous; petiole 1-2 cm long, rachis 3.5-17.5 cm

long, grooved; leaflets opposite, elliptical to
rhombic-ovate, 2-6.5 cm xX 1—3 cm, cuneate to

rounded and often asymmetrical at base,
rounded to slightly notched at apex, margin

entire to slightly wavy, sparsely hairy or glabrous, pinnately veined. Inflorescence a congested panicle up to 13 cm long, usually on
older branches. Flowers bisexual, zygomorphic,
deep red; pedicel 3-5 mm long, expanding into
the 3-5 mm long hypantium; calyx lobes 4,
broadly ovate, c. 1 cm long, unequal, glanddotted; petals often strap-shaped and up to 3
mm long or absent, but sometimes 1—4 narrowly obovate petals up to 2 cm long present; stamens 10, fused at base, up to 2 cm long; ovary

superior, narrowly elliptical, flattened, c. 1 cm
long, with stipe c. 3 mm long fused to the hypantium, style c. 1 cm long. Fruit an oblong,
flattened pod 6-17 cm Xx 3.5-5 cm, thickened

along upper suture, glabrous, tardily dehiscent,
several-seeded. Seeds broadly elliptical to
rhombic, flattened, 1.5-2 cm xX 1-1.5 cm,
smooth, pale brown, with cup-shaped, yellow
aril at base.
Schotia brachypetala usually grows slowly, but
whenplanted on deep sandy soils it may grow
quite rapidly; a planted tree reached 12 tall
17 years after being planted as a cutting. The
tree is usually evergreen, but in colder areas of
South Africa it is deciduous for a short period.
Youngfoliage is pink to red, turning gradually
to coppery andlight green, and is often accompanied by the deep red flowers. Trees usually
flower in September—October. Nectar is often
so abundant that it drips from the flowers,
which are visited by sunbirds, but also by insects such as bees, and by monkeys. Fruits
ripen about 6 months after flowering. The
seeds are probably mainly dispersed by birds
attracted by the yellow arils.
Schotia comprises about 4 species and is confined to southern Africa. Its affinity is still uncertain. Schotia afra (L.) Thunb. is a shrub or
small tree up to 7 m tall found in southern
Namibia and South Africa. The reddish brown
wood is used for yokes and felloes, andasfirewood; it is hard and durable. Roasted seeds are
eaten. The foliage is eaten by livestock. Schotia
afra is an attractive ornamental. The bark has
been used for tanning.
Schotia capitata Bolle is a shrub or small tree
up to 7 m tall found in Zimbabwe, southern
Mozambique, eastern South Africa and Swaziland. The wood is sometimes used for furniture. Schotia capitata is occasionally planted
as ornamental.
Schotia latifolia Jacq. is a small tree up to 10(—
15) m tall endemic to South Africa, but recently
it has also been recorded from southern
Mozambique. The tough, whitish wood is used

570

TIMBERS 2

for fence posts. Roasted seeds are eaten. Bark
decoctions are taken to treat stomach-ache.
The bark of Schotia latifolia is commonly used
in South Africa to treat tick-borne diseases of
livestock. The bark has been used as a dye producing a greenish colour, and for tanning.
Schotia latifolia is occasionally planted as an
ornamental.
Ecology Schotia brachypetala occurs in
woodland and thickets up to 1350 m altitude. It
is often found on termite mounds and on river
banks. Thetree is drought resistant andslightly frost tolerant.
ManagementPropagation can be doneby using
seeds or truncheon cuttings. Young trees perform best when they have been planted in deep
sandy soils with plenty of well-decomposed
compost added.
Genetic resources and breeding There
are no indications that Schotia brachypetala is
in risk of genetic erosion. However, the bark is
locally popular and much collected, and this
may have serious impact on local populations
of the species.
Prospects Theboles of Schotia brachypetala
and other Schotia spp. are usually too small
and too poorly shaped to be of commercial interest for timber. However, Schotia spp. are
valued as multi-purpose trees, especially as
ornamental and for medicinal purposes. Some
of the known pharmacological activities deserve more research attention, e.g. the monoamine oxidase-B inhibition activity, which
could be of interest for the development of new
medicines against Parkinson’s and Alzheimer’s
disease. Schotia trees are also important as a
source of food for wildlife.
Major references Brummitt et al., 2007a;

Chromosome number 2n = 44, 46

Origin and geographic distribution Schrebera alata is widespread, from Eritrea and
Ethiopia southwards through eastern DR Congo and East Africa to Angola, northern South
Africa and Swaziland.
Uses In Kenya the wood is mainly used for
construction in house building, poles, furniture
and tool handles. It is suitable for flooring,
joinery, interior trim, mineprops, vehicle bodies, sporting goods, toys, novelties, agricultural
implements, turnery, pattern making, veneer
and plywood. The woodis excellent as firewood,
andis also used for charcoal production.
Several plant parts are used in traditional
medicine. Pounded roots, twigs and leaves are
chewed to treat tooth complaints and as antitussive, and in water they are applied as a
wash to ulcers. Bark is also chewed to treat
toothache, and bark decoctions are applied as
anodyne. Leaves are chewed to treat tonsillitis,
pharyngitis and headache, and leaf decoctions
are administered as a vapour bath for treatment of headache and taken to treat colds,
cough, fever, and as emetic, oxytocic and tonic.
Schrebera alata is occasionally planted as ornamentaltree.
Properties The heartwood is whitish to pale
brown, often with slightly darker streaks, not
distinctly demarcated from the sapwood. The
grain is straight to slightly wavy, texture fine
and even. The wood is moderately heavy, with
a density of 780-835 kg/m? at 12% moisture
content, hard and strong. It should be dried

slowly and carefully to avoid serious splitting,
checking anddistortion. Once dry, it is moderately stable in service.
The wood saws and works fairly easily with

Coates Palgrave, 1983; Mbambezeli & Notten,
2001; Palmer & Pitman, 1972-1974; van Wyk,
van Oudtshoorn & Gericke, 1997.

Other references Drewes & Fletcher, 1974;
Grace et al.,

2002a;

Huxham et al.,

1998;

Masika, Sultana & Afolayan, 2004; Mathabe et
al., 2006; McGaw, Jager & van Staden, 2002a;

McGaw, Jager & van Staden, 2002b; Neuwinger, 2000; Stafford et al., 2007; van Wyk &
Gericke, 2000.

Authors R.H.M.J. Lemmens

SCHREBERA ALATA(Hochst.) Welw.
Protologue Trans. Linn. Soc. London 27: 39
(1869).

Family Oleaceae

Schrebera alata — wild
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both hand and machine tools. It planes to a
smooth surface, and polishes well. Pre-boring is
needed for nailing. The wood glues, paints and
varnishes satisfactorily, and it turns fairly
well. The heartwood is moderately durable.
The sapwood is susceptible to Lyctus attack.
The heartwood is resistant to preservatives.
Tests in rats showed that bark extracts have
analgesic effects, confirming the use in traditional medicine, but they also demonstrated
some toxicity, causing hepatic injuries.
Botany Deciduous, small to medium-sized
tree up to 20(-25) m tall; bole usually short
and crooked, up to 60 cm in diameter, often

fluted; bark surface smooth or longitudinally
fissured, sometimes flaking with thin scales,

pale grey to yellowish brown, inner bark
cream-coloured with orange markings, darkening upon exposure; crown fairly open; twigs
initially hairy but becoming glabrous, with
lenticels. Leaves opposite, imparipinnately
compound with (3-)5(—7) leaflets; stipules absent; petiole 1-5 cm long, slightly winged; rachis 2-5 cm long, winged; leaflets opposite,
nearly sessile, elliptical to obovate, 2-14 cm x
1-6 cm, cuneate and often asymmetrical at
base, apex rounded to short-acuminate or occasionally notched, glabrous or sparsely shorthairy, pinnately veined with up to 10 pairs of
lateral veins. Inflorescence a terminal cyme up
to 10 cm long, glabrous to hairy, few-flowered
to many-flowered. Flowers bisexual, regular,
5—7-merous, heterostylous, sweet scented; ped-

icel up to 3(—5) mm long; calyx campanulate, 2—
4(-7) mm long, short-hairy; corolla white,
sometimes flushed with pink, with reddish
brown hairs at the base of lobes, tube funnelshaped, 1-1.5 cm long, lobes 3-7 mm long,
spreading; stamens 2, inserted in the upper
part of the corolla tube, with short filaments;
ovary superior, c. 1.5 mm in diameter, 2-celled,
style slender, short or long. Fruit a pearshaped or obovoid woody capsule 2—4.5 cm x 1—
1.5 cm, pale brown, dehiscing with 2 valves,

with up to 8 seeds. Seeds with a large wing, up
to 2.5 cm X 1 cm.
Young Schrebera alata trees grow fairly rapidly when they are planted in fertile soil. In
Uganda young trees showed an annual growth
of up to 1 m/year at 1500 altitude and on deep
and moist soils, but growth was much less at
higher altitudes and on driersites. In southern
Africa trees flower in December to February,
and fruits ripen about 4 months after flowering. Fruits usually open while still attached to
the tree. The seeds with their wings are dis-

persed by wind; they spin during falling.
Schrebera comprises about 8 species, of which
5 occur in tropical Africa including Madagascar, 2 in tropical Asia and 1 in South America.
It seems most closely related to Comoranthus
from Comoros and Madagascar, which also has
a woody capsule.
Schrebera trichoclada Welw. is a shrub or
small tree up to 10 m tall with bole up to 30 cm
in diameter, occurring from DR Congo and
Tanzania southwards to Angola, Zimbabwe,
Mozambique and Madagascar. Its wood is locally used for implements such as spoons. Bark
and leaves are chewed as anodyne, leaf macerations are applied to the eyes to treat ophthalmia, and root infusions are used as aneyelotion.
Ecology Schrebera alata occurs in evergreen
forest,

riverine

forest,

open

woodland

and

sometimes savanna with scattered trees, up to
2500 m altitude. In East Africa it is often associated with Juniperus, Podocarpus and Olea
spp., and occurs particularly in forest margins
and clearings.
Management Schrebera alata can be propagated by seeds and wildlings. Fruits should be
harvested from the tree just before they open.
They can be dried in the sun until they open
and the seed can be collected. It is recommended to sow seeds with wings pointing upwards;
they can be sown without pre-treatment. The
seeds can be stored in a dry and cool locality for
longer periods. Trees can be managed by coppicing and pruning, and intercropped with coffee.
Genetic resources and breeding Schrebera alata is quite widespreadin various habitats
and not selectively harvested on a large scale.
Therefore, there is no reason to considerit liable to genetic erosion.
Prospects The wood of Schrebera alata will
remain of some local importance, but it does
not seem to have prospects for trade on the
international market because the tree bole is
usually too short and crooked or fluted.
Schrebera alata has been recommended as a
firewood crop for highland farmers in East
Africa. It deserves more attention as an ornamentaltree.
Major references Bolza & Keating, 1972;
Chikamai et al., undated; Katende, Birnie &
Tengnäs, 1995; Maundu & Tengnäs (Editors),
2005; SEPASAL, 2011.
Other

references

Beentje,

1994;

Coates

Palgrave, 2002; Green, 2003; Kokwaro, 1993;
Kupicha, 1983b; Liben, 1973; Maundu et al.,
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2001; Mbaya, 1976; Neuwinger, 2000; Palmer
& Pitman, 1972-1974.

Authors R.H.M.J. Lemmens

SCHREBERA ARBOREAA.Chev.
Protologue Mém. Soc. Bot. France 8: 180
(1912).
Family Oleaceae
Vernacular names Pau goiaba (Po).
Origin and geographic distribution Schrebera arborea is quite widespread, from Senegal
and Guinea Bissau eastwards to southern Sudan and Uganda, and south to DR Congo.
Uses The woodis used for general construction, railway sleepers, boat-keels, utensils, tool
handles, shafts and beehives. It is suitable for

flooring, joinery, interior trim, mine props,
vehicle bodies, furniture, sporting goods, toys,
novelties, agricultural implements, turnery,
pattern making, veneer and plywood. It is also
used as firewood and for charcoal production.
In traditional medicine, fresh twigs are an ingredient of a preparation that is taken to treat
skin diseases. Macerations of the twigs are
administered as purgative to treat abdominal
pain. In Nigeria the seeds are applied to the
heads of children to treat skin complaints. In
Uganda several plant parts are used as purgative.
Production and international trade The
wood of Schrebera arborea is only used locally
and not traded on the international timber
market.
Properties The heartwood is pinkish to
yellowish

brown,

sometimes

with

violet

streaks, and not distinctly demarcated from

the paler sapwood. The grain is straight to
wavy, texture usually fine. The wood is moderately heavy, with a density of 750—830(—930)
kg/m* at 12% moisture content, tough and
quite hard. It air dries well, but care should be
taken to avoid surface checking. The rates of
shrinkage are rather high, from green to oven
dry 4.7—5.6% radial and 7.8-8.6(—9.5)% tangential. Logs may either be back-sawn or quartersawn after felling. Once dry, the wood is unstable in service. At 12% moisture content, the

modulus of rupture is (77-)108-132 N/mm2,
modulus of elasticity 11,800 N/mm2, compres-

sion parallel to grain 44-63 N/mm2, shear 12—
14 N/mm?, cleavage 14.5-23.5 N/mm and
Chalais-Meudonside hardness 2.7—3.6.
The wood is fairly easy to saw and work. In
planing, picking-up of grain can be problematic, but it can be polished to a smoothfinish. For
nailing, pre-boring is recommended to avoid
splitting. The gluing properties are satisfactory. The wood is easy to wax, paint and varnish.
The heartwoodis fairly durable, but occasionally susceptible to wood-boring beetles. The sapwood is liable to Lyctus attack. The heartwood
is moderately resistant to preservatives.
Description Deciduous, medium-sized tree
up to 30(—40) m tall; bole branchless for up to
20(—30) m, straight and cylindrical, up to 80 cm
in diameter, with small buttresses or fluted at
base; bark surface smooth but flaking with thin
scales, yellowish white to greyish brown with
paler patches, inner bark fibrous, mottled
cream and orange, darkening upon exposure;
crown rounded; twigs initially hairy but becoming glabrous, with lenticels. Leaves opposite,
simple and entire; stipules absent; petiole 1-5
cm long; bladeelliptical to ovate, 5-15 cm x 3—
10 cm, cuneate to rounded at base, acute to

short-acuminate at apex, thinly leathery, glabrous or nearly so, pinnately veined with 6-12
pairs of lateral veins. Inflorescence a terminal
or axillary cyme up to 10 cm long, fewflowered. Flowers bisexual, regular, (4—)5—8merous, heterostylous, sweet-scented; pedicel
3-7 mm long; calyx campanulate, 3-5 mm long,

slightly hairy or glabrous; corolla white to
greenish white with purplish brown hairs at
the base of lobes, tube funnel-shaped, 1-2 cm
long, lobes c. 6 mm long, spreading; stamens 2,

inserted in the upper part of the corolla tube,
with short filaments; ovary superior, c. 1 mm
in diameter, 2-celled, style slender, short or

Schrebera arborea — wild

long. Fruit a pear-shaped woody capsule up to
6.5 cm xX 3.5 cm, purplish brown with paler
lenticels, dehiscing with 2 valves, usually with
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Schrebera arborea — 1, base of bole; 2, flowering
twig; 3, fruit; 4, seed.

Redrawn and adapted by J.M. de Vries
4 fertile seeds. Seeds with a large wing, up to
4(—5) cm X 1 cm. Seedling with epigeal germination; hypocotyl c. 3 cm long, epicotyl c. 1 cm
long, glabrous; cotyledons fleshy, flattened, c.
1.5 cm long;first leaves opposite.
Other botanical information Schrebera
comprises about 8 species, of which 5 occur in
tropical Africa including Madagascar,2 in tropical Asia and 1 in South America. It seems
most closely related to Comoranthus from
Comoros and Madagascar, which also has a
woodycapsule.
Schrebera arborea has been included in
Schrebera golungensis Welw., but the latter is
probably a synonym of Schrebera trichoclada
Welw.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;

(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
intervessel pits alternate; (23: shape of alternate pits polygonal); 24: intervessel pits minute
(< 4 um); 30: vessel-ray pits with distinct bor-

ders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
48: 20-40 vessels per square millimetre. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; (62: fibres with distinctly
bordered pits); 65: septate fibres present; 66:
non-septate fibres present; 69: fibres thin- to
thick-walled; 70: fibres very thick-walled. Axial
parenchyma: 75: axial parenchyma absent or
extremely rare; 78: axial parenchyma scanty
paratracheal; (92: four (8-4) cells per parenchymastrand); 93: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-8 cells;
(100: rays with multiseriate portion(s) as wide
as uniseriate portions); 106: body raycells procumbent with one row of upright and/or square
marginalcells; (107: body ray cells procumbent
with mostly 2—4 rows of upright and/or square
marginalcells); 115: 4-12 rays per mm. Mineral inclusions: 136: prismatic crystals present;
137: prismatic crystals in upright and/or
square ray cells; (138: prismatic crystals in
procumbent ray cells); 151: styloids and/or
elongated crystals.
(F.D. Kamala, P. Baas & H. Beeckman)
Growth and development In Senegal the
growth of planted seedlings was quite slow;
they reached on average 2.6 m in height 5
years after planting. In Côte d'Ivoire flowering
trees have mainly been recorded in October—
November and ripe fruits in February—March
and November. In Nigeria trees flower in
March—Mayandfruits ripen in April—June and
December. Fruits usually open while still attached to the tree. The seeds with their wings
are dispersed by wind; they spin duringfalling.
Ecology Schrebera arborea occurs mostly in
dry deciduous forest and semi-deciduousforest,
up to 1500 m altitude. It is occasionally found
in thickets in savanna regions and at forest
edges, and in Ugandait occurs in mixed rainforest.
Propagation and planting Schrebera arborea is propagated by seed and wildlings. Mature fruits should be collected from the tree
before dehiscence. They are usually dried in
the sun until they open to collect the seeds.
There are about 10,000 seeds per kg. Seeds can
be stored for some timein a dry andcoollocality. It is recommended to sow seeds with wings
up; they can be sown without pre-treatment.
They start germinating 2—4 weeks after sowing, with a moderate germinationrate.
Management In most regions within the
distribution area of Schrebera arborea, trees
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occur scattered and are not common in the
forest. They are sometimes planted in banana
and cocoa plantations. Planted trees can be
managed by coppicing and pollarding.
Genetic resources Schrebera arborea is
widespread and harvested on a moderate scale
only. Therefore, it is unlikely to be threatened

by genetic erosion notwithstanding being uncommon. It has been recorded as endangered in
Togo and it is rare in Ghana.
Prospects Although Schrebera arborea is
considered a valuable timber tree of local importance, very little information is available on
its growth rates and proper managementpractices. It deserves further research as a potential multipurpose species that could be useful
in agroforestry systems. In Uganda Schrebera
arborea has been recommendedfor planting as
ornamental tree and as shade tree in coffee,
cocoa and banana plantations.
Major references Aubréville, 1959c; Bolza &
Keating, 1972; Burkill, 1997; Irvine, 1961;
Katende, Birnie & Tengnias, 1995; Keay, 1989;
Liben, 1973; Takahashi, 1978: Turrill, 1952;
Vivien & Faure, 1985.

Other references Adjanohoun et al. (Editors), 1988; Adjanohoun etal., 1989; Akoégninou, van der Burg & van der Maesen (Editors),
2006; Aubréville, 1950; de la Mensbruge, 1966;
Eggeling & Dale, 1951; Garzuglia, 2006; Green,
1963; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Idu, Erhabor & Efijuemue, 2010;
Kupicha, 1983b; Louppe, 1993; Neuwinger,
2000; Normand & Paquis, 1976; Tailfer, 1989;
Taylor, 1960; Wallander & Albert, 2000.
Sources of illustration Keay, 1989; Vivien
& Faure, 1985.

Authors S. Pentsil & E.A. Obeng

SCOLOPIA MADAGASCARIENSIS Sleumer
Protologue Repert. Spec. Nov. Regni Veg.
45: 14 (1938).

Family Flacourtiaceae (APG: Salicaceae)
Origin and geographie distribution Scolopia madagascariensis is endemic to Madagascar, where is widespread along the eastern
coast.
Uses The wood, known as ‘menavahatra’ in

Madagascar, is used for heavy construction,
heavy flooring, joinery, panelling, mine props,
vehicle bodies and railwaysleepers, and also as
firewood. The fruit is eaten. A tea made from
the leaves is drunk againstfever.
Properties A sample of Scolopia wood from

Scolopia madagascariensis — wild
Madagascar, possibly Scolopia madagascariensis, has been tested. The heartwoodis greyish to pale brownor slightly reddish, and distinctly demarcated from the yellowish white,
3-5 cm wide sapwood. The grain is straight to
interlocked, texture rather coarse. The woodis

heavy, with a density of 890-950 kg/m? at 12%
moisture content, and hard. It should be air
dried slowly and with care to avoid serious
degrade. The rates of shrinkage are moderate
to high, from green to oven dry 5.5% radial and
11.2% tangential. A board of 2.5 cm thick air
dried in 3-4 months with little distortion. Once
dry, the wood is rather unstable in service. At
12% moisture content, the modulus of rupture
is 189 N/mm?, modulus of elasticity 15,200
N/mm?, compression parallel to grain 77
N/mm?, shear 21 N/mm? and Chalais-Meudon
side hardness 6.8-7.6. The wood is fairly easy
to work and takes a good finish. It is moderately durable and rather difficult to treat with
preservatives.
Botany Evergreen, small to medium-sized
tree up to 25 m tall, glabrous except for the
inflorescence; bole up to 60(—100) cm in diameter; bark surface nearly smooth to scaly, greyish, with longitudinal rowsof lenticels, inner
bark reddish. Leaves arranged spirally, simple
and entire; stipules minute, caducous; petiole
0.5-1 cm long; blade elliptical to oblongelliptical or obovate, 6—11(—14) cm x 2.5—7(-9)
cm, base broadly cuneate, apex acuminate,
leathery, pinnately veined with many pairs of
lateral veins and with 2 distinct basal lateral
veins ascending towards the upper part of the
leaf. Inflorescence an axillary raceme 1—2.5(—5)
cm long, minutely hairy. Flowers bisexual,
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regular, 4—5-merous, whitish; pedicel 3-5 mm
long; sepals ovate, 1.5-2 mm long; petals simi-

lar but slightly narrower than sepals; disk
small, lobed; stamens 80-100; ovary superior,
glabrous, 1-celled, style 3-4 mm long,slender,
stigma obscurely 3—4-lobed. Fruit a globose to
ellipsoid berry 1—-1.5 cm in diameter, fleshy, 2—
5-seeded. Seeds rounded, flattened, c. 2 mm in
diameter. Seedling with epigeal germination.
Scolopia madagascariensis trees grow slowly.
In an enrichment planting, trees reached on
average only 1 m tall 7 years after planting.
Youngtrees tolerate some shade. The flowering
period is usually April—June.
Scolopia comprises about 40 species and occurs
from tropical Africa through tropical Asia to
Australia. In mainland Africa about 6 species
are found, 14 in Madagascar and 1 in the Mascarene islands. The wood of some other Scolopia spp. of the rainforest of eastern Madagascar is used for similar purposes as that of
Scolopia madagascariensis.
Scolopia erythrocarpa H.Perrier is a large
shrub or small tree up to 8(-15) m tall. Its
wood is used for similar purposes as that of
Scolopia madagascariensis. In traditional medicine its leaves are applied as a poultice against
rheumatic pain. Its fruits are eaten.
Scolopia hazomby H.Perrier is a small to medium-sized tree up to 20 m tall. Its wood is
used for similar purposes as that of Scolopia
madagascariensis. It has edible fruits.
Scolopia orientalis Sleumer is a small tree up
to 15 m tall. Its wood is used for similar purposes as that of Scolopia madagascariensis.
Scolopia heterophylla (Lam.) Sleumer is a
shrub or small tree up to 7(-15) m tall, endemic to Mauritius, Réunion and Rodrigues. Its

threatened by genetic erosion.
Prospects The wood of Scolopia madagascariensis and some other Scolopia spp. from
Madagascar is likely to remain of local importance.

However, trees seem to grow too

slowly to have good prospects for timber plantations.
Major references Blaser et al., 1993; Boiteau, Boiteau & Allorge-Boiteau, 1999; Brown
et al., 2009; Sleumer, 1972b; Stygeret al., 1999.
Other references Guéneau, 1971a; Gurib-

Fakim, 2007; Gurib-Fakim & Brendler, 2004;
Gurib-Fakim, Guého & Bissoondoyal, 1996;
Lavergne, 2001; Parant, Chichignoud & Rakotovao, 1985; Perrier de la Bathie, 1946c; Rako-

tovao et al., en préparation; Sallenave, 1971;
Sleumer & Bosser, 1980.
Authors L.P.A. Oyen

SCOLOPIA ZEYHERI (Nees) Harv.
Protologue FI. cap. 2: 584 (1862).
Family Flacourtiaceae (APG: Salicaceae)
Vernacular names Thornpear (En). Mgovigovi (Sw).
Origin and geographic distribution Scolopia zeyheri occurs from Rwanda, Kenya and
Uganda southward to Angola, Botswana, Zimbabwe, Mozambique, eastern South Africa and
Swaziland. It has also been reported from
Cameroon.
Uses The wood of Solopia zeyheri is used in
house construction and for poles, tool handles
and spoons, and also as firewood and for charcoal production. Because of its strength and
hardness, it has been used for teeth of mill

wheels and for axles, felloes and spokes in

wood has been used for similar purposes as
that of Scolopia madagascariensis in Madagascar. In Mauritius and Réunion leaf decoctions
are taken against fever. However, Scolopia
heterophylla has become rare becauseof forest
degradation.
Ecology Scolopia madagascariensis occurs
in rainforest up to 1000(-1900) m altitude, in
regions with about 2500 mm annual rainfall,
usually on lateritic soils.
Management There are 25,000—33,000 seeds

per kg. Fresh seeds have a high germination
rate, up to 95% in 3.5-15 weeks. They can be
stored in a coollocality, but lose their germination capacity after 4-6 months.
Genetic resources and breeding Scolopia
madagascariensis is widespread and although
its habitat is shrinking, it is not yet listed as

Scolopia zeyheri — wild
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wagon-making.

Ripe fruits are fleshy and sweet, and eaten raw
as an occasional snack. In East Africa Scolopia
zeyheri is an important bee plant. In South
Africa the foliage is a preferred browse of
goats. Maasai people use the roots against venereal diseases.
Properties The wood is very strong, hard
and rather heavy, with a specific gravity (moisture content 0%) of 0.69. It is difficult to saw,

but polishes well.
Botany Much-branched shrub or small tree
up to 15(-25) m tall, glabrous except for the
inflorescence; bole often branching fairly low,
up to 60 cm in diameter, sometimes with
branched spines; bark surface fissured, dark
grey to brownish, inner bark rather thin;
branches and twigs often with strong, axillary,
simple, straight spines up to 20 cm long.
Leaves arranged spirally, simple; stipules minute, caducous; petiole up to 1.5 cm long; blade
obovate to oblanceolateor elliptical, 2-10 cm x
1-6 cm, base cuneate, apex acute to obtuse or

rounded,

margin

entire,

wavy

or

bluntly

toothed, leathery, pinnately veined with 3-6

pairs of lateral veins. Inflorescence an axillary
raceme 1—5(—6) cm long, short-hairy. Flowers
bisexual, regular, (3—)4—5(—6)-merous, scented;
pedicel (1—)2—5(—10) mm long; sepals elliptical
to ovate, 1-1.5 mm xX 1 mm; petals smaller
than sepals or absent; disk small, lobed; sta-

mens (20—)30—40; ovary superior, glabrous, 1celled, style 1.5-2.5 mm long, stout, stigma

obscurely 2—3-lobed. Fruit a globose berry 7-8
mm in diameter, fleshy, purple-red when ripe,
2—3-seeded. Seeds angular.
Scolopia comprises about 40 species and occurs
from tropical Africa through tropical Asia to
Australia. In mainland Africa about 6 species
are found, 14 in Madagascar and 1 in the Mascarene islands. In East and southern Africa,
several other Scolopia spp. are used for similar
purposes as Scolopia zeyheri.
Scolopia mundii (Eckl. & Zeyh.) Warb. is a
small tree up to 7(—20) m tall, occurring in dry
evergreen forest and wooded grassland in Zimbabwe and South Africa. Its pale brown, heavy,
hard and strong wood was formerly considered
valuable for furniture and wagon-making, but
large specimensare nowrare. The bark is used
in traditional Zulu medicine in the treatment
of heart problems, but has been implicated in
cases of lethal poisoning.
Scolopia rhamniphylla Gilg is a shrub or small
tree up to 15 m tall, locally commonin rainforest or dry evergreen forest from Cameroon east

to Kenya and south to Tanzania and Angola.
The wood is hard andused for poles, tool handles and yokes, and also as firewood and for
charcoal production. The fruits are edible and
the flowers are a source of nectar for honey
bees. A vapour bath from the leaves is taken as
emetic.
Scolopia stolzii Gilg ex Sleumer is a small,
much-branched tree up to 10(-15) m tall, occurring in dry evergreen forest or wooded
grassland from Cameroon, DR Congo and Kenya south to Zimbabwe, Mozambique and South
Africa. The wood is hard and used for poles,
tool handles and yokes, and also as firewood
and for charcoal production. The fruits are edible. In Tanzania women drink a root decoction
to treat boils on the breasts.
Scolopia theifolia Gilg is a much-branched
shrub or small tree up to 15 m tall with bole to
25 cm in diameter, occurring in dry evergreen
forest and wooded grassland in southern Sudan, Ethiopia, Kenya, Uganda, Tanzania and
northern Malawi. The wood is hard and used
for poles and tool handles, and also as firewood
and for charcoal production. The fruits are edible. The tree is used for shade. Maasai people
of Kenya use a root preparation to treat venereal diseases.
Ecology Scolopia zeyheri is found in dry
evergreen forest, riverine forest and wooded
grassland, up to 2400 m altitude, often open
rocky and sandysites.
Genetic resources and breeding Scolopia
zeyheri is common in East Africa and South
Africa, but rare in southern tropical Africa.
There are no indications that it is in danger of
genetic erosion.
Prospects The wood of Scolopia zeyheri, like
that of other Scolopia spp., is likely to remain
of local importance when hardness and toughnes are more important than workability.

Major references Coates Palgrave, 2002;
Heine & Heine, 1988; Ruffo, Birnie & Tengnäs,
2002; Sleumer, 1972b; Sleumer, 1975.
Other references Beentje, 1994; Breebaart,
Bhikraj & O’Connor, 2002; Burring, 2005;
Campbell & Moll, 1977; Kitula, 2007; Lovett et
al., 2007; Neuwinger, 2000; Roux, 2003; Wild,

1960.
Authors L.P.A. Oyen
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SCORODOPHLOEUS ZENKERI Harms
Protologue Bot. Jahrb. Syst. 30(1): 78 (1901).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Vernacular names Garlic tree, divida (En).
Arbre 4 ail, divida (Fr).
Origin and geographic distribution Scorodophloeus zenkeri is distributed in Cameroon,
Equatorial Guinea, Gabon, Congo, DR Congo
and Cabinda (Angola).
Uses The wood, traded as ‘divida’, is suitable

for poles and piles in construction, flooring,
joinery, mine props, ship building, vehicle bodies, furniture, railway sleepers, ladders, agricultural implements and tool handles. In DR
Congo it is used for making charcoal.
The wood, bark, young leaves and seeds are
locally used as condiments, giving a garlic-like
taste to food. The young leaves are eaten as a
vegetable after cooking.
In traditional medicine in Gabon, bark infusions are taken for the treatment of constipation. Mixed with chillies and bitter eggplant
fruits, they are taken to cure colds and cough.
The bark is used in fumigations against rheumatism, and the pounded barkis taken for the
treatment of headache. In Congo bark decoctions are drunk, used in vapour baths orsitz
baths, or vaginally administered for the treatmentof bronchitis and genito-urinary problems
and as an aphrodisiac. In DR Congo they are
applied in an enema against the complications
of measles, whereas decoctions of the bark or

leaves are used as an urinary antiseptic and
are drunk as anthelmintic. The bark administered as an enemais a purgative, and a maceration of the inner bark is drunk for the same

purpose. Bark macerations are also used for
woundcare, taken for the treatment of an enlarged spleen and used in nasal instillations
against headache. Unspecified bark preparations are used for the treatment of hernia.
Production and international trade The
wood is only used locally and not traded on the
international market. The bark and seeds are
sold

on

markets

in

Cameroon,

Equatorial

Guinea, Gabon and DR Congo.
Properties The heartwood is yellowish with
purplish brown streaks, the sapwood is white.
The grain is often irregular or interlocked, texture fine. The wood hasan attractive figure. It
emits a garlic-like smell.
The wood is heavy, with a density of 765-930
kg/m? at 12% moisture content. It has a tendency to distort and check during drying, and
mild kiln-drying schedules must be used. The
shrinkage rates are high, from green to oven
dry 6.0% radial and 10.1-12.0% tangential.
Once dry, the wood is unstable in service. At
12% moisture content, the modulusof rupture
is 130-199 N/mm’, modulus of elasticity
13,800-17,100 N/mm?, compression parallel to
grain 59-90 N/mm?, shear 10.5-15.5 N/mm?,

cleavage 23-26 N/mm and Chalais-Meudon
side hardness 6.3-8.0.
The woodis difficult to work and tendsto pick
up during planing. It takes a good polish and
turns well. It splits easily upon nailing, making
pre-boring necessary. It glues satisfactorily.
The wood is durable, being resistant to fungal
attack but liable to termite attack. The sapwood is susceptible to Lyctus attacks.
Woodfibres of a sample from DR Congo were
on average (0.70—)1.26(—-1.74) mm long and
(11-)20(-33) um wide, with a cell wall thickness of (1-)5(-11.5) um and a lumen width of
(2-)10(—25.5) um. The wood contains 42—51.5%
cellulose,

29-33%

lignin,

11-17%

pentosan,

0.7—0.8% ash andlittle silica. The solubility is
1.2-1.6% in alcohol-benzene, 0.9-1.6% in hot

water and 12.5-14.7% in a 1% NaOH solution.
Pulping experiments gave paper of mediocre
quality only.
The garlic-like scent and taste of the bark and
other plant parts is due to the presenceof sulphur containing compounds. The main constituents of essential oil from the bark are 2,4,5,7tetrathiaoctane, 2,3,5-trithiahexane, 2,3,4,6-te-

trathiaheptane and 2,4,5,6,8-pentathianonane.
Essential oil from the bark and several of its
constituents have shown activity against various fungi and bacteria. Methanol extracts of
Scorodophloeus zenkeri — wild

the bark and, to a lesser extent, the seeds have
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shown anti-oxidant activity. Stem bark extracts have shown in-vitro antiprotozoal activity against Trypanosoma brucei and Leishmania infantum, without showing cytotoxicity.
The powdered stem bark has shown a dosedependent protective effect against damage to
stored beans by the bean beetle Acanthoscelides obtectus. Seeds from DR Congo contained 12.1% fat, with as main constituents
palmitic acid (49%) and oleic acid (46%).
Description Medium-sized to large tree up
to 40 m tall; bole branchless for up to 25 m,
straight and cylindrical but sometimes irregular, up to 100 cm in diameter, without buttresses but fluted at base; bark surface initially
smooth, later scaly, yellowish grey, inner bark
brittle, yellowish; all plant parts, but especially
the bark, with a garlic-like scent. Leaves alternate, imparipinnately or paripinnately compound with (3—)5-10 pairs of leaflets; stipules
free, linear-lanceolate, caducous; petiole and
rachis together up to 10 cm long, grooved,
slightly winged; leaflets alternate, sessile, oblong or oblong-lanceolate, 1.5-5.5 cm x 0.5—2.5
cm, base obliquely truncate, apex rounded or
obtuse, margins entire, finely hairy below, pin-

nately veined. Inflorescence an axillary orterminal, dense raceme 5-8 cm long, hairy; bracts
linear-lanceolate, 4-5 mm long. Flowers bisexual, nearly regular; pedicel 1-7 mm long, with
in the lowerhalf 2 caducous bracteoles 2-3 mm
long; sepals 4, free, ovate or oblong, 4—6 mm x
2-3.5 mm, reflexed; petals 5, free, nearly equal,

obovate, 7-11 mm x 2-3 mm, hairy at margins,
white; stamens10, free, alternating longer and
shorter, 1-2 cm long; ovary superior, ellipsoid,
hairy, with distinct stipe, 1-celled, style c. 1 cm

long. Fruit an oblong pod 7.5-14 cm Xx 3-5 cm,
flattened, with 0.5—1 cm long stipe, pointed at
apex, smooth, brown, dehiscent with 2 curling
valves, 1-2-seeded. Seeds ovoid to disk-shaped,

c. 2 cm in diameter, flattened, shiny, brown.
Seedling with epigeal germination; hypocotyl
1-4 cm long, epicotyl 4-14 cm long, hairy; cotyledons rather thin, green; first 2 leaves alternate with nearly opposite leaflets.
Other botanical information Scorodophloeus
comprises 3 species, and is restricted to tropical Africa.
Scorodophloeus fischeri (Taub.) J.Léonard (Swahili names: mgodoma, mhande) is a mediumsized tree up to 30 m tall, distributed in coastal
forests in Kenya and Tanzania, possibly also in
northern Mozambique. Its wood is used for
poles in construction, furniture and tool handles. It is also used as firewood. Twigs are used
for tying. Root decoctions are taken as anthelmintic. The flowers are visited by honey bees.
Scorodophloeus torrei Lock is a shrub or small
to medium-sized tree up to 20 m tall, endemic
to coastal forest and thickets in Mozambique.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100—200 um;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:

Scorodophloeus zenkeri — 1, base of bole; 2,
flowering twig; 3, flower;4, fruit.
Redrawn and adapted by W. Wessel-Brand

fibres very thick-walled. Axial parenchyma:
(76: axial parenchymadiffuse); 78: axial parenchyma scanty paratracheal; 79: axial parenchyma vasicentric; (83: axial parenchyma confluent); 85: axial parenchyma bands more than
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three cells wide; 86: axial parenchyma in narrow bands or lines up to three cells wide; 89:
axial parenchyma in marginal or in seemingly
marginal bands; 93: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
104: all ray cells procumbent; (106: body ray
cells procumbent with one row of upright
and/or square marginal cells); 115: 4-12 rays
per mm; 116: > 12 rays per mm. Mineralinclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells; 188: prismatic crystals in procumbentray
cells; 142: prismatic crystals in chambered
axial parenchymacells.

keri is heavy, hard and durable, but difficult to

work and unstable in service, and verylittle
information is available on its uses. The tree is
a popular source of garlic-like condiments, obtained from various plant parts. As the species
is locally overexploited, it may be worthwhile
to promoteits planting. It is considered to have
potential for planting in tree plantations as
well as in crop fields, because it has a deep root
system and its open crown does not give too
much shade.
Major references Agbor et al., 2005; Aubréville, 1970; Bolza & Keating, 1972; Dupriez
& De Leener, 1989; Eyog Matig et al. (Editors),

(S. N’Danikou, P.E. Gasson & E.A. Wheeler)

2006; Kouokam, Jahns & Becker, 2002; Kouo-

Growth and development Seedling growth
is fast. The tree has a deep taproot.
Ecology Scorodophloeus zenkeri occurs in
mixed evergreen forest on well-drained localities. It does not tolerate waterlogging. It is
locally common and sometimes gregarious.
Propagation and planting Scorodophloeus
zenkeri is easily propagated from seed. Seeds
can be sown in nursery beds at a depth of 2-3
cm, in loose and deep soil. Germination is usually rapid, and the germination rate high.
Seedlings have been planted out when they
were 2—3 years old and 1.5-2 m tall; the use of
supports for seedlings has been recommended.
Seeds can also be sowndirectly in thefield.
Management In forest near Kisangani in
DR Congo, Scorodophloeus zenkeri is the most
abundanttree species with an average density
of 23 trees with a bole diameter of more than
10 cm perha. In forest in Gabon, a mean wood
volume of 0.4 m?/ha has been reported. In
Cameroon trees are protected when forest land
is cleared, and the species is sometimes planted in coffee and cacao plantations, for which
wildlings or seedlings from nurseries are used.
Seedlings can be pruned and lopped to obtain
stout boles and straight branches, which will
make harvesting of the bark easier.
Harvesting The bark is harvested throughout the year, mainly by women. Staggered removal of bark pieces, for instance every 2-3
years, gives thick bark of good quality. Often,
however, too much bark is removed, resulting
in the death of the tree.
Handling after harvest Before being used

kam, Zapp & Becker, 2001; Sallenave, 1955;
Vivien & Faure, 1985; Wilczek et al., 1952.
Other references Allen & Allen, 1981;

as condiments, the seeds and bark are dried

and ground into powderorpaste.
Genetic resources Although Scorodophloeus
zenkeri is locally overexploited, it is currently
not considered a threatened species.
Prospects The wood of Scorodophloeus zen-

Beentje,

1994;

Brenan,

1967;

Burgess

&

Clarke, 2000; Fouarge, Quoilin & Roosen, 1970;
Istas, Raekelboom & Heremans, 1959; Kawukpa & Angoyo, 1994; Konda ku Mbutaetal.,
2010; Koona et al., 2007; Lovett et al., 2007;
Mukaya et al., 2003; Musuyu Muganzaet al.,

2012; Neuwinger, 2000; Pakia & Cooke, 2003;
Raponda-Walker & Sillans, 1961; Sindani &
Ndjele, 1982; Takahashi, 1978; Temu, 1990;
Termote, Van Damme & Dhed’a Djailo, 2010;
Weiss, 1973.
Sources of illustration Aubréville, 1968;
Wilks & Issembé, 2000.
Authors M. Brink

SCOTTELLIA KLAINEANAPierre
Protologue Bull. Mens. Soc. Linn. Paris,
ser. 2, 14: 113 (1899).

Family Flacourtiaceae (APG: Achariaceae)
Synonyms Scottellia kamerunensis Gilg
(1908), Scottellia chevalieri Chipp (1923), Scottellia coriacea A.Chev. ex Hutch. & Dalziel
(1927).
Vernacular names Akossika (Fr).
Origin and geographic distribution Scottellia klaineana occurs from Sierra Leone east to
the Central African Republic and south to DR
Congo and northern Angola.
Uses The wood of Scottellia klaineana, traded as ‘akossika’ or ‘odoko’, is used for posts in
house building, light flooring, joinery, interior
trim, ladders, sporting goods, toys, novelties,
food containers, spoons, ladles, combs, tool

handles, draining boards, carving and turnery.
It is suitable for furniture, cabinet making,
veneer and plywood. It is also used as firewood.
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polishes well. It is slightly brittle and quartersawn surfaces tend to flake. It has a tendency
to split upon nailing; pre-boring is advised. It
has good screw-holding properties. The wood
paints and varnishes easily. The gluing properties are good. Slicing and peeling should be
done with care because the veneer has a tendency to break across. The wood is not durable,
being liable to fungal, termite, pinhole borers,
Lyctus and marineborerattacks. It is permeable to impregnation with preservatives.
Description Evergreen, medium-sized tree
up to 30(—35) m tall; bole branchless for up to
20 m, usually straight, up to 100(—-130) cm in

diameter, slightly fluted at base or with small
buttresses; bark surface fairly smoothto slightly scaly, greenish grey to dark brown, inner
Scottellia klaineana — wild
Roots and bark are used in traditional medicine. Root decoctions are taken as diuretic and
purgative, and to treat oedema, and bark decoctions to treat stomach-ache. In Nigeria, the
wood ash is used by the Yoruba people in soap
making.
Production and international trade The
export of ‘akossika’ wood from Côte d'Ivoire
was 58,000 m3 in 2004, 28,000 m3 in 2005 and

16,000 m3 in 2006.
Properties The heartwood is pale yellow to
pale yellowish brown,occasionally with darker
streaks, and indistinctly demarcated from the
up to 10 cm wide sapwood. The grain is usually
straight, sometimes interlocked, texture usually fine. Quarter-sawn surfaces show an attractive silver grain figure. The woodis fairly lus-

bark thin, granular, orange brown to reddish

brown, rapidly darkening to brown upon exposure, with colourless exudate and almond-like
smell; crown often small, narrow and dense;
twigs glabrous, with lenticels. Leaves alternate, simple; stipules absent; petiole 0.5—1(-2)
cm long, rather slender; blade obovate to obovate-oblong or elliptical, 5-16 cm xX 3-9 cm,
broadly cuneate at base, usually acuminate at
apex, margins entire to wavy or shallowly
toothed, leathery, glabrous, pinnately veined
with 5-8 pairsof lateral veins. Inflorescence an
axillary raceme 4-10 cm long, slightly hairy.
Flowers bisexual or male, regular, 5-merous,

trous, odourless and tasteless when dried.

creamy white, scented; pedicel 3-5(-8) mm
long; sepals free, roundedto elliptical, 3-4 mm
long; petals oblong-obovate, (4—)5 mm long,
hairy at margins, at the base inside with a
scale-like hairy appendage; stamens alternating with petals, 3-5 mm long; ovary superior,

The wood is medium-weight, with a density of

glabrous, 1-celled, style short, 3-lobed at apex.

590-750 kg/m? at 12% moisture content, mod-

Fruit a nearly globose capsule (8-)4—8(-9) mm
in diameter, finely warty, dehiscing with 3
valves, 1-2(-3)-seeded. Seeds globose-angular,

erately hard and tough. It air and kiln dries
satisfactorily, but is liable to checking, splitting
and warping, especially in thick boards. The
rates of shrinkage are moderately high, from
green to oven dry 4.1-5.4% radial and 9.2—
11.6% tangential. During drying, the wood is
susceptible to blue stain attack. Oncedry, it is
moderately stable in service.
At 12% moisture content, the modulus of rup-

ture is 82-140 N/mm?2, modulus of elasticity
8000—14,700 N/mm?, compression parallel to
grain 45-70 N/mm?, shear 8-15 N/mm?, cleav-

age 17-25 N/mm, Janka side hardness 4840—
7480 N, Janka end hardness 7200-8110 N and

Chalais-Meudonside hardness 2.5—4.8.
The wood saws and works well with both machine and handtools. It takes a good finish and

up to 5 mm in diameter, smooth, covered by a

thin orange-red aril. Seedling with epigeal
germination; hypocotyl 4-5 cm long, epicotyl
0.5-1 cm long, hairy; cotyledons leafy, rounded,

1-2 cm long; first leaves alternate.
Other botanical information Scottellia
comprises 3 species and is restricted to West
and Central Africa. It seems to be related to
Dasylepis, Erythrospermum and Rawsonia.
Scottellia leonensis Oliv., a small to mediumsized tree up to 20 m tall with bole up to 30 cm
in diameter, occurring in coastal swamp forest
and gallery forest from Guinea Bissau east to
Liberia, differs from Scottellia klaineana in its
thicker and often larger leaves with thicker
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Scottellia klaineana — 1, base of bole; 2, flower-

ing twig; 3, flower; 4, fruit; 5, seed.
Redrawn and adapted by W. Wessel-Brand
petioles. Its wood is possibly used for similar
purposes.
Scottellia orientalis Gilg, a medium-sized to
fairly large tree up to 40 m tall with bole diameter up to 100 cm, occurring from Nigeria east
to southern Sudan and south to DR Congo, is
difficult to distinguish from Scottellia klaineana, except by its larger fruits. Its wood is
probably used for similar purposes.
Scottellia klaineana is variable, with 2 varie-

ties being distinguished, connected by transitions.
Anatomy Wood-anatomical description (LAWA
hardwoodcodes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 14: scalariform perforation plates; 15: scalariform perforation plates with < 10 bars; (16: scalariform

perforation plates with 10—20 bars); 22: intervessel pits alternate; 23: shape of alternate pits
polygonal; 26: intervessel pits medium (7-10
uum); 27: intervessel pits large (© 10 um); 31:
vessel-ray pits with much reduced borders to
apparently simple: pits rounded or angular; 41:

mean tangential diameter of vessel lumina 50—
100 um; 42: mean tangential diameter of vessel
lumina 100-200 um; 47: 5-20 vessels per
square millimetre; 48: 20-40 vessels per square
millimetre. Tracheids and fibres: 61: fibres
with simple to minutely bordered pits; 62: fibres with distinctly bordered pits; 65: septate
fibres present; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 75: axial parenchyma absent or extremely rare. Rays: 98: larger rays commonly
4- to 10-seriate; 102: ray height > 1 mm; 103:
rays of two distinct sizes; 107: body ray cells
procumbent with mostly 2-4 rows of upright
and/or square marginal cells; 108: body ray
cells procumbent with over 4 rows of upright
and/or square marginal cells; 110: sheath cells
present; 115: 4-12 rays per mm. Mineralinclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells; (140: prismatic crystals in chambered
upright and/or square ray cells); (159: silica
bodies present); (160: silica bodies in raycells).
(L.Awoyemi, P.E. Gasson & E.A. Wheeler)
Growth and development The growth is
slow. In Côte d'Ivoire an investigation of growth
rings showed a mean annual bole diameter
growth of 4.5 mm for the first 30 years, 6 mm
for trees of 30-80 years old and 5 mm for trees
of 80-140 years old. In field trials the mean
annual diameter growth was only 2-3 mm.
Although Scottellia klaineana is usually evergreen, it is reported to be deciduous for up to 2
months (October-November) in Sierra Leone.
In West Africa, flowering has been recorded in
February—August andfruits ripen in May—December. In Gabon trees flower in December—
January and haveripe fruits in January—April.
The seeds with their red arils are probably
dispersed by birds, but monkeys also eat the
arils.
Ecology Scottellia klaineana most commonly occurs in lowland evergreen forest, but can
also be found in semi-deciduousforest. It often
occurs in small stands along rivers and
streams, but may also be common in rockylocalities. It is sensitive to forestfires.
Propagation and planting There are about
25,000 seeds per kg. Although seedlings are
often common in the understorey close to
mothertrees, the germination rate of seed has
been reported to be low, only 15-25% 8-12
days after sowing. Saplings and young trees
are fairly shade tolerant, but older trees are
reported to be light demanding. Regeneration
is commonly observed in undisturbedforest.
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Management Scottellia klaineana usually
occurs scattered in the forest or in small groups
of trees. In forest in western Cameroon, a mean
density of 0.15 tree with a bole diameter above
60 cm has been recorded per ha, with an average wood volume of 0.9 m?/ha. In Côte d'Ivoire
7-27 trees with a bole diameter of more than
10 cm have been recorded per ha. Moderate
thinning resulted in better growth of young
trees.

Handling after harvest After harvest, logs
should be removed rapidly from the forest or
treated with preservatives because the woodis
susceptible to blue stain attack. Fresh logs
float in water and can thus be transported by
river.
Genetic resources Scottellia klaineana is
locally common and in most regions within its
distribution area there are no indications of
overexploitation. Therefore it is unlikely to be
liable to genetic erosion. However, in some
regions, e.g. in Côte d'Ivoire, exploitation
seems to be considerable and may causeserious pressure on populationsof the species.
Prospects

Presently,

Scottellia klaineana

has limited importance on the international
timber market, but its multipurpose wood may
have good prospects for further commercialization. However, information on available stands,

growth rates, silviculture and propagation is
very limited and much researchis still needed
to be able to develop sustainable management
systemsfor this poorly knownspecies.
Major references ATIBT, 1986; Bolza &
Keating, 1972; Burkill, 1994; CIRAD Forestry
Department,

Guiscafre,

2008;

1977;

Cooper & Record,

Hawthorne,

1995;

1931;

Oteng-

Amoako (Editor), 2006; Savill & Fox, 1967;

SCYPHOCEPHALIUM MANNII (Benth. & Hook.f.)
Warb.
Protologue Notizbl. Konigl. Bot. Gart. Berlin
1: 98 (1895).
Family Myristicaceae
SynonymsScyphocephalium ochocoa Warb.
(1897).
Origin and geographicdistribution Scyphocephalium mannii occurs from south-eastern
Nigeria to Gabon and Congo.
Uses The wood, knownas‘sorro’ or ‘ossoko’
in Gabon, is used for interior joinery, furniture,
cabinet work, veneer and plywood, and traditionally for canoes. It is suitable for light construction, light flooring, interior trim, toys,
novelties and turnery. It is also used as firewood andfor charcoal production.
The seeds contain an edible fat, and they are
used as condiment or spice in fish dishes and
sauces. They are also used as bait in traps for
porcupines and squirrels. The bark is used in
traditional medicine. Bark decoctions are administered to treat gonorrhoea,

sterility in

women and cough. The barkis also an ingredient of a preparation to treat convulsions. Dried
bark mixed with clay is applied to stop excessive flow of milk.
Production and international trade The
wood of Scyphocephalium mannii is rarely
traded on the international market; it is almost
exclusively usedlocally.
Properties The heartwood is brownto orange-brown towards the centre of the bole,

with some greyish streaks, but it has an up to
10 cm wide band of yellowish white or pale
greyish brown wood outwards. It is indistinctly
demarcated from the narrow sapwood. The

Sleumer, 1972c.
Other references Aubréville, 1959c; Bamps,
1968; Bertault et al., 1999; Blackett & Gardette, 2008; Chase et al., 2002; de la Mensbruge, 1966; Détienne, 1974; Hawthorne &

Gyakari, 2006; Hul, 1995; Irvine, 1961; Keay,
1954b; Keay, 1989; Neuwinger, 2000; Normand

& Paquis, 1976; Raponda-Walker & Sillans,
1961; Sallenave, 1955; Takahashi, 1978; Vivien
& Faure, 1985; White & Abernethy, 1997;

Wilks & Issembé, 2000.
Sources of illustration Aubréville, 1959c;

Hul, 1995; Wilks & Issembé, 2000.
Authors A. Addo-Danso

Scyphocephalium mannii — wild
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grain is straight, sometimes interlocked, texture moderately coarse. The wood is lustrous,
and greasy to the touch. It is lightweight to
medium-weight with a density of 460-650(—
740) kg/m? at 12% moisture content. It air dries
easily and fast, without serious defects. Boards
of 2.5 cm thick take about one monthtoair dry
from 87% to 16% moisture content. The rates of
shrinkage are fairly small, from green to oven
dry 2.5-4.2% radial and 4.8-7.8% tangential.
Once dry, the wood is moderately stable in
service.
At 12% moisture content, the modulus of rupture is 84-124 N/mm?, modulusof elasticity
(6660-)9310-14,110 N/mm2, compression parallel to grain 29-54 N/mm?, shear 4-8 N/mm?,

cleavage 9-20 N/mm and Chalais-Meudonside
hardness (1.4—)2.9-5.8.
The wood is easy to saw and work with both
hand and machinetools, with slight blunting
effect to saw teeth. It can be planed and sanded
to a smooth surface. The nailing and gluing
properties are satisfactory. The wood varnishes
well, but the heartwood near the centre of the

bole may be somewhatdifficult to paint. It has
good slicing and peeling characteristics, although the logs often have a poor form. The
wood is not durable, being susceptible to termite and borer attacks, but the heartwood near

the centre of the bole is resistant to dry-wood
borers. The heartwood is moderately resistant
to impregnation with preservatives, the sapwood is permeable. The wood contains 38-41%
cellulose, 33% lignin, 11.5% pentosan, 0.3% ash

and 0.1% silica. The solubility is 11.0% in alcohol-benzene, 3.1% in cold water and 21.4% ina

1% NaOHsolution.
The aromatic seeds are rich in lipids. Hexane
extracts showed the presenceoftriglycerides in
a solid form. Two cyclolignans have been isolated from leaf extracts, one of which
(ocholignan A) showedsignificant in-vitro anti-

bacterial activity against methicillin-resistant
Staphylococcus aureus.
Adulterations and substitutes The wood
resembles that of Pycnanthus angolensis
(Welw.) Warb. and is used for similar purposes.
Description Evergreen, dioecious, mediumsized to fairly large tree up to 35(-45) m tall;
bole branchless for up to 20 m, straight or
slightly twisted, up to 140(-300) cm in diame-

Scyphocephalium mannii — 1, base of bole; 2,
part of flowering twig; 8, male flower; 4, female
flower; 5, part of twig with fruits.
Redrawn and adapted by Iskak Syamsudin
exudate;

crown

layered,

with

horizontal

branches; young twigs reddish brown shorthairy. Leaves alternate, simple and entire;
stipules absent; petiole c. 1 cm long; blade oblong-lanceolate, 20-25 cm Xx 4—8 cm, cordate at

base, acuminate at apex, thin-leathery, reddish
brown short-hairy below but becoming glabrous, pinnately veined with 18—25(—85) pairs
of lateral veins. Inflorescence an axillary cyme
up to 4(-6) cm long, short-hairy, with flowers
in heads, each head with 2 bracts and up to
50(—100)-flowered. Flowers unisexual, regular,

up to 5 mm long, reddish, with short pedicel,
perianth cup-shaped, 3—5-lobed, reddish brown
short-hairy; male flowers with 6-10 fused stamens, filaments merged into a column; female

ter, often fluted at base or with small buttress-

flowers with superior, ovoid, slightly hairy, 1celled ovary, stigma 2-lobed. Fruit an irregular
depressed-globose drupe 2.5—5 cm x 3—6(—7.5)
cm, in bunches of up to 4, yellowish to orange

es; bark surface scaly with large irregular
scales, greyish brown with reddish markings,
with lenticels, inner bark slightly fibrous, pinkish, rapidly becoming reddish, with a reddish

resinous, dehiscent with 2 valves, 1-seeded.
Seed flattened, c. 3 cm in diameter, with entire
aril.

when ripe, brown short-hairy, flesh abundant,
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Other botanical information Scyphocephalium comprises a single species, possibly 2
because Scyphocephalium chrysothrix Warb.
has been described based on a single specimen
collected over 100 years ago in Cameroon; the

latter species seemsto havelargerfruits.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; (12:
solitary vessel outline angular); 13: simple perforation plates; (14: scalariform perforation
plates); (15: scalariform perforation plates with
< 10 bars); (16: scalariform perforation plates
with 10-20 bars); 22: intervessel pits alternate:
23: shape of alternate pits polygonal; 27: intervessel pits large (= 10 um); 31: vessel-ray pits
with much reduced borders to apparently simple: pits roundedor angular; 32: vessel-ray pits
with much reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to
vertical (palisade); (33: vessel-ray pits of two
distinct sizes or types in the sameraycell); 42:
mean tangential diameter of vessel lumina
100-200 um; 46: < 5 vessels per square millimetre; 56: tyloses common. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
78: axial parenchyma scanty paratracheal; 79:
axial parenchymavasicentric; (89: axial parenchyma in marginal or in seemingly marginal
bands); (92: four (3-4) cells per parenchyma
strand); 93: eight (5-8) cells per parenchyma
strand; (94: over eight cells per parenchyma
strand). Rays: 97: ray width 1-3 cells; (100:
rays with multiseriate portion(s) as wide as
uniseriate portions); 102: ray height > 1 mm;
107: body ray cells procumbent with mostly 2—4
rows of upright and/or square marginal cells;
108: body ray cells procumbent with over 4
rows of upright and/or square marginal cells;
(109: rays with procumbent, square and upright cells mixed throughout the ray); 115: 4—
12 rays per mm. Mineral inclusions: 159: silica
bodies present; 160: silica bodies in raycells.
(R. Shanda, E. Uetimane, P. Baas & H. Beeck-

man)
Growth and development In Gabon trees
flower mainly in October—December andfruits
ripen in January—April. The seeds are occasionally eaten by gorillas.
Ecology Scyphocephalium mannii is widespread in lowland rainforest up to 550 m altitude, but is most common in secondary forest.

It usually occurs on well-drainedsoils.
Management In Gabon extensive stands of
Scyphocephalium mannii have been recorded
in evergreen forest, with a estimated standing
volume in 1973 of 20-30 million m?. In the
1960s, the average wood volume was estimated
at 3.2 m?/ha. In Equatorial Guinea an average
density of 1 tree of more than 70 cm in bole
diameter per ha has been recorded. In forest in
western Cameroon the average density of trees
with a bole diameter of more than 60 cm is 0.4
per ha, with an average wood volumeof 5.4
m*/ha. The tree can be coppiced.
Harvesting Larger boles may have brittle
heart, especially when they are more than 90
cm in diameter, and very large boles are often
hollow. In felling, trees with their comparatively lightweight wood may havedifficulty to fall
whenthere are lianas in the crown.
Handling after harvest Boles are susceptible to splitting and they should be well supported when they are cross-cut into logs after
felling. Logs should be removed from the forest
rapidly or treated with preservatives to avoid
attacks by fungi and borers. They float in water and thus can be transported by river.
Boards and planks should be treated with a
fungicide immediately after sawing and before
drying.
Genetic resources Scyphocephalium mannii is quite widespreadin different forest types
including secondary forest, and is locally common. There are no indications that it is threatened by genetic erosion.
Prospects Although the wood of Scyphocephalium mannii is not considered of premium
quality, it has a decorative two-coloured appearance and has good prospects for applications such as panelling and moulding. It may
be interesting for further commercialization,
providing timber that, although not durable,

can be used for various purposes including
veneer and plywood production. Its common
occurrence in secondary forest formations may
imply good prospects for sustainable production in natural forest, but research on growth
rates, regeneration and proper management

systems are needed. The often more or less
fluted bole is a drawback, especially for rotary
veneerproduction.
Further phytochemical and pharmacological
investigations of the bark and leaves are recommended to assess the valueof their applications in traditional medicine and antibacterial
activity. The seed may have commercial importance for the production ofedible fat.
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Major references Bolza & Keating, 1972;
Burkill, 1997; CIRAD Forestry Department,
2008; CTFT, 1971; Fouilloy, 1974; Nziengui,
2001; Sallenave, 1971; Takahashi, 1978; Vivien
& Faure, 1985; Yvon, 1973.

Other references Bouquet, 1969; Chudnoff,
1980; de Saint-Aubin, 1963; Fouilloy, 1965; Hu
et al., 2005; Keay, 1989; Neuwinger, 2000;
Normand & Paquis, 1976; Pambou Tchivounda

et al., 1992; Raponda-Walker & Sillans, 1961;
Sallenave, 1955; Sallenave, 1964; Senterre &
Nguema, 2001; Tailfer, 1989; White & Abernethy, 1997; Wilks & Issembé, 2000.
Sources of illustration Fouilloy, 1965;
Tailfer, 1989; White & Abernethy, 1997.
Authors R.H.M.J. Lemmens

SCYTOPETALUM TIEGHEMII (A.Chev.) Hutch.
& Dalziel
Protologue FI. W.trop. Afr. 1: 238 (1927).
Family Scytopetalaceae (APG: Lecythidaceae)
Chromosome number2n = 22
Vernacular names Sourwood (En). Moussangoué(Fr).
Origin and geographic distribution Scytopetalum tieghemii is restricted to West Africa,
whereit occurs from Sierra Leone to Ghana.
Uses The woodis used in Sierra Leone and
Ghanafor poles in housebuilding, and also for
telegraph poles. It is suitable for joinery, mine
props, ship building, railway sleepers, ladders,
sporting goods, agricultural implements, tool
handles, veneer and plywood.
The gum from the wood has been used as glue.
The fruits are edible. Bark preparations are
taken to treat cough, intestinal complaints

such as tympanites, and as purgative. Decoctions of the twigs are added to a bath to treat
skin diseases including leprosy.
Production and international trade The
wood of Scytopetalum tieghemii is only used
locally and not traded on the international
market.
Properties The heartwood is yellowish to
pinkish, turning yellowish brown to greyish
brown upon exposure, andindistinctly demarcated from the pinkish sapwood. The grain is
straight

to

interlocked,

texture

moderately

coarse. The wood haslittle lustre.
The wood is medium-weight to fairly heavy,
with a density of 710-770 kg/m? at 12% moisture content, moderately hard but tough and
strong. It should be air dried with care to avoid
serious checking and end splitting. The rates of
shrinkage are high. At 12% moisture content,
the modulus of rupture is 123-148 N/mm?,
modulus of elasticity 13,430 N/mm?2, compression parallel to grain 55-59 N/mm?, cleavage
26.5

N/mm,

Janka

side

hardness

7310

N,

Chalais-Meudon side hardness 2.3 and Janka
end hardness 7910 N.
The woodis ratherdifficult to saw and work.It
finishes well, but surfaces may be woolly due to
the presence of interlocked grain. It holds nails
well, but pre-boring is recommended. The wood
glues satisfactorily, and is suitable for veneer
and plywood production. It is not durable, being liable to fungal and termite attacks. The
heartwood is resistant to impregnation with
preservatives.
Leafy twigs contain saponosides, tannins and
sterols.
Adulterations and substitutes The wood
of Scytopetalum tieghemii is similar to that of
Oubanguia spp.
Description Evergreen, small to medium-

sized tree up to 25(—40) m tall; bole branchless
for up to 15(—20) m, usually straight and cylindrical, up to 60(-100) cm in diameter, some-

times with small buttresses; bark surface scaly,
dark grey, inner bark rather thick, spongyfibrous, pinkish, with unpleasant smell ; crown
narrow and dense, with drooping branches;
twigs slender, glabrous. Leaves distichously
alternate, simple and entire; stipules absent or

minute and early caducous; petiole c. 2 mm
long; blade elliptical to narrowlyelliptical, 4.5—
13 cm X 2-4 cm, cuneate at base, distinctly

Scytopetalum tieghemii — wild

acuminate at apex, papery to thin-leathery,
glabrous, pinnately veined with 4—5 pairs of
lateral veins, and with numerous very fine,
transverse, parallel veinlets. Inflorescence a
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purposesas that of Scytopetalum tieghemii.
Scytopetalum klaineanumPierre is a mediumsized to large tree up to 40 m tall with bole
branchless for up to 25 m and up to 100 cm in
diameter, occurring from Cameroon south to
Cabinda (Angola). Its yellowish white wood is
moderately heavy and moderately hard.
Scytopetalum pierreanum (De Wild.) Tiegh. is a
small to medium-sized tree up to 30 m tall with
bole up to 80 cm in diameter, occurring in
Cameroon, Central African Republic, Congo
and DR Congo.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous:
13: simple perforation plates: (14: scalariform
perforation plates); (15: scalariform perforation
plates with < 10 bars); 22: intervessel pits al-

Scytopetalum tieghemii — 1, leaf and old inflorescence; 2, inflorescence with old flowers and

flower bud; 3, longitudinal section of flower; 4,
fruiting twig.
Redrawn and adapted by G.W.E. van den Berg
short axillary raceme, glabrous. Flowersbisexual, regular, whitish, fragrant; pedicel flattened on oneside, c. 0.5 cm long, elongating to
c. 1.5 cm in fruit; calyx cup-shaped, small, with
2 minute teeth; petals 5-8, slightly unequal,
oblong to lanceolate, 5-7.5 mm long; stamens

numerous, about as long as petals and fused at
base with these; ovary superior, ovoid, usually
6-celled, style short, stigma head-shaped. Fruit
an ovoid drupe up to 2 cm X 1 cm, acute with
persistent style, red when ripe, 1-seeded. Seeds
with ruminate endosperm. Seedling with epigeal germination; hypocotyl 5-6 cm long, epicotyl c. 1 cm long, glabrous; cotyledons leafy,
remaining within the fruit stone; first 2 leaves

opposite.
Other botanical information Theso-called
petals of the flower should probably be considered as staminodes, while true petals are lacking.
Scytopetalum comprises 3 species andis restricted to West and Central Africa. The wood of the
2 Central African species is suitable for similar

ternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 31: vessel-ray
pits with much reduced borders to apparently
simple: pits rounded or angular; 32: vessel-ray
pits with much reduced borders to apparently
simple: pits horizontal (scalariform, gash-like)
to vertical (palisade); (33: vessel-ray pits of two
distinct sizes or types in the same ray cell); 42:
mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre. Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: nonseptate fibres present; 70: fibres very thickwalled. Axial parenchyma: 77: axial parenchymadiffuse-in-aggregates; 78: axial parenchyma
scanty paratracheal; 86: axial parenchyma in
narrow bands or lines up to three cells wide;

(88: axial parenchymascalariform); 93: eight
(5-8) cells per parenchyma strand; 94: over
eight cells per parenchyma strand. Rays: 98:
larger rays commonly 4- to 10-seriate; 102: ray

height > 1 mm; (103: rays of two distinct sizes);
106: body ray cells procumbent with one row of
upright and/or square marginalcells; 107: body
ray cells procumbent with mostly 2—4 rows of
upright and/or square marginalcells; 115: 4-12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchymacells.
(E.E. Mwakalukwa, P.E. Gasson & E.A. Wheeler)
Growth and development Scytopetalum
tieghemii is classified as a shade bearer. Trees
flower in February—April and fruits mature in
May-July. The flowers open in the morning
and petals and stamens already shrivel and
fall in the evening of the same day. Thefruits
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are eaten by birds such as turacos and hornbills, which are probably the main seed dispersers, but also by monkeys. However, it has
also been reported that the fruits fall in quantity to the ground below the mother tree.
Ecology Scytopetalum tieghemii occurs in
evergreen forest and moist semi-deciduous
forest, usually in the middle storey. In Ghana
it is reported to prefer acid, base-poorsoils.
Propagation and planting There are about
2000 fruit stones per kg, which take 2-5
months for germination. The germination rate
is low, 20-25%. Seedlings develop a taproot
with short lateral roots.
ManagementScytopetalum tieghemii occurs
locally abundant, e.g. in Liberia and southern
Cote d'Ivoire, but is in other regions less common, e.g. in Sierra Leone and Ghana. In forests

in western Gabon, the average wood volume of
Scytopetalum klaineanumis 4 m3 per ha.
Handling after harvest Freshly felled logs
should be removed from the forest rapidly or be
treated with preservatives because the woodis
susceptible to blue-stain fungal attack.
Genetic resources Scytopetalum tieghemii
is fairly widespread in West Africa, locally
common and currently not heavily exploited.
Therefore, there are no reasons to consider it
lable to genetic erosion.
Prospects In regions where it occurs abundantly, Scytopetalum tieghemii has been considered promising as commercial timber producer for special applications such as construction work where durability is not required.
Locally in Gabon Scytopetalum klaineanum
occurs in fair densities and maybe ofinterest
for commercial exploitation. However, data on
growth rates and regeneration are needed to
assess the possibilities for sustainable commercial production.

SEARSIA LANCEA(L.f.) F.A.Barkley
Protologue Lundell, Fl. Texas 3: 104 (1943).
Family Anacardiaceae
Chromosome number2n = 30
SynonymsRhus lancea Lf. (1781).
Vernacular names Karee, African sumac,
willow rhus(En).
Origin and geographicdistribution Searsia
lancea is indigenous in Zambia, Namibia, Botswana, Zimbabwe, South Africa and Lesotho. It
is planted in hedges and as ornamental tree,
e.g. in South Africa, but also in desert regions
of the United States and Mexico, whereit is
locally naturalized.
Uses Thetree boles are considered valuable
as fence poles, and the wood is used for implement handles and wagon parts. Branches have
been used for bows and for spars in hut building. Youngtwigs are occasionally used for basketry. The fruits are edible; they are pounded
with water and produce a beer after fermentation, and they are also used to produce curdled
milk. Searsia lancea is commonly planted in
hedges, as an ornamental tree in gardens and

parks, as a roadside tree andin live fences and
wind breaks. Roots, leaves and stem bark are

used to treat skin diseases. A root infusion is
taken to treat abdominal and chest complaints
and

diarrhoea,

and

Major references Appel, 1996; Aubréville,
1959a; Bolza & Keating, 1972; Burkill, 2000;
Cooper & Record, 1931; de la Mensbruge, 1966;
Hawthorne & Jongkind, 2006; Kryn & Fobes,

1959; Takahashi, 1978; Taylor, 1960.
Other references Adjanohoun & Aké Assi,
1979; Bouquet & Debray, 1974; Breteler, 2002;
Breteler, 2005; de Saint-Aubin, 1963; Germain,
1963; Hawthorne, 1995; Irvine, 1961; Keay,
1958k; Letouzey, 1978a; Letouzey, 1978b;
Neuwinger, 2000; Normand, 1955; Normand &
Paquis, 1976; Sallenave, 1955; Savill & Fox,
1967; Vivien & Faure, 1985.

Sources of illustration Appel, 1996; Aubréville, 1959a; Hawthorne & Jongkind, 2006.
Authors R.H.M.J. Lemmens

the

roots

are

chewed

against stomach-ache. Leaf decoctions or infusions are taken to treat measles and pustules,
whereas leaf vapours are inhaled to cure
cough. The bark and wood have been used for
tanning, and the bark gives a brown dye. The
leaves are browsed by livestock, especially in
the dry season.
Properties The woodis reddish brown, with

Searsia lancea — wild
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a fine texture, and it is hard, tough and durable. It is heavy, with a density of 890-970
kg/m? at 10% moisture content. The rates of
shrinkage are moderate, from green to oven
dry about 3.1% radial and 7.2% tangential. The
wood works well and takes a nice polish. It has
a sweetish and spicy smell.
Bark extracts showed in-vitro antibacterial
activity against a wide range of gram-positive
and gram-negative bacteria. Leaves yield 0.2%
of essential oil, with o-pinene, benzene and 6-3-

carene as main constituents. The oil showed
remarkable anti-oxidant activity and dosedependent antibacterial and antifungal activities. These activities may be associated with
the high concentration of o-pinene in the oil
(87%). The flavour of cattle milk is affected
when large quantities of Searsia lancea leaves
are browsed.
Botany Evergreen, dioecious shrub or small
tree up to 9-12) m tall, glabrous; bole often
twisted and crooked; bark surface dark grey to
dark brown, rough, often irregularly fissured;
twigs reddish brown, angular or slightly
grooved, pendulous. Leaves arranged spirally,
3-foliolate; stipules absent; petiole 2—7 cm long,
slender but slightly winged near apex, grooved
above;

leaflets

sessile,

narrowly

lanceolate,

often slightly sickle-shaped, 7—24.5 cm x 0.5-3
cm, cuneate at base, acute at apex, margins

entire, thinly leathery, pinnately veined with
numerouslateral veins. Inflorescence an axillary or terminal, much-branched panicle up to
9 cm long, lax. Flowers unisexual, regular,
usually 5-merous, greenish yellow; pedicel 2—3
mm long; calyx segments c. 0.5 mm long, obtuse; petals free, oblong, c. 1.5 mm long; stamens usually 5, free; disk cup-shaped; ovary
superior, globose, 1-celled, styles 3, thick, re-

curved; male flowers without ovary or with
strongly rudimentary ovary, female flowers
with rudimentary stamens. Fruit a depressedglobose drupe 4—6.5 mm in diameter, often
slightly asymmetric, dull yellow to greyish or
brown,with fleshy pulp.
Searsia lancea grows fairly fast, up to 80
cm/year in height for young trees. It flowers
from April to September(-January) and ripe
fruits can be found from September to February. The flowers have a sweet smell and are
visited by insects such as bees, which serve as

pollinators. The fruits are eaten by birds such
as guinea-fowl, francolins and bulbuls, which
are probably the main seed dispersers.
Searsia comprises approximately 110 species
and occurs in southern Europe, Asia and Afri-

ca. Southern Africa is by far richest in species.
Until recently, most authors did not separate
Searsia from Rhus, although the separation
has already been proposed at the beginning of
the 1940s. Recent phylogenetic research using
DNA and gene spacer data confirmed that
Searsia is distinct from Rhus sensu stricto,
whichis limited to the Northern Hemisphere.
Several other Searsia spp. produce wood thatis
used for similar purposes as that of Searsia
lancea. The wood of Searsia glutinosa (Hochst.
ex A.Rich.) Moffett (synonyms: Rhus abyssinica
Oliv., Rhus glutinosa Hochst. ex A.Rich.), a
shrub or small tree up to 10 m tall from Sudan,
Eritrea and Ethiopia, is used for agricultural
implements and tool handles, and as firewood.
The leaves are used in traditional medicine to
treat influenza, the roots in veterinary medicine to treat udder complaints. They have been
used for tanning.
The reddish, hard and tough wood of Searsia
gueinzit (Sond.) F.A.Barkley (synonym: Rhus
gueinzii Sond.), a shrub or small tree up to 8 m
tall occurring in Zimbabwe, southern Mozambique and eastern South Africa, is used for wall
laths in house building. Branches are used to
treat eye complaints; they are made into a lotion, or smoke from burning twigsis applied to
the eyes. A root infusion is taken to treat schistosomiasis and a leaf decoction against gall
sickness.
The stems of Searsia lucida (L.) F.A.Barkley
(synonym: Rhus lucida L.), a shrub or small
tree up to 7 m tall from Zimbabwe and South
Africa, are valued for fence posts. The bark has
been used for tanning. Ground bark is applied
to ring worm infections.
The stems of Searsia pendulina (Jacq.) Moffett
(synonyms: Rhus pendulina Jacq., Rhus viminalis auct. non Aiton nec Vahl), a small tree up
to 10 m tall occurring in Namibia and South
Africa, are used as fence posts and in hut
building, whereas the twigs are used for fish
traps. The bark yields a reddish brown dye.
The fruits are edible and have been used in
beer making. Searsia pendulina is planted as
ornamentaltree.
The wood of Searsia retinorrhoea (Steud. ex
Oliv.) Moffett (synonym: Rhus retinorrhoea
Steud. ex Oliv.), a shrub or small tree up to 6 m
tall from Sudan, Eritrea, Ethiopia, Somalia
and Arabia, is used for agricultural implements and walking sticks, and as firewood. The
leaves serve for local mattresses. Several flavonoids have been isolated from the leaves,
some of which showed weak antibacterial and
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antimalarial activities in vitro.
Ecology Searsia lancea occurs in grassland
and open woodland, often on river banks and
termite mounds. It is considered as an indicator of underground water. It seems to prefer
soils rich in lime. Once established, the tree is
drought andfrost tolerant.
Management Searsia lancea is easy to propagate by seed, cuttings, truncheons and air
layering. Ripe seeds should be sownin seedling
trays and can be transplanted in containers
when the seedlings have 2 leaves. Cuttings
taken from young shoots often root successfully.
The tree boles are often crooked, and straight
pieces of wood of fair length are usually difficult to obtain. Moreover, the bole of older trees
is reportedly often hollow. A disease, causing
leaves at the extremities of young branches to
become deformed, has been recorded from the
central highlands of Namibia. In South Africa
the fungus Muribasidiospora indica was identified as the causal organism associated with
leaf spots, a serious disease in several Anacardiaceae.
The fruits are usually rubbed between the
hand palms to remove the tough skin before
they are being eaten, or are soaked in milk.
Genetic resources and breeding Searsia
lancea is widespread and locally common, and
is not threatened by genetic erosion.
Prospects The boles of Searsia lancea and
other Searsia spp. are too small and poorly
shapedto yield timberof sufficient dimensions
and quality for the international market, but
locally the wood will continue to be valued for
e.g. fences and implements. The tree has considerable ornamental value, and has a non-

SENNA LACTEA (Vatke) Du Puy
Protologue Kew Bull. 50(8): 581 (1995).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
SynonymsCassia lactea Vatke (1880).
Origin and geographic distribution Senna
lactea is endemic to northern Madagascar, south
to Mananara.
Uses The woodis used for furniture, and also
as firewood and for charcoal production. Senna
lactea is planted as a shadetree in coffee plantations.
Properties The woodis reportedly yellowish
and strong.
Botany Deciduous small to medium-sized
tree up to 30 m tall; bole up to 150 cm in diameter; bark surface grey, often mottled; twigs
short-hairy. Leaves alternate, paripinnately
compound with (11—)15—22(—25) pairs of leaflets; stipules awl-shaped, 5-7 mm long, early
caducous; petiole 2.5—4 cm long, rachis up to 30
cm long, grooved; petiolules 2-3 mm long;leaflets opposite to alternate, oblong, 2—5.5 cm X
0.5-1.5 cm, rounded to notched at apex, gla-

brous or sparsely hairy, pinnately veined. Inflorescence a terminal or axillary raceme 5-12
cm long, often combined into a lax panicle at
ends of shoots, short-hairy. Flowers bisexual,
slightly zygomorphic, 5-merous; pedicel 12-18
mm long; sepals free, unequal, 3-8 mm long,
reflexed, tinged red; petals free, nearly equal,
oblong-elliptical, 10-11 mm long, white, sometimes tinged pink; stamens 10 of which 7 fertile
and up to 9 mm long, 3 rudimentary and up 5
mm long; ovary superior, 6-7 mm long,style 5—
6 mm long, curved. Fruit a strap-shaped, flat
pod 16-20 cm X 3-4 cm, with transverse lines

aggressive root system and provides shade
throughout the year with its evergreen, widespreading crown. The pharmacological properties of the leaf oil deserve more attention.
Major references Gundidza et al., 2008;
Moffett, 1993; Palmer & Pitman, 1972-1974:

Stern, 2002; van Wyk & Gericke, 2000.
Other references Bekele-Tesemma, 2007;

Coates Palgrave, 1983; Crous, Groenewald &
Carroll, 2003; Fernandes & Fernandes, 1966;
Moffett, 2007; Neuwinger, 2000; Obi et al.,

2003; van Vuuren, Banks & Stohr, 1978.
Authors R.H.M.J. Lemmens

Sennalactea — wild
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between the seeds, glabrous, reddish brown to

blackish, dehiscing with 2 thin valves remaining fused at one margin, up to 22-seeded. Seeds
oblong,flat, c. 1 em x 0.5 cm, smooth, brown.
Senna lactea can be found flowering from April
to August.
Until the early 1980s, Cassia was considered a
very large genus of about 550 species, but was
then split into 8 genera: Cassia s.s. with about
30 species, Chamaecrista with about 250 species and Senna with about 270 species. Senna
is very similar to Cassia, but is distinguished
from it by the possession of 3 adaxial stamens
which are short and straight, and the pedicels
which haveno bracteoles.
Madagascar has 9 endemic Senna species. Additional to Senna lactea, some of these have
documented uses of their wood. Senna meridionalis (R.Vig.) Du Puy is a shrub or small tree
up to 5 m tall restricted to south-western Madagascar. The branches are used as poles in
building local houses. Senna viguierella (Ghesq.)
Du Puy is a shrub or small tree up to 8 m tall
occurring in southern Madagascar. Its wood is
also used in house construction.
Senna siamea (Lam.) H.S.Irwin & Barneby, a
small to medium-sized tree up to 20 m tall originating from tropical Asia, is planted in western Madagascar and also in mainlandtropical
Africa. Although it is most commonly used for
firewood and as ornamental, it is sometimes
also planted for poles because of its durable
wood.
Ecology Senna lactea occurs in humidevergreen forest from sea-level up to 1600 m altitude, often along rivers, but it can also be
found in degraded vegetation.
Genetic resources and breeding Alhough
Senna lactea has a comparatively small area of

SINDORA KLAINEANAPierreex Pellegr.
Protologue Bull. Mus. natn. Hist. nat., Paris 25: 653 (1919).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Sindora klaineana has a small distribution area,
restricted to western Equatorial Guinea, western Gabon and south-western Congo.
Vernacular names Banda rouge(Fr).

Uses In Gabon the wood, known as ‘n’gomé’
or ‘ngom’, is used for joinery and that of the
buttresses for implements. It is suitable for
light construction, interior trim, furniture,
boxes, crates, draining boards, veneer, plywood, hardboard and particle board.

Production and international trade The
wood is only used locally and not traded on the
international timber market.
Properties The heartwood is pinkish brown
to pinkish grey, darkening upon exposure with
a coppery tinge, and indistinctly demarcated
from a pale reddish intermediate zone, which is

more distinctly demarcated from the whitish
yellow sapwood. The grain is variable, texture
medium. Wood surfaces show a decorative figure of dark and pale stripes. The wood contains
a resinous exudate becoming dark upon drying.
It is medium-weight, with a density of 610-690
kg/m3 at 12% moisture content, and moderately
hard. It air dries slowly but well, with little
tendency to splitting and distortion. The rates
of shrinkage are moderate. Once dry, the wood
is moderately stable in service. At 12% moisture content, the modulus of rupture is 103—
128 N/mm?, compression parallel to grain 46—
49 N/mm?, cleavage 12 N/mm and Chalais-

distribution, it has not been reported to be en-

dangered. It has been recorded as locally common as an adventive in degraded vegetation
and thus may survive in areas subject to forest
degradation caused by human intervention.
Prospects Too little is known about Senna
lactea to judge its prospects as a timber tree of
more commercial importance. It may have possibilities as an auxiliary plant and may be interesting for planting in agroforestry systems.
However, much researchis still needed, e.g. on

wood properties, growth rates and propagation.
Majorreferences du Puyetal., 2002.
Other references Capuron, 1968.
Authors R.H.M.J. Lemmens
Sindora klaineana — wild
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Meudon side hardness 3.0-3.3.
The wood saws and works well with both hand
and machinetools, with little blunting effect on
saw teeth and cutting edges. It usually produces a nice finish except when interlocked grain
is present. The resin in the wood mayinterfere
with gluing, polishing and painting. The nailing and screwing properties are good, with
satisfactory holding power. The wood peels
well, producing good-quality veneer. The
heartwood is fairly durable, but slightly susceptible to termite attack, whereas the sapwood is liable to Lyctus attack. The heartwood
is resistant to impregnation with preservatives, the sapwood moderately resistant.
Description Medium-sized to large tree up
to 40(—45) m tall; bole branchless for up to 30

m, straight and cylindrical, up to 130(—200) cm
in diameter, without buttresses but slightly
thickened at base; bark surface fairly smooth
but finely fissured, greenish grey, inner bark
moderately thick, fibrous, pinkish brown, with
some transparent sticky exudate; twigs shorthairy, becoming glabrous. Leaves alternate,
imparipinnately compound with 6-10 leaflets;
stipules absent or early caducous; petiole and

rachis together 6-14 cm long; petiolules c. 0.5
cm long; leaflets alternate, oblong to elliptical,
5-9 cm X 3—4 cm, usually rounded at base, ob-

tuse to acute at apex, leathery, glabrous, with
many translucent dots, pinnately veined with
manylateral veins, midrib below with gland at
distal end. Inflorescence an axillary or terminal panicle up to 20 cm long with branches up
to 10 cm long, densely yellowish brown shorthairy. Flowers bisexual, zygomorphic, yellowish white; pedicel c. 2.6 mm long; sepals 4,
fused at base, oblong-lanceolate, unequal, c. 8
mm long, one larger than other 3, brown shorthairy outside; petal 1, elliptical, c. 6 mm x 4
mm, brown hairy outside, often 4 additional
minute petals present; stamens 2, with 8 rudimentary stamens, all fused but 1 rudimentary
stamen free; ovary superior, obliquely ovoid,
slightly hairy, with short stipe, style slender,
glabrous. Fruit a flattened nearly round pod 5—
7 cm in diameter, glabrous, transversely
veined, dehiscing with 2 woody valves, with

short stipe, 1(—2)-seeded. Seeds flattened ovoid,
c. 4cm X 3 cm, glossy black. Seedling with epigeal germination; hypocotyl 11-13 cm long,
epicotyl 11-15.5 cm long, finely hairy; cotyledons fleshy and thick; first leaves alternate,
with 2-4leaflets.
Other botanical information Sindora
comprises about 20 species, which are all found
in tropical Asia except Sindora klaineana. Sindora timber from tropical Asia, traded as ‘sepetir’, is important on the international market.
Sindora is related to Sindoropsis and Tessmannia, which differ in having 1 petal and 10
fertile stamens, and 5 petals and 10 fertile

stamens, respectively.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;

Sindora klaineana — 1, base of bole; 2, part of
flowering twig ; 3, flower;4, fruit.

(26: intervessel pits medium (7-10 um)); 27:
intervessel pits large (© 10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100—200 um; 46: < 5
vessels per square millimetre; (47: 5-20 vessels
per square millimetre); (58: gums and other
deposits in heartwood vessels). Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; (68:

Redrawn and adapted by G.W.E. van den Berg

fibres very thin-walled);

69:

fibres thin- to
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thick-walled. Axial parenchyma: (79: axial parenchyma vasicentric); 80: axial parenchyma
aliform; 81: axial parenchyma lozenge-aliform;
83: axial parenchyma confluent; 89: axial parenchyma in marginal or in seemingly marginal bands; (91: two cells per parenchyma
strand); 92: four (8-4) cells per parenchyma
strand; (93: eight (5-8) cells per parenchyma
strand). Rays: 97: ray width 1-3 cells; 98: larger rays commonly 4- to 10-seriate; (104: all ray
cells procumbent); 106: body ray cells procumbent with one row of upright and/or square
marginalcells; 115: 4-12 rays per mm. Secretory elements and cambial variants: 129: axial
canals diffuse; 131: intercellular canals of
traumatic origin. Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells.
(E.K. Achi, S. N’Danikou, P.E. Gasson & P.
Baas)
Ecology Sindora klaineana occurs in lowland rainforest near the coast and along mangroves, sometimes at the edge of small natural
savanna areas, up to 100 m altitude.
Harvesting The minimum bole diameter
allowed for harvesting in Gabon is 70 cm. The
resin present in the wood maycause difficulties
in sawing by gumming-upsaw teeth.
Genetic resources Sindora klaineana has a
small area of distribution and is there not
common, which makesit easily liable to genetic
erosion.
Prospects Sindora klaineana provides a general-purpose timber of fair quality, with as
only drawback the presence of resin. However,
the amounts available are too limited to have
prospects for commercial exploitation, and research could better focus on protection of this
species, which is so strangely isolated from
other species of the genus.

SINDOROPSIS LE-TESTUI(Pellegr.) J.Léonard
Protologue Mém. Acad. Roy. Belg., Cl. Sci.
sér. 2, 30(2): 82 (1957).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
SynonymsCopaifera le-testui (Pellegr.) Pellegr. (1947).
Origin and geographic distribution Sindoropsis le-testui has a small distribution area,
restricted to Equatorial Guinea and Gabon.
Uses The wood, known as ‘ghéombi’, is suitable for construction, flooring, joinery, interior
trim, mine props, ship building, vehicle bodies,
furniture, toys, novelties, boxes, crates, veneer

and plywood.
Bark decoctions are used in traditional medicine; they are applied as enemato treat intestinal complaints and externally to treat headache and as stimulant, whereas they are administered orally as anthelmintic. Pulverized
bark is rubbed in to treat scabies. Bark extracts have been used to dye Raphia fibres
blackish. The seed oil is applied as skin care
product and perfume.
Production and international trade The
wood is traded on the international timber
market in small amounts. In 1997 Gabon exported nearly 4000 m3 of logs, but in 1999 the
amount had declined to about 500 m3 and to
100 m? in 2001. However, it increased again to
2750 m3 in 2005.
Properties The heartwood is pinkish brown
to reddish brown, darkening upon exposure
with a coppery shine and slightly darker
streaks, and distinctly demarcated from the
whitish, 8-10 cm wide sapwood turning greyish to brown upon drying. The grain is straight

Major references Anonymous, 1957b; Aubréville, 1968; Bolza & Keating, 1972; de SaintAubin, 1963; Léonard, 1994; Normand & Paquis, 1976; Raponda-Walker & Sillans, 1961;
Sallenave, 1955; Takahashi, 1978; Tucker, 2003.

Other references Aubréville, 1970; Sambas
et al., 1993; Tailfer, 1989.

Sources of illustration Aubréville, 1968;
de Saint-Aubin, 1963.

Authors R.H.M.J. Lemmens
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to slightly interlocked, texture medium to
coarse and even. The wood contains a resinous
exudate. It is medium-weight to fairly heavy,
with a density of 630-810 kg/m? at 12% moisture content, and fairly hard. It air dries quite
well but slowly, with some tendency of distortion and checking. Air drying to 15-20% moisture content is recommended before kiln drying, especially for thin boards. The rates of
shrinkage are moderate, from green to oven
dry 3.0-4.8% radial and 5.5-9.0% tangential.
Once dry, the wood is moderately stable to unstable in service. At 12% moisture content, the

modulus of rupture is 115-201 N/mm?, modulus of elasticity 10,700—20,200 N/mm2, com-

pression parallel to grain 55-70 N/mm2, shear
7.5-12.5 N/mm2, cleavage 13-24 N/mm and
Chalais-Meudonside hardness 4.5-8.8.
The wood saws and works well with both hand
and machine tools, but with some blunting
effect on saw teeth and cutting edges; stellitetipped saw teeth and tungsten-carbide cutting
edges are recommended. Clogging of saw
blades and tools may occur due to the presence
of resin. The wood planes to a smooth finish
except when interlocked grain is present. The
nailing and screwing properties are good, with
satisfactory holding power. The resin in the
wood may interfere with polishing and painting. The wood glues well. The peeling andslicing characteristics are satisfactory after steaming. The heartwood is moderately durable, being moderately resistant to fungal, termite,
borer and marine borer attacks. The sapwood
is liable to Lyctus attack. The heartwood is
moderately resistant to impregnation with
preservatives, the sapwood is permeable.
The resin has been reported to be very inflammable.
Botany Medium-sized to very large tree up
to 60 m tall; bole branchless for up to 30 m,
straight and cylindrical, up to 130(—200) cm in
diameter, thickened at base or with rounded
buttresses; bark surface fairly smooth but finely fissured, dark grey, inner bark moderately
thick, fibrous, reddish brown, with some dark

resinous exudate; twigs short-hairy, becoming
glabrous. Leaves alternate, imparipinnately
compound with 6-11 leaflets; stipules absent or
early caducous; petiole and rachis together 8—
10 cm long; petiolules c. 0.5 cm long; leaflets
alternate, oblong to ovate or elliptical, 4-6 cm
x 2-38 cm, usually rounded at base, short-

acuminate at apex, leathery, glabrous, with
manytranslucent dots, pinnately veined with
manylateral veins, with a gland near attach-

ment of petiolule and another gland at distal
end of midrib below. Inflorescence an axillary
raceme up to 10 cm long, densely yellowish
brown short-hairy. Flowers bisexual, zygomorphic, white; pedicel 5-7 mm long, jointed at
base; sepals 4, oblong-lanceolate, unequal, 5—7
mm long, one slightly shorter than other 3,
short-hairy; petal 1, elliptical, up to 5 mm long,

glabrous; stamens10, all fused but 1 free, up to
1 cm long but alternately long and short; ovary
superior, obliquely ovoid, hairy at margins,
with short stipe, style slender, glabrous. Fruit
a flattened oblong to lanceolate pod 7-10 cm
long, distinctly pointed at apex, glabrous,
smooth, dehiscing with 2 thin-leathery valves,
with short stipe, 1-2-seeded. Seeds flattened
oblong, glossy black. Seedling with epigeal
germination; hypocotyl 8-10 cm long, epicotyl
4—5 cm long, finely hairy; first 2 leaves opposite, with 4 leaflets.
Trees flower at the end of the dry season and
fruits ripen around January, when theysplit
open suddenly dispersing the seeds over short
distances.
Sindoropsis comprises a single species. It is
related to Sindora and Tessmannia, which
differ in having 1 petal and 2 fertile stamens,
and 5 petals and 10 fertile stamens, respectively.
Ecology Sindoropsis le-testui occurs in lowland rainforest up to 700 m altitude, often scattered but sometimes locally abundant in primaryforest.
Management The minimum bole diameter
allowed for harvesting in Gabon is 70 cm.
Freshly felled logs should not be left in the
forest too long or treated with preservatives
because they are susceptible to fungal and insect attacks. They do not float in water and
thus cannot be transportedby river. The greenish resin present in the wood maycause difficulties in sawing by gumming-upsawteeth.
Genetic resources and breeding Sindoropsis le-testui has a small area of distribution

mainly in undisturbed forest, which makes it
easily liable to genetic erosion. Monitoring of
stands is recommended.
Prospects Sindoropsis le-testui provides a
general-purpose timberof fair quality, with as
drawback the presence of resin. However, the
amounts available in its small distribution
area are probably too limited to have prospects
for more extensive commercial exploitation.
Knowledge on growth rates and regeneration
are lacking.
Major references Aubréville, 1968; Bolza &
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Keating, 1972; CIRAD Forestry Department,
2008; de Saint-Aubin, 1963; Sallenave, 1955.

Other references Aubréville, 1970; Christy
et al, 2003; Maisonneuve & Manfredini (Edi-

tors), 1988c; Neuwinger, 2000: Normand &
Paquis, 1976; Raponda-Walker & Sillans, 1961;
Sallenave, 1971; Tailfer, 1989; Takahashi,
1978; White & Abernethy, 1997.

Authors R.H.M.J. Lemmens

SLOANEA RHODANTHA(Baker) Capuron
Protologue Adansonia, ser. 2, 12(3): 386
(1972).
Family Elaeocarpaceae
Synonyms Elaeocarpus rhodanthus Baker
(1883), Elaeocarpus quadrilobus Jum. & H.Perrier (1916).
Origin and geographic distribution Sloanea rhodantha is endemic to Madagascar,
where it is widespread in the central and eastern parts of the island.
Uses The wood, known as ‘voanana’,is traditionally used for construction and planks in
house construction, for joinery and furniture.
Kitchen utensils such

as plates, boles and

spoons are produced from the buttresses,
whereas the bole is used to make dug-out canoes. The wood is suitable for panelling, ceiling, lathing, poles, piles, interior trim, agricultural implements, containers, matches, turn-

ery, veneer, plywood and particle board. Wood
pulp is used for paper making and the wood for
charcoal production. The fruits are used in
ritual ceremonies.
Production and international trade The
wood is only usedlocally and not traded on the

international timber market.
Properties The heartwoodis purplish red to
purplish brown anddistinctly demarcated from
the 5-10 cm wide, yellowish white sapwood.
The grain is variable but often wavy to interlocked, texture medium to coarse. The woodis
medium-weight, with a density of 520-690
kg/m? at 12% moisture content. The rates of
shrinkage are rather high, from green to oven
dry 2.8—4.0% radial and 7.0-10.2% tangential.
Partial air drying before kiln drying is recommended. At 12% moisture content, the modulus

of rupture is 108-137 N/mm2, modulusofelasticity 8600—10,980 N/mm2, compression parallel to grain (87-46-54 N/mm2, shear 4-6
N/mm?, cleavage 13-17 N/mm and ChalaisMeudon side hardness 1.9-3.4.
The wood saws and works easily with both
hand and machine tools, but in planing the
presence of interlocked grain may be problematic. The bending properties are good. The
wood is not durable, being susceptible to fungal
and insect attacks. The sapwood is liable to
blue stain attack and to Lyctus borers.
Root bark extracts showed weak inhibitory
activity against strains of Plasmodium falciparum. Several phenolic compounds have been
isolated as active compounds.
Description Medium-sized to large tree up
to 40 m tall; bole branchless for up to 20 m, up

to 120(—200) cm in diameter, with rather thin
and spreading buttresses up to 2 m high; twigs
glabrous to short-hairy. Leaves arranged spirally, more or less clustered near apex of twigs,
simple; stipules minute, peg-like to linear, ca-

ducous; petiole 0.5-3.5(-6) cm long, usually
jointed at apex; blade obovate, 3.5—-15(-18) cm
x 1.5-9.5(-11) cm, cuneate to rounded at base,

obtuse to rounded or short-acuminate at apex,
margins entire to slightly toothed, papery to
leathery, glabrous to slightly hairy, pinnately
veined with 3-7 pairs of lateral veins. Flowers
solitary in leaf axils of twigs, pendant, bisexual, regular, 4—6(-8)-merous, large and showy:
pedicel 2—4.5 cm long; sepals free, triangular,

0.5-1 cm long, hairy; petals free or variably
fused, 1.5-3 cm long, irregularly lobed or
toothed at apex, dark pink to red; stamens numerous, 0.5-1 cm long, yellow; disk c. 1 cm in
diameter, flat, hairy; ovary superior, conical, c.

0.5 cm long, hairy, (3—)4—5-celled, with a narrowly conical style up to 1 cm long. Fruit an
ovoid-oblong capsule 6-11 cm x 3—7 cm, smooth
but with numerous small whitish lenticels,

brown, with cushion-shaped persistent disk at
Sloanea rhodantha — wild

base,

dehiscent with

(3-)4-5 woody valves,
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pits horizontal (scalariform, gash-like) to vertical (palisade); 42: mean tangential diameter of
vessel lumina 100-200 um; 47: 5-20 vessels
per square millimetre. Tracheids and fibres:
61: fibres with simple to minutely bordered
pits; 66: non-septate fibres present; 69: fibres
thin- to thick-walled. Axial parenchyma: 75:
axial parenchyma absentor extremely rare; 89:
axial parenchyma in marginal or in seemingly
marginal bands; 92: four (3-4) cells per parenchyma strand. Rays: 98: larger rays commonly
4- to 10-seriate; 102: ray height > 1 mm; 103:
rays of two distinct sizes; 106: body ray cells
procumbent with one row of upright and/or
square marginalcells; 107: body ray cells procumbent with mostly 2-4 rows of upright
and/or square marginalcells; (110: sheath cells
present); 115: 4-12 rays per mm. Secretory

Sloanea rhodantha — 1, flowering twig; 2, dehisced fruit; 8, seed.

Redrawn and adapted by J.M. de Vries
each cell with 1-10 seeds. Seeds oblong, c. 1 cm
long, black, with fleshy, irregularly lobed, orange-red aril.
Other botanical information Sloanea comprises about 100 species and occurs in all tropical and subtropical regions except mainland
Africa. Only Sloanea rhodantha is found in
Madagascar.
Sloanea rhodantha is variable, particularly in
leaf size and shape, in hairiness of the leaves,

in shape of petals and in number of stamens.
Two varieties have been distinguished; var.
rhodantha has glabrous leaves below, var.
dalechampioides (Baker) Capuron short-hairy.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 21: intervessel pits opposite; 22: intervessel pits alternate; (23: shape
of alternate pits polygonal); 27: intervessel pits
large (= 10 um); 31: vessel-ray pits with much
reduced borders to apparently simple: pits
rounded or angular; 32: vessel-ray pits with
much reduced borders to apparently simple:

elements and cambial variants: 131: intercellular canals of traumatic origin. Mineral inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells; 154: more than one crystal of about the
samesize per cell or chamber.
(E.A. Obeng, P.E. Gasson & E.A. Wheeler)
Growth and development Trees flower
from October to March.
Ecology Sloanea rhodantha occurs in dense,
humid primary forest at (300—)400—2000 m
altitude. It is most common in mid-elevation
forest at 800-1200 m altitude.
Management Sloanea rhodanthais locally
common; up to 650 trees with a bole diameter
of more than 10 cm have beenrecorded per ha.
However, in general natural regeneration is
rated as quite poor.
Genetic resources Sloanea rhodantha is
quite widespread in Madagascar and locally
common. However, the on-going fragmentation
of forest may makeit liable to genetic erosion
in the future because it is characteristic for
undisturbedforest.
Prospects Research on propagation andsilviculture is recommended to ensure sustainable management in the future for this locally
important but relatively poorly knownspecies.
Major references Bolza & Keating, 1972;

Cao et al., 2006; Guéneau, Bedel & Thiel,
1970-1975; Guéneau & Guéneau, 1969; Sallenave, 1971; Schatz, 2001; Takahashi, 1978;

Tirel, 1985; Wiselius & Sosef, 1998.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Brownet al., 2009; Capuron,

1966e; Coode, 1983; Decary, 1946; Guéneau,
1971a; Guéneau, 1971b; Guéneau, 1972; Mian-

drimanana, 2008.
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Sources of illustration Tirel, 1985.
Authors S. Rakotonandrasana

SONNERATIA ALBA Sm.
Protologue Rees, Cycl. 33(I): Sonneratia no.
2 (1816).
Family Sonneratiaceae (APG: Lythraceae)
Chromosome number n = 11, 12
Vernacular names Red-brown mangrove
(En). Mlilana, mpia (Sw).
Origin and geographic distribution Sonneratia alba is extremely widespread. It occurs
along the east coast of tropical Africa from Somalia south to Mozambique and in Comoros,
Mayotte, the Seychelles and Madagascar.It is
also found throughout tropical Asia, and in
northern Australia, Vanuatu and New Caledonia.
Uses The woodof Sonneratia alba is used in
Kenya and Tanzania for carpentry, canoes,
boat ribs, paddles, masts, floats, and window

and door frames. It is further used as firewood
and for charcoal production. In Madagascar the
woodis preferred for making paddles. In tropical Asia the wood is used for house building,
ship building, piles of bridges, sleepers, paving
blocks, flooring, furniture and sporting goods.
Sulphate pulp of the woodis suitable for making paper.
The sour fruits are eaten raw or cooked and
used to make vinegar. Leaves are used for
camelfodder in Kenya. Thebarkis locally used
as a brownish dye and for tanning leather and
fishing nets.
Production and international trade In
tropical Africa there is no significant trade in

Sonneratia timber. For Asia trade statistics are
not readily available and refer to timberofall
Sonneratia species together. In 1992 about
5100 m? of logs and 1700 m3 of sawn timber
were exported from Sabah at prices of about
US$ 73/m? and US$ 150/m?, respectively. Very
small amounts of Sonneratia timber are exported from Papua New Guinea.
Properties The heartwood is brown to reddish brown and distinctly demarcated from the
paler sapwood. The wood is moderately heavy,
hard and durable. It contains small amounts of
salt, making it resistant to wood borers. It corrodes metal and therefore special nails and
screws are needed.
The wood is of moderate quality for firewood.
Although it produces a lot of heat, it produces
much ash and salt. The bark of Sonneratia
alba contains 9-12% tannin based on dry
weight.
Botany Evergreen shrub or small tree up to
15(—20) m tall; bole often crooked and fluted at
base, without buttresses, surroundedby aerial
roots arising vertically from long horizontal
roots; bark surface initially smooth, greyish,
becoming irregularly fissured and dark greybrown; twigs distinctly jointed above the nodes
and 4-angled. Leaves opposite, simple and entire; stipules absent; petiole 83-15 mm long;
blade elliptical to ovate, 3-13 cm x 2-9 cm,
cuneate at base, rounded or notched at apex,
leathery, pinnately veined with 11-14 pairs of
lateral veins. Flowers solitary or 3 together at
the apex of twigs, bisexual, regular, 6—8merous; calyx tube c. 1.5 cm long, thick, leathery, persistent, lobes 1-2 cm long; petals strapshaped, 1-2 cm long, caducous; stamens numerous, showy, white; ovary superior, 12—20-

celled, style 4-6 cm long, slender. Fruit a depressed-globose berry, 2-8 cm x 2.5—4.5 cm,
indehiscent, crowned by the style base, many-

Sonneratia alba — wild

seeded. Seeds irregularly angular, c. 12 mm
long. Seedling with epigeal germination; hypocotyl elongated; cotyledons emergent.
Sonneratia alba trees develop according to
Rauh’s architectural model, characterized by a
monopodial trunk which grows rhythmically
and so develops tiers of branches. It flowers at
night and petals and stamens drop within
hours from anthesis.
Sonneratia comprises about 5 species.
Ecology Sonneratia alba is found at the seaward edge of mangrove because it does not
tolerate wide fluctuations in salt concentration.
A tidal range of at least 1 m is necessary and it
grows along seashores and at the mouth of
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tidal creeks on sandy, rocky or muddy soils,
and also on coral terraces. It may act as a pioneer, colonizing newly formed sandy mudflats
in sheltered situations. It is often gregarious,
but usually does not form densestands.
Management Sonneratia alba can be propagated by seed as well as by air-layering.It is
less suited for replanting on sites where sedimentation is high as the sediment will cover
the pneumatophores and hencekill the plants.
Genetic resources and breeding Sonneratia alba is widespread and common in many
regions and does not seem vulnerable, althoughthe rate of destruction of mangrove habitats is alarming with an estimated annualloss
of 1-2% worldwide.
Prospects In mangrove forest Bruguiera
and Rhizophora are usually economically more
important timber species than Sonneratia.
Replanting in damaged and logged mangrove
vegetations is usually done with Avicennia and
Rhizophora species and thus the importance of
Sonneratia for its wood is likely to decrease.
However, it has very good potential as a valuable source of raw material for kraft pulp which
warrants seriousconsideration.
Major references Boer & Lemmens, 1998b;
Bosire et al., 2008; Duke & Jackes, 1987; Fernandes, 1978; Kairo et al., 2001.

Soyauxia grandifolia — wild
flat and with lenticels. Leaves arranged spirally, simple andentire; stipules paired, oblong,c.
10 mm xX 2 mm; petiole short; blade oblong to

lanceolate, 12-32 cm X 4-11 cm, obtuse at
base, acuminate to acute at apex, leathery,
almost glabrous, pinnately veined with more
than 15 pairs of distinct lateral veins. Inflorescence a dense raceme 6-12 cm long. Flowers
bisexual, regular, 5-merous; pedicel very short;
sepals c. 5 mm long, persistent in fruit, rusty

Other references Alongi, 2008; Dahdouh-

hairy; petals free, whitish; corona short, tubu-

Guebaset al., 2000; Ellison, 1998; FAO, 2007;
Nshubemuki, 1993; Schatz, 2001; Shi et al.,
2000; Williams Sangai, 1968.
Authors C.H. Bosch

lar; stamens many, filaments long, anthers 4-

SOYAUXIA GRANDIFOLIA Gilg & Stapf
Protologue Journ. Linn. Soc., Bot. 37: 102
(1905).
Family Medusandraceae
Origin and geographic distribution Soyauxia grandifolia is found in Liberia, Côte d’Ivoire and Ghana.
Uses The wood of Soyauxia grandifolia,
knownas ‘abotesima’ in Ghana, is mainly used
as posts for construction of huts and houses.
Twigs are used as chewing-sticks for cleaning
teeth.
Properties The wood is dull purple-brown,
hard, strong andflexible. It has a fine texture,
is easy to work and finishes smoothly.
Botany Small to medium-sized tree up to 25
m tall; bole usually crooked, up to 25 cm in
diameter, buttresses absent; bark surface greybrown, thin, flaking; crown spreading; twigs

celled; ovary superior, 1-celled, styles 3, long

and exserted. Fruit a sessile, 3-valved capsule
up to 3 cm X 2.5 cm, red-brown to purple, 1seeded. Seed trigonous, c. 2 cm in diameter.
Soyauxia comprises about 6 species. It has
been placed in Flacourtiaceae and Passifloraceae and resembles some Euphorbiaceae. More
recently it has been included in Medusandraceae, but the most modern approach is
to place it in Peridiscaceae, together with 2
genera from tropical America.
Ecology Soyauxia grandifolia is found in
humid, evergreen forest, sometimes in secondary forest, on river banks and in coastal sa-

vanna. It prefers regions with high annual
rainfall (above 2500 mm), but can also be found
in regions with a lower mean annual rainfall,
from 1500 mm onwards. In Ghanait is only
commonon very acid soils, but elsewhere it has
been recorded on sandy, loamyas well as lateritic soils.
Management Soyauxia grandifolia regenerates in the shade of the forest canopy.
Genetic resources and breeding Although
Soyauxia grandifolia is not widely distributed,
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no serious threats are envisaged.
Prospects The woodof Soyauxia grandifolia
is not of interest for commercial exploitation
but will continueto play a role for local uses.
Major references Aubréville, 1959c; Burkill,
1997; Holmgrenetal., 2004; Keay, 1958f.
Other references Bancroft, 1935; Bayer,
2007; Brenan, 1953; Hawthorne, 1995; Haw-

thorne & Jongkind, 2006; Normand & Paquis,
1976.
Authors C.H. Bosch

SPIROSTACHYS AFRICANA Sond.
Protologue Linnaea 23: 106 (1850).
Family Euphorbiaceae
Vernacular names African sandalwood,
Cape sandalwood, headache tree, tamboti (En).
Sandalo africano (Po). Msarakana (Sw).
Origin and geographic distribution Spirostachys africana occurs from south-eastern
Kenya south to Namibia, Botswana, Zimbabwe,

Mozambique, South Africa and Swaziland.
Uses The woodis in high demandfor decorative joinery, furniture and cabinet work, and

for carvings and turnery. It is also appreciated
for use in house construction for posts, beams
and roof laths, and to make scented beads for

necklaces. It is suitable for heavy flooring,
mine props, ship building, toys, novelties, agricultural implements and musical instruments.
It is also used as fuelwood, but should not be
used for cooking because of the toxic smoke;

the branches have been used for making scented torches. The wood is not appreciated for
charcoal production.
The roots, bark and latex are widely used in

traditional medicine. Root decoctions are taken
to treat malaria, constipation but also diarrhoea, cough, gonorrhoea and headache, and
they are dropped into the eyes to treat ophthalmia. Bark decoctions and infusions in
small dosage are used as purgative to treat
constipation but also diarrhoea, and to treat

stomach ulcers, kidney complaints, cough and
eye complaints, and to purify the blood. Dried
bark is applied to rashes in children. Powdered
bark is taken as anthelmintic. Latex diluted in
water is taken as emetic and purgative, and
the latex is administered against toothache
and as anodyne. It is also applied to sores in
cattle to kill maggots, whereas the wood serves
as insect repellent. Extreme caution is needed
when bark or latex is administered for medicinal purposes. Several complications caused by
an overdose and resulting in the death of patients have been recorded. Extracts are used in
the treatment of opportunistic oral infections
such as candidiasis in HIV-infected patients,
and although they have potent antifungal activity, they should be used with care because
they may have interactions with antiretroviral
agents. The bark has been used asfish poison,
and the latex as hunting poison for arrow
heads. Leaf decoctions are applied to the eyes
to treat ophthalmia. In Namibia the powdered
oily wood, mixed with fat, has been rubbed into

the hair, and it has also been used as perfume.
Production andinternational trade A study
in 2003 in Maputo (Mozambique) showed that
the wood of Spirostachys africana is commonly
used by wood artists. The annual volume was
estimated at 360 m3. In general, it has been
reported that about 40 m3 of Spirostachys africana wood per month is available from sustainably managed sources.
Properties The heartwood is brown to dark
brown with darker markings and streaks, and

distinctly demarcated from the whitish to pale
yellow, 2.5-5 cm wide sapwood. The grain is
straight to slightly wavy, texture moderately
fine to fine, and even. The woodhasa beautiful
banded figure and a satin-like lustre, with an
oily surface. It has a fragrant, spicy smell, resembling that of East Indian sandalwood (Santalum album L.), which can persist for many
years.
The woodis very heavy, with a density of 910—
1090 kg/m? at 12% moisture content, and hard.

Spirostachys africana — wild

It air dries slowly. Boards of 2.5 cm thick take
about 7 months to air dry and boards of 10 cm
thick about one year. End checking is common,
but the wood is usually not very liable to dis-
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tortion. The rates of shrinkage are low, from
green to oven dry 2.1-3.5% radial and 4.0-6.7%
tangential. Once dry, the wood is moderately
stable in service.
At 12% moisture content, the modulus of rupture is 102-108 N/mm2, modulus of elasticity
8600-9210 N/mm2, compression parallel to
grain 57-60 N/mm?, shear 16 N/mm? and
Janka side hardness 8940 N.
The woodis difficult to saw, particularly green
wood, but it is more easy to work. It rapidly
blunts saw teeth. The saw dust is gummy and
sticks to the teeth. The wood near the centre of
the log may be extremely hard to saw. It planes
smoothly and moulds well. Drilling and mortising require considerable effort, and nailing is
only possible after pre-boring. Turning gives
excellent results. Sandingis difficult because of
the oily wood surface. The wood is durable and
resistant to fungi, termites and wood borers. It
is very resistant to preservatives. The sawdust
is highly irritant to eyes and respiratorytracts.
The woodis not well suited as firewood because
the smoke is irritant, causing headache and
complaints of the respiratory organs.
The latex is irritant and may cause inflammation and blistering of the skin. It is particularly
harmful when in contact with the eyes. It may
cause severe purging and vomiting. It contains
a complex mixture of diterpenes. Bark extracts
showed antibacterial activity and genotoxicity
in tests. Experiments showed that powdered
bark suppressed populations of the cowpea
weevil (Callosobruchus maculatus) in stored
cowpea seeds. The bark contains diterpenoids,
triterpenoids, tannins, anthocyanins and saponins. Several diterpenoids have been isolated
from the heartwood.
Description Deciduous, dioecious or monoecious shrub or small tree up to 15(—20) m tall,
with white latex; bole branchless for up to 7 m,

straight or bent, up to 50(-90) cm in diameter,
more or less fluted near base; bark surface

rough and flaking in rectangular scales, dark
grey to dark brownorblack, innerbarkfibrous,
dark red, exuding white latex; crown rounded,
heavily branched; twigs glabrous, with lenticels. Leaves arranged spirally, simple; stipules
triangular-ovate, c. 1 mm long, caducous; petiole 0.5—1(-1.5) cm long, channelled above, with
2 small glands at apex; blade ovate to elliptical,
(1.5-)2—7 cm X (0.5—)1—3.5 cm, usually rounded
at base, obtuse to rounded orslightly shortacuminate at apex, margins obtusely toothed,
papery to thinly leathery, glabrous, pinnately
veined with 6—14 pairs of lateral veins. Inflo-

Spirostachys africana — 1, tree habit; 2, flowering twig; 3, inflorescence; 4, twig with fruits.
Redrawn and adapted by W. Wessel-Brand
rescence an axillary spike
densely flowered, with only
with many male flowers and
ers at base; bracts arranged
ovate, c.

1-2.5 cm long,
male flowers or
1-3 female flowspirally, broadly

1.5 mm broad. Flowers unisexual,

regular, sessile or nearly so; petals and disk
absent; male flowers with (2-)3 obovate to

rounded sepals c. 1 mm long, stamens 3, fused
at base into a tube; female flowers with 5 tri-

angular-ovate sepals c. 1 mm long, ovary superior, c. 1 mm in diameter, 3-lobed and 3-celled,
styles 3, c. 1.5 mm long, fused at base, with red
stigmas. Fruit a 3-lobed capsule c. 1 cm in diameter, smooth, becoming yellowish brown,
falling apart into 3 parts, each part 2-valved
and 1-seeded. Seeds ovoid to globose, c. 4 mm
long, smooth, pale brown to yellowish brown
with darker streaks.
Other botanical information Spirostachys
comprises 2 species and is closely related to
Excoecaria. Spirostachys africana closely resembles Excoecaria simii (Kuntze) Pax, which
is restricted to South Africa and differs in more
sharply toothed leaves without glands at petiole apex.
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Spirostachys venenifera (Pax) Pax is a shrub or
small tree up to 15 m tall, occurring in southern Somalia, Kenya and eastern Tanzania. Its
wood is used for construction, door frames,

ceiling beams, implements, tool handles and
carvings, and also for charcoal production. The
wood is yellowish brown to pale brown, with
brown markings, medium-weight with a density of about 750 kg/m3 at 12% moisture content,
and quite durable. The bark and latex are used
as fish poison. Tests in mice showed immunosuppressive activity of bark extracts. Spirostachys venenifera is highly poisonous.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
intervessel pits alternate; (23: shape of alternate pits polygonal); 26: intervessel pits medium (7-10 um); 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tangential diameter of vessel lumina 50-100 um;
48: 20-40 vessels per square millimetre; 49:
40-100 vessels per square millimetre; 58: gums
and other deposits in heartwood vessels. Tracheids and fibres: (60: vascular/vasicentric tracheids present); 61: fibres with simple to minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 76: axial parenchyma diffuse; (77:
axial parenchyma diffuse-in-aggregates); (86:
axial parenchyma in narrow bandsorlines up
to three cells wide); 92: four (8—4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand. Rays: 96: rays exclusively
uniseriate; 104: all ray cells procumbent; (106:
body ray cells procumbent with one row of upright and/or square marginal cells); (109: rays

with procumbent, square and upright cells
mixed throughout the ray); 113: disjunctive ray
parenchymacell walls present; 116: > 12 rays
per mm. Mineral inclusions: 136: prismatic
crystals present; 137: prismatic crystals in upright and/or square ray cells; 138: prismatic
crystals in procumbentraycells.
(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development Young trees
may have spiny branches. The trees grow very
slowly. They are usually deciduous, but sometimes can be nearly evergreen, shedding the
old leaves when young leaves develop. In
southern Africa, trees usually start to flower in
September before new leaves develop, and

flowers may be present until January. Fruits
ripen 1—2 months after flowering.
Although the tree is poisonous, several animals
feed on it; birds such as guinea-fowl, francolin
and doves eat the fruits, and large herbivores
such as antelopes, elephants and rhinoceros
young foliage. Squirrels, often nesting in the
hollow bole, feed on the youngleaves, bark and
seeds.
Ecology Spirostachys africana occurs in
deciduous woodland and wooded grassland,
often on termite mounts and stony slopes,
sometimes in thickets, up to 1350 m altitude.
The largest trees are found near streams and
seasonal watercourses. Spirostachys africana
prefers well-drained sandy or sandy loam soils.
In southern Africa, it is often associated with

Colophospermum mopane (Benth.) J.Léonard
and Acacia, Brachystegia and Combretum spp.
Propagation and planting In Botswana
fresh seeds showed a germination rate of 55—
80% 1-3 weeks after sowing, without pretreatment. They can be sown in containers
filled with river sand, with the seeds pushed
into the sand until level. They should be kept
moist. Seeds should be selected carefully because they are often infested with moth larvae.
Management Trees can be coppiced, but the
average number of shoots per stump is small
(0.4—1).
Diseases and pests The seeds maybe infested with the larvae of a moth (Emporia melanobasis), and these may cause the seed to
jumpinto the air for several centimetres.
Handling after harvest The boles are often
hollow, and larger dimensions of wood are
therefore difficult to obtain. Star shakes often
develop during log drying. In an inventory in
KwaZulu-Natal (South Africa), the mean
length of posts used in house building was 2—
2.5 m and the mean diameter 7.5—9.5 cm.
Genetic resources There are no indications
that Spirostachys africana is currently threatened; it is both widespread and locally common. However, in many regions its wood is
greatly appreciated and soughtfor, and regulation of the yield is there needed to avoid too
much pressure on the populations. A study in
2007 in southern Tanzania showed that the
trees were harvested on a large scale below the
legally prescribed minimum bole diameter. In
South Africa the bark is locally in high demand
for medicinal purposes, but it seems to be still
readily available.
Prospects Spirostachys africana produces
one of the most beautiful African woods. In
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addition, it has a nice, long-lasting odour. It is
in high demand for high-grade furniture, turnery and fancy articles. The often small size and
poor shape of the bole with commonly rotten or
hollow heart makes that the timber is often
only available in small sizes and limited quantities. Very little research has been done on
propagation and possibilities of domestication
for this valuable species, which could be
worthwhile in spite of its low growth rates.
Major references Bolza & Keating, 1972;
Chikamai et al., undated; Coates Palgrave,
2002; Grace et al., 2002a; Neuwinger, 1996;
Neuwinger, 2000; Palmer & Pitman, 1972-1974;

Radcliffe-Smith, 1996; Tietema, Merkesdal &
Schroten, 1992; van Wyk, van Heerden & van
Oudtshoorn, 2002.

Other references Beentje, 1994; Bryce,
1967; Dale & Greenway, 1961; Duri, Hughes &
Munkombwe, 1992; Gaugris et al., 2007; Gelfand et al., 1985; Gilbert, Holmes & Thulin,
1993: Govaerts, Frodin & Radcliffe-Smith,
2000; Luoga, Witkowski & Balkwill, 2004;
Mathabe et al., 2006; Mathabe et al., 2008;

Maundu & Tengnäs (Editors), 2005; Ngobeni &
Mashela, 2005; Njiro, Nyaga & Kofi Tsekpo,

1994; Nube, 2003; Radcliffe-Smith, 1987a;
Radcliffe-Smith, 2001; Takahashi, 1978; van
Wyk & Gericke, 2000; Wimbush, 1957.
Sources of illustration Coates Palgrave,
2002; Palmer & Pitman, 1972-1974; Radcliffe-

Smith, 1996.
AuthorsI. Kopong & W. Mojeremane

Stadmannia oppositifolia — wild
tifolia is pinkish to pale red, hard and tough. It
is heavy, with a density of 890-1020 kg/m® at
12% moisture content. It dries fairly well. The
rates of shrinkage are quite high, from green to
12% moisture content 5.6-7.1% radial and 7.9—
10.3% tangential.
At 12% moisture content, the modulus of rupture is 174-237 N/mm?, modulus of elasticity
9300-14,600 N/mm?, compression parallel to

grain 72-88 N/mm? and Chalais-Meudon side
hardness 7.5-11.4. The wood is fairly easy to
work. It is moderately durable to very durable.
The bark is rich in saponin. Stems and leaves
contain phenols, flavonoids, flavans, saponosides and tannins.
Botany Monoecious small tree up to 10(-30)

STADMANNIA OPPOSITIFOLIA Lam.
Protologue Tab. encycl. 2(2): 443 (1793).
Family Sapindaceae
Vernacular names Ironwood, Bourbon iron-

wood, silky plum (En). Bois de fer, bois de fer
de Maurice, bois de fer de Bourbon (Fr). Mfundu (Sw).
Origin and geographic distribution Stadmannia oppositifolia is native to Kenya, Tanzania, Zimbabwe, Mozambique, northern South
Africa, Madagascar, Réunion and Mauritius.

Uses In Madagascar the wood, traded as
‘elatrangidina’, is used for house construction,

boats, furniture and carving. It is valued for
punt poles. It is suitable for heavy flooring,
carpentry, planks and bridge covering. The
wood yields a good charcoal. In Mauritius bark
decoctions are used to alleviate fever, and as an
astringent and depurative.
Properties The wood of Stadmannia opposi-

m tall; bark surface smooth, finely fissured,
flaking, yellow to brown, often mottled, inner
bark pinkish; twigs rusty or tawny hairy, becoming glabrous. Leaves alternate, paripinnately compound with (1—)2—4 pairs ofleaflets;
stipules absent; petiole 3-7 cm long, rachis 4—
20 cm long; petiolules 1-7 mm long; leaflets
opposite, elliptical, 4-15 cm x 2.5-6.5 cm, lowest pair smallest, asymmetrically cuneate at
base, rounded or notched at apex, margins en-

tire, thick leathery, glabrous apart from the
midrib, pinnately veined with 10-16 pairs of
indistinct lateral veins. Inflorescence an axillary, false raceme 4—12 cm long. Flowers unisexual, regular, yellow, scented; pedicel 2-3

mm long, elongating up to 5 mm in fruit; calyx
cup-shaped, c. 0.5 mm long, shallowly 5-lobed;
petals absent; stamens 8, free, hairy or glabrous; ovary superior, hairy, 3-lobed and 3celled, style short, thick, 3-furrowed; male
flowers with rudimentary ovary, female flowers

602

TIMBERS 2

with reduced stamens. Fruit an ovoid capsule
1-2 cm in diameter, golden yellow when ripe,
shortly soft-hairy, dehiscing, 1-seeded, 2 abortive carpels remaining attached. Seed globose
or ovoid, c. 1 cm in diameter, chestnut brown,
with red aril nearly completely covering the
seed.
Stadmannia comprises 6 species, 5 of which
are endemic to Madagascar. Two subspecies
have been distinguished in Stadmannia oppositifolia. Subsp. rhodesica Exell is confined to
Zimbabwe and northern South Africa, and dis-

tinguished by its smaller leaflets. All other
Stadmannia species in Madagascar are medium-sized trees up to 30(—35) m tall and yield
appreciated timber used for similar purposes
as that of Stadmannia oppositifolia. Most important are Stadmannia acuminata Capuron
and Stadmannia leandrii Capuron. Additionally, the fresh leaves of Stadmannia glauca
Capuron are mashed and eaten or taken in
infusion to improve vision, especially night
vision.
Ecology In East Africa Stadmannia oppositifolia is restricted to dry evergreen forest and
coastal bushland at about sea-level. In Madagascar it is found in evergreen forest up to
1700 m altitude, in Zimbabwe up to 1000 m
altitude.
Genetic resources and breeding Although
fairly widespread, Stadmannia oppositifolia is
apparently rare in manyparts of its range, and
in Réunion it has becomeextinct. Monitoring of
populations is recommended.
Prospects In Mauritius Stadmannia oppositifolia is considered one of the species that
could well be planted for timber production.
However, much research is still needed, for

STAUDTIA KAMERUNENSIS Warb.
Protologue Nova Acta Acad. Caes. Leop.Carol. German. Nat. Cur. 68: 241 (1897).
Family Myristicaceae
SynonymsStaudtia gabonensis Warb. (1903),
Staudtia stipitata Warb. (1903).
Vernacular names Niové, arbre à pagaies
(Fr). Pau vermelho, vlêmê (Po).
Origin and geographic distribution Staudtia kamerunensis occurs from Nigeria eastward
to Uganda, and southward to DR Congo, Zambia and Cabinda (Angola). It is most common
in Cameroon, Gabon and Congo.

Uses In Gabon the woodis traditionally used
to make rafters and peddles, and for the construction of bridges. It is used in house construction and for flooring, carpentry, stairs,
ship building, vehicle parts, furniture, cabinet
work, railway sleepers, vats, walking sticks,
tool handles, turnery, pencils and decorative
sliced veneer. It is suitable for interior trim,

mine props, sporting goods, precision instruments, musical instruments, toys, novelties,

draining boards and pattern making. The wood
is also used asfirewood.
In traditional medicine in Central Africa, bark
decoctions are drunk against menstrual problems, dysentery, lung complaints and cough. In
DR Congothey are given to children to drink or
applied as enema against cough, and applied as
a rub

to

treat skin

diseases,

oedema and

wounds. They are used as a gargle against
mouth diseases. Bark sap is applied against
snakebite. In DR Congo bark sap diluted with
water is taken against diarrhoea. It is also
used in wound healing, to stop bleeding and to
treat painful eyes. In Gabon the sap is rubbed

instance on growth rates, propagation and ecological requirements.
Major references Boiteau, Boiteau & Allorge-Boiteau, 1999; Davies & Verdcourt, 1998;
Gurib-Fakim & Brendler, 2004; Parant, Chi-

chignoud & Rakotovao, 1985.
Other references Bärner & Müller, 1942;
Beentje, 1994; Exell & Sousa, 1973; Friedmann, 1997: Gurib-Fakim, Guého & Bissoondoyal, 1997; Lebigre & Petignat, 1997: Rajaonarivelo, 2000; Ruhomaun, 2003; Schatz,

2001; Stiles, 1998.
Authors C.H. Bosch

Staudtia kamerunensis — wild
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onto the gums of babies to ease teething. Pulverized bark mixed with wood powder of padouk (Pterocarpus soyauxii Taub.) is applied on
ulcers including yaws. Wood chips are boiled to
make a medicine against gonorrhoea and
rheumatism. In Congo fresh twigs are ground
and salted, and chewed as an aphrodisiac. In
DR Congo the root is chewed and the sap is
swallowed by children against cough. Heated
leaves are rubbed on the breasts as a galactagogue. Seed pulp mixed in palm oil is rubbed
on the skin againstsandflies.
The seeds yield a yellow, aromatic fat used as
an ointment or medicine against scabies; seeds
are also used as bait for porcupines and palm
rats. The seed aril is edible. In western Cameroon the bark is used in making soup.
Production and international trade Already in the 1960s Equatorial Guinea and
Congo exported on average 600 m3 and 750 m3,
respectively, of logs per year. Cameroon reported total production of niové logs of 1000 m3
in 2000 and 1200 m3 in 2001. Congo reported
total exports of 5000 m3 in 2004 (at an average
export price of US$ 333/m3), 3000 m3? in 2005
and 5500 m? in 2006. Gabon reported total

13,000—21,600 N/mm2, compression parallel to
grain 74-109 N/mm?, shear 10.5-16.5 N/mm?,

cleavage 12.5-26 N/mm, Janka side hardness
7070-9110 N, Chalais-Meudon side hardness
4.7-12.2 and Janka end hardness 9870 N.
The wood sawsslowly because of its high density, but without problem because the silica
content is very low. The bluntingeffect is fairly
high; stellite-tipped or high-pitched saw blades
and tungsten-carbide tool edges are recommended. The wood planes easily and well, giving a nice finish. Boards have a tendency to
split upon nailing, and pre-boring is needed;
the nail-holding properties are moderate to
good. Surfaces take paint, wax and varnish
well. Gluing properties are good. The wood can
be sliced after softening by steaming.
The heartwood is durable, being resistant to
fungi and termites, but liable to attack by marine borers. The sapwoodis susceptible to pinhole borers. The heartwood is resistant to impregnation with preservatives, the sapwood is
permeable.
The wood contains 40—41% cellulose, 24—26.5%

lignin, 16-17% pentosan, 0.4—0.8% ash and
little silica. The solubility is 7.4-13.5% in alco-

exports of 4650 m? in 2000, 1700 m? in 2001,

hol-benzene, 2.5-7.6% in hot water and 13.6—

4200 m3 in 2002, 3100 m3 in 2003, 2450 m? in
2004 and 5850 m3 in 2005. In Cameroon niové
is classified as a group 1 timber (principal timbers of great value of which the exportation of
logs requires permission). Cameroon exported
2500 m3 of logs and 1100 m3 of sawn wood in
2009 and Congo 1350 m3 of logs.
Properties The heartwoodis yellowish brown,
turning dark red-brown upon exposure, with
slightly darker streaks, distinctly demarcated
from the up to 10 cm wide, pale yellowish white
to pinkish sapwood, but separated by a zone of
orange-brown transition wood. The grain is
straight, occasionally wavy, texture fine and
even. The surface is slightly lustrous and occasionally oily. A reddish substance is sometimes
present. Sawn boards have a pepper-like smell.
The wood is heavy, with a density of 750-1000
kg/m? at 12% moisture content. Logs should be
quarter-sawn before drying. The wood dries
slowly and there is a risk of end splitting, surface checking and case hardening. Initial air
drying is recommended before kiln drying. The
rates of shrinkage are moderate, from green to
oven dry 3.6-6.2% radial and 5.2—7.6% tangential. Once dry, the wood is moderately stable in
service.
At 12% moisture content, the modulusof rupture is 136-236 N/mm?2, modulus of elasticity

18.3% in a 1% NaOH solution.
The seed oil is mainly composed of myristic
acid. Analysis of the essential oils hydrodistilled from seed and bark of Staudtia kamerunensis showed as main components the sesquiterpenes germacrene D (35%) and B-caryophyllene
(12%) in the seed oil, and trans-a-bergamotene
(39.5%) and B-caryophyllene (13%) in the bark
oil. The extracts did not have important antioxidant activities. Several lignans have been isolated from seeds and bark. The diterpene
staudtenic acid has been isolated from bark
extracts.

Description Evergreen, dioecious or monoecious, medium-sized to fairly large tree up to
35(—40) m tall; bole branchless for up to 25 m,
straight or slightly wavy, cylindrical, up to 90
110) cm in diameter, sometimes fluted at base
or with narrow buttresses up to 2 m high; bark
surface rough, reddish grey or cinnamoncoloured, flaking off in round, orange patches,

inner bark crimson-coloured, exuding copious,
watery, dark red sap; crown with spreading,
often sinuous branches; twigs slightly angular
and ridged, glabrous. Leaves alternate, simple
and entire; stipules absent; petiole 0.5-1.5 cm
long; blade narrowly oblong to oblonglanceolate or narrowly elliptical, 5.5-16 cm x
1.5-6.5 cm, base cuneate to rounded, apex
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tia pterocarpa (Warb.) Warb. may be present in
Sao Tomé.
In Staudtia kamerunensis 2 varieties have
been distinguished; var. gabonensis (Warb.)
Fouilloy has smaller fruits than var. kamerunensis.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; (14: scalariform
perforation plates); (15: scalariform perforation
plates with < 10 bars); 22: intervessel pits alternate; (23: shape of alternate pits polygonal);
i
oy

\

(26: intervessel pits medium (7-10 um)); 27:

intervessel pits large (> 10 um); (30: vessel-ray
pits with distinct borders; similar to intervessel
pits in size and shape throughouttheraycell);
32: vessel-ray pits with much reduced borders
to apparently simple: pits horizontal (scalariform, gash-like) to vertical (palisade); (33: ves-

sel-ray pits of two distinct sizes or types in the
same raycell); 42: mean tangential diameterof

densely minutely glandular-punctate beneath,
pinnately veined with c. 10 pairs of lateral
veins. Inflorescence a globose head 0.5—1 cm in
diameter, usually on 2-year-old branches in
axils of fallen leaves, reddish brown shorthairy, 10—50-flowered; peduncle 2-5 mm long,
stout. Flowers unisexual, regular, with short

vessel lumina 100-200 um; 47: 5-20 vessels
per square millimetre; 56: tyloses common.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 75: axial parenchyma absent or
extremely rare; 78: axial parenchyma scanty
paratracheal; (89: axial parenchyma in marginal or in seemingly marginal bands); 93:
eight (5-8) cells per parenchyma strand; (94:
over eight cells per parenchyma strand). Rays:
96: rays exclusively uniseriate; 97: ray width
1—8 cells; 100: rays with multiseriate portion(s)
as wide as uniseriate portions; 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2—4 rows of up-

pedicel; perianth 3-lobed, c. 2 mm long, densely

right and/or square marginal cells; (108: body

reddish brown short-hairy; male flowers with
staminal tube bearing 3 anthers; female flowers with superior, globose, short-hairy, 1-celled
ovary, with sessile stigma. Fruit an ellipsoid
drupe 2-5 cm X 1.5—4.5 cm, in clusters of up to
20, somewhat fleshy whenripe, yellow or cinnamon-coloured, at first short-hairy, later glabrous and shining, eventually dehiscent with 2

ray cells procumbent with over 4 rows of upright and/or square marginal cells); 115: 4—12
rays per mm. Secretory elements and cambial
variants: (132: laticifers or tanniferous tubes).
Mineral inclusions: (152: crystals of other
shapes (mostly small)).
(R. Shanda, E. Uetimane, P.E. Gasson & E.A.

Staudtia kamerunensis — 1, base of bole; 2, twig
with inflorescence; 3, male inflorescence; 4, female inflorescence;5, fruits.
Redrawn and adapted by G.W.E. van den Berg
acute to acuminate, thin-leathery, glabrous but

valves, 1-seeded. Seeds ellipsoid or ovoid, 1—2
cm long, dark brown, with thin-fleshy, red or

pink aril enveloping nearly completely the
seed, lobed at the apex.
Other botanical information Staudtia
probably comprises a single species, but a second poorly known species described as Staud-

Wheeler)

Growth and development Staudtia kamerunensis grows slowly. In Gabon seedlings
planted in the open reached 5 m tall 11 years
after planting, with a survival rate of only 11%.
However, when planted in exploited forest,
they reached 11 m tall with an average bole
diameter of 7.5 cm after 11 years. In natural
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forest in the Central African Republic average
annual diameter increment of the bole has
been estimated at 1-4 mm, in Gabon at 2.5-5
mm. In Gabon fruits ripen in August—October.
Numerous animals eat the seed aril and serve
as seed dispersers.
Ecology Staudtia kamerunensis is characteristic for dense evergreen forest, up to 1350
m altitude. It is fairly commonin fringing forest and secondary forest. In DR Congo it is
often found in forest dominated by Gilbertiodendron dewevrei (De Wild.) J.Léonard, Brachystegia laurentii (De Wild.) Louis ex Hoyle
and Julbernardia seretii (De Wild.) Troupin.
Propagation and planting There are about
140 seeds per kg. In tests in Congo, seeds
started to germinate 60-80 days after sowing,
with a germination rate of 48-64%.
Management In forest in south-western
Cameroon, the average density of Staudtia
kamerunensis trees with a bole diameter of
more than 60 cm is 0.4 per ha, with a mean
wood volume of 1.9 m%/ha. In Gabon Staudtia
kamerunensis is fairly abundant, with mean
wood volumes of 3.5 m3/ha. Very little experiments have been done on the management of
Staudtia kamerunensis both in natural stands
and as a potential plantation species. In the
Central African Republic thinning in natural
forest increased the diameter growth of seedlings and trees from 1 mm/year to 4 mm/year
during a period of 4 years, after which it decreased again to 2.5 mm/year for the subsequent 4 years. In cocoa farms in Cameroon, it
is sometimes retained as a source of construction woodor firewood.
Harvesting In Cameroon and the Central
African Republic the minimum bole diameter
allowed for harvesting is 50 cm, in Gabon 60
cm.
Yield A log of 13.5 m long and with a diameter of 80 cm felled in DR Congo yielded 4.5 m3
of wood.
Handling after harvest Freshly harvested
logs sink in water and cannot be transported
by river. Logs can stay for some time in the
forest after harvesting without treatment with
a preservative.
Genetic resources Staudtia kamerunensis
is widespread and occurs in fair densities in
various forest types. There are no indications
that it is in danger of genetic erosion, although
in several regions it is exploited in considerable
amounts.

Prospects Staudtia kamerunensis produces
a good, nicely figured general-purpose timber.

In spite of its hardness the wood is relatively
easy to work. Its main draw-back is its slow
growth, requiring long cutting cycles for sustainable harvesting. More information on its
management in natural stands and plantation
forest is needed. Pharmacological research to
evaluate its uses in traditional medicine is also
warranted.
Major references Burkill, 1997; CTFT,
1988; Fouarge & Gérard, 1964; Gilbert &
Troupin, 1951; Neuwinger, 2000; Normand &

Paquis, 1976; Pope, 1997; Raponda-Walker &
Sillans, 1961; Vivien & Faure, 1985; White &
Abernethy, 1997.
Other references Agnaniet et al., 2004;
Apemaet al., 2010; de Freitas, 1987; de SaintAubin, 1963; Durrieu de Madron & Daumerie,
2004; Durrieu de Madronetal., 1998b; Fouilloy,

1965; Fouilloy, 1974; Keay, 1954d; Koumba
Zaou et al., 1998; Laird, Leke Awung & Lysinge, 2007; Mezée et al., 2010; Noumbissie et
al., 1992; Service permanent d’inventaire et
d'aménagement forestiers, 2007; Tailfer, 1989;
Verdcourt, 1997; Vernay, 2000; Wilks & Issembé, 2000; World Conservation Monitoring

Centre, 2011; Yankepet al., 1999.
Sources of illustration Verdcourt, 1997;
Wilks & Issembé, 2000.
Authors L.P.A. Oyen & D. Louppe

STEMONOCOLEUS MICRANTHUS Harms
Protologue Bot. Jahrb. Syst. 38: 77, fig. 2
(1905).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Chromosome number2n = 24
Origin and geographic distribution Stemonocoleus micranthus occurs from Côte d'Ivoire
east to the Central African Republic and south
to Gabon and Congo.
Uses The woodis suitable for light construction, flooring, joinery, interior trim, ship building, handles, ladders, sporting goods, toys, novelties, agricultural implements, boxes, crates,
turnery, veneer, plywood, hardboard, particle

board and pulpwood.
In the Central African Republic the bark is
pounded in water and applied as a paste to
treat rheumatism andinfertility in women.
Properties The heartwoodis purplish pink,
changing to reddish brown upon exposure, and
distinctly demarcated from the pale yellow
sapwood. The grainis straight, texture moderately fine.
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spicuous scars of fallen flowers, glabrous.
Flowers bisexual, regular, fragrant, sessile,
with 1 bract and 2 bracteoles at base; calyx
with 4 oblong to obovate lobes 2-3 mm long,
greenish white; petals absent; stamens 4, fused

at base; ovary superior, elongate, glabrous,
stiped, 1-celled, style curved. Fruit an elliptical, papery pod 11-14 cm x 4-5 cm, yellow to
pale brown, reticulately veined, often twisted
at base and with slender, up to 2 cm long stipe,
indehiscent, 1—2-seeded. Seeds elliptical, flat-

tened, 1.5-2 cm long. Seedling with epigeal
germination; hypocotyl 2—4.5 cm long, epicotyl
4—7 cm long; cotyledonsslightly fleshy, broadly
ovate, 1-2 cm long; first 2 leaves opposite, with

Stemonocoleus micranthus — wild
The wood is moderately heavy, with a density
of about 660 kg/m3 at 12% moisture content.It
air dries fairly rapidly, but may develop end
checks and heart shakes. The rates of shrinkage are moderate, from green to oven dry 3.5%
radial and 5.2% tangential. At 12% moisture
content, the modulus of rupture is 134 N/mm2,
modulus of elasticity 11,950 N/mm2, compres-

sion parallel to grain 57 N/mm?, shear 9
N/mm?, cleavage 20.5 N/mm and ChalaisMeudon side hardness 2.6.
The wood saws and works well but slowly because it is tough and moderately hard. It can
be planed to a nice and lustrous surface. The
wood is only moderately durable, being susceptible to termite, Lyctus and marine borer attacks.
Botany Medium-sized to large tree up to
45(-50) m tall; bole straight and cylindrical,
branchless for up to 25 m, up to 150 cm in diameter, with thick buttresses up to 6 m high or

1-6 leaflets.
In West Africa trees can be found flowering
from August to March. The papery fruits ripen
about 3 months later and are dispersed by
wind.
Stemonocoleus comprises a single species and
belongs to the tribe Detarieae; it seems to be
most closely related to Augouardia, which is
endemic to Gabon.
Ecology Stemonocoleus micranthus occurs
in lowland moist evergreen forest, often near
rivers.
Management In general Stemonocoleus
micranthus is uncommon in the forest, alt-

hough in some regions it has been recorded as
common, e.g. in south-western Cameroon. Locally in Côte d'Ivoire, natural regeneration has
been recorded as common, with many seedlings
close to parent trees, often in more open sites,
e.g. along roadsides. Stemonocoleus micranthus
is characterized as a non-pioneer light demander.
Genetic resources and breeding Stemonocoleus micranthus is widespread and does
not seem to be threatened by genetic erosion.

fluted at base; bark surface fairly smooth in

However, it occurs scattered and is in many

younger trees to longitudinally fissured in old
trees, greyish brown, inner bark fibrous, pale
brown to pinkish; twigs glabrous. Leavesalternate, imparipinnately compound with 4-10

regions even rare, and some monitoring of populations is advisable.
Prospects Stemonocoleus micranthus pyroduces an interesting multipurpose timber and
the tree becomes big enough to be of commercial interest, although the bole of old trees often becomes fluted in the lower part. The species is poorly known because in most regionsit
occurs too scattered or is even rare. Research is
needed on propagation and growth rates to
determine its possibilities for sustainable exploitation in managed naturalforest.
Major references Bolza & Keating, 1972;

leaflets; stipules minute or absent; petiole and

rachis together 5-17 cm long; petiolules 5-7
mm long, often twisted; leaflets alternate, elliptical to ovate, 4-11 cm Xx 2-5 cm, cuneate to

obtuse andoften slightly asymmetrical at base,
usually notched at apex, with thickened margin, papery, glabrous, with indistinct translucent glandular dots, pinnately veined with 6—
10 pairs of lateral veins. Inflorescence an axillary or terminal panicle up to 12 cm long, consisting of racemes up to 5 cm long, with con-

de Koning, 1983; de Saint-Aubin, 1963; Taka-

hashi, 1978; Vivien & Faure, 1985.
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Other references Aké Assi et al.,

1985;

Aubréville, 1959b; Aubréville, 1970; Burkill,
1995; Hawthorne, 1995; Hawthorne & Jong-

kind, 2006; Keay, 1989; Lewis et al., 2005;
Neuwinger, 2000; Normand & Paquis, 1976.

Authors R.H.M.J. Lemmens

STROMBOSIA PUSTULATAOliv.
Protologue Hooker’s Icon. pl. 23: t. 2299
(1894).
Family Olacaceae
Synonyms Strombosia glaucescens Engl.
(1909).
Origin and geographic distribution Strombosia pustulata occurs from Guinea Bissau east
to the Central African Republic, and southwards to DR Congo and Cabinda (Angola).
Uses The wood, known as ‘afina’, ‘afena’ or

‘poé’, is locally used for heavy construction including hydraulic work, poles, railway sleepers,
utensils, drainage boards andtool handles. It is
suitable for flooring, joinery, mine props, ship
building, vehicle bodies, toys, novelties, agricultural implements, carvings, turnery and
sliced veneer. It is also used as firewood and
for charcoal production. The wood pulp has
been tried in paper making, but it was found
unsuitable because the pulp yield waslow.
The plant has various medicinal uses throughout its distribution area. In West Africa the
pulped bark is rubbed on the skin to treat skin
complaints, wounds and sores. In Côte d'Ivoire

the leaf sap is taken to treat hiccups. Different
parts of the plant are used in treating cough,
abscesses and furuncles. In Nigeria the seed oil
is used as laxative and as lubricant for massag-

ing. In Cameroon powderedbark, together with
seeds of Aframomum melegueta K.Schum., is
externally applied to aching muscles and kidneys. In Gabon bark decoctions are taken to
treat dysentery, stomach-ache, backache and
pain in the side. In Ghanatheseedoil is used
as ointment and in soap making.
Production and international trade The
wood of Strombosia pustulata is mainly used
locally and rarely traded on the international
market and then often sold in mixed consignments with other Strombosia spp.
Properties The heartwood is pale brown
with purplish streaks, and more or less distinctly demarcated from the yellowish to pale
brown, wide sapwood. The grain is fairly
straight, sometimes wavy, texture fine. The
wood is lustrous, slightly gummy and rather
oily to the touch, with an unpleasant odour

whenfreshly cut.
The wood is heavy, with a density of 850-1020
kg/m3 at 12% moisture content, and hard. Air
drying can be problematic, with a high risk of
distortion and splitting. Slow drying is recommended. The shrinkage rates are high, from
green to oven dry 7.4-8.6% radial and 7.9—
11.4% tangential. Once dry, the wood is unstable in service. At 12% moisture content, the

modulus of rupture is (115—)170—243 N/mm2,
modulus of elasticity 16,370—20,190 N/mm:?,
compression parallel to grain 58-90 N/mm?,
cleavage 18-38 N/mm and Chalais-Meudon
side hardness 5.3—7.9(-12.8).
Considering the high density, the wood saws
and works comparatively easily with both hand
and machinetools. It takes a smooth finish and
polishes well. Splitting is common in nailing,
and pre-boring is recommended. The wood
glues well. It has a high natural durability
with an expected service life of up to 50 years.
The heartwood is very resistant to fungal and
termite attacks, but the sapwood is moderately
resistant and susceptible to Lyctus borers. The
heartwood is very resistant to preservative
treatment, the sapwood is permeable.
The wood contains 39—42.5% cellulose, 31-38%

lignin, 12-16% pentosan, 0.38-1.9% ash and up
to 0.02% silica. The solubility is 0.8-3.3% in
alcohol-benzene, 0.4-4.8% in hot water and

Strombosia pustulata — wild

9.1-18.6% in a 1% NaOH solution.
Seed samples from Cote d'Ivoire yielded 15—
18% of a reddish brown oil with a disagreeable
smell, whereas samples from Nigeria yielded
2-3% of a golden-yellow oil.
Description Evergreen medium-sized tree
up to 25(—35) m tall; bole cylindrical, usually
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mm with petals; ovary inferior or semi-inferior,
c. 1 mm in diameter, 1-celled but at base 5celled, upper part surroundedby disk, style 1—
3 mm long, stigma (3—-)5-lobed. Fruit a broadly
ellipsoid or globose drupe 1-3 cm in diameter,
enclosed by fleshy calyx, blackish purple when
ripe, with depression at apex, stone 1-seeded.
Seeds ellipsoid, wrinkled, with much waxy endosperm. Seedling with epigeal germination;
hypocotyl 8-15 cm long, epicotyl 1-3 cm long;
cotyledons nearly orbicular, 3-6 cm in diameter, 3-5-veined from the base; first leaves alternate.

Other botanical information Strombosia
comprises about 10 species, 7 of which occur in
tropical Africa and 3 in tropical Asia. It has
been classified in Olacaceae, but recent molecular studies showed that it is better placed in a
separate family Strombosiaceae, together with
5 other genera including Strombosiopsis. The
wood of some other Strombosia spp. is used for
similar purposesas that of Strombosia pustulata.

Strombosia pustulata — 1, base of bole; 2, flowering twig; 3, flower with one petal removed;4,

fruit; 5, fruit stone.
Redrawn and adapted by J.M. de Vries
straight, up to 60(-100) cm in diameter,slightly fluted at base or with low buttresses; bark
surface grey-black, with numerous small corky
lenticels, becoming scaly with an irregularpattern of olive-green and whitish patches, inner
bark thin, hard, granular, pale yellow to pale
orange or brown with narrow white streaks;
crown dense, small and rounded; twigs more or
less angled, glabrous. Leaves alternate, simple

andentire; stipules absent; petiole 0.5—-1(—2.5)
cm long, grooved above; blade ovateto elliptical
or oblong-elliptical, 4—11(-25) cm X 2-7(-18)
cm, base cuneate to rounded, often slightly
asymmetrical, apex acute to short-acuminate,

thick-papery, glabrous, more or less pustulate,
pinnately veined with 4—7(-10) pairs of lateral
veins. Inflorescence a compact axillary fascicle,
usually few-flowered. Flowers bisexual, regular, 5-merous; pedicel 1-3 mm long; calyx lobes

almost circular, c. 1 mm long, hairy at margins;
petals free, linear-oblong, (2-)3-5 mm long,
upper inner half densely short-hairy, outside
glabrous, pale green, whitish or yellowish;
stamens 3-4 mm long,filaments fused for 1-3

Strombosia grandifolia Hook.f. is a shrub or
small to medium-sized tree up to 25 m tall with
bole up to 60 cm in diameter, occurring from
Nigeria east to southern Sudan and south to
Cabinda (Angola). Its reddish brown, heavy
wood, with a density of (680—)950—1010(—1280)
kg/m3 at 12% moisture content, is used for con-

struction, dug-out canoes, railway sleepers, tool
handles and carvings; it is fairly easy to saw
and has good durability. The bark yields a dye
which is used in DR Congo to blacken pottery.
In the Central African Republic pulverized
bark wrappedin a large leaf is warmed over a
fire and applied to oedema. In Gabon the bark
is used to treat chest complaints, post-partum
pain and kidney pain. In DR Congo bark decoctions are taken to treat tuberculosis, as an

emetic. In Gabon the seed is sometimes eaten
after thorough drying, cooking and washingto
removetoxicity and bitterness.
Although Strombosia zenkeri Engl. is a small
tree up to 15 m tall, its wood is probably used
for similar purposes as that of Strombosia pustulata. It occurs in south-eastern Nigeria,
Cameroon, Gabon and Congo. It has been reported that bark and leaf sap are used in traditional medicine in Congo as a substitute of
Strombosiopsis tetrandra Engl.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
14: scalariform perforation plates; 16: scalari-
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form perforation plates with 10-20 bars; 17:
scalariform perforation plates with 20-40 bars:
20: intervessel pits scalariform; 21: intervessel
pits opposite; 27: intervessel pits large (> 10
uum); 32: vessel-ray pits with much reduced
borders to apparently simple: pits horizontal
(scalariform, gash-like) to vertical (palisade);
41: mean tangential diameter of vessel lumina
50-100 um; 48: 20-40 vessels per square mil-

limetre; (49: 40-100 vessels per square millimetre); 56: tyloses common; 57: tyloses sclerotic. Tracheids andfibres: 61: fibres with simple
to minutely bordered pits; 66: non-septate fibres present; 70: fibres very thick-walled. Axial
parenchyma: 76: axial parenchyma diffuse; 77:
axial parenchyma diffuse-in-aggregates; (78:
axial parenchyma scanty paratracheal); 93:
eight (5-8) cells per parenchyma strand; 94:
over eight cells per parenchyma strand. Rays:
97: ray width 1-3 cells; 107: body ray cells procumbent with mostly 2-4 rows of upright
and/or square marginal cells; 108: body ray
cells procumbent with over 4 rows of upright
and/or square marginal cells; 115: 4-12 rays
per mm; 116: > 12 rays per mm. Mineral inclusions: 186: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells; 138: prismatic crystals in procumbentray
cells; 140: prismatic crystals in chambered
upright and/or square ray cells; 141: prismatic
crystals in non-chambered axial parenchyma
cells; (142: prismatic crystals in chambered
axial parenchymacells); 157: crystals in tyloses.
(E. Uetimane, P. Baas & H. Beeckman)
Growth and development Strombosia
pustulata is considered to be slow growing. In
silvicultural trials in Ghana, seedlings reached
15 cm tall after 1 year and saplings 1 m tall
when 4 years old. Strombosia pustulata is considered a shade bearer, but seedlings and saplings grow well in small canopy gaps. In Côte
dIvoire trees flower from June to September,
in Nigeria from October to December, and ripe
fruits are found about 3 months after flowering. The fruits are relished by birds such as
hornbills and also by elephants, serving thus
as important seed dispersers.
Ecology Strombosia pustulata occurs in
evergreen forest and moist semi-deciduous
forest, at low altitudes. It is most common in
undisturbed forest. It is in general nonselective of soil conditions but prefers free
drainingsoils.
Propagation and planting There are about
800 fruit stones per kg. Germinationis irregu-

lar, varying from 2 weeks to 10 weeks after
sowing, but the germination rate is generally
high, up to 90%. Propagation by wildlings is
sometimes practised; these may be very abundant near the mothertree.
Management Strombosia pustulata is often
common, usually forming part of the dominant
species in the middle storey of the forest. In
evergreen forest in Ghana, an average density
of 60 boles/ha has been reported, but most of
the boles had a diameterof less than 30 cm.
Genetic resources Strombosia pustulata is
widespread and locally common, sometimes
even dominant, within its geographical range,
and it is not threatened at present. However,
its preference for undisturbed forest may make
it liable to genetic erosion in forest that is subject to serious damageby logging practices.
Prospects Strombosia pustulata is a useful
local source of wood and traditional medicine.
It does not seem to be promising for more
commercial exploitation because of its vulnerability to logging practices in the forest and slow
growth. The chemical and pharmaceutical
properties of the bark and seed oil deserve further investigation.
Major references Bolza & Keating, 1972;
Burkill, 1997; Irvine, 1961; Keay, 1989: Neu-

winger, 2000; Oteng-Amoako (Editor), 2006;
Raponda-Walker & Sillans, 1961; Savill & Fox,
1967; Takahashi, 1978; Villiers, 1973a.
Other references Abbiw, 1990; Bouquet,

1969; Breteler, 2007; Chudnoff, 1980; de Koning, 1983; de la Mensbruge, 1966; Farmer,
1972; Fouarge & Gérard, 1964; Hall & Swaine,
1981; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Kryn & Fobes, 1959; Kunkel, 1965;

Nickrent et al., 2010; Normand & Paquis,
1976; Ofori, 2001; Ofori et al., 2009a; Tailfer,
1989; Vivien & Faure, 1985: Voorhoeve, 1965.

Sources of illustration Voorhoeve, 1965;
Wilks & Issembé, 2000.
Authors A.A. Oteng-Amoako

STROMBOSIA SCHEFFLERI Engl.
Protologue Notizbl. Königl. Bot. Gart. Berlin 5: app. 21(1): 4 (1909).
Family Olacaceae
Vernacular names Strombosia (En). Msangana (Sw).

Origin and geographicdistribution Strombosia scheffleri occurs from south-eastern Nigeria east to southern Sudan and Kenya, and
southwards to Angola, Zimbabwe and Mozam-
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The woodis fairly lustrous.
The wood is heavy, with a density of (610-)
800-1010 kg/m? at 12% moisture content, and
hard. It air dries slowly with moderate to high
risk of distortion. End splitting is common and
flat-sawn boards have a tendency to cup. Kiln
drying should be done slowly to avoid serious
distortion and end splitting. The rates of
shrinkage are quite high, from green to oven
dry about 5.3% radial and 9.3% tangential.
Once dry, the wood is unstable in service. At
12% moisture content, the modulus of rupture
is 116-123 N/mm2, modulus of elasticity
14,130-15,190 N/mm?, compression parallel to

Strombosia scheffleri — wild
bique.
Uses The wood of Strombosia scheffleri is
locally used, mainly for heavy construction,
poles, carpentry, furniture and mortars. It is
suitable for heavy-duty flooring, interior trim,
vehicle bodies, railway sleepers, sporting
goods, ladders, toys, novelties, utensils, tool

handles and turnery. Ground wood chips were
found to be suitable for the manufacture of
cement particle boards. The woodis also used
as firewood and for charcoal production.
The chipped bark is boiled in water in a ceramic pot to strengthen it. The bark powder with
water is applied to spear headsto fix them to
shafts. In DR Congo pulverized bark in water
is taken to treat abdominal problems. In Tanzania a decoction of bark and leaves is drunk to
treat diarrhoea. Pulverized twig bark is used
as snuff to treat fever. In Angola the seed is
eaten in small quantities, but mainly during
periods of food shortage, as it can cause vomiting. Strombosia scheffleri is often planted as a
shade tree in crop plantations including coffee,
banana and cocoa. The flowers are muchvisited by honey bees. In DR Congo fruits are used
as bait in traps for small mammals.
Production and international trade The
wood of Strombosia scheffleri is mainly used
locally and rarely traded on the international
market. It is often sold in mixed consignments
with other Strombosia spp.
Properties The heartwood is pale reddish
brown, darkening upon exposure, and indistinctly demarcated by a pinkish intermediate
zone from the whitish cream, 2.5-5 cm wide
sapwood. The grain is fairly straight, sometimes wavy, texture medium to fine and even.

grain 65-68 N/mm?, shear 15 N/mm? and
Janka side hardness 7520 N.
The outer wood saws easily, but spring is severe and boards are liable to split. The heartwood near the centre of the bole is much harder, causing rapid blunting of saw teeth, whereas gumming up of saw blades may occur. Dry
wood works fairly easily with machinetools,
but is difficult to work with hand tools; it is
recommended to keep the speed in machine
operations fairly low. In planing operations, a
reduced cutting angle of 10° is recommended
for flat-sawn stocks and 20° for quarter-sawn
stock. The wood takes a smoothfinish andpolishes well. Boring and mortising properties are
less favourable and ample support should be
provided. The wood moulds andturnswell, but
is difficult to nail without pre-boring; the nail-

holding capacity is high. Gluing characteristics
are good especially with synthetic resin glues.
It can be sliced into veneer. The wood has good
durability in general, but is not durable in contact with the ground. It is considered fairly
resistant to fungi, but susceptible to termite,

Lyctus and marine borer attacks. The heartwood is resistant to impregnation by preservatives with ordinary pressure treatment methods, but the sapwoodis fairly permeable.
In Angola seed samples showed an oil yield of
15-18%. Dichloromethane extracts of leaves
and bark of Strombosia scheffleri showed significant antibacterial activity against Vibrio
cholerae, Staphylococcus aureus and Pseudomonas aeruginosa. The extracts showed low
toxicity in the brine shrimptoxicity test.
Description Medium-sized to fairly large
tree up 35 m tall; bole branchless for up to 25
m, slightly sinuous to straight and cylindrical,
up to 70(—100) cm in diameter, slightly fluted
at base or with buttresses up to 2.5 m high;
bark surface smooth, pale brown to grey or
yellowish green, often flaking in irregular
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with epigeal germination.
Other botanical information Strombosia
comprises about 10 species, 7 of which occur in
tropical Africa and 3 in tropical Asia. It has
been classified in Olacaceae, but recent molecu-

Strombosia scheffleri — 1, leaf; 2, flowering
twig; 8, flower; 4, fruiting twig.
Redrawn and adapted by J.M. de Vries
patches, inner bark thin, reddish, with a milky
exudate; crown small, dense; twigs often droop-

ing, slightly fluted, glabrous. Leaves alternate,
simple and entire; stipules absent; petiole 1-3
cm long, deeply grooved above; blade oblong to
oblong-elliptical or ovate, (6—)9-16(—38) cm x
4—9(-12) cm, base cuneate to rounded, apex
acute to rounded, leathery, glabrous, pinnately

veined with (4—)5—7(-10) pairs of lateral veins.
Inflorescence an axillary fascicle, few- to manyflowered. Flowers bisexual, regular, 5-merous;
pedicel 2.5-5 mm long; calyx lobes broadly
ovate, c. 0.6 mm long; petals free, linearoblong, 2.5-5 mm long, upper inner half densely short-hairy, outside glabrous, white to yellowish green; stamens c. 3.5 mm long, filaments fused for c. 2.5 mm with petals; ovary
inferior or semi-inferior, 1-celled but at base

imperfectly 3(—5)-celled, upper part surrounded
by disk, style 2-4 mm long, stigma 3-lobed.
Fruit an ellipsoid, fleshy drupe 2-3 cm long,
enclosed by fleshy calyx, black when ripe, with
depression at apex, stone 1-seeded. Seeds obo-

void, with much waxy endosperm. Seedling

lar studies showedthat it is better placed in a
separate family Strombosiaceae, together with
5 other genera including Strombosiopsis.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundariesindistinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 12: solitary vessel outline angular;
14: scalariform perforation plates; 16: scalariform perforation plates with 10-20 bars; 17:
scalariform perforation plates with 20—40 bars;
20: intervessel pits scalariform; 21: intervessel
pits opposite; 32: vessel-ray pits with much
reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to vertical (palisade); 41: mean tangential diameter of vessel
lumina 50-100 um; 49: 40-100 vessels per
square millimetre; 56: tyloses common; (58:
gums andother deposits in heartwood vessels).
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial parenchyma: 76: axial parenchyma diffuse; 77:
axial parenchyma diffuse-in-aggregates; (78:
axial parenchyma scanty paratracheal); 93:
eight (5-8) cells per parenchyma strand; 94:
over eight cells per parenchyma strand. Rays:
97: ray width 1-8 cells; (98: larger rays commonly 4- to 10-seriate); (106: body ray cells
procumbent with one row of upright and/or
square marginal cells); 107: body ray cells procumbent with mostly 2-4 rows of upright
and/or square marginal cells; 108: body ray
cells procumbent with over 4 rows of upright
and/or square marginal cells; 115: 4-12 rays
per mm; 116: > 12 rays per mm. Mineral inclusions: 136: prismatic crystals present; 141:
prismatic crystals in non-chambered axial parenchyma cells; 142: prismatic crystals in
chambered axial parenchymacells.
(E. Uetimane, P. Baas & H. Beeckman)

Growth and development Strombosia
scheffleri prefers shade and does not grow well
when planted in open localities. The leaves
vary considerably on the same tree; leaves on
the lower half of the tree are usually much
larger than leaves on the upper half, whereas
the smaller leaves are often folded along the
midrib.
Ecology Strombosia scheffleri occurs in ev-
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ergreen forest, often as understory tree, up to

2500 m altitude. It often occurs on acidic and
granitic soils and prefers higher banks along
water courses.

Propagation and planting Fruits are collected from the ground. There are about 100
fruits, 140 stones and 220 seeds per kg. Fruit
stones can be stored for up to 5 months when
they are depulped, cleaned and dried, and kept
in a cool and dry place. Germination is enhanced by scarification and soaking in water
for 24 hours. In Uganda germination of fresh
seeds is said to be rapid with a high germination rate, but germination can take long; periods of several months have been recorded.
Propagation by wildlings is also possible; they
may be abundant near the mothertree. Tests
in Uganda showed that propagation by stem
cuttings is promising, but air layeringfailed, as
well as propagation by root cuttings and suckers.
Management Strombosia scheffleri trees
can be managed by pruning, lopping and pollarding. In East Africa Strombosia scheffleri
has been planted in pure stands for timber
production, and as shadetree for crops.
Harvesting When felling the trees, care is
needed because the bole of older trees often
showsheartrot.
Handling after harvest During storage of
logs, small star shakes may develop, but damage by borers andbluestain is minimal.
Genetic resources Strombosia scheffleri is
locally common, sometimes even dominant,
within its wide geographical range. It is unlikely that it suffers from genetic erosion.
Prospects Strombosia scheffleri is a locally
useful timber tree, and also has potential as a
shade tree in crop plantations. It could have
good prospects for inclusion in agroforestry
systems. The potential of the antimicrobial
properties in leaves and bark are worth further
investigation.
Major references Bolza & Keating, 1972;
Bryce, 1966; Burkill, 1997; Chikamai et al.,

STROMBOSIOPSIS TETRANDRAEngl.
Protologue Engl. & Prantl, Nat. Pflanzenfam., I-IV Nachtr. 1: 148 (1897).
Family Olacaceae
Origin and geographic distribution Strombosiopsis tetrandra occurs from south-eastern
Nigeria eastward to western Uganda, and
southward to DR Congo and Cabinda (Angola).
Uses The wood of Strombosiopsis tetrandra,
called ‘edipmbazoa’ in Cameroon, is used for
joinery and stakes. It is suitable for construction, flooring, interior trim, mine props, furniture, turnery, toys, novelties, musical instruments, boxes, crates, carvings, draining boards,

pattern making, veneer and plywood.
In traditional medicine the bark is used in
woundcare. Bark decoctions are taken against
mange, in Gabon also against dysentery and
syphilis; in Congo they are taken or applied as
a wash to induce labour or treat menstrual
problems, and in DR Congo as enemato treat
elephantiasis and orally against bronchitis.
Bark sap is rubbed on or made into a vapour
bath to treat a variety of ailments. It also enters into preparations for the treatment of rabies and epilepsy. Pounded fruits are used in
the preparation of fish poison. The dried sap
from the bark is applied to pottery as a brown
varnish.
Production and international trade The
wood of Strombosiopsis tetrandra is only traded locally.
Properties The heartwoodis greyish brown
with a purplish tinge or yellow-brown turning
pinkish brown upon exposure, and fairly distinctly demarcated from the up to 15 cm thick,
pale brown sapwood. The grain is usually

undated; Katende, Birnie & Tengnäs, 1995;
Keay, 1989; Lucas, 1968b; Maundu & Tengnäs
(Editors), 2005; Meunier, Lemmens & Morin,

2010; Takahashi, 1978.
Other references Beentje, 1994; Friis &
Vollesen, 1998; Iddi et al., 1992; Moshi et al.,

2009a; Muhanguzi et al., 2005; Terashima &
Ichikawa, 2003; Villiers, 1973a.

Sources of illustration Lucas, 1968b.
Authors E.A. Obeng
Strombosiopsis tetrandra — wild
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straight, occasionally wavy, texture fine. The
wood often contains gummy substances and
dark crystals.
The wood is fairly heavy, with a density of
about 790 kg/m? at 12% moisture content.
Shrinkage during drying is moderate, from
green to oven dry about 3.5% radial and 5.8%
tangential. However, it is recommended to
quarter-saw logs before drying. At 12% moisture content, the modulus of rupture is about

123 N/mm?, modulus of elasticity 14,900
N/mm?, compression parallel to grain 59
N/mm?, cleavage 18.5 N/mm and ChalaisMeudonside hardness3.4.
The wood sawsfairly easily. It planes andpolishes well with nice surfaces. It nails without
splitting and holds nails well. It glues satisfactorily. The heartwood is durable. It is quite
resistant to marine borers. However, the sap-

wood is liable to Lyctus attack. The heartwood
is resistant to impregnation with preservatives, sapwood moderately resistant.
Botany Evergreen shrub or small to medium-sized tree up to 30 m tall; bole branchless
for up to 15 m, straight and cylindrical or
twisted, up to 120 cm in diameter, base irregularly and deeply fluted; bark surface smooth,
exfoliating in thin scales, dark grey to brown or
dark red, inner bark thick, brownish, slowly

but copiously exuding a resinous, red sap;
crown large, dense; twigs angular or narrowly
winged, glabrous. Leaves alternate, simple and
entire; stipules absent; petiole 1-2 cm long,
furrowed; blade elliptical to ovate-elliptical or

other genera including Strombosia. Strombosiopsis nana Breteler is a shrub up to 3 m tall,
only known from Liberia.
Ecology Strombosiopsis tetrandra occurs in
humid evergreen forest on well-drained soils,
but also in forest subject to flooding and in
gallery forest, up to 1200 m altitude. In the
most humid forest it tends to be a small, densely branchedtree.
Management Strombosiopsis tetrandra usually occurs scattered in the forest in rather low
densities; in southern Cameroon an average
density of 0.06 trees with a bole diameter of
more than 60 cm has been recorded per ha,
with a mean wood volumeof 0.3 m3/ha.
Genetic resources and breeding Strombosiopsis tetrandra is widespread and locally
fairly common. Thereare noindications that it
is dangerof genetic erosion.
Prospects Strombosiopsis tetrandra will
probably remain a timbertree of limited local
use. More research is needed to assess its value
in medicine.
Major references Bolza & Keating, 1972;
Burkill, 1997; Neuwinger, 2000; Takahashi,
1978; Vivien & Faure, 1985.

Other references Breteler, 2001a; Konda
ku Mbutaet al., 2010; Louis & Léonard, 1948;
Lucas, 1968b; Raponda-Walker & Sillans, 1961;
Tailfer, 1989; Villiers, 1973a; Villiers, 1973b.

Authors L.P.A. Oyen

STRYCHNOSMITIS S.Moore

oblong-lanceolate, 5-28 cm x 3-12 cm, rounded

at base, short-acuminate at apex, leathery,
glabrous, pinnately veined with 6-10 pairs of
lateral veins. Inflorescence an axillary fascicle
or short raceme, on a short shoot 5-10 mm

long, glabrous. Flowers bisexual, regular, 4merous; pedicel 2-3 mm long; calyx cupshaped, with deltoid lobes; petals oblonglanceolate, 4-5 mm long, white to cream; sta-

mens fused to petals; ovary semi-inferior, (8—)
4-celled, style short. Fruit an ellipsoid to ovoid
drupe 2—3.5 cm long, embedded in swollen receptacle, smooth, greenish, with sepal scars
almost at apex of fruit; stone granular, 1seeded.
Strombosiopsis tetrandra is variable in growth
form and leaf size. In Cameroon and Gabon
trees flower in November—May.
Strombosiopsis comprises 2 species. It has been
classified in Olacaceae, but recent molecular
studies show that it is better placed in a separate family Strombosiaceae, together with 5

Protologue Journ. Linn. Soc., Bot. 40: 146

(1911).
Family Loganiaceae
Vernacular names Pitted-leaf strychnos
(En). Mtonga, mwangajini mdogo, mlyaminga
(Sw).
Origin and geographic distribution Strychnos mitis occurs from Sudan and Ethiopia
southward to Angola, Zimbabwe, Mozambique,
eastern South Africa and Swaziland, and in

Comoros and Mayotte.
Uses The woodof Strychnos mitis, known as
‘hard pear’, is often used for building poles,
railway sleepers and tool handles. It is suitable
for flooring, joinery, interior trim, mine props,
ship building, vehicle bodies, furniture, sporting goods, toys, novelties, agricultural implements and turnery. It is widely used asfirewood and for making charcoal.
In Ethiopia and Uganda Strychnos mitis is
used as shade tree in coffee plantations, in
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to greyish brown or greenish, inner bark thin,
fibrous, pale brown or cream with orangebrown flecks; crown rounded; twigs glabrous,
with lenticels. Leaves opposite, simple and
entire; stipules reduced to a rim connecting the
petiole bases; petiole 2-5 mm long; bladeelliptical to ovate, 4—11.5 cm x 1.5—5 cm, base usu-

ally cuneate, apex acuminate, thin-leathery,
usually glabrous, with 1 pair of lateral veins c.
1 cm above leaf base and a fainter pair of veins
from the base along the margins. Inflorescence
a compound, axillary or terminal cyme 1—3(-4)
cm long, fairly dense, short-hairy. Flowersbisexual,

Strychnos mitis — wild
Uganda also in cocoa plantations and as an
avenue tree. In Ethiopia the fruits are eaten.
In DR Congo anordeal poison is prepared from
the wood and roots, and the Mbuti people use
the sap of the tree in the preparation of arrow
poison.
Production and international trade The
wood of Strychnos mitis is only used and traded
locally.
Properties The heartwood is pale grey to
cream, yellow or pale brown with conspicuous
white streaks, and indistinctly demarcated
from the sapwood. The grain is straight or in-

regular,

4—5-merous,

sessile;

sepals

broadly ovate to nearly round, 1.5-2 mm long,
glabrous to slightly hairy; corolla cream, yellow
or greenish, tube campanulate, 1.5—2 mm long,
lobes ovate-triangular, 1.5—2.5 mm long, hairy
inside at base; stamensinserted just above the
middle of the corolla tube, filaments short, anthers with long hairs at base; ovary superior,
ovoid, 1-2 mm long, 2-celled, style 1-1.5 mm
long. Fruit a globose berry 1—2 cm in diameter,
yellow to orange, 1(—2)-seeded. Seedsellipsoid,
flattened on oneside, c. 1 cm long, smooth and

terlocked, texture coarse.

The wood is heavy, with a density of (785—)
860-990 kg/m3 at 10% moisture content. It air
dries slowly with a considerable risk of distortion and surface checking. The rates of shrinkage are moderate, from green to oven dry about
3.8% radial and 6.9% tangential. At 12% moisture content the modulusof rupture is 120-125
N/mm2, modulus of elasticity 16,500 N/mm2,

compression parallel to grain 58-65 N/mm?,
cleavage 19 N/mm and Chalais-Meudon side
hardness 4.0.
Considerable force is needed for sawing and
working, and the wood has a marked blunting
effect on saw teeth and tool edges. It has a nice
finish when a filler is used. The wood is not
durable, being susceptible to insect attacks.
The heartwood is resistant to impregnation
with preservatives.
Description Evergreen small to fairly large
tree up to 35(—40) m tall; bole branchless for up
to 20(—25) m, straight and cylindrical or crooked and twisted, up to 60(—-100) cm in diameter;
bark smoothorslightly fissured andscaly, grey

Strychnos mitis — 1, tree habit; 2, part of flowering branch; 8, flower; 4, fruit.

Redrawn and adapted by J.M. de Vries
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glabrous but with minute pits.
Other botanical information Strychnos
comprises about 200 species: about 60 species
in Asia, 65 in America and 75 in Africa. Many
Strychnos spp. are well known as medicinal
plants and several for their edible fruits. However, the wood of some species is used for similar purposes as that of Strychnos mitis.
Strychnos decussata (Pappe) Gilg (synonym:
Strychnos atherstonei Harv.) is a shrub or
small tree up to 12(—17) m tall with bole up to
30(-45) cm in diameter, occurring from Kenya
southward to eastern South Africa, and in
Madagascar. Its dark brown and heavy wood,

with a density of 850-930 kg/m? at 10% moisture content, is used for laths in house con-

struction and musical instruments. Root decoctions and infusions are taken to treat stomachache and snakebites, and root powder is ap-

plied externally to snakebites. Fruits have
been reported to be edible, but young fruits
appear to be toxic.
Strychnos mellodora S.Moore is a mediumsized to fairly large tree up to 35 m tall with
bole up to 50 cm in diameter, occurring in montane rainforest in Tanzania, Zimbabwe and

Mozambique. Its whitish, heavy and hard wood
is used for poles in house building, for tool
handles and as firewood. The flowers provide
nectar for honey bees. Several alkaloids have
been isolated from the bark, some of which
showed weakin-vitro antiplasmodial activity.
Anatomy Wood-anatomical description (LAWA
hardwoodcodes):

Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 7: vessels in diagonal and/or radial pattern; 8: vessels in dendritic pattern; (10: vessels in radial
multiples of 4 or more common); (12: solitary
vessel outline angular); 13: simple perforation
plates; 22: intervessel pits alternate; 25: intervessel pits small (4-7 um); 29: vestured pits;
30: vessel-ray pits with distinct borders; simi-

lar to intervessel pits in size and shape
throughout the ray cell; 41: mean tangential
diameter of vessel lumina 50-100 um; 49: 40—
100 vessels per square millimetre. Tracheids
andfibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
70: fibres very thick-walled. Axial parenchyma:
76: axial parenchymadiffuse; (77: axial parenchyma diffuse-in-aggregates); 78: axial parenchyma scanty paratracheal; 83: axial parenchyma confluent; 86: axial parenchymain narrow bandsor lines up to three cells wide; (89:

axial parenchyma in marginal or in seemingly
marginal bands); 93: eight (5-8) cells per parenchyma strand; 94: over eight cells per parenchyma strand. Rays: (97: ray width 1-3
cells); 98: larger rays commonly 4- to 10seriate; 107: body ray cells procumbent with
mostly 2—4 rowsof upright and/or square marginal cells; 110: sheath cells present; 115: 4-12
rays per mm. Secretory elements and cambial
variants: 134: included phloem, diffuse. Miner-

al inclusions: 136: prismatic crystals present;
137: prismatic crystals in upright and/or
square ray cells; 138: prismatic crystals in procumbent ray cells; 141: prismatic crystals in
non-chambered axial parenchyma cells; 142:
prismatic crystals in chambered axial parenchyma cells.
(R. Shanda, P. Baas & H. Beeckman)
Growth and development Strychnos mitis
regenerates profusely under natural conditions. In southern Africa, trees usually flower
in February—April and fruit about 3 months
after flowering. In Uganda ripe fruits are produced year-round. They are eaten by turacos,
which are probably the main seed dispersers,
but also by chimpanzees.
Ecology Strychnos mitis occurs in rainforest, riverine forest and montane forest from

sea-level up to 2300 m altitude. In southern
Africa it is also found in low evergreen coastal
forest in moistlocalities.
Propagation and planting Strychnos mitis
is propagated by seed. Fruits are collected,
seed extracted and thoroughly dried. Seed
keeps well in dry and cool conditions. Before
sowing, it is recommended to soak seeds in
water for one night. Wildlings are sometimes
collected for planting.
Management Trees respond well to pollarding and coppicing.
Genetic resources Strychnos mitis is widespread and commonin manyregions within its
distribution area, and regenerates well. There
are no indications that it is in danger of genetic
erosion.
Prospects The wood of Strychnos mitis is
likely to remain important in local construction, as firewood and as source of charcoal. In

Ugandaplanting of Strychnos mitis in firewood
plots has been recommended. More attention
for its silvicultural management is needed because it may be interesting for more extensive
planting in agroforestry systems.
Major references Beentje, 1994; Bolza &
Keating, 1972; Coates Palgrave, 2002; Katende,
Birnie & Tengnäs, 1995; Leeuwenberg, 1983;
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Leeuwenberg, 1984; Maundu & Tengnas (Kditors), 2005; Neuwinger, 2000; Takahashi, 1978;

Teketay et al., 2010.
Other references Bruce & Lewis, 1960; Caniato & Puricelli, 2003; Grace et al., 2002a;
Leeuwenberg, 2003; Leeuwenberg & Bamps,
1979; Lovett et al., 2007; Pascal et al., 2001;
Philippe et al., 2005; Rasoanaivo, Petitjean &
Conan, 1993; van Vuuren, Banks & Stohr,
1978; van Wyk & Gericke, 2000; Verdoorn,
1963.

Sourcesof illustration Leeuwenberg, 1969;
Maundu & Tengnäs (Editors), 2005.
Authors L.P.A. Oyen

fissured, grey to brown, inner bark fibrous;
twigs initially hairy but soon glabrous, with
small red-brown glands. Leaves alternate, bipinnately compound with (1-)2-8 pairs of pinnae, rarely simple-pinnately compound; stipules and stipels absent; petiole and rachis together (1.5-)5-11(-20) cm long, with reddish
glands; pinnae (1—)3—9(-12) cm long, with 3-11
pairs of leaflets; leaflets opposite to alternate,
sessile, elliptical, 0.5—8(—12) cm x 0.5—3(—6) cm,
glabrous but with reddish glands below. Inflorescence an axillary or terminal raceme 2-11
cm long, densely dark brown short-hairy, c. 15flowered. Flowers bisexual, slightly zygomorphic, 5-merous; pedicel 3-138 mm long; sepals
oblong-ovate, 5-6 mm long, densely hairy and

STUHLMANNIA MOAVI Taub.

glandular; petals free, obovate, 9-12 mm long,

Protologue Engl., Pflanzenw. Ost-Afrikas
C: 201 (1895).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Synonyms Caesalpinia dalei Brenan &
J.B.Gillett (1963), Caesalpinia insolita (Harms)
Brenan & J.B.Gillett (1963).
Origin and geographic distribution Stuhlmannia moavi occurs in coastal regions of
southern Kenya and Tanzania, and also in
northern Madagascar.
Uses In Madagascar the wood is used for
carpentry and furniture. The red dye from the
glands on youngtwigs and leaves is occasionally used to colour parts of the body.
Properties The heartwood is dark brown
andvery hard.
Botany Small to medium-sized tree up to 25

the others and spotted with red-brown; sta-

yellow, the upperpetal slightly smaller than

m tall; bole up to 100 cm in diameter, often
with buttresses at base; bark surface smooth to

mens 10, 6-8 mm long, hairy at base; ovary
superior, c. 3 mm long, hairy and glandular, 1celled, style c. 1.5 mm long. Fruit an obliquely
oblong-elliptical, flattened pod 4.5—6 cm long,
with beak at apex, slightly hairy, dehiscent
with 2 spiralling valves, (1—)2-seeded. Seeds
ovate to nearly round, flattened, 10-13 mm
long, brown,finely cracked.
The fruits are explosively dehiscent, dispersing
the seeds over short distances.
Stuhlmannia comprises a single species. It is
closely related to Caesalpinia and Cordeauxia.
Ecology Stuwhlmannia moavi occurs in lowland evergreen or deciduous woodland, also in
riverine forest. It is found on lime-stone, sandy
and basaltic soils.
Genetic resources and breeding Stuhlmannia moavi is uncommon, although locally
frequent in northern Madagascar and very
locally in gallery forest in Tanzania. In Kenya
and Tanzania it is confined to a few coastal
forest fragments. It is classified as vulnerable
in the IUCN Red List.
Prospects Stuhlmannia moavi is too uncommon to be promoted for use of its timber.
The focus of research should be on its conservation rather than its exploitation.
Major references du Puy et al., 2002; Lovett & Clarke, 1998.
Other references Beentje, 1994; Brenan,
1967; Lewis, 1996; Lewis et al., 2005.

Authors R.H.M.J. Lemmens

Stuhlmannia moavi — wild
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SUREGADA PROCERA (Prain) Croizat
Protologue Bull. Inst. Bot. Buitenzorg, ser.
3, 17(2): 216 (1942).
Family Euphorbiaceae
Vernacular names Bush canary berry (En).
Origin and geographic distribution Suregada procera occurs from eastern DR Congo,
southern Sudan and Ethiopia southward to
Zimbabwe, Mozambique and South Africa.
Uses The wood is used for poles in construction, and for tool handles and chopping-blocks.
It is suitable for flooring, joinery, interior trim,
mine props, vehicle bodies, furniture, sporting
goods, musical instruments, toys, novelties,
precision equipment, agricultural implements,
turnery and draining boards. The wood is also
used as firewood. The tree can be used as ornamental shade tree.
Production and international trade The
wood of Suregada procera is only used locally.
Properties The heartwood is white to pale
brown and indistinctly demarcated from the
sapwood. The grain is straight to interlocked,
texture fine and even. The wood is heavy, with
a density of about 880 kg/m? at 12% moisture
content, and hard. It air dries slowly but fairly
well, with slight surface checking. The wood is
difficult to saw when dry because of its high
density, but sawing is more easy when green.
It works fairly well with both hand and machine tools, and planes to a smooth surface.
Pre-boring is needed for nailing and screwing.
The wood glues satisfactorily and paints and
varnishes well. It is resistant to splitting. It is
quite durable, but slightly susceptible to termite, pinhole borer and marine borer attacks.
The wood is resistant to impregnation with

Suregada procera — wild

preservatives.
Botany Evergreen, usually dioecious shrub
or small to medium-sized tree up to 25(-30) m
tall; bole branchless for up to 15(-18) m, often
crooked, up to 60 em in diameter; bark surface
smooth to rough or minutely fissured, greenish
grey to nearly black; crown spreading, heavily
branched; twigs slightly angled, glabrous,
greenish. Leaves alternate, simple; stipules
triangular, c. 2 mm X 1 mm; petiole c. 0.5 cm
long; blade elliptical to elliptical-ovate, 3-14
cm X 1—7 cm, base obliquely cuneate, apex obtuse or short-acuminate, margins entire or
slightly toothed, leathery, glabrous, pinnately
veined with 7—11(-15) pairs of lateral veins.
Inflorescence a leaf-opposed fascicle up to 1.5
cm in diameter, glabrous. Flowers unisexual,

regular, greenish white or greenish yellow;
pedicel 1-3 mm long; sepals (5—)6(—8), ovate, c.
3 mm long; petals absent; male flowers with
(16—)20-30 stamens c. 4 mm long; female flowers with superior, 3-lobed to nearly globose
ovary 2-3 mm in diameter, (2—)3-celled, styles
(2-)3, 1-2 mm long. Fruit a slightly 3-lobed
capsule c. 1 cm X 1.5 cm, smooth, dark green
turning brown, 3-seeded. Seeds ovoid, 5-7 mm

x 4-5 mm, smooth, with pulpy seed coat.
Suregada comprises about 30 species, all occurring in the Old World tropics; 8 species occur in continental tropical Africa and 14 in
Madagascar.
Suregada lithoxyla (Pax & K.Hoffm.) Croizat is
very similar to Suregada procera, but has larger leaves and an annular disk in male flowers.
It is restricted to evergreen forest in eastern
Tanzania. Its wood is hard and usedfor poles,
tool handles and spoons, and asfirewood. The
tree is used as ornamental shade tree. Suregada lithoxyla is classified in the IUCN Red
List as vulnerable.
Ecology Suregada procera occurs in mixed
evergreen forest, riverine forest and swamp forest, at 300-2150 m altitude. In central Kenya
it is characteristic of dry evergreen forest and
montane forest with Podocarpus gracilior Pilger
and Pouteria adolfi-friederici (Engl.) A.Meeuse.
Genetic resources and breeding Suregada procera is considered vulnerable in eastern
Zimbabwe, but in many other regions within
its wide distribution areait is fairly common.
Prospects The wood of Suregada procera is
likely to remain of local use, but its bole of often too poorly shaped and too small in size to
be of more commercialinterest.
Major references Bolza & Keating, 1972;
Chikamai et al., undated; Lovett, Ruffo & Ge-
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reau, 2003; Radcliffe-Smith, 1987a; RadcliffeSmith, 1996.
Other references Beentje, 1994; Coates
Palgrave, 2002; Lovett & Clarke, 1998; Tadesse
& Nigatu, 1996; Tadesse & Feyera, 2008.
Authors L.P.A. Oyen

TAMARIX APHYLLA (L.) H.Karst.
Protologue Deut. Fl: 641 (1882).
Family Tamaricaceae
Chromosome number2n = 24
Synonyms Tamarix articulata Vahl (1791).
Vernacular names Athel tree, leafless
tamarisk, athel tamarisk, tlaie of Morocco (En).
Tamaris aphylle, tamaris a galles (Fr).
Origin and geographicdistribution In tropical Africa Tamarix aphylla occurs in dry regions from Mauritania and Senegal east to
Somalia. It is also found in North Africa and
the Middle East, and extends east into India. It

has been introduced in South Africa, Madagascar, Mexico, the United States, Canada and
Australia.
Uses In West Africa the wood is used for
carpentry and turnery. In Ethiopia it is used
for construction, as firewood and for charcoal
production. It is suitable for furniture, agricultural implements, fence posts and boxes.
The shoots are used in Ethiopia as fodder, and
to cure scabies in camels. In India the bark is
used as an astringent and to treat skin disorders such as eczema. As an auxiliary plant
Tamarix aphylla is well suited for dune fixation, soil conservation andstabilization, and as
shelterbelt and windbreak. Planted in rows or
strips it is effective to stop fires as the leaves

excrete salt that suppresses undergrowth while
the litter does not burn because of the high salt
content. Galls are formed when flowers and
branches are attacked by a gall midge
(Eriophyestlaie). These galls are powdered and
mixed with oil for tanning sheep and goat
skins. The bark is sometimes also used in
leather production and as a mordantin dyeing.
Tamarix aphylla is widely planted for shade
and as an ornamental, often along roads. The
twigs are sometimesused for makingbaskets.
Properties The heartwood of Tamarix
aphylla is creamy white and indistinctly demarcated from the sapwood. Thegrain is often
interlocked. The wood shows a silver-grain
figure or a mottled to wavy appearance on
quarter-sawn surfaces. The wood is mediumweight, with a density of about 680 kg/m? at
12% moisture content, and fairly hard. The
wood often splits during cutting. Flat-sawn
boards tend to cup and warp during drying,
and quarter-sawing is recommended. The rates
of shrinkage from green to oven dry are about
2.7% radial and 12.4% tangential. The wood is
somewhatdifficult to machine, but it polishes
and turns well with a lustrous surface. It is
generally durable for indoor uses, but susceptible to termites. The woodis easy to treat with
preservatives for outdoor uses. It is less suitable for pulping as the cellulose content is too
low, but it is suitable for the manufacture of
particle board.
Galls contain up to 55% tannin, twigs about
16% and bark about 8.5%; wood also contains

tannin. The polyphenol tamarixellagic acid is
found in the galls, as well as dehydrodigallic
acid and dehydrotrigallic acid.
Description Evergreen, small tree up to
15(—20) m tall; bole usually straight, up to 80(—
90) cm in diameter; bark surface becoming
fissured, reddish brown to grey; twigs drooping. Leaves alternate, reduced to sheathing
scales 1.5-4 mm long and 1 mm in diameter on
twigs, abruptly truncate and with minute
point, with salt-excreting glands, larger
branchlets with persistent scale-like leaves.
Inflorescence a spike up to 6(—8) cm long, inserted towards the end of twigs. Flowers bisexual, regular, 5-merous, nearly sessile; sepals
free, almost circular, c. 1.5 mm long, green or
pinkish; petals free, oblong, c. 2 mm long,
white; stamens c. 2 mm long; disk irregularly

Tamarix aphylla — wild

lobed between insertion of stamens; ovary superior, obovoid, c. 1.5 mm long, glabrous, style
conical, stigmas 3. Fruit an ovoid capsule 4—5
mm long, 3-valved, many-seeded. Seeds c. 0.5
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mm long, with an apical tuft of hairs c. 3 mm
long.
Other botanical information Tamarix comprises about 50 species of xerophytic and halophytic shrubs and trees. It is restricted to the
Old World, but some species have become naturalized in arid regions of the Americas and
Australia. About 7 species occur naturally in
tropical Africa, and several others have been
introduced from Asia and Europe into tropical
Africa. The value of the flower disk characteristics, considered important in distinguishing

were shown to have moderate antiplasmodial
activity.
Tamarix senegalensis DC. is recorded from
Cape Verde, Mauritania and Senegal. In Mauritania the wood is used for house building.
The wood is also used for tent-pegs and tool
handles. Camels eat the twigs. An exudateis
collected from the tree and used as a sweetener. In Senegal a decoction madeof the twigs is
applied as an eyewash to cure conjunctivitis
and a fruit macerate is used to treat rhinitis.
Tamarix usneoides E.Mey. ex Bunge is distributed in Angola, Namibia and South Africa. In
Namibia it is popular as a source of firewood
and the leafy branches are eaten by livestock.
A decoction of the roots is drunk to cure diarrhoea and indigestion, and to overcome stomach pains.
Anatomy Wood-anatomical description (LAWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: (4: wood semi-ring-porous); 5:
wood diffuse-porous; (11: vessel clusters common); 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits
polygonal; 24: intervessel pits minute (< 4 um);
25: intervessel pits small (4—7 um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 41: mean tangential diameter of vessel
lumina 50-100 um; 42: mean tangential diameter of vessel lumina 100-200 um; (45: vessels of
two distinct diameter classes, wood not ringporous); 47: 5-20 vessels per square millimetre; 58: gums and other deposits in heartwood
vessels. Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: nonseptate fibres present; 69: fibres thin- to thickwalled. Axial parenchyma: 79: axial parenchyma vasicentric; 83: axial parenchyma confluent; 90: fusiform parenchyma cells; 91: two
cells per parenchyma strand; (92: four (3-4)
cells per parenchyma strand). Rays: 99: larger

between species, is in doubt. A revision of the

rays commonly > 10-seriate; 102: ray height >

genus will probably lead to a reduction of the
numberofspecies.
Other Tamarix spp. have many uses in common with Tamarix aphylla, especially as a
source of firewood and in land management.
Tamarix nilotica (Ehrenb.) Bunge is a small
tree found in Sudan, Eritrea, Ethiopia, Djibouti, Somalia, Kenya and Tanzania, as well as in
Egypt, Israel and Lebanon. In Kenya the wood
is used for house construction and firewood. In
Sudan the bark and galls are used to treat fever and colds and methanolic extracts of both

1 mm; 106: body ray cells procumbent with one
row of upright and/or square marginal cells;
107: body ray cells procumbent with mostly 2—4
rows of upright and/or square marginalcells;
(110: sheath cells present); 114: < 4 rays per
mm. Storied structure: 120: axial parenchyma
and/or vessel elements storied. Mineral inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells.
(P. Ng’andwe, H. Beeckman & P.E. Gasson)
Growth and development Under favoura-

Tamarix aphylla — 1, tree habit; 2, flowering
twig; 3, part of young twig; 4, flower.
Redrawn and adapted by Iskak Syamsudin
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ble conditions when groundwateris accessible,
growth is rapid. On sand hills in Somalia, the
survival rate 7 years after planting was 68%,
mean height 4.9 m and mean bole diameter 8.5
cm. In Sudan cuttings planted into irrigated
fields showed a survival rate of 55-80% after 2
years, with an average height of 3 m. The root
system of Tamarix aphylla extends up to 35 m
horizontally and 20 m vertically, tapping deep
water reserves.

Ecology Tamarix aphylla is found in deciduous woodland andthickets on sandysoils, on
dunes, canal and river banks, and in salty de-

serts up to 1700 m altitude. Whenestablished,
it tolerates drought and high salt concentrations, is tolerant of high temperatures and
withstands temperatures as low as —6°C. It
grows in areas with a rainfall of (100-)250—
500(-1200) mm/year.
Propagation and planting One kg contains 100,000—300,000 seeds. The seeds of Ta-

marix aphylla loose viability quickly. For natural regeneration seed dispersal and flooding
have to coincide. Propagation is often done
with cuttings of 10 cm long taken from shoots
developed during the last growing season, and
planted in moist sand. Cuttings of 30-40 cm
long and 0.5—1 cm in diameterare also used for
planting in the nursery; they are ready for
transplanting into the field after about 5
months. Protection of young plants against
grazing animals is necessary.
ManagementLarge-scale planting has been
done in Israel, Kuwait, the United States and
Australia. In Israel drip-irrigation using saline
water is practised. In both the United States
and Australia the species has become naturalized and in thelatter it is considered an invasive weed. In the United States eradication
attempts for several of the introduced Tamarix

timberafter 20 years. Larger trees produce 20—
30 kg of galls per year that need to be collected
after the rainy season, and need to be dried
carefully to avoid fermentation.
Genetic resources Tamarix aphylla is widespread and not intensively used, and therefore
no threats of genetic erosion are foreseen.
Breeding Some selection work has been
done in Israel on Tamarix aphylla and an improved cultivar ‘Erecta’ has been released. Interspecific hybridization in the genus offers
opportunities for breeding.
Prospects Tamarix aphylla is a useful species for timber production, control of bushfires,
windbreaks and erosion control. When considering the introduction of a Tamarix species,
Tamarix aphylla is often the best choice asit is
less invasive than other species. As the plant
uses water from deep reservoirs and exudes
salt from the leaves, the risk of salinization of
the top soil should be considered whereverconsidering to introduce the plant. More research
is needed on wood properties, which may lead
to a better use in dry regions, and on the value
as a forage, providing salt and other minerals
to livestock. The taxonomy of the genus needs
to be clarified.
Major references Baum, 1978; Bekele-Tesem-

ma, Birnie & Tengnas, 1993; Booth & Wickens,
1988; Burkill, 2000; Orwa et al., 2009.

Other references Ali et al., 2002; Arbonnier, 2004; Canadell et al., 1996; Choukr-Allah,
Malcolm & Hamdy(Editors), 1995; Hunt, 1966;

Jansen, 1981; Mesfin Tadesse, 1993; Milbrath
& Deloach, 2006; Nawwar et al., 1994; van den
Eynden, Vernemmen & van Damme, 1992.
Sources of illustration Baum, 1978; BekeleTesemma, Birnie & Tengnäs, 19983.

Authors C.H. Bosch & D. Louppe

spp. tried to spare Tamarix aphylla because

this species is considered useful.
Spacing plants too closely will lead to water
stress, whereas planting too widely mayresult
in damage to young plants caused by the wind.
Planting close and thinning after 2 years are
suggested as good options. Recommended plant
densities are 30-80 plants/ha. A row spacing of
4.5 m has been recommended in Arizona (United States).
For production of firewood coppicing is practised. The first harvest of firewood can be done
4 years after planting. For timber production,
pruning to a single bole is essential. Under
favourable conditions, poles for fence posts can
be harvested after 5-8 years and logs for sawn

TAMBOURISSA THOUVENOTII Danguy
Protologue Bull. Mus. natl. Hist. nat., ser.
1, 28: 250 (1922).

Family Monimiaceae
Chromosome number27 = 38
Synonyms Tambourissa trichophylla Baker
var. thouvenotii Cavaco (1959).
Origin and geographic distribution Tambourissa thouvenotii is endemic to Madagascar,
whereit occurs in the central and eastern parts
of the island.
Uses Traditionally the wood is especially
appreciated for joinery, coffins and shingles. In
house building, it is often used in the round as
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densely soft-hairy. Leaves opposite, simple;
stipules absent; petiole 1-2 cm long; blade usually broadlyelliptical to elliptical, 7-19 cm x 4—
9 cm, obtuse to rounded at base, usually short-

acuminate at apex, margins usually toothed
with few, short teeth, thin-leathery, densely
yellowish soft-hairy below, pinnately veined
with 4—7 pairs of lateral veins. Inflorescence a
dichasium on trunk, branches or in leaf axils

up to 5.5 em long, (1_)3-7-flowered, shorthairy. Flowers unisexual, regular; male flowers
c. 5 mm in diameter, with 4 perianth lobes,
stamens 50—100, anthers nearly sessile; female
flowers c. 6 mm in diameter, with 5-6 incurved

The wood is easy to work with both hand and
machine tools. The nailing and screwing properties are good. The polishing characteristics

perianth lobes, ovaries numerous, inferior and
embedded in the receptacle. Fruit consisting of
the enlarged, cup-shaped receptacle 4-10 cm in
diameter, eventually splitting open, exposing
the bright orange-red drupelets.
Tambourissa comprises about 50 species which
are restricted to the western Indian Ocean
Islands, most of them in Madagascar. The
Madagascan vernacular name ‘ambora’ is applied to all Tambourissa spp.; probably the
wood of many species is used, but these are
generally more important as a source of traditional medicine. Ephippiandra madagascariensis (Danguy) Lorence is related and its wood
is used for similar purposes, although it is less
durable.
Ecology Tambourissa thouvenotii occurs in
humid forest in the mountains of central and
eastern Madagascar at 800-1400 altitude.
Management Largeboles are often hollow,
and caution is needed duringfelling.
Genetic resources and breeding Tambourissa thouvenotii is fairly widespread and
locally common. Thereis little information on
intensity of exploitation, but it is likely that
several of the rarer Tambourissa spp. are vulnerable.
Prospects The wood of Tambourissa thouvenotii and several other Tambourissa spp. will
continue to be used locally in house building
andfor carpentry. It has interesting characteristics and Tambourissa spp. deserve more research attention on propagation andsilvicul-

are excellent, and the wood glues and stains

ture.

well. The steam-bending properties are moderate. The heartwood is moderately durable, being moderately resistant to fungal, termite and
marine borerattacks. It is resistant to impregnation with preservatives.

Major references Boiteau, Boiteau & Allorge-Boiteau, 1999; Guéneau, Bedel & Thiel,
1970-1975; Lorence, 1985: Parant, Chichignoud & Rakotovao, 1985; Stygeret al., 1999.

Tambourissa thouvenotii — wild
poles. It is also used for cabinet work, panelling
and ship building, and is suitable for moulding,
veneer and particle board. The larger boles
were often used to make dug-out canoes. The
fruits are eaten.
Properties The heartwood is yellow, often
with a pinkish or greyish tinge, and distinctly
demarcated from the up to 5 cm wide, greyyellow to pale brown sapwood. The grain is
usually interlocked, texture medium and even.
The wood surface has an attractive figure, nice
lustre and pleasant scent.
The wood is medium-weight, with a density of
545-720 kg/m’ at 12% moisture content. Drying of the wood is not easy and checking and
twisting may be a problem. The rates of
shrinkage are high, from green to oven dry 2.8—
4.7% radial and 8.4-11.8% tangential. Once
dry, the wood is moderately stable to unstable
in service. At 12% moisture content, the modulus of rupture is 86-124 N/mm’, modulus of
elasticity

8200-11,100

N/mm?,

compression

parallel to grain 41-68 N/mm’, cleavage 7.5—
8.5 N/mm and Chalais-Meudon side hardness
1.3-3.4.

Botany

Evergreen,

monoecious,

small

to

medium-sized tree up to 22 m tall; bole often
low-branched, up to 90 cm in diameter; twigs

Other references Bolza & Keating, 1972;

Cavaco, 1959; Guéneau, 1971la; Jérémie & Lorence, 1991; Lorence, 1982; Renneret al., 2010;
Sallenave, 1955; Schatz, 2001; Takahashi,
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1978.
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sexual, zygomorphic, (4—)5-merous, white, fragrant; pedicel up to 3(-6) mm long; sepals unequal, erect, c. 1 mm X 1 mm; petals united with

stamens into a tube, unequal, up to 2.6 mm
TAPURA FISCHERI Engl.
Protologue Pflanzenw. Ost-Afrikas C: 423
(1895).
Family Dichapetalaceae
Vernacular names Leaf-berry tree (En).
Mtama mwitu (Sw.)
Origin and geographic distribution Tapura
fischeri is distributed from Cote d’Ivoire eastwards to Sudan and Ethiopia and from there
south to South Africa.
Uses The wood is used for building poles,
tools and wooden spoons, and as firewood. In
Tanzania the leaves are used for fodder and as
a medicine for stomach-ache.
Properties The wood of Tapura fischeri is
tough and hard. Extracts of the leaves were
found to contain 4 pheophytins, as well as pheophorbide, a methyl ester.
Botany Shrub or small to medium-sized tree
up to 25 m tall; bole straight, up to 45 cm in
diameter; bark surface rather smooth, thinly
scaly, grey-brown; branches often horizontal,
sometimes drooping. Leaves alternate, simple
and entire; stipules triangular, 1-5 mm long,
caducous; petiole 2-10 mm long; blade elliptical to obovate, (2—)4—10(—16) cm x (1—)2—5(-7)
cm, cuneate to rounded and often unequalsided at base, usually short-acuminate at apex,

glabrous above, densely hairy below especially
on midrib and veins, pinnately veined with 4—
7(-8) pairs of lateral veins. Inflorescence an
axillary umbel-like cyme, c. 35-flowered; peduncle usually fused with petiole. Flowers bi-

long; fertile stamens 2(—3), sterile stamens 1-3;

ovary superior, (2—)3-celled, style slender, up to
3 mm long, (2—)3-lobed at apex. Fruit an ovoid
to ellipsoid drupe c. 5 mm long, dehiscent, 1—3seeded. Seedsellipsoid, 3-4 mm long.
Tapura is restricted to tropical America and
Africa, and comprises nearly 30 species of
which 7 are found in Africa.
Ecology Tapura fischeri occurs in the understorey of lowland forest, up to 1300 m altitude. In West Africa it is found in drier types of
semi-deciduous forest, but it is also common in

riverine forest.
Genetic resources and breeding Tapura
fischeri is widespread in most of mainland
tropical Africa and asit is not heavily exploited
it is not threatened by genetic erosion. However, the other African Tapura spp. have comparatively small areas of distribution in either
West or Central Africa.
Prospects The wood of Tapura fischeri will
remain important for local use, but it does not
seem to have prospects for commercial exploitation because the logs are usually too small
and the trees occur too scattered in the forest.
Major references Breteler, 1991; Burkill,
1985.
Other references Breteler, 1988; Lovett et
al., 2007; Schwikkard, Mulholland & Hutch-

ings, 1998.
Authors C.H. Bosch

TERMINALIA IVORENSIS A.Chev.
Protologue Vég. util. Afr. trop. Frang. 5:
152 (1909).
Family Combretaceae
Chromosome number 2n = 24
Vernacular names Black afara, black
barked terminalia, black bark, yellow terminalia, satinwood, shingle wood (En). Framiré,

chéne d’Afrique (Fr). Mwalambe (Sw).
Origin and geographic distribution Terminalia ivorensis occurs from Guinea-Bissau east
to western Cameroon. It has been planted in
manytropical countries as a promising timber
plantation species, e.g. in Senegal, Uganda,
Tanzania, India, Malaysia, the Solomon Islands, Fiji, Costa Rica, Panama and Brazil.

Uses The wood, usually traded as ‘framiré’
Tapura fischeri — wild

or ‘idigbo’, is valued for light construction, door
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port of Terminalia ivorensis logs was estimated
at 19,500 m3 in 1998, but the export volumes

Terminalia ivorensis — wild
and window frames, joinery, furniture, cabinet
work, veneer and plywood. It is suitable for

declined to 3300 m3 in 2001 and about 2000
m/year for all wood products together after
2001.
Properties The heartwood is yellowish
brown to pale pinkish brown and not clearly
demarcated from the slightly paler, 2-5 cm
wide sapwood. The grain is usually straight,
sometimes slightly interlocked, texture moderately coarse. The wood is sometimesirregularly
brownstriped.
The wood is moderately lightweight to medium-weight, with a density of 410-670 kg/m*at
12% moisture content. It air dries well and
rapidly, with little degrade, provided there is
good air circulation. The rates of shrinkage are
moderate, from green to oven dry 2.9-4.8%
radial and 4.5—-7.4% tangential.
At 12% moisture content the modulus of rupture is 79-124 N/mm’, modulus of elasticity

flooring, interior trim, vehicle bodies, sporting

7840-12,350 N/mm?, compression parallel to

goods, boxes, crates, matches, turnery, hardboard, particle board and pulpwood.It is used
locally for house construction, planks, roof
shingles, fencing posts, dug-out canoes, drums
and mortars. Mixed with other woods, it is
suitable for paper making. The wood is also
used as firewood and for charcoal production;
offeuts are highly valued in Ghana for making
charcoal.
The tree is used in agroforestry systems as a
shade tree in cocoa, banana and coffee plantations, and it is also planted as roadside tree. A
yellow dye is present in the bark and wood; it
is used traditionally to dye clothes andfibres
for basketry. Bark decoctions or powdered bark
are used in traditional medicine to treat

grain 32-75 N/mm’, shear 4-12 N/mm’, cleavage 9.5-20 N/mm, Jankaside hardness 3330—
3740 N, Janka end hardness 5030-5820 N and
Chalais-Meudonside hardness 1.2—3.2.
The wood is easy to saw and work with both
hand and machinetools; the blunting effect on
cutting edgesis slight. Quarter-sawn wood may
tear slightly in planing operations. The wood

wounds,

sores,

ulcers

and

haemorrhoids,

against malaria and yellow fever, and as an
anodyne in cases of rheumatism and muscular
pain. Leaf sap is applied to cuts and against
colds, and is also taken, together with bark
decoctions, as an enema to treat gonorrhoea

and kidney complaints, and as an aphrodisiac.
Production and international trade In
1960 Africa exported about 28,000 m3 of logs
(12,000 m3 from Cote d’Ivoire, 10,500 m3 from
Ghana, 4000 m3 from Nigeria and 800 m3 from
Cameroon) and about 13,000 m3 of sawn wood
(mainly from Ghana). In 1974 Côte d'Ivoire
exported 132,000 m3 of logs and in 1983 still
103,000 m°, but the amount decreased to 2800

m? in 1996. In 2005 Côte d'Ivoire exported
35,000 m3 of framiré sawnwood at an average
price of US$ 439/m3. In Ghana the annual ex-

finishes well when filler is used. It stains,

polishes and turns well, and has good nailing
and screwing properties. It glues satisfactorily,
although gluing must be done with care because the exudates from the woodareacidic. It
contains yellowish tannins, which may cause
staining under humidconditions andin contact
with iron. The wood can be made into goodquality veneer, also by rotary peeling. The
steam-bendingproperties are poor.
The wood is considered fairly durable, but it
may be attacked by pin-hole borers, powderpost beetles, longhorn beetles and termites; it

is fairly resistant to fungi. The heartwood is
resistant, the sapwood moderately resistant to
preservatives. The wood dust may causeirritation to the skin and respiratory tracts of wood
workers.
The wood contains 39-41% cellulose, 31-32%
lignin,

12-14% pentosan, 0.3-0.6% ash and

very small amounts ofsilica. The solubility is
7.5-10.3% in alcohol-benzene, 2.2—4.5% in hot
water and 13.7-14.9% in 1% NaOH solution.
Anti-inflammatory and anti-arthritic properties of Terminalia ivorensis bark have been
demonstrated in tests with rats. Extracts re-
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duced carrageenan-induced paw oedema as
well as adjuvant-induced arthritis. Moreover,

they effectively checked diarrhoea produced by
arachidonic acid and castor oil. Terminolic acid,

ellagic acid,

sericic acid,

quercetin and

glycyrrhetinic acid were isolated from the chloroform and methanol extracts. Ethanol extracts of the roots showed distinct trypanocidal
activity against both drug-sensitive as well as
multi-drug-resistant strains of Trypanosoma
congolense and Trypanosoma brucei.
Adulterations and substitutes In Europa
and the United States the wood of Terminalia
ivorensis is sometimes used as a substitute of
oak (Quercus spp.).
Description Deciduous medium-sized to
large tree up to 45(-50) m tall; root system

usually consisting of a taproot and several
strong superficial lateral roots; bole branchless
for up to 30(-35) m, usually straight and cylindrical, but often slightly fluted or angular near
the base, up to 120(-170) cm in diameter,
sometimes with small and thick buttresses up
to 1 m high; bark surface smooth and grey in
young trees, but with deep longitudinal furrows and dark brown to black in older trees,
inner bark fibrous, yellow, darkening upon

exposure; branches in whorls, spreading; young
twigs rusty-brown short-hairy. Leaves arranged spirally, clustered near ends of branchlets, simple and entire; stipules absent: petiole
7-15(-20) mm long, slender: blade obovate or
narrowly obovate, 5-15 cm X 2.5-5(-6.5) cm,
cuneate at base, short-acuminate at apex,
leathery, glabrous, pinnately veined with 6—9
pairs of lateral veins. Inflorescence an axillary
spike 7-15 cm long, slender; peduncle 2—4 cm
long, whitish short-hairy. Flowers bisexual or
male, regular, 5-merous, pale yellow; recepta-

cle spindle-shaped, 1.5—-5 mm long; sepals triangular, c. 2 mm long; petals absent; stamens
10, free, 3-5 mm long; disk annular, densely

woolly hairy; ovary inferior, 1-celled, style 33.5 mm long, glabrous. Fruit a winged nut,
oblongin outline, 5—-8(—10) cm x 2—4.5(-6.5) cm
including the wing, nut c. 1.5 cm X 1 cm,
brownish short-hairy, indehiscent, 1-seeded.
Seedling with epigeal germination: hypocotyl
4—7.5 cm long, epicotyl c. 1 cm long; cotyledons
leafy, spreading; first 2 leaves alternate.
Other botanical information Terminalia
is a pantropical genus of about 200 species. In
tropical mainland Africa about 30 species occur
naturally, in Madagascar about 35.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um): 27:
intervessel pits large (= 10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; (43:

mean tangential diameter of vessel lumina >
200 um); 46: < 5 vessels per square millimetre;

47: 5-20 vessels per square millimetre. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial parenchyma: 78: axial parenchyma scanty paratracheal; 79: axial parenchyma vasicentric; (80:
axial parenchyma aliform); (81: axial parenchyma lozenge-aliform); 83: axial parenchyma
confluent;

Terminalia ivorensis — 1, base of bole; 2, flower-

ing branch;8, flower; 4, fruiting branch.
Redrawn and adapted by Iskak Syamsudin

84:

axial

parenchyma

unilateral

paratracheal; 92: four (3-4) cells per parenchyma strand; 93: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-3 cells;
104: all ray cells procumbent; 106: body ray
cells procumbent with one row of upright
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and/or square marginal cells; 115: 4-12 rays
per mm. Secretory elements and cambial variants: 131: intercellular canals of traumatic
origin.
(E. Uetimane, H. Beeckman & P. Gasson)
Growth and development Seedlings grow
rather slowly immediately after germination,
but after a few months growth accelerates. In
medium-sized to large gapsin the forest, young
trees may reach 17 m tall and 25 cm in bole
diameter 8 years after germination. In Céte
dIvoire planted trees reached after 20 months
a mean height of 2.9-4.9 m, but a maximum
height of 9 m, and 3-6 cm in bole diameter.
Trees of 22 years old reached 36.5 m in height
and 75 cm in bole diameter, but more normal
bole diameter increments are 1.5—2.5 cm/year.
Studies in plantations in Nigeria showed that
mean annual bole diameter increment varied
from 19 mm in trees of 6 years old to 5 mm in
trees of 23 years old and 2 mm intrees of 52
years old. However, diameter growth is strongly dependent from silvicultural practices.
Height growth was most rapid in thefirst 10
years and decreased steadily afterwards,
whereas mean annual wood volume increment
reached a peak of 15.5 m3/ha after 10 years,
steadily decreasing to 6.9 m%/ha 51 years after
planting.
The trees are self-pruning, soon developing
long and clear boles. They are leafless for 2-8
months in the dry season. Young trees may
start flowering and fruiting when 5 years old.
New leaves and flowers appear at the beginning of the rainy season, and flowering may
continue for 2-3 months from April to July. In
each inflorescence the lower flowers are bisexual and the upper functionally male. The flowers are pollinated by insects such as small butterflies and flies. In plantations in Nigeria the
flies Chrysomaya chlorophyga and Lucilia
euprina were identified as the major pollinators, with the peak of visiting flies just before
noon. Fruits ripen towards the end of the dry
season, in Ghana from December to January.
They are usually produced annually and in
large quantities, but often they are attacked by
fungi and insects, whereas natural abscission

is also common, probably correlated with adverse temperatures. The fruits can remain for
a long time on the tree, but are eventually dispersed by wind.
Terminalia ivorensis is associated with vesicular arbuscular mycorrhizae.
Ecology Terminalia ivorensis occurs in evergreen forest and moist semi-deciduous forest,

where larger trees are most common in lowerlying localities. It is most abundant in the
transition zone between humid semi-deciduous
forest and evergreen forest. In Ghana it seems
most common along roadsides. It is found in
regions with an annual rainfall of 1250-3000
mm and a dry season up to 3 months, and
mean annual temperatures of 23-27°C. Terminalia ivorensis occurs on a wide rangeof soil
types, from sandy to clayey-loamy andlateritic.
It does not tolerate prolonged waterlogging,
and is vulnerabletofire.
Propagation and planting Terminalia ivorensis is classified as a pioneer species, with
seedlings most commonly found along roadsides and on abandoned farmland, in Cote

d'Ivoire sometimes abundantly in cocoa plantations. Regeneration is often sparse, but locally
secondary forest can be dominated by young
trees of Terminalia ivorensis. One kg contains
5500-6500 fruits, and about 10,000 de-winged
nuts. The seeds show some dormancy, and the
germination rate of fresh seed is often low.
Soaking in water increases the germination
rate. Alternate soaking and drying in the sun
for one week improves germination up to a rate
of 40%, and when these pre-treated seeds are

mixed with mulch and kept in damp sacks in
the sun for another 2 weeks, the germination
rate can be raised to 80%. Scarification of seeds
is another method of attaining high germination rates. Dipping for 3 hours in sulphuric
acid, followed by 24 hours in cellulase solution
and then 5 days in gibberellic acid gave the
best germination results. At room temperature,
seeds can be stored for up to 4 months, but in
airtight containers stored below 5°C they may
remain viable for up to 1 year. Germination
starts 2-7 weeks after sowing. Seedlings are
susceptible to drought, and under natural conditions are most common near streams and
seasonal swamps. In the nursery, they are
usually slightly shaded until they are 2 months
old. They often remain in the nursery for 4
months.
Stumps or striplings can be used for planting
out, usually prepared from 12—15-months-old
plants, but these should be well protected
against desiccation. Stumps should have a
stem diameterof at least 13 mm, andstriplings
should be 120-180 cm long. Plantations established from container plants showed better
results than those established from stumps
andstriplings, probably because of the damage
done to the taproot. Methods for micropropagation have been developed using nodules excised
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from 6-year-old plants.
Trees are planted in spacings of 3 m x 3m to 5
m X 10 m. In Nigeria optimum spacing has
been suggested to be 4-5 m x 4—5 m. In Céte
d'Ivoire 10,600 ha has been planted with Terminalia ivorensis between 1966 and 1994.
Management In general, adult trees of Terminalia ivorensis occur scattered in the forest,

with low densities. In western Cameroon an
average density of 0.2 tree with a minimum
bole diameter of 60 cm per ha has been recorded, with an average wood volume of 1.9 m3/ha.
In the nursery it has been recommended to
apply 0.5 g of an inorganic fertilizer to seedlings to promote both height growth andcollar
diameter growth. In experiments in Nigeria it
was found that the application of ammonium
sulphate at 100 ppm and NPK 15:15:15 at 50100 ppm showed best results in height growth
of seedlings. In plantations weeding is necessary for 2 years after planting. Thefirst thinning should be done after 4—5 years when trees
have reached a height of about 11 m, and the
second after 8-9 years. It has been recommended to harvest plantation trees after 32
years with 3 thinnings, or after 40 years with 4
thinnings. In plantations trees often suffered
considerable die-back. In the 1960s in Ghana,

the die-back in 4—80-year-old plantations of
Terminalia ivorensis, which was then the most
widely planted timber species, was so severe
that it was decided to abandon further planting. Trees can be coppiced.
Diseases and pests Plantations in Cote d’Ivoire, Ghana, Nigeria and Cameroon have been
defoliated by larvae of the moth Epicerura spp.,
which may cause considerable decrease of the
yield and massive die-back. Spraying with the
insecticides decamethrin and thiocyclam hydrogen oxalate at concentrations of 900 g and

logs float in water and can thusbe transported
by river.
Genetic resources Terminalia ivorensis
has been classified as vulnerable in the IUCN
Red list because of its occurrence in low densities, often poor regeneration and considerable
exploitation locally. In Côte d'Ivoire some seed
orchards have been planted since 1994.
Breeding Selection and breeding programmes for Terminalia ivorensis started in the
1960s, aiming at trees with superior growth
rates and bole form.
Prospects The fair wood quality, including
durability, high growth rate, straight bole and
self-pruning ability make Terminalia ivorensis
suitable for planting in timber plantations.
However, the severe die-back in many plantations stopped the establishment of larger-scale
plantations in the 1970s. Studies indicate that
in Ghana the problems were caused by severe
drought in combination with unfavourable
sites, and the negligence of thinning and other
appropriatesilvicultural practices. Recommendations for successful new plantations include
planting on oxysol-ochrosol intergrade soils,
planting in mixtures with other timberspecies,
especially line planting, and appropriate spacing and thinning. Trials demonstrated that
under suitable growing conditions and proper
management Terminalia ivorensis plantations
are capable to produce trees with 60 cm bole
diameterin 30 years.
Major references Boateng, 1992; Bolza &
Keating, 1972; Burkill, 1985; CAB International, 2005; CTFT, 1974a; Hawthorne, 1995; Liben,
1983; Takahashi, 1978; Voorhoeve, 1979; World

Agroforestry Centre, undated.
Other references Abayomi, 1993; Adewunmiet al., 2001; Akoégninou, van der Burg
& van der Maesen (Editors), 2006; ATIBT,

300 g active ingredient per ha, respectively,

1986; Aubréville, 1959c; CIRAD Forestry De-

showed good results, but a virus disease attacking the pest was also identified. Fruits are
often severely attacked by weevils of the genera Nanophyes and Auletobius.
Harvesting Older trees often develop boles
with brittle heart.
Yield The total wood volume of plantations
of Terminalia ivorensis harvested in Côte
d'Ivoire at an age of 32 years was estimated at

partment, 2003; Corbineau & Côme,

335 m3/ha, and when harvested at an age of 40

years 350 m°/ha. In natural forest a tree of 60
cm in bole diameter yields about 3.7 m? of
wood, 6.6 m3 when 80 cm in diameter and 10.3

m3 when 100 cm in diameter.
Handling after harvest Freshly harvested

Hawthorne,

1998;

Hawthorne

&

1993;

Jongkind,

2006; Irvine, 1961; Iwau & Anyanwu, 1982;
Katende, Birnie & Tengnäs, 1995; Mbakwe,
1990; Neuwinger, 2000; Normand & Paquis,
1976; Oni, 1990; Phongphaew, 2003; Siepel,

Poorter & Hawthorne, 2004; Sosef et al., 1995;
Vivien & Faure, 1985.

Sources of illustration Liben, 1983; Vivien
& Faure, 1985; Voorhoeve, 1979.

AuthorsE.G. Foli
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TERMINALIA SAMBESIACA Engl. & Diels
Protologue Engl., Monogr. afrik. PflanzenFam. 4: 18, t. 4 (1900).

Family Combretaceae
SynonymsTerminalia aemula Diels (1907).
Vernacular names River terminalia, river

cluster-leaf (En). Mbombaro, mkulungo, mpululu, mwangati (Sw).
Origin and geographic distribution Terminalia sambesiaca occurs from south-eastern
Kenya south to Zambia, northern Zimbabwe

and Mozambique.
Uses The wood is used for building poles,
ship masts, stools, mortars, tool handles and
beehives. It is suitable for construction, floor-

ing, joinery, interior trim, bridge decking, ship
building, furniture, cabinet work, sporting
goods, toys, novelties, railway sleepers, mine

props, veneer and plywood. It is also used as
firewood andfor charcoal production.
In traditional medicine the leaves are used to
treat stomach-ache and infertility in women,
whereas bark andleaf decoctions are applied to
treat fever, colds, cancer, stomach ulcers and
appendicitis. Powdered root bark is mixed with
porridge and eaten to treat bloody diarrhoea.
Properties The heartwood is yellow with
brownish

stripes

on

quarter-sawn

surfaces,

darkening rapidly to yellowish brown or greenish brown, and distinctly demarcated from the
cream-coloured, up to 6 cm wide sapwood. The
grain is interlocked, texture fine and even.
The wood is moderately heavy, with a density
of 750-820 kg/m’ at 12% moisture content. It
air dries fairly rapidly, with little degrade. The
rates of shrinkage are moderate, from green to
12% moisture content 2.2% radial and 3.7%

tangential. Boards of 2.5 cm thick air dry in 6
weeks, and 5 cm thick boards in 3 months. Surface checking and some distortion may occur,
especially in kiln drying. Once dry, the wood is
moderately stable in service. At 12% moisture
content, the modulus of rupture is 93 N/mm2,

modulus of elasticity 12,740 N/mm?2, compression parallel to grain 60 N/mm?, shear 15
N/mm? and Janka side hardness 6360 N.
The wood is moderately difficult to saw and
work with hand and machine tools. It often
finishes well, but the use of a filler has been
recommended to produce good surfaces. The
wood holds nails well, but pre-boring is recommended. The heartwood is moderately durable, being susceptible to termite attack; the
sapwood is susceptible to Lyctus attack. The
heartwood is resistant to impregnation with
preservatives, but the sapwood is permeable.
Methanol extracts of the roots showed marked
antibacterial activity against Enterobacter aerogenes, Micrococcus luteus, Pseudomonas aeru-

ginosa, Sarcina sp., Salmonella typhi, Shigella
boydii, Staphylococcus aureus and Staphylococcus epidermidis, as well as distinct antifungal activity against Candida albicans, Candida
glabrata and Cryptococcus neoformans. Bark
extracts also showed antibacterial activity and
leaf extracts antifungal properties against
Candida albicans and Cryptococcus neoformans. Antifungal activity was found especially
in polar fractions of the extract and might be
due to the presence of tannins. Root extracts
showed strong cytotoxic effects against several
humancancercell lines, e.g. against HeLa cervical cancer cells, T24 bladder cancer cells and
BBCE endothelialcells.
Botany Small to fairly large tree up to 40 m
tall; bole branchless for up to 18 m, straight or

crooked, up to 90 cm in diameter, often slightly
buttressed, old trees often with bottle-shaped
buttresses up to 4 m high; bark surface greyish
to dark brown or nearly black, smooth to
slightly grooved, inner bark yellowish with
brown streaks; crown layered, with horizontal
branches; branchlets with fibrous bark, hairy

when young. Leaves arranged spirally, clustered near ends of branchlets, simple and usually entire; stipules absent; petiole up to 4 cm
long, hairy; blade elliptical to elliptical-obovate,

Terminalia sambesiaca — wild

7-18 cm X 3-13 cm, cuneate to rounded at
base, acuminate at apex, papery, hairy especially on the veins below, pinnately veined with
8-11 pairs of lateral veins. Inflorescence an
axillary spike 6-15 cm long, short-hairy; peduncle up to 6 cm long. Flowers bisexual or
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male, regular, 4-5-merous, whitish sometimes

pinkish tinged; receptacle spindle-shaped, c. 3
mm long, hairy; sepals triangular, c. 1.5 mm
long; petals absent; stamens usually 10, free, c.
5 mm long; disk annular, hairy; ovary inferior,
l-celled, style 3-5 mm long. Fruit a winged
nut, elliptical in outline, 5—7(-9) em x 2—3(—4.5)
cm including the wing, stipe up to 1.5 cm long,
reddish brown, finely hairy, indehiscent,

1-

seeded.
Terminalia is a pantropical genusof about 200
species. In tropical mainland Africa about 30
species occur naturally, in Madagascar about
35. Terminalia sambesiaca has been confused
with
Terminalia kilimandscharica Engl,
which differs in being a small tree and usually
having smaller, less distinctly acuminate and
more permanently hairy leaves.
It has been recorded that Terminalia sambesiaca grows rapidly. Annual elongation of the
bole results in a layered crown. Flowering usually occurs in December—January. The flowers
have a strong and unpleasant smell, and are
probably pollinated by flies. Fruits ripen 2—4
monthsafter flowering.
Ecology Terminalia sambesiaca occurs in
rainforest, dry evergreen forest and riverine
forest, less often in savanna woodland and on
rocky hills, from sea-level up to 850 m altitude.
Genetic resources and breeding Although
Terminalia sambesiaca is fairly widespread, it
is in most regions rather uncommonandlarger
specimens occur mainly in lowland evergreen
forest and riverineforest.
Prospects Although Terminalia sambesiaca
has been reported to be an excellent timber
tree, very little is known about its growth
rates, propagation and possibilities for establishing plantations. The strong antifungal activity of the root against Cryptococcus neoformans makes Terminalia sambesiaca a valuable

Wickens, 1973.

Authors R.H.M.J. Lemmens

TERMINALIA SERICEA Burch. ex DC.
Protologue Prodr. 3: 18 (1828).
Family Combretaceae
Vernacular names Silver terminalia (En).
Origin and geographic distribution Terminalia sericea occurs from southern DR Congo
and

Tanzania

south

to

pneumonia, cough, skin diseases, schistosomiasis, gonorrhoea and problems with menstruation, and applied as an eye washto treat trachoma and ophthalmia. Pulverized bark is applied to wounds and taken to treat diabetes.

medicinal plant in East and southern Africa,

Major references Bolza & Keating, 1972;
Bryce, 1967; Fyhrquist, 2007; Takahashi, 1978.

1994; Coates

Palgrave, 1983; Exell, 1978; Fyhrquist et al.,

2002; Fyhrquist et al., 2004; Fyhrquist et al.,
2006; Lovett et al., 2007; Neuwinger, 2000;

northern

venereal diseases, diarrhoea, dysentery, colic,

where AIDS-related cryptococcal infections are
common. Further investigations on the antimicrobial activity against a panel of bacteria
causing serious infections and isolation of the
active compounds are warranted. Activityguided isolation of compounds responsible for
the anti-cancer activity of the root extract
seems also worthwhile.

Other references Beentje,

Namibia,

South Africa and Swaziland.
Uses Thetree boles of Terminalia sericea are
highly valued as poles for the construction of
houses and huts, e.g. in south-western Zambia
and KwaZulu-Natal province in South Africa.
They are said to last for at least 5 years, and
are also considered valuable for fencing. The
wood is used for furniture, tool handles, bows,
beehives and ox yokes. It is suitable for flooring, joinery, interior trim, ship building, vehicle bodies, mine props, sporting goods, agricultural implements, railway sleepers and turnery. It is popular as firewood and for charcoal
production.
The bark is used as rope, often to tie together
poles for huts, and it provides a yellow dye and
tannin, whereas the leaves are used as mordant in dye bathes. Theflexible roots are used
as cross-laths in huts. Root extracts or infusions are used in traditional medicine to treat

Terminalia sericea — wild
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Leaf extracts serve to treat diarrhoea and
stomach complaints, and a leaf infusion to
treat cough. Pulverized leaves are applied as a
dressing to wounds. The twig juice, leaves and
roots are used in Namibia and Botswana in
mixtures with other plants and larvae of beetles to prepare arrow poison. The tree produces
a gum that is eaten by local people. In the
rainy season edible caterpillars commonly feed.
on the leaves. The flowers provide nectar for
honey bees, whereas the leaf hairs have been
used for glazing pottery. The leaves are
browsed by cattle: Terminalia sericea contributes significantly to cattle diet during the hot
and dry season in the northern Kalahari desert. The tree has ecological values as soil improver and for erosion control. It is locally regarded as sacred.
Properties The heartwood is dull yellow
with brownish stripes, darkening with age, and
distinctly demarcated from the narrow sapwood. The grain is usually straight, occasionally interlocked, texture moderately coarse and
uneven.
The wood is heavy, with a density of 840-920
kg/m? at 12% moisture content. It air dries
fairly rapidly, with moderate checking and
distortion. The rates of shrinkage are moderate, from green to oven dry 3.8% radial and
6.4% tangential. At 12% moisture content, the
modulus of rupture is 91 N/mm2, modulus of
elasticity 11,760 N/mm2, compression parallel
to grain 58 N/mm2, shear 10.5 N/mm?, Janka

side hardness 9200 N and Janka end hardness

11,065 N.
The wood works well with both hand and machine tools. It planes and finishes easily, although rather dull surfaces are produced. The
heartwoodis fairly durable, but the sapwoodis
susceptible to Lyctus attack. The woodis resistant to impregnation by preservatives. The
sawdust may cause inflammations of the respiratory organsand skin.
The pentacyclic triterpenoid sericic acid has
been isolated from the roots, as well as its glycoside sericoside. Root extracts and sericic acid
have anti-inflammatory and wound-healing
properties, and showed antibacterial and antifungal activities. Root extracts are particularly
active against the bacteria Staphylococcus aureus and Streptococcus pyogenes and against
the fungi Candida albicans, Candida glabrata

and Cryptococcus neoformans. Sericoside has
anti-inflammatoryactivity, whereas strong lipolytic activity has also been suggested. Anolignan B is anotherbioactive compoundisolat-

ed from the roots. It showed activity against
both gram-positive and gram-negative bacteria,
as well as anti-inflammatory activity. The results from tests support the ethnomedical use
of the roots. However, caution is needed because in Tanzania several cases of death after
application of root extracts have been recorded.
In tests root extracts were toxic to brine
shrimps. Root extracts showed strong cytotoxic
effects against several human cancercell lines.
Methanol extracts of the leaves showed strong
in-vitro activity against HIV-1 reverse transcriptase.
The nutritive value of Terminalia sericea
leaves is rather low, with a crude protein content of about 11.5%; the tannin content of the

leavesis low.
Botany Deciduous shrub or small to medium-sized tree up to 16(—23) m tall; bole branch-

less for up to 8 m, straight or crooked, up to
50(-100) cm in diameter; bark surface creamcoloured to grey-brown, deeply grooved; crown
layered, with horizontal branches; branchlets
red-brown to purplish, with peeling bark, silky
hairy when young. Leaves arranged spirally,
clustered near ends of branchlets, simple and
entire; stipules absent; petiole up to 1.5 cm
long: blade narrowly elliptical-obovate, 5-18
cm X 1-4.5 em, cuneate at base, rounded to

short-acuminate at apex, silvery silky hairy
especially when young, pinnately veined with
5-8(-13) pairs of indistinct lateral veins. Inflorescence an axillary spike 5-12 cm long, densely silky hairy; peduncle 2.5—5 cm long. Flowers
bisexual or male, regular, 4-5-merous, greenish white; receptacle spindle-shaped, c. 5 mm
long: sepals triangular, c. 2 mm long; petals
absent: stamens usually 10, free, c. 4 mm long;
disk annular, hairy; ovary inferior, 1-celled,

style 3-5 mm long. Fruit a winged nut, broadly
elliptical in outline, 3-4 cm x 1.5-2.5 cm including the wing, stipe up to 0.5 cm long, pinkish or purplish brown, finely hairy, indehiscent, 1-seeded.

Terminalia sericea grows slowly. Annual elongation of the bole results in a layered crown.
Flowers develop together with young leaves,
usually in September—November. The flowers
have a strong and unpleasant smell, and are
probably pollinated by flies. Fruits ripen 3-5
months after flowering, but they may remain
on the tree for up to 1 year.
Terminalia is a pantropical genus of about 200
species. In tropical mainland Africa about 30
species occur naturally, in Madagascar about
35. It has been suggested that Terminalia seri-
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cea may hybridize with Terminalia kaiserana
F.Hoffm. and Terminalia trichopoda Diels. In
someregions intermediate specimensarefairly
common.
The wood of Terminalia prunioides C.Lawson
is used for similar purposes as that of Terminalia sericea: for building huts, houses and
ships, and for implement handles. It is very
heavy, with a density of about 1100 kg/m? at
12% moisture content, and very hard and exceptionally durable. It is also used as firewood.
In southern Africa the bark is chewedto treat
cough, sore throat and stomach-ache, the roots
are chewedto treat colds and a root decoction
is taken to treat constipation, cough and colds.
Terminalia prunioides is a shrub or small tree
up to 15 m tall occurring in open woodland
from Somalia south to Namibia, Mozambique
and northern South Africa. The boles of Terminalia stuhlmannii Engl., a small tree up to 12
m tall occurring in woodland and wooded
grassland from Tanzania south to Botswana,
Zimbabwe and Mozambique, are also used for
hut building.
Ecology Terminalia sericea occurs in open
woodland and wooded grassland, often together
with Brachystegia spp., at 450-1300 m altitude
in areas with moderate rainfall. It is often
common along wetlands, sometimes forming
almost pure stands, and may be dominant in
woodland degraded by fire. It seems to prefer
sandy and deep, well-drained soils, and can
grow on very poor soils that are generally not
suitable for agriculture.
ManagementIt is recommended to remove
the wing of the fruit before sowing. The bole is
often crooked, but lopping may result in
straight boles. The preferred length of the poles
used for house building in Zambia is 2.5-3 m.
In KwaZulu-Natal province in South Africa,
the mean diameter of poles used as main posts
in houses is 6 cm and the mean length 2.2 m,
and when used as roof laths 4 cm and 2.6 m,

respectively. In Zambia the bark is removed
and the poles are soaked in water for a few
weeks, which reputedly increases the durability. The trees can be coppiced, and harvest
intervals for fuelwood poles have been recommended as 4—9 years.
In the rainy season the leaves are commonly
attacked by large numbersof caterpillars. The
twigs often have galls. The fruits may be deformed by parasites, becoming slender, twisted
and hairy.
Genetic resources and breeding Terminalia sericea is widespread and in many re-

gions common, and not liable to genetic erosion. On the contrary, it is often regarded as a
major encroaching species, which has adverse
effects on cattle production because it prevents
the growthof grass.
Prospects Although Terminalia sericea is
usually of too small size and grows too slowly
to be of value to the international timber market, it is certainly important for wood production for local application, especially for building
houses. The presence of anti-inflammatory and
wound-healing compounds in the roots deserves more attention. Sericoside has already
been tested in topical emulsion based formulations with promisingresults. In addition to the
uses of the wood andin local medicine, Terminalia sericea is important for forage supply in
the dry season, firewood production and soil
protection, making it a true multipurpose species that deserves more research attention.
Major references Bingham, 1996; Neuwinger, 1998a; Palmer & Pitman, 1972-1974;
van Wyk & Gericke, 2000; World Agroforestry
Centre, undated.
Other references Bolza & Keating, 1972;
Chilufya & Tengn&s, 1996; Coates Palgrave,
1983; Exell, 1978; Gaugris et al., 2007; Leger,

1997; Moshi & Mbwambo, 2005; Neuwinger,
2000; Takahashi, 1978; Wickens, 1973.
Authors R.H.M.J. Lemmens

TERMINALIA SUPERBA Engl. & Diels
Protologue Engl., Monogr. afrik. PflanzenFam. 4: 26, t. 14B (1900).

Family Combretaceae
Vernacular names Limba, white afara,
shingle wood, white mukonja, Congo walnut
(En). Limba, fraké, noyer du Mayombe (Fr).
Limbo (Po). Mwalambe (Sw).

Origin and geographic distribution Terminalia superba is widespread in West and Central Africa, from Guinea Bissau east to DR
Congo and south to Cabinda (Angola). It has
been planted in many tropical countries outside the natural distribution area as a promising timber plantation species, e.g. in Uganda,
Tanzania, Zimbabwe, Madagascar, Indonesia,

Malaysia, the Philippines, the Solomon Islands, Fiji, Australia, Brazil and Argentina.
Uses The wood, usually traded as ‘limba’,
‘afara’, ‘ofram’ or ‘fraké’, is valued for interior

joinery, door posts and panels, mouldings, furniture, office-fittings, crates, matches, and particularly for veneer and plywood. It is suitable
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export timber with in 2005 a total value on the
international market of at least US$ 25 mil-

lion. The major export countries at present are
Côte d'Ivoire, Ghana and Cameroon. In 2005
Côte d'Ivoire exported 21,000 m3 of sawn wood
at an average price of US$ 439/m3, and Ghana
24,000 m? of sawn wood at US$ 286/m? and

3000 m3 of plywood at US$ 328/m3. In 2006
Ghana exported 20,000 m3 of sawn wood at an
average price of US$ 311/m3 and 6000 m? of
plywood at an average price of US$ 454/m°. In
2005 Cameroon exported 17,000 m3 of logs at
an average price of US$ 128/m3, 15,000 m3 of
sawn wood at an average price of US$ 237/m3

and 3000 m3 of plywood at an average price of
US$ 256/m3. In 2006 the same country exported 22,000 m3 of logs at an average price of US$
Terminalia superba — wild
for light construction, light flooring, ship building, interior trim, vehicle bodies, sporting
goods, toys, novelties, musical instruments,
food containers, vats, turnery, hardboard, par-

ticle board and pulpwood. It is used locally for
temporary house construction, planks, roof
shingles, canoes, paddles, coffins, boxes and

domestic utensils. It is suitable for paper making, although the paper is of moderate quality.
The wood is also used as firewood and for charcoal production.
A yellow dye is present in the bark; it is used
traditionally to dye fibres for matting and basketry. The bark is also used for dyeing textiles
blackish. Bark decoctions and macerations are
used in traditional medicine to treat wounds,
sores, haemorrhoids, diarrhoea, dysentery,
malaria, vomiting, gingivitis, bronchitis, aphthae, swellings and ovarian troubles, and as an

expectorant and anodyne. The leaves serve as
diuretic and roots as laxative. In Côte d'Ivoire
Terminalia superba is occasionally used as a
shadetree in cocoa andcoffee plantations, and
in DR Congo it is used as shade tree in coffee,
cocoa and bananaplantations.
Production and international trade Terminalia superba was one of the major timbers of
Africa. In the 1960s Congo exported on average
210,000 m3 of logs per year, but the export declined to 60,000 m3 in 1973 and to only 5000 m3

in 1983. Also in other countries the export increased since the beginning of the 1970s, but
declined later, e.g. in Côte d'Ivoire from 50,000
m? in 1973 to 132,000 m3 in 1983 and to 2300
m? in 1996, and in Cameroon from 3600 m3 in

1960 to 221,000 m3 in 1997 and 71,000 in 2003.
Terminalia superba still yields an important

211/m3, 13,000 m3 of sawn wood at an average

price of US$ 311/m3 and 1000 m3of plywood at
an average price of US$ 228/m?.
Congo and DR Congo also export considerable
quantities of Terminalia superba timber, but
supplies have declined. In 1995 the export from
Congo was 10,000 m3 of logs and from DR Congo 3000 m3 of logs and 1000 m3 of sawn wood.
In 2003 Congo still exported 1000 m? of sawn
wood at an average price of US$ 265/m3. More
recent statistics are not available for both
countries.
Properties The heartwood is grey to pale
yellow or pinkish white, darkeningto pale reddish brown, occasionally with a nearly black
inner part. It is not clearly demarcated from
the 12-15 cm wide sapwood. The grain is
straight to slightly interlocked, texture moderately coarse.
The wood is moderately lightweight to medium-weight, with a density of (370—)430—730
kg/m? at 12% moisture content. It air dries
rapidly with little degrade. The rates of
shrinkage are moderate, from green to oven
dry 2.0-6.4% radial and 4.4—8.7% tangential.
Once dry, the woodis stable in service.
At 12% moisture content the modulus of rupture is 50-133(-157) N/mm?, modulus of elas-

ticity (3625-)4700-14,300(-16,660) N/mm’,
compression parallel to grain 26-67 N/mm’,
compression perpendicular to grain 8-12
N/mm?, shear 4.5—10 N/mm?, cleavage 7.5—23.5
N/mm, Janka side hardness 3020 N, Janka end

hardness 3420 N and Chalais-Meudon side
hardness (0.4—)0.8—4.2.
The wood is easy to saw and work with both
hand and machine tools; the blunting effect on

cutting edges is slight. The wood finishes well,
but the use of a filler is necessary. It holds
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nails and screws well, but has some tendency
to splitting. It glues satisfactorily. The wood
can be made into good-quality veneerbyslicing
as well as rotary peeling. The steam-bending
properties are poor.
The woodis not durable, being liable to attacks
by pin-hole borers, powder-post beetles, longhorn beetles, termites and marine borers. The

heartwood is resistant, the sapwood moderately resistant to preservatives. Wood splinters
may cause severe inflammation of the skin,
and sawdustallergic reactions to skin and respiratory organs in wood workers. The wood has
satisfactory paper-makingproperties, although
the quality of the paper produced is moderate,
particularly concerningtearing strength.
The wood contains 40-45% cellulose, 28-35%
lignin, 14-17.5% pentosan, 0.9—3.4% ash and

very small amounts ofsilica. The solubility is
1.5—4% in alcohol-benzene, 2.4—8% in hot water
and 14.6—21% in 1% NaOHsolution.
A methanol extract of the stem bark showed
vasorelaxant effects on isolated rat aorta. Stem
bark extracts also showed antidiabetic activity
in tests with streptozotocin-induced diabetic
rats. Ethanol extracts of the roots and stems
showed distinct trypanocidal activity against
both drug-sensitive as well as multi-drugresistant strains of Trypanosoma congolense
and Trypanosoma brucei. The bark contains
gallic acid and methyl gallate, which showed
significant glycosidase inhibition activity.
Description Deciduous medium-sized to
large tree up to 45(-50) m tall; bole branchless
for up to 30(—35) m, usually straight and cylindrical, up to 120(-150) cm in diameter, with
large, fairly thick, plank-like buttresses up to
5(-8) m high; bark surface smooth and grey in
young trees, but shallowly grooved and with
elongated, brownish grey scales, inner bark

Terminalia superba — 1, tree habit; 2, inflorescence; 3, flower; 4, fruiting branch.

Redrawn and adapted by Achmad Satiri Nurhaman
petals absent; stamens usually 10, free, 1.5—8
mm long; disk annular, densely woolly hairy;
ovary inferior, 1-celled, style 2-2.5 mm long,

sparsely hairy. Fruit a winged nut, transversely oblong-elliptical in outline, 1.5-2.5 cm X 4-7
em including the wing, nut c. 1.5 cm X 7 mm,

golden brown, glabrous, indehiscent, 1-seeded.
Seedling with epigeal germination; hypocotyl

soft-fibrous, pale yellow; crown storied with

3-4 cm long, epicotyl 1.5-2 cm long; cotyledons

branches in whorls, spreading; young twigs
rusty-brown short-hairy, branchlets with conspicuous rounded scars from fallen leaves.
Leaves arranged spirally, clustered near ends
of branchlets, simple and entire; stipules absent; petiole (1.5-)3-6(-7) cm long, with 2

leafy, spreading;first 2 leaves opposite.
Other botanical information Terminalia
is a pantropical genus of about 200 species. In
tropical mainland Africa about 30 species occur
naturally, in Madagascar about 35.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 27:
intervessel pits large (© 10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;

glands near apex; blade obovate, (4—)6—17(—20)

cm X (2.5—)4-10 cm, cuneate at base, shortacuminate at apex, thinly leathery, glabrous,
pinnately veined with 4-7 pairs of lateral
veins. Inflorescence an axillary spike 7-20 cm
long, slender; peduncle 1-4 cm long, shorthairy. Flowers bisexual or male, regular, usually 5-merous; receptacle spindle-shaped, 1.53
mm long; sepals triangular, c. 1.5 mm long;
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similar to intervessel pits in size and shape
throughout the ray cell; (31: vessel-ray pits
with much reduced borders to apparently simple: pits rounded or angular); 43: mean tangential diameter of vessel lumina > 200 um; 46: <5
vessels per square millimetre; 47: 5—20 vessels
per square millimetre; (58: gums and other
deposits in heartwood vessels). Tracheids and
fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
79: axial parenchyma vasicentric; 80: axial
parenchyma aliform; 82: axial parenchyma
winged-aliform; 83: axial parenchyma confluent; (89: axial parenchyma in marginal or in
seemingly marginal bands); 92: four (8—4) cells
per parenchyma strand; 93: eight (5-8) cells
per parenchymastrand; 94: over eight cells per
parenchymastrand. Rays: 96: rays exclusively
uniseriate; 104: all ray cells procumbent; (115:
4-12 rays per mm); 116: > 12 rays per mm.
Secretory elements and cambial variants: 131:
intercellular canals of traumatic origin. Mineral inclusions: (151: styloids and/or elongated
crystals).
(E. Uetimane, H. Beeckman & P. Gasson)
Growth and development Growth is
rhythmic, resulting in clustered leaves and
whorled branches. Annual growth rates of 2.5
m in height have been reported for the first 10
years after planting, but in Ghana trees have
reached 14 m in height and 22 cm in bole diameter at an age of 4 years. Under good conditions planted trees may reach a bole diameter
of 50 cm in 20 years. In natural forest in the
Central African Republic a mean annual bole
diameter increment of 9.5 mm has been recorded, in Cameroon 11 mm. The average annual increment in heartwood volume in plantations has been estimated at 14.5 m3/ha.
The trees are self-pruning, soon developing
long and clear boles, up to 16 m long when 12
years old. They are leafless for 2-3 months in
the dry season. New leaves and flowers appear

at the beginningof the rainy season. Trees may
start flowering whentheboleis 30 cm in diameter, which can be reached after 6 years. The
flowers are visited in the second half of the day
by insects such as flies and bees. The age of
first fruiting is variable between 15 and 25(—
37) years. The fruits ripen 6-9 months after
flowering in the dry season and are dispersed
by wind. They are usually produced annually
and in large quantities. In Central Africa the
bark is often removedby elephants.
Ecology Terminalia superba is most com-

mon in moist semi-deciduous forest, but can

also be found in evergreen forest. It occurs up
to 1000 m altitude. It is most common in disturbed forest. It is found in regions with an
annual rainfall of (1000—)1400—8000(—3500)
mm and a dry season up to 4 months, and
mean annual temperatures of 23-27°C. Terminalia superba prefers well-drained, fertile, alluvial soils with pH of about 6.0, but it tolerates a wide range of soil types, from sandy to
clayey-loamy and lateritic. It does not tolerate
prolonged waterlogging, but withstands occasional flooding. It is susceptible to fire. Terminalia superbais often found in association with
Triplochiton scleroxylon K.Schum.
Propagation and planting Terminalia superba is classified as a pioneer species. It usually regenerates well after forest exploitation.
Seedlings are often abundant along roadsides
and in medium-sized forest gaps. One kg contains 5000—7000 fruits, and about 8000—10,000
de-winged nuts. The seeds show some dormancy. After collection, fruits should be dried in the
sun for a few days. Fresh, sun-dried seeds have
a germination rate of up to 90%, decreasing to
less than 50% whenstored for a year. However,
whenstored at 2—4°C a germination rate of 40—
60% can still be reached after 2 years. Tests in
Ghana showedthat seeds can best be stored in
polyethylene bags at 0—2°C, with a germination
rate of 45% after 15 monthsof storage. Soaking
seeds in concentrated sulphuric acid for 15
minutes followed by rinsing them for 15
minutes with water gave the best germination
results, but soaking in water for 24 hours also
showed good results.
The seeds should be covered by a thin layer of
sand. Germination starts 1.5—3(—4) weeksafter
sowing. Seedlings are susceptible to drought,
and should be watered daily. In the nursery,
they are usually slightly shaded until they are
2 months old. Inoculation with endomycorrhizae enhances the growth of seedlings by about
25% after 10 weeks. In experiments in Nigeria
it was found that the application of ammonium
sulphate at 100 ppm and NPK 15:15:15 at 50—
100 ppm showedbest results in height growth
of seedlings.
Theseedlings are transplanted after 6-7 weeks
when 5-8 cm tall into nursery beds at a spacing of 20 cm x 50 cm. This should be done carefully to avoid damageto the taproot. They often
remain in the nursery for at least one year
until they have reached a height of about 2 m.
Stumps can be used for planting out, usually
prepared from 18-months-old plants. They
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should be 1 m long and have a stem diameter
of at least 10 mm, whereas the taproot should
be at least 40 cm long and notbe bentat planting. In Guinea and Cote d'Ivoire direct sowing
in containers is preferred, plants being ready
for planting after 3-4 months; in this waypostplanting stress is reduced and early growth is
faster. Planting should be done at the beginning of the rainy season. The planting holes
should be 40 cm x 40 cm x 40 cm. Establishment rates of over 80% have been recorded.
Softwood cuttings taken from the vigorous coppice shoots produced by cutting back young
trees rooted in 2 weeks under mist and 50%
shadow, with a rooting percentage of 11—-100%
depending on the degree of rejuvenation.
Methods of vegetative multiplication by grafting have been developed. The use of physiologically juvenile scions and young trees seems
promising for cloning maturetrees.
Trees are planted in spacings of 3 m X 3 m to
12 m X 12 m. In Nigeria optimum spacing has
been suggested to be 4—5 m x 4—5 m.
ManagementIn natural forest in Cameroon
an average density of 0.4-3.5 Terminalia superba tree with a minimum bole diameterof 60
cm per ha has been recorded, with an average
wood volume of 3-28 m3/ha. In Côte d'Ivoire
22,000 ha of Terminalia superba plantations
have been established between 1967 and 1994,

and in 1975 in Congo about 6500 ha. The natural forest is usually clear-cut and burned and
all remaining vegetation removed, so that seedlings can be planted in full light. Final stocking
is usually 12 m x 12 m, and sometimes plantations are established from the beginningat this
spacing, and then thinning is not needed.
When the initial spacing is closer, the first
thinning should be done after 4—6 years when
trees have reached a height of about 10 m, the
second at a height of about 15 m andthe third
at 20 m.
Terminalia superba can be planted in pure
stand or in mixed stands with other timber
species such as Terminalia ivorensis A.Chev.,
Milicia excelsa (Welw.) C.C.Berg and Triplochiton scleroxylon K.Schum., or on fertile soils
with Khaya and Entandrophragma spp. An
experiment conducted in Congo showed that
weeds affected tree growth only in the first
year, and that the use of a taungya system by
intercropping with groundnut, maize, pigeon
pea and soya bean reduced weeds and had no
adverse effect on tree growth. Mulching in the
first year after planting controlled weeds and
improved growth of Terminalia superba. In

Congo Terminalia superba planted together
with banana showed good results, but association with cocoa showed poor production results
for both tree crops.
Diseases and pests Young plantations in
Cote d'Ivoire and Nigeria have been defoliated
by larvae of the moth Epicerura spp. and by
the locust Zonocerus variegatus, which may
cause considerable decreaseof the yield. Spraying with the insecticides decamethrin and thiocyclam hydrogen oxalate at concentrations of
900 g and 300 g active ingredient per ha, respectively, showed good results, but a virus
disease attacking the pest was also identified.
Standing boles are often attacked by ambrosia
beetles of the genus Doliopygus. This results in
small blackish holes in the wood. Newly planted stumps can be attacked by termites; this can
be avoided by treating the base with insecticides.
Harvesting In Liberia and Ghana the minimum bole diameter for exploitation has been
fixed at 70 cm, in Gabon and Congo at 60 cm.
The rotation that is often applied in plantations is 40 years, but under optimum conditions it can be only 20-25 years. Older trees
often develop boles with brittle heart.
Yield The total wood volume of plantations
of Terminalia superba harvested at an age of
20-25 years was estimated at 330 m3/ha. However, yields in plantations range from 6 m3/ha
to 25 m%/ha annually. In natural forest a tree of
60 cm in bole diameter yields 3.3—4.0 m3 of
wood, one of 90 cm 8.2—10.2 m3 and one of 120
em 15.5—20.2 m3.
Handling after harvest Freshly harvested
logs should be removed from the forest immediately, or de-barked and treated with fungicides and insecticides, to avoid attacks by fungi
andborers. They float in water and can thus be
transportedbyriver.
Genetic resources As a pioneer species
with abundant regeneration and a widedistribution, Terminalia superba is not easily liable
to genetic erosion. However, it is one of the
most heavily exploited African timber species,
and locally supplies have dwindled, with reports of declining populations in Cote d'Ivoire,
Ghana, Nigeria, Cameroon and Congo. This is

compensated for a small part by the establishment of plantations. Its ability to colonize
abandoned agricultural land and heavily exploited forest make that Terminalia superba is
less susceptible to forest clearance than many
other tree species.
Provenances have been tested in Cote d’Ivoire,
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Cameroon and Congo, especially concerning
growth rates and wood characteristics. Several
provenances originating from tropical Africa
have been planted in other tropical countries,
e.g. 13 provenances have been tried in Ecuador; these showed considerable differences in
performance. The genetic variability of Terminalia superba has been assessed, using samples from Côte d'Ivoire, Cameroon, the Central

African Republic and Congo. The samples from
Cote d’Ivoire were found to represent a distinct
group.
Breeding Clonal breeding is a line of research in the genetic improvement programme
for Terminalia superba; it was shown valuable
in trials in Congo. It is known that there are
significant clonal differences in wood formation, e.g. regarding rate of growth and radial dimensions of vessels, fibres and parenchyma.
Prospects Terminalia superba is one of the
major timber-producing species from tropical
Africa. However, it seems that supplies from
natural forest are declining in several countries, and they are expected to decline in the
near future in other countries. The establishment of plantations is a good option for this
species with its high growth rates, but this
should be done at a much larger scale than is
the case at present to counteract the declining
production from natural forest. Studies in DR
Congo showed that Terminalia superba is suitable for planting in agroforestry sytems as a
shade tree in combination with timber production. Terminalia superba was identified in Nigeria to have high potential for the development of integrated crop-livestock (sheep and
goats) agroforestry technologies based on fodder yield and concentrations of crude protein,
neutral detergent fibre, acid detergent fibre
and lignin.
Major references Bolza & Keating, 1972;

et al., 1995; Vivien & Faure, 1985; Wierecky,

1997.
Sources of illustration Sosef et al., 1995.
Authors V. Kimpouni

TERMINALIA TETRANDRA(Danguy) Capuron
Protologue Bull. Mus. natl. Hist. nat., sér. 3,
bot. 11: 97 (1973).

Family Combretaceae
Synonyms Terminaliopsis tetrandrus Danguy
(1923).
Origin and geographic distribution Terminalia tetrandra is endemic to eastern Madagascar, occurring from Sambava to the south.

Uses The wood, known as ‘tafanala’ is used
for joinery, furniture and tool handles. It is
suitable for light construction, flooring, interior
trim, ship building, vehicle bodies, musical
instruments,

boxes,

crates,

novelties,

The bark is used in traditional medicine; it is

taken to treat excessive salivation, and is applied as a washto boils and ulcers. It is also
used in the production of alcoholic drinks with
a bitter taste. It is sometimes planted as an
ornamentaltree.
Properties The heartwood is pinkish pale
brown, with uneven yellowish markings. It is
clearly demarcated from the yellowish, 5-7 cm
wide sapwood. The grain is slightly wavy,
sometimes interlocked, texture moderately
coarse.
The wood is medium-weight, with a density of
560-—690(—750) kg/m* at 12% moisture content.
It air dries well, with little degrade. The rates

Burkill, 1985; CAB International, 2005; CTFT,
1974b; Groulez & Wood, 1985; Hawthorne, 1995;
Liben, 1983; Takahashi, 1978; Voorhoeve, 1979;

World Agroforestry Centre, undated.
Other references Adewunmiet al., 2001;
Akoégninou, van der Burg & van der Maesen

(Editors), 2006; ATIBT, 1986; Aubréville, 1959c;
Boutin, 1990; CIRAD Forestry Department,
2003; Dimo et al., 2006; Gyimah, 1999; Hawthorne & Jongkind, 2006; Irvine, 1961; Kamtchouing et al., 2006; Neuwinger, 2000; Nor-

mand & Paquis, 1976; N’zala & Ikoungou, 2003;
N’zala & Moussounghou, 2006; Phongphaew,
2003; Siepel, Poorter & Hawthorne, 2004; Sosef

toys,

vats, turnery, veneer, plywood, hardboard and
particle board.

Terminalia tetrandra — wild
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of shrinkage are moderate, from green to oven
dry 3.1-4.8% radial and 6.9-9.3% tangential.
Board of 2.5 cm thick take 2-3 monthsto air
At 12% moisture content the modulus of rupture is 118-148 N/mm’, modulusofelasticity
8820-12,300 N/mm?, compression parallel to

120) cm in diameter; inner bark yellow; crown
storied with branches in whorls, spreading;
branchlets slender, very young twigs with minute hairs. Leaves arranged spirally, clustered
near ends of branchlets, simple; stipules absent; petiole up to 2.5 cm long, slender; blade
obovate to elliptical-obovate, up to 10 cm x 4

grain 50-68 N/mm?, shear 6-8 N/mm?, cleav-

cm, long-cuneate at base, rounded to short-

age 14.5-17.5 N/mm and Chalais-Meudon side
hardness 3.1—5.1.
The wood is easy to saw and work with both

acuminate at apex, margins finely toothed,
leathery, glabrous, pinnately veined with 7-12
pairs of indistinct lateral veins. Inflorescence
an axillary spike 4-10 cm long, slender; pedun-

dry to 30% moisture content.

hand and machine tools, with moderate blunt-

ing effect on cutting edges. The wood finishes
well, but the use of a filler is necessary to ob-

tain an acceptable polish. It holds nails and
screws well, and glues moderately well. The
wood is not durable and susceptible to attacks
by fungi, termites and Lyctus borers. It is difficult to impregnate with preservatives. Wood
splinters may cause inflammation of the skin.
Adulterations and substitutes The wood
of Terminalia tetrandra resembles that of Terminalia superba Engl. & Diels from mainland
Africa, which is sometimes planted in Madagascar.
Description Deciduous, medium-sized to
fairly large tree up to 35 m tall; bole branchless
for up to 12 m, usually straight, up to 100(-

cle 2-5 cm long. Flowers bisexual or male, regular, 4—5-merous, up to 5 mm long, yellowish;

receptacle spindle-shaped; sepals triangular;
petals absent; stamens 4—5, free, long-exserted;
disk annular, densely hairy; ovary inferior, 1celled, style thick, narrowly conical. Fruit an
ellipsoid drupe c. 2 cm xX 1 cm,slightly 4—5angled, smooth and glabrous, greenish,
crowned by the remains of the sepals anddisk,
indehiscent, 1-seeded.
Other botanical information Terminalia
is a pantropical genus of about 200 species. In
tropical mainland Africa about 30 species occur
naturally, in Madagascar about 35. Terminalia
tetrandra differs from other Terminalia spp. in
having only 4—5 stamens in a single whorl
(versus 8-10 in 2 whorls), and it has been
placed in a separate genus (Terminaliopsis) for
this reason. However, as this is not accompanied by other characters, it is considered insufficient for genusstatus.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: (1: growth ring boundaries distinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; (12:
solitary vessel outline angular); 13: simple perforation plates; 22: intervessel pits alternate;
23: shape of alternate pits polygonal; 26: inter-

Terminalia tetrandra — 1, flowering branch; 2,
bisexual flower; 8, male flower; 4, fruits.

Redrawn and adapted by Iskak Syamsudin

vessel pits medium (7—10 um); 27: intervessel
pits large (=> 10 um); 29: vestured pits; 30: vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 42: mean tangential diameter of
vessel lumina 100-200 um; 47: 5-20 vessels
per square millimetre. Tracheids and fibres:
61: fibres with simple to minutely bordered
pits; 66: non-septate fibres present; 69: fibres
thin- to thick-walled. Axial parenchyma: 80:
axial parenchyma aliform; 81: axial parenchyma lozenge-aliform; 83: axial parenchymaconfluent; (89: axial parenchyma in marginal or in
seemingly marginal bands); 92: four (8—4) cells
per parenchyma strand; 93: eight (5-8) cells
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per parenchyma strand; 94: over eight cells per
parenchyma strand. Rays: 97: ray width 1-38
cells; 104: all ray cells procumbent; 106: body
ray cells procumbent with one row of upright
and/or square marginal cells; 115: 4-12 rays

Authors R.H.M.J. Lemmens

TESSMANNIA LESCRAUWAETII (De Wild.)

Harms

per mm; 116: > 12 rays per mm.

(E. Uetimane, H. Beeckman, P. Détienne & P.
Gasson)
Growth and development The tree shows
sympodial growth, with new lateral shoots developing from buds in the leaf axils. These
shoots grow rapidly and characteristically exist
of a long, slender, leafless basal part and a
short apical part with clustered leaves. This
growth model results in a crown withtiers of
branches, but old trees may lose the storied
structure of the crown. Terminalia tetrandra
mainly flowers from December to January. In
the basal part of the inflorescence usually bisexual flowers develop, in the apical part male
flowers.
Ecology Terminalia tetrandra occurs in
more humid evergreen forest, from sea-level up
to 1100 m altitude. It seems to be rather uncommon.
Handling after harvest Freshly harvested
logs should be removed from theforest rapidly,
or de-barked and treated with fungicides and
insecticides, to avoid attacks by fungi and borers.
Genetic resources Although Terminalia tetrandra is widely distributed in eastern Madagascar, it is rather uncommonand limited to a
threatened habitat of moist, dense, evergreen
forest. It may easily become threatened by genetic erosion becauseit is selectively logged for
its timber.
Prospects Little is known about Terminalia
tetrandra, particularly concerning its ecological
preferences, growth rates and regeneration.
Research is warranted becauseof the existence
of successful timber plantations of other Terminalia spp., e.g. Terminalia superba. Terminalia tetrandra may be a serious candidate for
the establishment of timber plantations in
Madagascar.
Major references Bolza & Keating, 1972;
Capuron, 1966c; Capuron, 1973; Guéneau,
1971a; Guéneau, Bedel & Thiel, 1970-1975;

Protologue Engl. & Drude, Veg. Erde9, ITI,

1: 457 (1915).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

Origin and geographic distribution Tessmannia lescrauwaetii occurs in Cameroon,
Central African Republic, Gabon and DR Congo.
Uses In DR Congo the woodis used for joinery and boxes. It is suitable for heavy construction, heavy flooring, mine props, railway sleepers,

ship

building,

vehicle

bodies,

Perrier de la Bathie, 1954a; Sallenave, 1964;
Sallenave, 1971; Takahashi, 1978.

Other references Anonymous, 1962b; Boiteau, Boiteau & Allorge-Boiteau, 1999; InsideWood, undated; Neuwinger, 2000; Novy,

1997; Schatz, 2001.
Sources ofillustration Schatz, 2001.

sporting

goods and turnery. The tree produces a copal
resin, whichis possibly usedlocally.
Production and international trade The
wood is only used locally and not traded on the
international timber market.
Properties The heartwood is pinkish brown
to dark red, sometimes with irregular darker
streaks, and distinctly demarcated from the
greyish brown, up to 10 cm wide sapwood. The
grain is usually straight, texture fine and even.
Wood surfaces show a decorative stripe figure.
The wood contains a blackish green resinous
exudate. It is heavy, with a density of 880—
1000 kg/m? at 12% moisture content, and hard.
It is difficult to dry, and logs should be processed soon after felling to avoid serious checking. The rates of shrinkage are moderate to
high. Once dry, the wood is moderately stable
to unstable in service. At 12% moisture content, the modulus of rupture is about 185

Tessmannia lescrauwaetii — wild
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N/mm2, modulus of elasticity 20,900 N/mm,
compression parallel to grain 78 N/mm?, cleavage 24.5 N/mm and Chalais-Meudon side
hardness 8.1.
The wood saws fairly well, but considerable
power is needed because of its hardness. However, its silica content is low (0.004%). It works
well with both hand and machine tools. The
resin in the wood may interfere with finishing
and gluing. Pre-boring is needed for nailing.
The heartwood is very durable, even in contact
with the ground or water, and is resistant to
fungal and borer attacks, but the sapwood is
susceptible to Lyctus attack. The heartwood is
extremely resistant to impregnation with preservatives. The wood contains 0.5% ash.
Description Medium-sized tree up to 30 m
tall; bole branchless for up to 20 m, straight
and cylindrical, up to 80(—130) cm in diameter,
without buttresses; bark surface fairly smooth
or finely fissured, dark grey to blackish, inner
bark moderately thick, pinkish brown; twigs
short-hairy, becoming glabrous. Leaves alternate, usually imparipinnately compound with
8-18(—20) leaflets; stipules obliquely lanceolate, 1.5-2.5 cm long, caducous or persistent;

y
Tessmannia lescrauwaetii — 1, base of bole; 2,
leaf; 3, leaflet; 4, fruit.
Redrawn and adapted by J.M. de Vries

petiole and rachis together (3.5—)7—15(—25) cm
long, channelled above; leaflets usually alternate, oblong to obovate or lanceolate, 1.5—7 cm
x 0.5-2.5 cm, asymmetrical at base, indistinctly short-acuminate at apex but tip slightly
notched, nearly glabrous, with many translucent dots, pinnately veined with 10-16 pairs of
lateral veins. Inflorescence an axillary raceme
2.5-9 cm long, short-hairy and with numerous
glands. Flowersbisexual, slightly zygomorphic;
pedicel 0.5—2 cm long; sepals 4, slightly fused
at base, ovate-lanceolate, unequal, c. 1.5 cm

long, one slightly broader than other 3, shorthairy and with numerous glands outside; petals 5, free, linear-oblong to obovate, 2-3 cm Xx
0.5-1 cm, one smaller than other 4, pinkish

white; stamens 10, 9 fused at base and 1 free,
unequal in length, 1.5-2.5 cm long; ovary superior, oblong, 0.5-1 cm long, hairy and with
glands, on c. 0.5 cm longstipe, style 2-3 cm
long, glabrous. Fruit a flattened oblongto ellipsoid or obovoid pod 4.5-6 cm long, reddish
brown, short-hairy and with many glandular
warts producing a fragrant resin, 2—4-seeded.
Seeds oblong, c. 1.5 cm x 1 cm, glossy black,
with hard seedcoat.
Other botanical information Tessmannia
comprises about 15 species andis restricted to
tropical Africa, from Guinea and Sierra Leone
eastward to Kenya, and southward to Tanzania, Zambia and Angola. Gabon and DR Congo
are richest in species, with about 8 and 10,
respectively. It is related to Sindora and Sindoropsis, which differ in having only 1 petal
and 2 fertile stamens, and 1 petal and 10 fertile stamens, respectively. The woodof several
other Tessmannia spp. is used for similar purposes as that of Tessmannia lescrauwaetii.
Tessmannia africana Harms is a medium-sized
to large tree up to 50 m tall with bole branchless for up to 30 m and up to 120 cm in diameter, occurring in the same area as Tessmannia
lescrauwaetii. Its pinkish brown to reddish
brown or dark brown and heavy wood, with a
density of 840-1070 kg/m? at 12% moisture
content, is used in DR Congo for carpentry and
railway sleepers, and it is suitable for similar
purposes as that of Tessmannia lescrauwaetii,
and additionally for toys, novelties, agricultural implements and tool handles. Bark decoctions are applied as an enemaintraditional
medicine as an aphrodisiac. The resin from
crushed fruits is used as perfume.
Tessmannia anomala (Micheli) Harms is a
medium-sized to large tree up to 50 m tall with
bole branchless for up to 30 m and up to 130
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cm in diameter, also occurring in about the
same area as Tessmannia lescrauwaetii. In DR
Congo its dark brown and hard wood is used
for carpentry and railwaysleepers.
Tessmannia baikiaeoides Hutch. & Dalziel is a
small tree up to 10 m tall with bole up to 60 cm
in diameter, occurring in upland forest in Sierra Leone, Liberia and western Côte d'Ivoire. Its

hard wood is used for posts and tool handles.
Tessmannia dewildemaniana Harms is an apparently rare large tree, occurring in Congo,
DR Congo and northern Angola. Its brown
wood is locally used for furniture.
Tessmannia yangambiensis Louis ex J.Léonard
is a large tree up to 50 m tall with bole branchless up to 30 m and up to 130 cm in diameter
with a very limited distribution in DR Congo.
Its wood is heavy, with a density of 880—1000
kg/m? at 12% moisture content, and is suitable
for similar purposes as that of Tessmannia
lescrauwaetii, and additionally for interior
trim, toys, novelties, agricultural implements
andtool handles.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 um); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tangential diameter of vessel lumina 100—200 um;
43: mean tangential diameter of vessel lumina
> 200 um; 47: 5-20 vessels per square millimetre; 58: gums and other deposits in heartwood
vessels. Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: nonseptate fibres present; 69: fibres thin- to thickwalled; (70: fibres very thick-walled). Axial
parenchyma: (78: axial parenchyma scanty
paratracheal); 79: axial parenchyma vasicentric; (80: axial parenchyma aliform); 83: axial
parenchyma confluent; 85: axial parenchyma
bands more than three cells wide; 89: axial

(E.K. Achi, S. N’Danikou, H. Beeckman & P.E.
Gasson)
Growth and development In Gabon flowering Tessmannia lescrauwaetii trees have
been recorded in December.
Ecology Tessmannia lescrauwaetii occurs in
lowland rainforest up to 500 m altitude, usually in primaryforest.
Management Tessmannia lescrauwaetii occurs scattered and in low densities in the forest, and this seems in general also to be the
case for other Tessmannia spp., although some
of them maybe locally abundant.
Harvesting The hard and dense wood
makes logging of trees quite difficult with ordinary tools, whereas the resin present in the
wood may cause additional difficulties by
gumming-up sawteeth.
Handling after harvest The logs are too
heavy to be transportedbyriver.
Genetic resources Tessmannialescrauwaetii has a fairly large area of distribution, but
occurs scattered and mainly in undisturbed
forest, which makes it liable to genetic erosion
in areas with large-scale logging activities.
Prospects Although the wood of Tessmannia lescrauwaetii and other Tessmannia
spp. is difficult to dry and contains resin, it is
decorative and has an excellent natural durability, which makesit useful for local construction including hydraulic works and promising
as export timber for purposes where durability
is required. However, amounts of timber available seem to be limited as trees usually occur
scattered in low densities. Information on
growth rates, regeneration and ecological requirements is needed to judge the prospects of
Tessmannia lescrauwaetii and other Tessmannia spp. as timber trees of more commercial importance on a sustainable basis. For the
time being, these seem rather poor. A taxonomic revision of the poorly known genus Tessmannia is needed.
Major references Aubréville, 1970; Bolza &

Keating, 1972; Burkill, 1995; Maisonneuve &
Manfredini (Editors), 1988d; Normand & Paquis,
1976; Tailfer, 1989; Takahashi, 1978; Wilczek

parenchyma in marginal or in seemingly marginal bands; 91: two cells per parenchyma
strand; 92: four (3-4) cells per parenchyma
strand. Rays: 98: larger rays commonly 4- to

Aubréville,

10-seriate; 104: all ray cells procumbent; 115:

Fouarge,

4-12 rays per mm. Secretory elements and
cambial variants: 127: axial canals in long tangential lines. Mineral inclusions: 136: prismatic crystals present; 142: prismatic crystals
in chambered axial parenchymacells.

Quoilin & Roosen, 1970; Fouarge, Sacré &
Mottet, 1950; Hawthorne & Jongkind, 2006;
Neuwinger, 2000; Raponda-Walker & Sillans,

et al., 1952.
Other references Aké Assi et al.,

1968;
Gérard

de
&

Saint-Aubin,

Sacré,

1953;

1985;

1963;

Fouarge,

1961; Torelli, Piskur & Tisler, 2003; Vivien &

Faure, 1985.
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Sources of illustration Léonard, 1950a;
Tailfer, 1989.
Authors R.H.M.J. Lemmens

TESTULEA GABONENSISPellegr.
Protologue Bull. Soc. Bot. France 71: 76
(1924).
Family Ochnaceae
Origin and geographic distribution Testulea gabonensis is restricted to western Central
Africa, occurring in south-western Cameroon,

Equatorial Guinea, Gabon and Congo.
Uses The wood, traded as ‘izombé’, is used
for construction, flooring, joinery, panelling,
windows, doors, stairs, ship building, vehicle
bodies, furniture, cabinet work, sporting goods,

sculptures, carvings, turnery andsliced veneer.
It is suitable for mine props, boxes, crates, toys,
novelties and pattern making.
The bark is used in traditional medicine.
Ground in water, it is applied to the nostrils to
treat headache, andit is also used as aphrodislac.
Production and international trade Testulea gabonensis is available at the international
timber market in limited quantities. In 1999
Testulea gabonensis ranked 14t» on the list of
most important export timbers of Gabon, with
an export volume of 19,250 m3. In 2003, 5000
m3 of logs were exported from Gabon at an
average price of US$ 135/m3, and in 2005
18,000 m? at US$ 64/m3. In 2004 Congo exported 1000 m? of sawn wood at an averageprice of
US$ 155/m3,
Properties The heartwood is straw-coloured,
becoming orange-yellow to yellowish brown or

pink-yellow with greyish tinge upon exposure,
and indistinctly demarcated from the 2-5 cm
wide sapwood. The grain is usually straight,
occasionally slightly interlocked, texture fine
and even. The wood showsan indistinct figure
and has no distinct smell. Resinous deposits
may bepresent.
The wood is medium-weight to moderately
heavy, with a density of 630-840 kg/m? at 12%
moisture content. It air dries moderately easily
with slight risks of distortion and checking; it
is recommended to dry carefully and slowly.
Kiln drying is moderately easy. Quarter-sawn
boards dry faster and with lesser degrade than
flat-sawn boards. The rates of shrinkage are
moderate, from green to oven dry 3.6—4.5%
radial and 6.3-9.5% tangential. Once dry, the
wood is moderately stable to stable in service,
but somewhatfissile and brittle.
At 12% moisture content, the modulusof rupture is 109-173 N/mm2, modulusofelasticity
7850-13,100 N/mm?, compression parallel to
grain 49-73 N/mm2, shear 6-11 N/mm2, cleav-

age 12-22 N/mm and Chalais-Meudon side
hardness 3.2-6.1.
The wood is easy to saw and work with both
hand and machinetools. The blunting effect on
saw teeth and cutting edges is moderate. The
wood planes to a good finish, except when interlocked grain is present. It can be sanded to a
high polish. It holds nails generally well with
occasional tendency of splitting; pre-boring is
therefore advised, especially in wood of small
dimensions. The wood glues, paints and varnishes well. The steam-bending properties are
good. The wood has good slicing properties
when it has been steamed for 2-3 days. The
heartwoodis durable, being resistant to fungal,
termite, powder-post beetle and dry-wood borer
attacks. It is not resistant to marine borers. It
is resistant to impregnation with preservatives.
The wood contains about 35% cellulose, 39%

Testulea gabonensis — wild

lignin, 14% pentosan, 0.4% ash and 0.01% silica. The solubility is 6.7% in alcohol-benzene
and 1.9% in water.
Several alkaloids have been isolated from the
bark, with Nb-methyltryptamine as main alkaloid. The triterpenes friedeline and friedelinol
have also been identified.
Adulterations and substitutes The wood
of Testulea gabonensis with its good durability
and stability and nice colour can be used as a
substitute of teak, for instance in ship building
and for high-quality furniture. It is similar to
but harder than the wood of Lophira alata

TESTULEA 641

Banks ex P.Gaertn.
Description Medium-sized to fairly large
tree up to 40(—50) m tall; bole branchless for up
to 20 m, usually straight and cylindrical, up to
100(-120) cm in diameter, with steep buttresses up to 3 m high, often with horizontal ridges
on the buttresses; bark scaly, exfoliating in
small irregular patches, yellowish brown to
yellowish grey, inner bark granular, brittle,
pinkish to reddish with whitish spots, becoming brownish upon exposure; crown irregular;
branches glabrous, with distinct leaf scars.
Leaves arrangedspirally, clustered neartips of
branches, simple; stipules fused, triangular,
axillary; petiole up to 3 mm long; blade oblanceolate, 20-35 cm x 4—8 cm, rounded at base,
short-acuminate at apex, margins entire but
slightly wavy, glabrous, pinnately veined with
numerousdistinct lateral veins. Inflorescence a
terminal false raceme up to 35 cm long, with
flowers in groups of 3—4. Flowers bisexual, zygomorphic, 4-merous, yellowish white to pinkish; pedicel slender, c. 1.5 cm long; sepals free,
unequal, largest one c. 12 mm long; petals free,
2 larger ones c. 1.5 cm long and 2 smaller ones
c. 1 cm long; stamen 1, nearly sessile, opening

with 2 pores at apex, with 2 appendages at
base, staminodes numerous, fused into a long
tube but free near apex; ovary superior, cylindrical, 1-celled, style long, curved. Fruit a
rounded, inflated, flattened capsule 3-6 cm in
diameter, notched at apex, with thin wall, dehiscing with 2 valves, many-seeded. Seeds cylindrical, c. 1 cm long, with papery wing c. 1.5
cm long.
Other botanical information Testulea comprises a single species. The tree has some resemblance to Lophira alata Banks ex P.Gaertn.
(also Ochnaceae), which occurs in the same
region.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 13: simple

perforation plates; 22: intervessel pits alternate; 24: intervessel pits minute (< 4 um); 25:
intervessel pits small (4—7 um); 30: vessel-ray

pits with distinct borders; similar to intervessel
pits in size and shape throughout the raycell;
41: mean tangential diameter of vessel lumina
50-100 um; 49: 40-100 vessels per square millimetre; 58: gums and other deposits in heartwood vessels. Tracheids and fibres: (60: vascular/vasicentric tracheids present); 62: fibres
with distinctly bordered pits; 63: fibre pits
common in both radial and tangential walls;
66: non-septate fibres present; 69: fibres thinto thick-walled; 70: fibres very thick-walled.
Axial parenchyma: 78: axial parenchyma
scanty paratracheal; 84: axial parenchyma
unilateral paratracheal; 93: eight (5-8) cells
per parenchymastrand; 94: over eight cells per
parenchyma strand. Rays: 97: ray width 1-3
cells; 98: larger rays commonly 4- to 10-seriate;
104: all ray cells procumbent; 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; (107: body ray
cells procumbent with mostly 2-4 rows of upright and/or square marginal cells); 115: 4-12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 138: prismatic crystals
in procumbent ray cells.
(E. Vetimane, P. Baas & H. Beeckman)
Growth and development Trees usually
flower in December-April. The seeds are dispersed by wind, and are a favourite food of grey
parrots.

Testulea gabonensis — 1, base of bole; 2, leaf; 3,
flowering branch; 4, flower; 5, fruit; 6, seed.
Redrawn and adapted by G.W.E. van den Berg

Ecology Testulea gabonensis usually occurs
in primary humid rainforest on well-drained
localities.
Management Testulea gabonensis is found
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scattered in the forest in low densities. In Gabon the average wood volume of trees with a
bole diameter of more than 60 cm is 0.1—1.0
m3/ha.
Harvesting The high buttresses give some
problems in felling and harvested logs may be
fluted. The minimum bole diameter allowed for
harvesting in Gabon is 70 cm.
Handling after harvest Although the
heartwood is quite durable, logs should not be
left in the forest too long because the sapwood
can be attacked by fungi and insects, which on
the longer term can also affect the heartwood.
Logs often do not float in water and therefore
cannot be transportedbyriver.
Genetic resources Testulea gabonensis has
been subjected to overexploitation in most regions
within its area of distribution. Its occurrence in
a small area and low densities make it even
more vulnerable. It is classified as endangered
in the IUCN RedList of threatened species.
Prospects Testulea gabonensis produces a
good-quality timber. However, it is clearly
threatened by genetic erosion or even extinction and research should focus on proper management measures to ensure sustainable exploitation. This would imply very low production levels for the near future. Testulea gabonensis deserves more research on seed harvesting, nursery techniques, silviculture and
growthrates.
Major references ATIBT, 1986; Bolza &
Keating, 1972; CIRAD Forestry Department,
2008; CTFT, 1952a; CTFT, 1990; de SaintAubin, 1963; Takahashi, 1978; UNEP-WCMC,

2006; White & Abernethy, 1997; Wilks & Issembé, 2000.
Other references Adjanohoun et al. (Editors), 1988: African Regional Workshop, 1998;
Christy et al., 2003; Chudnoff, 1980; Gassita et

salpinioideae)
SynonymsBerlinia bifoliolata Harms(1901).
Vernacular names Ekaba (En). Ekaba(Fr).
Origin and geographic distribution Tetraberlinia bifoliolata is distributed in Cameroon,
Equatorial Guinea, Gabon, Congo, western DR
Congo and Cabinda (Angola).
Uses The wood, trade as ‘ekaba’, is mainly
used for veneer and plywood. It is suitable for
flooring, joinery, interior trim, furniture, toys,
novelties, boxes and turnery.
Production andinternational trade According to ATIBT statistics, Cameroon exported
6400 m3 ‘ekaba’ in 2000 and 11,700 m? in 2001.

In 2004 Cameroon exported about 200 m3 of
‘ekaba’ logs to Italy and 275 m? to Senegal.
Properties The heartwood is yellowish
white, turning pinkish brown to coppery brown
with irregular darker streaks upon drying;it is
indistinctly demarcated from the up to 12 cm
wide, yellowish to greyish white sapwood. Most
wood on the market comprises heartwood as
well as sapwood. The grain is usually interlocked or wavy andirregular, texture medium
to fairly coarse. Quarter-sawn surfaces are
glossy and show ribbon-like figure.
The wood is medium-weight, with a density of
520-680 kg/m? at 12% moisture content. It
dries fairly rapidly but some care is needed to
avoid distortion. Fungal staining may occur
during air drying. The shrinkage rates are
moderately high, from green to oven dry 3.8—
5.4% radial and 6.4-9.5% tangential. Once dry,
the wood is moderately stable to unstable in
service.
At 12% moisture content, the modulus of rupture is 103-146 N/mm?, modulusof elasticity
8600—-16,200 N/mm?, compression parallel to

al. (Editors), 1982; Gérard et al., 1998; Leboeuf
et al., 1977; Neuwinger, 2000; Raponda-Walker

& Sillans, 1961; Sallenave, 1955; Sallenave,
1964; Sallenave, 1971; Tailfer, 1989; Vivien &
Faure, 1985.
Sources of illustration CTFT, 1952a; Wilks

& Issembé, 2000.
Authors K.A. Oduro

TETRABERLINIA BIFOLIOLATA (Harms)
Hauman
Protologue Bull. Séanc. Inst. Roy. Col. Belg.
23: 477 (1952).
Family Caesalpiniaceae (Leguminosae - Cae-

Tetraberlinia bifoliolata — wild

TETRABERLINIA 643
grain 43-58 N/mm’, shear 5—7.5 N/mm?, cleav-

age 11-18 N/mm and Chalais-Meudon side
hardness 1.5-4.1.
The wood is easy to saw. During planing and
moulding some tearing mayoccur, but a clean
finish can be obtained when using an angle of
15-20°. The wood takes nails and screws well,

but splitting may occur near edges. It stains,
varnishes and paints well. The gluing properties are satisfactory, but casein glue may cause
brown blotches. The peeling properties are
good, but some tearing may occur due to the
presence of interlocked grain. The bending
properties are moderate. Staining with iron
compounds mayoccur.
The heartwood is moderately durable. It is
susceptible to attacks by fungi and pinhole
borers, but moderately resistant to termites.
The sapwood is susceptible to Lyctus attacks.
The heartwood is moderately resistant to impregnation with preservatives, but the sapwood is permeable. The wood is suitable for
pulping. The wood contains 41—45.5% cellulose,
26-29% lignin, 16.5-19% pentosan, 0.2—1.1%
ash andlittle silica. The solubility is 1.6—-10.2%
in alcohol-benzene, 7.0% in hot water and 9.5—

19.7% in a 1% NaOH solution.
Description Small to large tree up to 50 m
tall; bole branchless for up to 20(—25) m,
straight and cylindrical, up to 100(-150) cm in
diameter, without buttresses but base sometimes lightly broadened; bark surface smooth,
dark grey to bright brown, with pale to reddish
brown lenticels in horizontal lines or with horizontal wrinkles, inner bark fibrous, creamy
white to orange; crown fairly open and narrow,
broader in large trees; twigs soon glabrous.
Leaves alternate, paripinnately compound with
1 pair of leaflets; stipules usually free, narrowly triangular, 0.5-3.5 cm long, caducous; peti-

ole 3-8 mm long; petiolules up to 2 mm long;
leaflets opposite, obliquely oblong, 4-35 cm x
1-10 cm, base asymmetrical, apex acute to
acuminate, margins entire, thick-papery to

leathery, glabrous, glossy, pinnately veined.
Inflorescence a terminal or axillary panicle 3—
10 cm long, hairy; bracts ovate to obovate, 4-9
mm X 3.5-7.5 mm. Flowers bisexual, zygomorphic, 5-merous; pedicel 1.5-4.5 mm long, at
apex with 2 oblong to ovate, white to pale pink
bracteoles, 7-13 mm x 5-9 mm; sepals une-

qual, triangular, up to 1 cm x 0.5 cm, 2 partly
fused and 3 free, white to pink; petals unequal,
one 1—2 cm X c. 0.5 mm, others up to 8 mm long
and usually inrolled, yellow, in older flowers
white; stamens 10, 9 fused at base and 1 free,

Tetraberlinia bifoliolata — 1, base of bole; 2,

flowering twig;8, flower; 4, fruit.
Redrawn and adapted by J.M. de Vries
1.5-2.5 cm long; ovary superior, 3-6 mm long,
brown hairy, 1-celled, with stipe 2.5-4.5 mm

long, style 1-2 cm long, stigma heart-shaped.
Fruit an oblong to obovate pod, 6-15 cm x 3-7
cm, flattened, with 0.5—2 cm long stipe at base
and with short beak at apex, upper suture
broadly winged, usually glabrous, brown at
maturity, dehiscent with 2 woodyvalves, 1-2(—

5)-seeded. Seeds obovoid, (1.5-)2—3 cm x (1-)
1.5-2.5 cm, flattened, dark brown. Seedling
with epigeal germination; hypocotyl 2.5-11 cm
long, hairy, epicotyl 4-13 cm long, glabrous to
sparsely hairy; first 2 leaves opposite, with 1-2
pairsofleaflets.
Other botanical information Tetraberlinia comprises 7 species andis restricted to West
and Central Africa. It seems related to Bikinia.
Tetraberlinia polyphylla (Harms) J.Léonard ex
Voorh. (synonym: Berlinia polyphylla Harms )
is a small to medium-sized tree, up to 30(—40)
m tall, with bole branchless for up to 20 m and
up to 70 cm in diameter, endemic to Gabon. Its
wood is recorded to be used for carpentry and
the bark as anthelmintic, but the identity of
the material is dubious. Manyliterature rec-
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ords on Tetraberlinia polyphylla actually refer
to Bikinia species.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;
similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
47: 5-20 vessels per square millimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial

parenchyma: 79: axial parenchymavasicentric;
80: axial parenchymaaliform; 81: axial parenchyma lozenge-aliform; 83: axial parenchyma
confluent; 89: axial parenchyma in marginalor
in seemingly marginal bands; 91: twocells per
parenchyma strand; 92: four (3-4) cells per
parenchymastrand. Rays: 96: rays exclusively
uniseriate; (97: ray width 1-3 cells); 104: all
ray cells procumbent; 106: body ray cells procumbent with one row of upright and/or square
marginal cells; 113: disjunctive ray parenchymacell walls present; 115: 4-12 rays per mm;
116: > 12 rays per mm. Secretory elements and
cambial variants: 131: intercellular canals of
traumatic origin. Mineral inclusions: 136:
prismatic crystals present; 142: prismatic crystals in chambered axial parenchymacells.
(F.D. Kamala, H. Beeckman & P. Baas)
Growth and development Tetraberlinia
bifoliolata grows fast. It flowers in the short
rainy season, in Cameroon in February—May,
in Equatorial Guinea and Gabon in March—
June, and in Congo, DR Congo and Cabinda in
January-April. Fruits are found year-round. In
Cameroon mature pods have been observed on
flowering trees, and in Gabon seed fall occurs
in November-March. Regeneration is good and
trees of all stages are usually present in the
forest. The roots form arbuscular mycorrhizae
and ectomycorrhizae.
Ecology Tetraberlinia bifoliolata occurs from
sea-level up to 900 m altitude in evergreen

on nutrient-poor soils. In the centre of its distribution area it is occasionally very common
and may even become the most important tree
species over large forest areas, but to the margins of its distribution area it becomes rare and
scattered in the forest.
Propagation and planting The 1000-seed
weight is (350—)800-—2700 g.
ManagementIn forest in Gabon, the average wood volume has been reported to be 1.0—
1.2 m3 per ha.
Diseases and pests Galled inflorescences
are very characteristic for Tetraberlinia bifoliolata, forming broadly ovate, woody, rough
heads 1.5-3 cm X 1-2 cm; they are probably
caused by gall-wasps. Coccids are frequently
observed.
Harvesting The minimum bole diameter
allowed for harvesting in Cameroon and Gabon
is 60 cm.
Handling after harvest Brittle heart is
prevalent in large logs. The bark of freshly cut
logs is easily removed. A treatment of logs with
a preservative soon after felling is recommended to avoid fungal and insect attacks. Freshly
cut logs can be transported floating on water,
but it has also been reported that they sometimes sink.
Genetic resources In view of its fairly wide
distribution, common occurrence and good regeneration, Tetraberlinia bifoliolata does not
seem to be threatened with genetic erosion.
Prospects The wood of Tetraberlinia bifoliolata is especially suitable for veneer and plywood. It is less suitable for outdoor applications, because its durability is only moderate.
Because its exploitation is facilitated by the
presence of large and dense stands, fair regeneration and rapid growth, Tetraberlinia bifoliolata may gain importance in the timber market.
Major references Anonymous, 1961; Bolza
& Keating, 1972; Gérardet al., 1998; Normand,
1952; Phongphaew, 2003; Sallenave, 1955;
Sallenave, 1964; Sallenave, 1971; Wieringa,
1999.

Other references Anonymous, 1959; Anonymous,

1964a; ATIBT,

2002; ATIBT,

2005;

Aubréville, 1968; Aubréville, 1970; Ba et al.,
2012; de Saint-Aubin, 1963; Laird, 1999; Normand & Paquis, 1976; Takahashi, 1978;
Wilczek et al., 1952; Wilks & Issembé, 2000.

Sources of illustration Aubréville, 1968;

rainforest on well-drained localities, and some-

Wilks & Issembé, 2000.

times in riverine forest where temporary inundations do not last very long. It is only found

Authors M. Brink

TETRABERLINIA 645
TETRABERLINIA TUBMANIANA J.Léonard

Protologue Bull. Jard. Bot. Etat 35: 98
(1965).
Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)

Origin and geographic distribution Tetraberlinia tubmaniana is only known from Liberia, but it may also be present in adjoining
parts of Sierra Leone and Cote d'Ivoire.
Uses The wood, traded as ‘gola’, ‘ekop’ or
‘sikon’, is mainly used for furniture, veneer and
plywood. It is locally used for construction and
canoes. The wood is suitable for light flooring,
joinery, interior trim, vehicle bodies, ladders,
toys,

novelties,

boxes,

crates,

tool

handles,

turnery, hardboard and particle board.
Production and international trade The
wood of Tetraberlinia tubmaniana is traded
internationally, but statistics are not available.
Properties The heartwood is pale reddish

brown, darkening upon exposure; it is distinctly demarcated from the up to 5 cm wide, pale
pinkish brownor greyish sapwood. The grain is
usually interlocked, texture medium to coarse.
Quarter-sawn surfaces show a silver-grain
figure.
The wood is medium-weight, with a density of
610-680 kg/m* at 12% moisture content. It
dries fairly slowly with a tendency to produce
end and surface checks, and therefore mild
kiln-drying schedules must be used. The
shrinkage rates are moderately high, from
green to oven dry 4.4—5.6% radial and 5.4—
10.2% tangential.
At 12% moisture content, the modulusof rupture is 114-129 N/mm/?, modulusofelasticity
13,800—17,900 N/mm?, compression parallel to

erain 62-65 N/mm?, Brinell side hardness 20—
21 N/mm? and Brinell end hardness 49 N/mm’.
The wood is easy to saw, and works well with
hand and machine tools. During planing of
radial surfaces, some picking up may occur due
to interlocked grain. The wood takesnails fairly well, but splitting near the edges may occur.
It glues well. A filler is necessary to obtain
nicely polished surfaces. The wood slices and
peels very well. Staining with iron compounds
mayoccur.
The heartwoodis only moderately durable. It is
liable to attacks by fungi. The sapwood is susceptible to Lyctus attacks. The heartwood is

moderately resistant to impregnation with
preservatives, but the sapwood is permeable.
Experiments have shown that excellent pulp
can be obtained from the wood. The pulp
bleaches well and can be madeinto very good
paper. The wood fibre cells are (0.7—)1.2-1.7
mm long and 13—22 um wide.
Description Evergreen, small to mediumsized tree up to 30(—42) m tall; bole branchless
for up to 23 m, straight and cylindrical, up to
125 cm in diameter, base without buttresses

but often somewhat swollen or with to 50 cm
high root swellings; bark surface smooth, with
lenticels and some horizontal lines, shallowly
fissured in older trees, grey to bright brown,
inner bark fibrous, pale to bright brown, yellowish brown or pinkish brown: crown fairly

open; twigs short-hairy, becoming glabrous.
Leaves alternate, paripinnately compound with
(1-)3-6(-7) pairs of leaflets; stipules free,
slightly obliquely ovate, 0.5—-1.5 em long, caducous; petiole 2-6 mm long, rachis up to 8(-18)

cm long, grooved above, hairy; leaflets opposite,
sessile, slightly obliquely rhombic to elliptical,
1-8 cm X 0.5—4 em, base usually rounded, apex
usually

short-acuminate,

margins

entire,

leathery, nearly glabrous, pinnately veined.
Inflorescence a terminalor axillary panicle 3-9
cm long, brown hairy; bracts ovate, circular or
obovate,
Flowers

2.5-5 mm X 2.5-4 mm, caducous.
bisexual,
zygomorphic,
5-merous,

sweetly fragrant; pedicel 2—4(-5) mm long, at
apex with 2 ovate, greenish white to brownish
white bracteoles, 6-9 mm x 4.5-6 mm; sepals

Tetraberlinia tubmaniana — wild

unequal, ovate to triangular, up to 0.5 cm long,
2 partly fused and 3 free, white to greenish
white; petals unequal, one up to 1 cm long,
others narrow and up to 0.5 cm long, medium
to pale yellow, in older flowers white; stamens
(9-)10, (8-)9 fused at base and 1 free, filaments
1-1.5 cm long; ovary superior, 2-4 mm long,
hairy, 1-celled, with stipe 1.5-4 cm long, style
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similar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessel lumina 100-200 um; 43:
mean tangential diameter of vessel lumina >
200 um; 46: < 5 vessels per square millimetre;
(47: 5-20 vessels per square millimetre); 58:

gumsand other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial

parenchyma: 79: axial parenchyma vasicentric;
80: axial parenchyma aliform; 81: axial parenchyma lozenge-aliform; (83: axial parenchyma
confluent); 89: axial parenchyma in marginal
or in seemingly marginal bands; (91: twocells
per parenchymastrand); 92: four (3—4) cells per
parenchyma strand; 93: eight (5-8) cells per

Tetraberlinia tubmaniana — 1, flowering twig;

2, flower bud; 3, flower with one bracteole removed;4, fruit; 5, seed.

Redrawn and adapted by W. Wessel-Brand
c. 1 cm long, stigma heart-shaped. Fruit an
oblong to oblong-obovate pod, 6-13 cm Xx 3-5
cm, flattened, with 1—2.5 cm longstipe at base
and with short beak at apex, upper suture distinctly winged, glabrous or sparsely hairy,
glossy brown to grey-brown at maturity, dehiscent with 2 thin-woody, coiling valves, 1—3seeded. Seeds disk-shaped, 1.5-2.5 cm x 1.5-2
cm, flattened, fairly glossy brown. Seedling
with epigeal germination; hypocotyl 5-11 cm
long, epicotyl 3-9 cm long, densely hairy; first
2 leaves opposite, with 6—9 pairsofleaflets.
Other botanical information Tetraberlinia comprises 7 species andis restricted to West
and Central Africa. It seems related to Bikinia.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 1: growth ring boundaries distinct. Vessels: 5: wood diffuse-porous; 13: simple perforation plates; 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
(25: intervessel pits small (4—7 um)); 26: intervessel pits medium (7-10 um); 29: vestured
pits; 30: vessel-ray pits with distinct borders;

parenchymastrand. Rays: 96: rays exclusively
uniseriate; 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; (107: body ray cells procumbent with
mostly 2—4 rows of upright and/or square marginal cells); 115: 4-12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial parenchymacells; 143: prismatic crystals in fibres.
(E.K. Achi, H. Beeckman & P.E. Gasson)
Growth and development Tetraberlinia
tubmaniana flowers in April—June, and the
fruits are ripe in November—January. Young
trees only 9 m tall and 8 cm in bole diameter
have been observed to flower already. When
the fruits dehisce, the seeds are ejaculated
from the coiling valves. Regeneration is good;
seedlings are abundantin theforest.
Ecology Tetraberlinia tubmaniana occurs
from sea-level up to 100 m altitude in evergreen rainforest, in areas with an average annualrainfall of over 2000 mm, becoming abundant in areas with an average annualrainfall
over 2500 mm. It grows on flat to slightly un-

dulating terrain with deep soils; the terrain
should not be inundated nor have a high watertable. It often occurs gregariously, and in some
forests, such as the Krahn-Bassa National For-

est in south-eastern Liberia, it is the dominant
species over large areas, not only dominating
the canopy, but also the middle and lowerlayers. Trees seem to suffer when suddenly exposed to full light, for instance when too many
canopy trees arecut.

Propagation and planting The 1000-seed
weight is 600-1900 g.
Management In the 1960s the total standing stock of Tetraberlinia tubmanianain southeastern Liberia was estimated at over 7 million
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m3, and estimations of the amount of exploitable timberin old forests were as high as 70 m?
per hectare. In the 1970s it was recorded that
stands in the Krahn-Bassa National Forest
contained about 30 trees with a diameter over
40 cm per ha.
Yield Because the sapwood is narrow, even
small diameter logs contain much heartwood.
Genetic resources In spite of the high
numbers of trees counted in the 1960s and
1970s, Tetraberlinia tubmanianais recorded to
be overexploited and is classified as vulnerable
in the IUCN Red List. It still occurs at high
densities in a number of forest reserves. Its
small distribution area makesit easily liable to
genetic erosion.
Prospects The wood of Tetraberlinia tubmaniana has good strength properties and
works well, but because of its limited durability
it is less suitable for outdoor uses. The woodis
especially used for veneer and plywood, but
quantitative information on its production,
trade and use are not available. As the species
is classified as vulnerable, care should be taken

that its exploitation is carried out in a sustainable way. To do this properly, more information
is needed on growth rates and suitable forest
management systems.
Major references Bolza & Keating, 1972;

Chudnoff, 1980; Gérard et al., 1998; Gottwald
et al., 1968; Kryn & Fobes, 1959; Kukachka,
1969: Sachtler, 1968; Voorhoeve, 1979; Wierin-

ga, 1999.
Other references Bongers et al.,

Tetrapterocarpon geayi — wild
be in demandfor the junction of outriggers to
pirogues and for wheel axes of carts. The wood
is suitable for luxury mosaic parquet flooring,
heavy furniture and sliced veneer. It is used for
charcoal production.
In traditional medicine powdered root bark is
applied to wounds and a decoction of the root
bark is gargled to treat toothache.
Properties The heartwood is orange-red;
sapwood yellowish and narrow, 1.5-2 cm in
diameter. The grain is slightly interlocked,
texture fine. The wood is heavy and hard, with
moderate shrinkage during drying.
Botany Deciduous, dioecious small tree up

1999;

to 12 m tall; bole up to 45 cm in diameter; bark

Burkill, 1995; Kunkel, 1965; Normand, 1958;
Normand & Paquis, 1976; Poorter et al., 2004;
Russell & Sieber, 2005; Takahashi, 1978;

surface smooth to shallowly fissured, grey,
with whitish lenticels; twigs glabrous to shorthairy. Leaves alternate, bipinnately compound
with (1-)2-3(-4) pairs of pinnae and with a
terminal pinna; stipules small, caducous; petiole 3-5 cm long, rachis (3.5—)5—9(—10) cm long,
slender; axes of pinnae 6-12 cm long; leaflets
(8-)10-14(-16) per pinna, alternate to opposite,

World Conservation Monitoring Centre, 1998.
Sources of illustration Voorhoeve, 1979.
Authors M. Brink

TETRAPTEROCARPON GEAYI Humbert
Protologue Compt. Rend. Hebd. Séances
Acad. Sci. 208: 374 (1939).

Family Caesalpiniaceae (Leguminosae - Caesalpinioideae)
Origin and geographic distribution Tetrapterocarpon geayi is endemic to Madagascar,
whereit occurs in the south-western partof the
island from the surroundings of Morondava to
the extreme south.
Uses The wood, locally known as ‘vaovy’, is
used for poles in house construction, carpentry
and cart construction. It has been recorded to

oblong-obovate, 1.5-3 cm X 0.5—1 cm, truncate

to slightly notched at apex, glabrous, pinnately
veined. Inflorescence an axillary panicle up to
10 cm long, minutely hairy, with densely flowered branches. Flowers unisexual, regular, 4merous, small, greenish white; pedicel c. 2 mm

long; sepals broadly ovate, c. 1 mm long,slightly hairy; petals free, broadly elliptical, c. 2.5
mm long, margins inrolled, glabrous, spreading; stamens free, equal, staminodes hairy,
reflexed over the petal bases; ovary superior,
spindle-shaped, c. 2 mm long, stiped, 1-celled,
style short; male flowers with well-developed
stamens and rudimentary ovary, female flow-
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ers with rudimentary stamens and welldeveloped ovary. Fruit a winged pod, broadly
elliptical to circular in outline, 2.5—3.5 em x 2—
3.5 cm, with c. 0.5 cm long stipe and spindleshaped central seed-containing part bearing 2
unequal pairs of papery wings, indehiscent, 1seeded. Seed club-shaped, c. 1 cm long, smooth,

dark brownto blackish.
Trees can be found flowering from Novemberto
January.
Tetrapterocarpon comprises 2 species. Relationships with Acrocarpus, Arcoa and Ceratonia have been suggested. Tetrapterocarpon
septentrionalis Du Puy & R.Rabev.is a small to
medium-sized tree up to 20 m tall with larger
fruits than Tetrapterocarpon geayi; it mainly
occurs in northern Madagascar, but with a
population in south-central Madagascar.
Ecology Tetrapterocarpon geayi occurs in
dry woodland and scrubland up to 300 m altitude, locally frequent. It has been recorded on
limestone, sand and basaltsoils.

Genetic resources and breeding There is
no reason to consider Tetrapterocarpon geayi as
threatened, but in view ofthe local exploitation
of its wood and bark and its probable low
growth rates, monitoring of its populations is
advisable.
Prospects Tetrapterocarpon geayi will probably remain of some local importance for its
wood, but it has no prospects as a commercial
timber.
Major references du Puy et al., 2002;
Guéneau, Bedel & Thiel, 1970-1975.
Other references Bedolla, 1997; Debray,
Jacquemin & Razafindrambao, 1971; du Puy &
Abraham, 1994; Lewis et al., 2005.

Authors R.H.M.J. Lemmens

TINA STRIATARadlk.
Protologue Sitz.-Ber. Bayer. Akad. 9: 525,
651 (1879).
Family Sapindaceae
Origin and geographic distribution Tina
striata is endemic to Madagascar, where it
occurs widespread in the central and eastern
regions.
Uses The wood of Tina striata is especially
valued for boat building. It is also used asfirewood although it takes a long time to dry. A
decoction made of the leaves and twigs is used
as an aphrodisiac, in the treatment of epilepsy
and to speed up the closing of the fontanel in
babies.

Tina striata — wild
Properties The bark of Tina striata contains tannins that belong to the groupof condensed tanninsof the proanthocyanidin type.
Botany Dioecious small to medium-sized
tree up to 25 m tall; twigs slightly grooved,
short-hairy. Leaves alternate, paripinnately
compound with (1—)2-10(—13) pairs of leaflets;
stipules absent; leaflets opposite to alternate,
elliptical to obovate, (1.5—)2.5-10 cm long, cuneate and usually slightly asymmetrical at
base, usually rounded at apex, marginsslightly
toothed, leathery, glabrous, pinnately veined
with manylateral veins. Inflorescence an axillary panicle up to 17 cm long, short-hairy.
Flowers unisexual, regular, 5-merous; pedicel

c. 1 mm long; sepals free, ovate, 1-1.5 mm long,
short-hairy outside, yellowish green; petals
free, ovate, 1-1.5 mm long, short-hairy, white,
with 2 small lateral scales; stamens 8, free, up

to 3 mm long, hairy; ovary superior, 2-celled,
style thick and short; male flowers with rudimentary ovary, female flowers with reduced
stamens. Fruit an obovoid to nearly globose
capsule 1-2 cm long, yellow to orange, glabrous, dehiscent, 2-valved, 1-seeded. Seed obo-

void, 0.5—-1 cm long, basal part covered by a
waxyaril.
Tina striata is morphologically variable and 5
subspecies have been distinguished, mainly
differing in numberandsize of the leaflets and
the presence or absence of small pits in the
leaflet surface.
Tina comprises 6 species and is endemic to
Madagascar. The wood of Tina chapelieriana
(Cambess.) Kalkman, a small tree of up to 10 m
tall with a bole diameter up to 60 cm, is yellowish, heavy, hard and durable. It is used for
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construction, carpentry and railway sleepers.
The bark is used as fish poison. The wood of
Tina dasycarpa Radlk., Tina fulvinervis
Radlk., Tina isaloensis Drake and Tina thouarsiana (Cambess.) Capuron, all small trees up to
10 m tall, is mainly used for boat building.
The genera Neotina and Molinaea closely resemble Tina; they are difficult to distinguish
unless in fruit, and have the same vernacular
namesandprobablyalso uses.
Ecology Tina striata is found in humid and
subhumid evergreen forest from sea-level up to
2200 m altitude.
Genetic resources and breeding Tina
striata is widespread in Madagascar and there
seems to be no reason to considerit threatened
at present. Its variation is remarkable and
deserves more attention.
Prospects Knowledge on Tina striata and
other Tina spp. is very limited and only further
study could reveal serious opportunities for
more extensive use of the species.
Major references Boiteau, Boiteau & Allorge-Boiteau, 1999; Capuron, 1969.

Other references Bärner & Müller, 1942;
Brown et al., 2009; Buerki et al., 2009; Carriére et al., 2005; Debray, Jacquemin & Ra-

zafindrambao, 1971; Hegnauer, 1990; Vary et
al., 2009.
Authors C.H. Bosch

TINOPSIS APICULATA Radlk.

Protologue T.Durand, Index gen. phan.: 78

(1887).

Family Sapindaceae
Origin and geographic distribution Tinop-

sis apiculata is endemic to Madagascar, where
it is widespread in the eastern regions.
Uses The woodof Tinopsis apiculata, traded
as ‘ramaindafy’ together with the wood of Neotina isoneura (Radlk.) Capuron, is especially
used to build boats. Smaller-sized poles are
used in construction and as fence posts. The
wood is suitable for heavy carpentry, mine
props and railway sleepers. It is also used as
firewood and for charcoal production. The
fruits are eaten.
Properties The heartwood is pale pinkish
brown andis distinctly demarcated from the
greyish creamy sapwood. The wood is fairly
heavy, with a density of about 830 kg/m? at
12% moisture content, and hard. The rates of

shrinkage during drying are fairly high, from
green to oven dry about 5.7% radial and 12.4%
tangential. Once dry, the wood is not stable in

service.
At 12% moisture content, the modulus of rupture is 174 N/mm2, modulusofelasticity 14,300
N/mm?, compression parallel to grain 67
N/mm?, cleavage 23 N/mm and ChalaisMeudon side hardness 6.6. The woodis fairly
durable, being moderately resistant to fungi
and termites. The heartwood is resistant to
impregnation with preservatives, the sapwood
is permeable.
Botany Evergreen, dioecious, small to medium-sized tree up to 25 m tall; bole up to 50 cm
in diameter; twigs densely yellowish to reddish
brown short-hairy. Leaves alternate, paripinnately compound with 1-4 pairs of leaflets;
stipules absent; petiole up to 6 cm long, rachis
up to 20 cm long; petiolules 2-5 mm long; leaflets opposite, elliptical, 6-20 cm x 2-6.5 cm,
cuneate at base, acute to acuminate at apex,
marginsentire, leathery, glabrous except veins
below, pinnately veined with 10-15 pairs of
lateral veins. Inflorescence an axillary, slender

false raceme-like panicle 3—10(—15) cm long,
densely hairy. Flowers unisexual, regular, 5merous; pedicel up to 2 mm long; sepals free,
triangular to ovoid, up to 2.5 mm long, hairy
outside; petals free, obovoid, up to 2 mm long

and wide, hairy, with 2 lateral scales; stamens
free, c. 4 mm long, hairy; ovary superior, ovoid,
2-celled, style up to 2 mm long; male flowers
with rudimentary ovary, female flowers with

Tinopsis apiculata — wild

reduced stamens. Fruit an obovoid to globose
berry 2—2.5 cm long, yellow whenripe, indehiscent, 1(—2)-seeded. Seed up to 1.5 cm long,
completely covered by pulpy-fleshy, translucent
aril.
Tinopsis is endemic to Madagascar and com-
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prises 11 species. Most of these species yield
wood that is used for building boats, andalthough most of them are suitable for other uses
such as house building and furniture, these are
often considered a waste of valuable timber.
The species with a recorded timber use are
Tinopsis chrysophylla Capuron, Tinopsis conjJugata (Thouars ex Radlk.) Capuron, Tinopsis
dissitiflora (Baker) Capuron, Tinopsis macrocarpa Capuron, Tinopsis phellocarpa Capuron,
Tinopsis tamatavensis Capuron and Tinopsis
urschii Capuron. Thearil of Tinopsis dissitiflora is edible and parts of the plant are used in
traditional medicine as a vermifuge and tonic.
The bark of Tinopsis macrocarpais rich in saponins andis used for washing, andthis is also
the case for the bark of Tinopsis tampolensis
Capuron.
Ecology Tinopsis apiculata is distributed in
humid to subhumid evergreen forest from sealevel up to 1000 m altitude. It is most often
found on slopes and in depressions.
Genetic resources and breeding Although
Tinopsis apiculata and other Tinopsis spp. are
much sought after for their timber, there are
no reports that any of these species is under
threat. Assessment of the size of the populations and their exploitation is needed and could
reveal the need for protection measures.
Prospects Too little is known about Tinopsis apiculata and other Tinopsis spp. to make
projectionsfor the future.
Major references Boiteau, Boiteau & Allorge-Boiteau, 1999; Guéneau, 1971a; Guéneau,
Bedel & Thiel, 1970-1975; Sallenave, 1971;
Takahashi, 1978.

Other references Buerki et al., 2009; Capuron, 1969; Styger et al., 1999; Vary et al.,
2009.
Authors C.H. Bosch

TRICHOCLADUS ELLIPTICUS Eckl. & Zeyh.
Protologue Enum. pl. afric. austral.: 356
(1837).
Family Hamamelidaceae
Chromosome number 2n = 24
Vernacular names Wych hazel, witch-hazel,
white witch-hazel, Natal hazel (En).
Origin and geographicdistribution Trichocladusellipticus occurs from Sudan and Ethiopia, through eastern DR Congo and East Africa, south to southern Africa.

Uses The wood of Trichocladus ellipticus is
used for construction, fencing, carpentry and

Trichocladusellipticus — wild
carvings, and as firewood. Larger boles are

used as posts in building and smaller stemsfor
cross poles. Trichocladus ellipticus is the favourite species of the Maasai people for making
frames for their shields. A bark decoction is
added to soup or meat to improve digestion and
to cure an upset stomach.

Properties The wood is white, tough and
hard, but bendseasily. It hardens when heated. The Wandorobo people of East Africa consider the wood termite resistant.
Botany Shrub or small tree up to 10(-18) m
tall; bark smooth or slightly rough, greyish
white or creamy brown; young branches with
yellow or rusty-brown stellate hairs. Leaves
alternate, simple and entire; stipules linear,

early caducous; petiole 0.5-2 cm long; blade
elliptical to obovate-elliptical or oblanceolate,
(1.5-)5-28 cm x 1-12 cm, cuneate to rounded
at base, acute to acuminate at apex, densely
soft-hairy below, pinnately veined. Inflorescence axillary, head-like; peduncle 5-15 mm
long. Flowers bisexual, regular, sessile; calyx
with c. 1 mm long tube and 4—5 lobes c. 1 mm
long, soft-hairy; petals free, 1-1.5 mm long,
white, greenish yellow or yellow, soft-hairy
outside; stamens 5, filaments c. 1 mm long,

anthers c. 1 mm long; ovary ellipsoid, hairy, 2celled, styles 2. Fruit a globose capsule 6-8 mm
long, pubescent, 1—2-seeded. Seeds ovoid to
ellipsoid, c. 5 mm x 3—4 mm, yellowish or greyish, mottled black.

Trichocladus comprises about 4 species, 2 of
them endemic to South Africa. It is the only
genus of Hamamelidaceae on the African continent and it is not found elsewhere. Two subspecies are distinguished in Trichocladus ellip-
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ticus: subsp. malosanus (Baker) Verdc., widespread in tropical Africa, and subsp. ellipticus,
restricted to South Africa. The latter is characterized by smaller, narrower and more acuminate leaves.
Ecology Trichocladusellipticus is found in
the understorey of montane forest at 12502100(—3000) m altitude, often along streams.

Genetic resources and breeding In South
Africa Trichocladus ellipticus is considered
‘near threatened’. Elsewhere, it is widespread,

often dominant and even occurring in almost
pure stands. As it is apparently not heavily
exploited there seems to be no threat of genetic
erosion.
Prospects Trichocladus ellipticus will remain only locally important.
Major references Dovie, Witkowski &
Shackleton, 2008; Kokwaro, 1993; Mendes &
Vidigal, 1978.

Other references Coates Palgrave, 1983;
Dale & Greenway, 1961; Ichikawa, 1987; Legilisho-Kiyiap, 1998; Medley & Kalibo, 2007;
Verdcourt, 1989c; von Breitenbach, 1994.

Authors C.H. Bosch

TRICHOSCYPHA ARBOREA(A.Chev.) A.Chev.
Protologue Explor. bot. Afrique occ.frang.: 161
(1920).
Family Anacardiaceae
Chromosome number2n = 48
Origin and geographic distribution Trichoscypha arborea occurs from eastern Guinea and
Sierra Leone east to western Cameroun.
Uses The wood of Trichoscypha arborea,
known in Côte d'Ivoire as ‘dao’, is locally used,

mainly for construction. It is also used for canoes and planks. It is suitable for light flooring,
joinery, interior trim, furniture, cabinet work,
musical instrument, pestles, toys, novelties,

veneer, plywood, hardboard and particle board.
It is recorded to have some industrial importance in the production of paper pulp, alone
or in a mixture with other woods. The bark
contains resin which is suitable for vanish production and for medicinal purposes. In Côte
d'Ivoire the resin is used by the Guéré people
to prevent miscarriage and to treat diarrhoea,
dysentery and amenorrhoea. The fruits are
edible and largely relished by local people.
Production and international trade The
wood of Trichoscypha arborea is mainly used
locally. Production and trade statistics are not
available. Bark is commonly sold on local markets in Côte d'Ivoire for medicinal purposes.
Properties The heartwood is variable in
colour, from pinkish grey to reddish brown or
yellowish brown with a green-pinkish tinge,
often with darker streaks, and distinctly demarcated from the greyish sapwood. The grain
is often interlocked, texture rather fine and
even. The wood is lustrous, odourless and
tasteless when dry.
The wood is moderately heavy, with a density
of 730-850 kg/m? at 12% moisture content, and
hard. The drying characteristics are satisfactory, although the rates of shrinkage may be
considerable. At

12% moisture content, the

modulus of rupture is 151-172 N/mm?, modulus of elasticity 16,170 N/mm?, compression
parallel to grain 61-69 N/mm?, cleavage 20-24
N/mm, Chalais-Meudon side hardness 3.5—5.2
and Janka side hardness 8940 N.
The wood is not difficult to saw and work, but

has a tendency to develop rough surfaces. It is
moderately durable with an expected outdoor
service life of 8-15 years; it is liable to attacks
by Lyctus borers, termites and marineborers.
The 5-deoxyflavonoids sulphuretin, fisetin and
rengasin have been isolated from the heartwood of Trichoscypha arborea.
The mean weight of a fruit is 45 g, with about
80% of a sweet pulp.
Description Evergreen, dioecious, small to
medium-sized tree up to 30 m tall; bole often
branchless to a considerable height, usually
straight but sometimes twisted, up to 50 cm in
diameter, often with small buttresses; bark
surface slightly flakey, greyish, inner bark
fibrous, reddish brown to purplish brown, ex-

uding small dots of whitish resin; crown small
Trichoscypha arborea — wild

and dense; branches more or less whorled.

652

TIMBERS 2

confined to West and Central Africa. Cameroon
and Gabon are richest, with 16 and 18 species,
respectively.
Trichoscypha lucens Oliv. (synonyms: Trichoscypha chevalieri Aubrév. & Pellegr., Trichoscypha ealaensis Van der Veken, Trichoscypha
oba Aubrév. & Pellegr., Trichoscypha ulugurensis Mildbr., Trichoscypha yapoensis Aubrév. & Pellegr.) is a variable shrub or small
tree up to 15(-25) m tall widespread in West
and Central Africa and the only Trichoscypha
species extending to East and southern Africa.
Its wood is sometimes used for similar purposes as that of Trichoscypha arborea. It is strong,
tough, flexible and durable, and additionally
used for bows, arrows and fetish masks. The

fruit is edible.
Trichoscypha bijuga Engl. (synonym: Trichoscypha beguei Aubrév. & Pellegr.) is a shrub to
small tree of the forest understorey occurring
from Liberia to western DR Congo and northern Angola. The woodis probably used for similar purposesas that of Trichoscypha arborea.
Trichoscypha cavalliensis Aubrév. & Pellegr. is
an understory tree up to 20 m tall with a
straight bole up to 20 cm in diameteroccurring
Trichoscypha arborea — 1, leaf; 2, leaflet; 3,
male flower; 4, female flower, 5, infructescence.
Redrawn and adapted by Iskak Syamsudin
Leaves alternate, clustered near ends of twigs,
imparipinnately compound with 6-9 pairs of
leaflets; stipules absent; petiole and rachis
together up to 70 cm long; petiolules 3-15 mm
long, wrinkled; leaflets alternate to opposite,
narrowly ovate to elliptical, 12-26 cm x 3-9
cm, cuneate at base, acuminate at apex, leath-

ery, glabrous, pinnately veined with 9-14 pairs
of lateral veins. Inflorescence a large erect panicle up to 80 cm long, glabrousorslightly shorthairy. Flowers unisexual, regular, 4-merous,

red to purplish, nearly sessile; calyx with short
lobes, c. 0.56 mm long, hairy; petals free, ovate,
c. 1 mm long; disk glabrous; stamens free, al-

ternating with petals; ovary superior, 1-celled,
styles 3-4, short; male flowers with strongly
reduced ovary, female flowers with reduced
stamens Fruit an ellipsoid drupe 2—2.5 cm x
1.5-2 cm, red whenripe, glabrous, with yellow,

fibrous but sweetish pulp, 1-seeded. Seedling
with hypogeal germination, with cotyledons
embedded in fruit pulp; epicotyl 10-12 cm long,
longitudinally grooved, reddish brown, finely
hairy; first leaves opposite and simple.
Other botanical information Trichoscypha comprises about 30 species and is nearly

in Liberia, Céte d’Ivoire and Ghana. Its dura-

ble wood is used for poles in house building.
Trichoscypha cavalliensis is classified as vulnerable in the IUCN Redlist.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 14: scalariform perforation plates; 15: scalariform perforation plates with < 10 bars; 16: scalariform
perforation plates with 10-20 bars; 21: intervessel pits opposite; (22: intervessel pits alternate); (26: intervessel pits medium (7—10 pm));
27: intervessel pits large (@ 10 um); 32: vesselray pits with much reduced borders to apparently simple: pits horizontal (scalariform, gashlike) to vertical (palisade); 41: mean tangential
diameter of vessel lumina 50-100 um; (48: 20—

40 vessels per square millimetre); 49: 40-100
vessels per square millimetre. Tracheids and
fibres: 61: fibres with simple to minutely borderedpits; (65: septate fibres present); 66: nonseptate fibres present; 69: fibres thin- to thickwalled. Axial parenchyma: 75: axial parenchyma absent or extremely rare; 938: eight (5-8)
cells per parenchyma strand. Rays: 97: ray
width 1-3cells; (98: larger rays commonly 4- to
10-seriate); (107: body ray cells procumbent
with mostly 2-4 rows of upright and/or square
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marginal cells); 108: body ray cells procumbent
with over 4 rows of upright and/or square marginal cells; 115: 4-12 rays per mm; 116: > 12
rays per mm. Mineral inclusions: 136: prismatic crystals present; 140: prismatic crystals
in chambered upright and/or squareraycells.
(E. Uetimane, P.E. Gasson & E.A. Wheeler)

Growth and development Seedlings develop a dark red taproot with slender lateral
roots. The first 5-10 leaves of seedlings are
simple; the first compound leaves develop 6-12
months after germination. The tree is evergreen, but flushes of new dark red leaves appear at the end of the rainy season. Flowering
trees have been recorded from May to November, and fruits ripen about 4 months later.

They are eaten by monkeys, which may serve
as seed dispersers.
Ecology Trichoscypha arborea occurs mostly
in evergreen forest, sometimes in moist semideciduous forest, often along watercourses and
in coastal formations. It is found up to 300 m
altitude and prefers moist but free draining
localities.
Propagation and planting There are 700—
800 seeds per kg. Seeds start germinating 3-8
weeksafter sowing, but some seeds still germinate after 3 years. The germination rate is
usually high, 80-90%.
Genetic resources Trichoscypha arborea
has a quite large area of distribution and is
locally common. Thereare no indications of any
commercial exploitation or threats and it
seems therefore not liable to genetic erosion.
Prospects Trichoscypha arborea is a multipurpose tree with limited prospects as a commercial timber species becauseof its relatively
small bole size. However, it has a high value
for its fruits and the medicinal use of the bark
resin. Research on domestication is recommended because it may have prospects asfruit

TRICHOSCYPHA LONGIFOLIA (Hook.f.) Engl.
Protologue Bot. Jahrb. Syst. 1: 425 (1881).
Family Anacardiaceae
SynonymsSorindeia longifolia (Hook.f.) Oliv.
(1868).
Origin and geographic distribution Trichoscypha longifolia is restricted to Sierra Leone
andLiberia.
Uses The wood is used for planks and construction in local house building. A bark decoction is used as an antiseptic wash for sores and
wounds. Leaves are applied to heal ulcers. The
oily seeds are edible.
Properties The woodis greyish to greenish
yellow and somewhat variegated. The grain is
fairly straight, texture fine. The woodis lustrous and has nodistinct odouror taste. It is
heavy, hard, tough and strong, and somewhat
splintery. It is not easy to work when dry, but
takes a fine polish. The bark exudes a clear,
sticky, pungent resin which becomes black
upon exposure. This resin can stain hands and
clothing andis verydifficult to remove.
Botany Evergreen, dioecious, small to medium-sized tree up to 25 m tall; bole often
branchless to a considerable height, usually
straight, up to 30 cm in diameter, without buttresses; bark surface greenish brown, inner
bark exuding a clear resin becoming black upon exposure; twigs densely short-hairy. Leaves
alternate, clustered near ends of twigs, up to

60 cm long, imparipinnately compound with 6—
9 pairs of leaflets; stipules absent; petiole deeply grooved and slightly winged at base; petiolules c. 1.5 cm long, wrinkled; leaflets alternate
to opposite, oblong-lanceolate, up to 30 cm x 10
cm, cuneate at base, acuminate at apex, leath-

tree in agroforestry systems.

Major references Breteler, 2001b; Breteler,
2004; de Koning, 1983; Hawthorne & Jongkind,
2006; Kryn & Fobes, 1959; Sallenave, 1955;
Savill & Fox, 1967; Young, 1976.

Other references Aubréville, 1959a; Bolza &
Keating, 1972; Burkill, 1985; Cooper & Record,

1931; de la Mensbruge, 1966; Faure & Louppe,
2006; Hawthorne, 1995; Irvine, 1961; Keay,
1989; Kokwaro, 1986; Normand, 1955; Taka-

hashi, 1978; Vivien & Faure, 1996.
Sources of illustration Aubréville, 1959a;
Breteler, 2001b; Hawthorne & Jongkind, 2006.
Authors E.A. Obeng
Trichoscyphalongifolia — wild
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ery, nearly glabrous, midrib impressed above,
pinnately veined with 13-25 pairs of lateral
veins. Inflorescence a lax panicle up to 35 cm
long, terminal or on branches below the leaves,
red-brown short-hairy. Flowers unisexual, regular, 5(-6)-merous, red-brown, small, nearly
sessile; calyx with short lobes, hairy; petals
free, ovate, c. 3 mm long, whitish; disk hairy;

stamens free, alternating with petals, anthers
1.5-2 mm long; ovary superior, 1-celled, styles
3-4, short; male flowers with strongly reduced

ovary, female flowers with reduced stamens.
Fruit an ellipsoid drupe c. 2.5 cm x 1.5-2 cm,
laterally compressed, glabrous, dehiscent, 1seeded.
Trees flower between July and September, and
fruits ripen about 5 monthslater.
Trichoscypha comprises about 30 species and is
nearly confined to West and Central Africa.
Cameroon and Gabon are richest, with 16 and
13 species, respectively.
Ecology Trichoscypha longifolia occurs in
moist evergreen forest.
Genetic resources and breeding Trichoscypha longifolia has a limited distribution
area and specific habitat requirements, and is
therefore liable to threats of genetic erosion.
Prospects It is very unlikely that Trichoscypha longifolia will become a valuable commercial timber species in future becauseof its
small bole size and very limited area of occurrence. However, it is valued by local people as
source of timber for construction purposes,
edible seeds and bark for medicinal purposes.
Protection in the wild and its domestication
should therefore be promoted and be given
research attention.
Major references Breteler, 2001b; Burkill,
1985; Cooper & Record, 1931.
Other references Hawthorne & Jongkind,
2006.
Authors E.A. Obeng

Trillesanthus macrourus — wild
excellent quality. In Zambia the barkis used to
makethe end-plate of bee-hives. Trillesanthus
macrourus is a valuable source of nectar and
pollen for honey bees.
Properties The wood is brownish, hard and
durable. It is heavy, with a density of about
880 kg/mat 15% moisture content. The rates
of shrinkage during drying are quite high, from
green to oven dry 7.2% radial and 10.4% tangential. At 15% moisture content, the modulus
of rupture is 154 N/mm2, compression parallel
to grain 63 N/mm2, compression perpendicular
to grain 3 N/mm?, shear 10 N/mm? and cleavage 17.5 N/mm.
The bark contains up to 10% tannin.
Botany Evergreen, small to medium-sized
tree up to 25 m tall; bole branchless for up to
10 m, usually fluted, often twisted, with buttresses; bark surface fissured, grey-brown, often flaking in strips, inner bark thin, slightly
fibrous, brown to reddish brown, fading to
creamy brown; crown rounded; twigs short-

hairy, soon becoming glabrous. Leaves alternate, simple and entire; stipules small, cadu-

TRILLESANTHUS MACROURUS(Gilg) Sosef
Protologue Blumea 55(1): 90 (2010).

Family Dipterocarpaceae
Synonyms Marquesia macroura Gilg (1908).
Origin and geographic distribution Trillesanthus macrourus occurs in south-eastern DR
Congo, western Tanzania, northern Zambia
and north-eastern Angola.
Uses The wood is used for posts, poles and
planks in house building, and for fences. It is
also used as firewood and produces charcoal of

cous; petiole c. 1 cm long; blade ovate to elliptical-oblong, 4-10 cm Xx 1.5-5 cm, rounded to
slightly cordate at base, usually acuminate at
apex, papery, glabrous to short-hairy above,
densely whitish short-hairy below, with a
gland at base of midrib above, pinnately veined
with 8-10 pairs of lateral veins. Inflorescence
an axillary or terminal panicle up to 9 cm long,
densely short-hairy, many-flowered. Flowers
bisexual,

regular,

5-merous,

sweet-scented;

pedicel 2-8 mm long; sepals free, ovate, 1—2
mm long, short-hairy, accrescent to wings in
fruit; petals free, obovate to elliptical, 6.5-8
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mm long, minutely hairy, white; stamens numerous, free, 6—-7.5 mm long; ovary superior,
ovoid, hairy, 3-celled below but 1-celled above,
style c. 2 mm long. Fruit an ovoid nut 5-8 mm
x 5-6 mm, indehiscent, 1-seeded, surrounded

by 5 narrowly oblong wings 2—3.5 cm long derived from the sepals.
In Zambia Trillesanthus macrourus flowers
from June to October. The flowers are pollinated by insects such as bees. Fruits ripen 2-3
monthsafter flowering. The roots have symbiosis with ectomycorrhizae.
Trillesanthus comprises 3 species and occurs
from Gabon to Tanzania and Zambia. Trillesanthus excelsus Pierre (synonym: Marquesia
excelsa (Pierre) R.E.Fr.) is a medium-sized to
large tree up to 45 m tall with an often fluted
bole up to 90 cm in diameter, occurring scattered in the forest in Gabon. Its wood is dark
brown, heavy and hard, and seems to be of no
economic interest.
Ecology Trillesanthus macrourus occurs in
dry evergreen forest and woodland,in its eastern part of distribution often together with
Brachystegia, up to 1500 m altitude. It is found
on sandy, loamy as well as rockysoils. It is not
very tolerantto fire.
Management Trillesanthus macrourus can
be propagated by seed, which does not need
pre-treatment. Wildlings are sometimes also
collected for planting. Trillesanthus macrourus
is locally very common, sometimesoccurring in
nearly pure stands. The tree can be managed
by pollarding, lopping and coppicing. Froghoppers are commonly found onthetree; they produce a sticky exudation. Trillesanthus macrourus can be attacked by the termite Macrotermes falciger.
Genetic resources and breeding There
are no indications that Trillesanthus macrourus is threatened. It is locally common and
apparently not much exploited.
Prospects Information on Trillesanthus macrourus in the literature is limited. Research
on growth rates and propagation is needed to
judge its usefulness in agroforestry systems
and its prospects as a timber tree of more
commercial importance.
Major references Chilufya & Tengnäs,

UAPACA GUINEENSIS Müll.Arg.
Protologue Flora 47: 517 (1864).
Family Euphorbiaceae (APG: Phyllanthaceae)
Chromosome number2n = 26
Vernacular names Sugar plum, rikio (En).
Rikio, palétuvier de riviére, palétuvier d’eau
douce (Fr). Sambi, cor de mogno(Po).
Origin and geographic distribution Uapaca
guineensis occurs from Senegaleast to the Central African Republic and south to DR Congo
and Tanzania. It possibly also occurs in Uganda.
Uses The wood is used locally for joinery,
planks,

railway

sleepers,

beams,

furniture,

beds and kitchen utensils. It is suitable for
construction work where high stability is not
required. After quarter-cutting to improve the
stability, the wood can be used for flooring,

joinery and cabinet work. Throughout West
Africa the bole is used to make dugout canoes.
The stilt roots and branches are suitable for
boat ribs. The wood produces good firewood
and an excellent charcoal appreciated for forging.
Especially the roots of Uapaca guineensis are
widely used medicinally; stem bark, leaves and
fruits are used to a lesser extent. Root preparations are commonly taken as an aphrodisiac
andto treat male impotence. In Sierra Leone a
steam bath with the roots is used to treat
headache. In Côte d'Ivoire a root bark preparation is applied to leprous sores and taken as a
tonic by women who have just given birth. In
Côte d'Ivoire and Congo a root bark decoction
is taken orally or as an enema to treat oedema
and gastro-intestinal problems. In Gabon a
root bark decoction is applied in the form of an

1996; Sosef, 2010; Takahashi, 1978; Verdcourt,
1989b.
Other references Duvigneaud, 1961; Mick-

els-Kokwe, 2006.
Authors R.H.M.J. Lemmens
Uapaca guineensis — wild
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enema as an emetic; a stem bark extract is

drunk for the same purpose. Powdered root
bark is sniffed to treat nasal cancer. In Congo
and DR Congoa root bark decoction is taken to
treat female sterility, toothache, rheumatism

and piles. In Congo a root infusion is taken to
treat headache caused by fever. Painful parts
are embrocated with the crushed roots to ease
the pain. A root infusion is taken with sugar
cane juice to treat a blocked nose and pulmonary afflictions. In Gabon stem bark scrapings
mixed with salt are rubbed in to treat skin
complaints. In DR Congo a decoction of leaves,
stem bark or root bark is taken to treat dysentery,

diarrhoea,

stomach-ache

and venereal

diseases. Pulped leaves with palm oil are applied to furuncles to mature them andto reheve migraine and rheumatism. They are also
massaged onto legs of rachitic children to
strengthen them. In Tanzania a stem bark
decoction is taken to treat malaria. In Liberia
unripe fruits are taken as a cough medicine. In
northern Nigeria the flowers and bark enter
into arrow poison preparations.
The fruits have a sweet edible pulp, which can
be eaten raw. Its taste resembles that of dried
prunes or avocado. In Nigeria the pulp is made
into a refreshing drink. Young twigs exude a
red sticky sap, which dries like a gum andis
used as a dye, e.g. for fishing lines. In Nigeria
the large leaves are used to wrap kola nuts.
The tree is used for shade and could be planted
in coffee and cocoa plantations. It can also be
planted to stabilize river banks.
Production and international trade In Liberia, Cameroon and DR Congo Uapaca guineensis is commercially exploited under its
trade name ‘rikio’, but nearly completely for
local markets. In Sierra Leone it has been exploited on a commercial basis for some years,

but this stopped in the mid-1960s because it
was not considered profitable.
Properties The heartwood is red to reddish
brown, sometimes with dark streaks, becoming
pale greyish brownto pale reddish brown upon
exposure, and is indistinctly demarcated from
the up to 8 cm wide sapwood. The grain is
straight to slightly wavy, texture moderately
coarse. Quarter-sawn surfaces show an attractive silver-grain figure.
The wood is medium-weight, with a density of
580—750(—850) kg/m? at 12% moisture content.
It air dries fairly rapidly. Boards of 2.5 cm
thick take about 2 months to dry to 20% moisture content. The wood has some tendency to
warping and surface checking during drying.

Kiln drying showed good results when mild
schedules were used. The rates of shrinkage
are quite high, from green to oven dry 3.9-4.9%
radial and 10.3-11.7% tangential. Once dry,
the wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 101-118 N/mm2, modulusofelasticity
12,150-14,100 N/mm2, compression parallel to
grain 48-56 N/mm2, shear 12.5 N/mm2, cleavage 18 N/mm, Janka side hardness 5200-7730
N, Janka end hardness 8270 N and ChalaisMeudonside hardness 2.2-8.1.
The wood is rather difficult to saw and work,
particularly dried wood, because it contains
silica. It is recommended to use stellite-tipped
saw teeth and tungsten-carbide tipped cutting
edges. The wood tends to split upon nailing and
screwing, and pre-boring is necessary. It glues
well. The wood is moderately durable, being
quite resistant to fungi and dry-wood borers,
but less resistant to termites. It is moderately
resistant to impregnation with preservatives.
Ethanolic extracts of the wood showed moderate antiplasmodial activity and no significant
antibacterial or antifungal activity against
human pathogens in vitro. The wood and bark
contain much tannin. The seed kernel contains
about 28% of a dark greenoil.
Description Evergreen, dioecious, small to
medium-sized tree up to 30 m tall; bole branchless for up to 15 m, straightor irregular,slightly angularor fluted, up to 100 cm in diameter,
on roundedstilt roots up to 4 m high; bark surface cracked or scaly, dark brown to blackish,
inner bark granular, brittle, red, with some
clear or red exudate; crown dense, much-

branched; branches long, slender, nearly glabrous, leaf scars conspicuous; terminal bud

sticky. Leaves arranged spirally, crowded towards the endof the branches, simple; stipules
absent or triangular to linear, up to 2 mm long,
soon falling; petiole 2-6.5 cm long, jointed at
top; blade obovate to obovate-elliptical, (9-)13—
22 cm X (4—)7—12 cm, base cuneate to rounded,

apex usually rounded, margins usually slightly
wavy, papery or thin-leathery, glabrous, with
numerous minute glandular dots, pinnately
veined with (5—)8—9(-11) pairs of lateral veins.
Male inflorescence an axillary globose to ovoid
head 4—7 mm in diameter, with peduncle 1—2.5
cm long and up to 12 yellow bracts up to 1.5 cm
long; female flowers solitary. Flowers unisexual, 4-5-merous; male flowers sessile, with calyx
lobes up to 1.5 mm long, petals c. 1 mm long,
stamens 4—5, free, c. 2 mm long, rudimentary

ovary c. 1 mm long, short-hairy; female flowers
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Uapaca guineensis — 1, base of bole; 2, branch
with male flowers; 8, fruit; 4, fruit stone.

Redrawn and adapted by Achmad Satiri Nurhaman
with 0.5-1 cm long pedicel, calyx shallowly
cup-shaped with triangular to roundedlobesc.
1 mm long, short-hairy, ovary superior, ellipsoid, 3-8 mm long, 3-celled, glabrous, styles 3,
4—5 mm long, reflexed, twice bifid towards

apex. Fruit an ovoid-globose drupe 2—2.5 cm in

in Malawi, Zambia, Zimbabwe and Mozambique at 400-1650 m altitude. The boles are
used to make dug-out canoes.
Anatomy Wood-anatomical description (AWA
hardwoodcodes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; (14: scalariform
perforation plates); (15: scalariform perforation
plates with < 10 bars); 22: intervessel pits alternate; 23: shape of alternate pits polygonal;
27: intervessel pits large (= 10 um); 31: vesselray pits with much reduced borders to apparently simple: pits rounded or angular; 32: vessel-ray pits with much reduced borders to apparently simple: pits horizontal (scalariform,
gash-like) to vertical (palisade); 42: mean tangential diameter of vessel lumina 100—200 um;
43: mean tangential diameter of vessel lumina
> 200 um; (46: < 5 vessels per square millimetre); 47: 5-20 vessels per square millimetre;
(56: tyloses common). Tracheids andfibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; (69: fibres thinto thick-walled); 70: fibres very thick-walled.
Axial parenchyma: 76: axial parenchyma diffuse;
77:
axial
parenchyma
diffuse-inaggregates; 78: axial parenchyma scanty paratracheal; (79: axial parenchyma vasicentric);
92: four (3—4) cells per parenchymastrand; 93:
eight (5-8) cells per parenchyma strand; 94:
over eight cells per parenchyma strand. Rays:
98: larger rays commonly 4- to 10-seriate; 102:
ray height > 1 mm; (103: rays of two distinct
sizes); 108: body ray cells procumbent with
over 4 rowsof upright and/or square marginal

diameter, slightly warty, glabrous, greenish,

cells; (109: rays with procumbent, square and

with 3 stones 1.5-2 cm long, each stone 1seeded. Seedling with epigeal germination;
hypocotyl 6—7 cm long, channelled, epicotyl c. 2
cm long; cotyledons rounded, up to 3.5 cm wide;
first leaves alternate.
Other botanical information Uapaca comprises about 50 species from tropical Africa and

upright cells mixed throughout the ray); 115:
4-12 rays per mm. Mineral inclusions: 159:
silica bodies present; 160: silica bodies in ray
cells.
(D. Louppe, P. Détienne & E.A. Wheeler)
Growth and development In southern
Cameroon seedlings of Uapaca guineensis are
found to be fast growing, both in shade or in
full sun, and even in relatively dry localities.
However, slow growth of seedlings has also
been reported: about 5 cm tall after 3 months
and 10 cm after 5 months. In Guinea the mortality after the first dry season was about 50%,
but nearly all plants survived after that. Young
trees may become 4—6 m tall in 6 years. Mean
annual diameter increments of the bole of 0.5—
1.4 cm have been recorded. The fruits are eaten
by birds such as turacos, and by fruit bats,
monkeys, chimpanzees, gorillas and elephants,

Madagascar, and is in need of a complete revi-

sion. Several Uapaca spp. have been confused
with Uapaca guineensis, particularly Uapaca
lissopyrena Radcl.-Sm. in southern Africa,
Uapaca mole Pax in Central Africa and Uapaca
togoensis Pax in West Africa, and information
found in the literature under Uapaca guineensis may refer to either oneof these species.
Uapaca lissopyrena Radcl.-Sm. is a mediumsized tree up to 30 m tall with stilt-rooted bole
up to 100 cm in diameter, occurring in swamp
and riverine forest but also in drier woodland
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which all may disperse the seeds. The tree
grows in symbiosis with several ectomycorrhizae and arbuscular mycorrhizae.
Ecology Uapaca guineensis occurs in humid
localities in rainforest and is common along
river banks, where it sometimes forms pure

stands. It also occurs in mixed evergreen forest
and forest margins, and in bushland on steep
slopes, from sea-level up to 1100 m altitude.
Propagation and planting It has been
reported that seedlings and saplings are quite
shade tolerant. Multiplication of Uapaca guineensis is by seed or wildlings. In Tanzania
fruits can be collected throughout the year with
a peak in November—December. There are
about 1600 seeds per kg. The seeds must be
sown whenstill fresh, as they do not store well.
The germination rate is 50-80%, and germination usually starts 3-4 weeks after sowing. In
DR Congo seed set and germination are reported to be often poor.
Management In forests in Cameroon, the
average density of Uapaca trees (several species) with a bole diameter of more than 15 cm

has been estimated at 2.3 trees/ha and the
average wood volume at 2.2 m3/ha; in Gabon
the average wood volume has been estimated
at 0.3 m?/ha. In Liberia the mean wood volume
of Uapaca trees with a bole diameter of more
than 50 cm has been recorded as 1.9 m3/ha. In
someforests in Sierra Leone the average density of trees with a bole diameter of more than 75
cm is 0.3 tree/ha.
Uapaca guineensis can be coppiced and pollarded. It has been planted as a forest regeneration tree in Guinea, to provide a green corridor for large forest animals. In Burundi it has
been planted in an arboretum as an experiment to stabilize river banks.
Diseases and pests No diseases are known
on UVapaca guineensis, but several insects feed
on the leaves and buds, especially beetles (Anthribidae, Chrysomelidae and Scolytidae),
whereas other beetles such as Xylosandrus
crassiusculus feed on the wood.
Harvesting In Gabon the minimum bole
diameter allowed for harvesting is 70 cm.
Felling WVapaca guineensis trees for timber is
hampered by the large stilt roots. All plant
parts can be harvested for medicinal purposes
whenever the need arises. The root bark can be
easily harvested from the stilt roots.
Yield In DR Congo a tree with a bole of 6 m
long and 60 cm in diameter yielded 1.6 m3 of
wood.
Handling after harvest Fresh logs often

sink in water and cannot be transported by
river. The common irregular shape of the bole
maygive difficulties for processing in sawmills.
Genetic resources Although Uapaca guineensis is commonly exploited for its timber, it
is also widespread and locally common and
there are nosigns that it is threatened by genetic erosion.
Prospects The woodis mainly used locally,
particularly for construction because ofits fair
durability. This situation will probably not
change becausethestilt roots, the often poor
shape of the bole anddifficulties in processing
the timber limit the possibilities for export.
Uapaca guineensis is commonly used as a medicinal plant against a variety of diseases. No
phytochemical analyses have been effected,
and only few pharmacological tests have been
done. Additional research is recommended so
that the active compounds can be identified
and the potential of these compounds can be
evaluated. It is also recommended to plant
Uapaca guineensis along rivers with a large
difference in waterflow to stabilize the banks.
Major references Breteler, 2012a; Burkill,
1994; Carter & Radcliffe-Smith, 1988; Dudek,
Förster & Klissenbauer, 1981; Lubini & Mandango, 1981; Neuwinger, 2000; Oteng-Amoako
(Editor), 2006; Ruffo, Birnie & Tengnas, 2002;
Takahashi, 1978: Voorhoeve, 1979.
Other references Atindehou et al., 2002;

Aubréville, 1959a; Betti, 2004; Bolza & Keating,
1972; de Koning, 1983; de Saint-Aubin, 1963;
Eyog Matig et al. (Editors), 2006; Gassita et al.
(Editors), 1982; Hawthorne, 1995; Hawthorne &
Jongkind, 2006; InsideWood, undated; Katende, Birnie & Tengnäs, 1995; Marshalletal.,
2000; Normand & Paquis, 1976; Savill & Fox,
1967; Stäuble, 1986; Vivien & Faure, 1985;
Vivien & Faure, 1996; White & Abernethy,
1997; Wilks & Issembé, 2000.

Sources of illustration Voorhoeve, 1979;
Wilks & Issembé, 2000.
Authors M.M. Kitambala

UAPACA HEUDELOTII Baill.
Protologue Adansonia 1: 81 (1860).
Family Euphorbiaceae (APG: Phyllanthaceae)
Chromosome number 2n = 26
Vernacular names Rikio desriviéres (Fr).
Origin and geographic distribution Uapaca
heudelotii occurs from Guinea east to the Central African Republic and DR Congo, and south
to northern Angola.
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Uapaca heudelotii — wild
Uses The wood is used for construction, joinery and planks. It is suitable for flooring, interior trim, mine props, ship building, vehicle

bodies, furniture and railway sleepers. The
stilt roots and branches are suitable for boat
ribs. The wood produces good firewood and
charcoal.
The fruits are edible; they are quite sweet and
locally appreciated. The roots and bark are
used in traditional medicine for similar purposes as those of Uapaca guineensis Mill.Arg.
Root preparations are taken as expectorant,
and to treat fever and headache. Bark decoctions are administered to treat dysentery, food
poisoning, female sterility, ovarian disorders,

At 12% moisture content, the modulus of rupture is (100—)132-166 N/mm?, modulus of elasticity 11,560 N/mm?, compression parallel to
grain 56-63 N/mm?, cleavage 21-23 N/mm and
Chalais-Meudonside hardness 2.9-5.5.
The wood is rather difficult to saw and work,
particularly dried wood; it containssilica. It is
recommended to use stellite-tipped saw teeth
and tungsten-carbide tipped cutting edges. The
wood finishes well and glues satisfactorily. It is
moderately durable, being quite resistant to
fungi and dry-wood borers, and moderately
resistant to termites and marine borers. The
heartwood is resistant to impregnation with
preservatives.
Several alkaloids have been found in the
leaves.
Description Evergreen, dioecious, small to
medium-sized tree up to 20(-30) m tall; bole
branchless for up to 8 m, usually straight and
cylindrical, up to 100 cm in diameter, on stilt

roots up to 3 m high; bark surface scaly, greybrown, inner bark pinkish to pale reddish
brown, with red exudate; crown rather dense,
much-branched; twigs with tufts of reddish
hairs in leaf axils, with conspicuousleaf scars.
Leaves arranged spirally, crowded towards the

toothache, rheumatism, oedema and haemor-

rhoids. They are also applied as enemato treat
constipation, and rubbed in against swellings.
Pulped leaves with palm oil are applied to furuncles to mature them and to relieve migraine
and rheumatism. The bark has been used to
dye fishing lines. The tree with its stilt roots
prevents erosion on stream banks and promotes accumulation of silt.
Properties The heartwood is pale red to
reddish brown, often with darker streaks, and
not distinctly demarcated from the sapwood.
The grain is usually straight, texture moderately coarse. The wood is medium-weight, with
a density of 680-790 kg/m3 at 12% moisture
content. It air dries fairly rapidly, but should
be dried with some care because it has some
tendency to warp and develop surface checking.
The rates of shrinkage are rather high, from
green to oven dry 4.6% radial and 9.8% tangential. Once dry, the wood is quite unstable in
service.

Uapaca heudelotii — 1, flowering twig; 2, male
inflorescence; 8, fruits.
Source: Flore analytique du Bénin
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end of the branches, simple andentire; stipules
absent; petiole 0.5-3.5(-5.5) cm long; blade
elliptical to obovate, (6—-)10—15(-25) cm x 2.5—
5(-8) cm, base cuneate, apex obtuse to rounded
or indistinctly short-acuminate, papery, glabrous, pinnately veined with (8—)10—13(-17)
pairs of lateral veins. Male inflorescence an
axillary globose head 7-8 mm in diameter, on a

peduncle up to 2 cm long, with c. 10 yellowish
bracts up to 1 cm long; female flowerssolitary.
Flowers unisexual, 4—5-merous; male flowers
sessile, with unequal calyx lobes up to 2 mm
long, petals c. 1 mm long or absent, stamens
free, 2.5-4 mm long, rudimentary ovary up to
1.5 mm long, glabrous; female flowers pedicelled, calyx shallowly cup-shaped with triangular to rounded lobes up to 1 mm long,glabrous, ovary superior, ellipsoid, 5-6 mm long,
3-celled, glabrous, styles 3. Fruit an ellipsoid to
obovoid drupe 2-3 cm long, slightly angular,
smooth but often with some small warts, gla-

brous, with 3 stones, each stone 1-seeded.
Seedling with epigeal germination; hypocotyl
3-4 cm long, channeled, epicotyl c. 3 cm long;
cotyledons rounded, c. 2.5 cm wide; first leaves
alternate.
Other botanical information Uapaca comprises about 50 species from tropical Africa and
Madagascar, and is in need of a complete revi-

sion.
Uapaca acuminata (Hutch.) Pax & K.Hoffm. is
a medium-sized to fairly large tree up to 35 m
tall with bole up to 80 cm in diameter, supported by stilt roots up to 4 m high. It occurs from
southern Nigeria to western DR Congo. It has
been considered as a variety of Uapaca heudelotii (var. acuminata Hutch.) and its wood,
bark and fruits are undoubtedly used for similar purposes. In the literature the two species
have been confused. Uapaca acuminata differs
from Uapaca heudelotii in its glabrous twigs,
usually smaller and more distinctly shortacuminate leaves, andin its ecology, preferring
well-drained localities in primary and secondary forest.
Anatomy Wood-anatomical description (AWA
hardwood codes):

Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
(12: solitary vessel outline angular); 13: simple
perforation plates; 22: intervessel pits alternate; (23: shapeof alternate pits polygonal); 26:
intervessel pits medium (7-10 um); 27: intervessel pits large (© 10 tm); 31: vessel-ray pits
with much reduced borders to apparently simple: pits roundedor angular; 32: vessel-ray pits

with much reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to
vertical (palisade); 42: mean tangential diameter of vessel lumina 100-200 um; 47: 5-20 vessels per square millimetre. Tracheids and fibres: 61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma:
76: axial parenchyma diffuse; 78: axial parenchyma scanty paratracheal; 79: axial parenchyma vasicentric; 93: eight (5-8) cells per parenchyma strand. Rays: (97: ray width 1-3
cells); 98: larger rays commonly 4- to 10seriate; 102: ray height > 1 mm; 107: body ray
cells procumbent with mostly 2-4 rows of upright and/or square marginal cells; 108: body
ray cells procumbent with over 4 rows of upright and/or square marginalcells; (109: rays
with procumbent, square and upright cells
mixed throughout the ray); 1138: disjunctive ray
parenchymacell walls present; 115: 4-12 rays
per mm. Mineral inclusions: 159: silica bodies
present; 160: silica bodies in ray cells; (161:

silica bodies in axial parenchymacells).
(P. Mugabi, P.E. Gasson & E.A. Wheeler)
Growth and development In Côte d'Ivoire
trees flower in December—January, in Nigeria
in December—February, and in Gabon at the

beginning of the rainy season when the water
level of the rivers rises. In Côte d'Ivoire fruits
have been found in May—June and September—
October. They are eaten by birds such as turacos and parrots, and by fruit bats, monkeys,

chimpanzees, gorillas, duikers, pigs, civets and
elephants, which all may disperse the seeds.
Trees grow in symbiosis with ectomycorrhizal
fungi.
Ecology Uapaca heudelotii is characteristic
for riverine forest, in forested as well as savanna regions, up to 500 m altitude. It is always
close to the water, or the stilt roots are in the

water resembling mangrove vegetation and
providing shelter and breeding ground for river
fishes. It is locally commonin seasonally flooded areas.
Propagation and planting There are about
2500 seeds per kg. Seeds usually start germinating 2-3 weeks after sowing, and the germination rate is high.
ManagementThepreference for river banks
makes that felling the trees and removing the
logs are often difficult operations, and thestilt
roots cause additional difficulties during exploitation.
Genetic resources There are no signs that
Uapaca heudelotii is threatened by genetic

UAPACA 661

erosion.
Prospects The wood is mainly used locally
and this situation will probably not change
because difficulties in processing the timber
limit the possibilities for export. The presence
of stilt roots and the preference of Uapaca heudelotii for water habitats make harvesting difficult. Uapaca heudelotii may be well suited for
planting to restore riverine forest and to stabilize river banks.
Major references Bolza & Keating, 1972;
Breteler, 2012a; Burkill, 1994; Takahashi, 1978;

Vivien & Faure, 1996.
Other references Akoégninou, van der
Burg & van der Maesen (Editors), 2006; Aubréville, 1959a; Barku, 1996; Cooper & Record,
1931; de la Mensbruge, 1966; Hawthorne,
1995;

Hawthorne

& Jongkind,

2006;

Keay,

1989; Neuwinger, 2000; Normand & Paquis,
1976; Pauwels, 1993; Raponda-Walker & Sillans, 1961; Tailfer, 1989; Voorhoeve, 1979;
White & Abernethy, 1997.
Sources of illustration Akoégninou, van
der Burg & van der Maesen (Editors), 2006.
Authors R.H.M.J. Lemmens

UAPACA MOLE Pax
Protologue Bot. Jahrb. Syst. 19: 79 (1894).
Family Euphorbiaceae (APG: Phyllanthaceae)
Chromosome number 2n = 26
Synonyms Uapaca paludosa Aubrév. &
Leandri (1935).
Vernacular names Rikio des marais, rikio
a grandesfeuilles (Fr).
Origin and geographic distribution Uapaca
mole occurs from Liberia east to Uganda and

Tanzania, and south to Cabinda (Angola).
Uses The wood is used for joinery, boxes and
kitchen utensils. It is suitable for construction,

flooring, mine props, ship building, vehicle
bodies, furniture, railway sleepers and vats. In
Ghana it is considered a good firewood, and it
is also used to produce charcoal.
In Congo a root infusion is taken to treat headache caused by fever. Crushed roots are applied as an embrocation to ease pain. A root
infusion is considered expectorant and taken to
treat a blocked nose and pulmonaryafflictions.
Bark decoctions are drunk to treat female sterility, dysentery and food-poisoning. They are
used as a mouth washto treat toothache, as a

vapour bath to treat rheumatism and oedema,
as an enema to treat piles, and in baths to
strengthen rachitic and premature children.
Pulped leaves or stem bark with palm oil are
applied to furuncles to mature them and also to
treat migraine and rheumatism. Thefruits are
edible and taste like avocado.
Properties The heartwood is pale pink to
pale red and not distinctly demarcated from
the sapwood. The grain is often wavyto interlocked, texture moderately coarse. Quartersawn surfaces show anattractive stripy figure.
The wood is medium-weight, with a density of
about 760 kg/m? at 12% moisture content. It air
dries fairly well with little splitting or warping,
although the rates of shrinkage are quite high,
from green to oven dry 5.9-6.3% radial and
11.38-12.8% tangential.
At 12% moisture content, the modulus of rupture is 133-175 N/mm2, modulusof elasticity
17,840 N/mm2, compression parallel to grain
54-57 N/mm2, shear 10.5 N/mm?, cleavage 25

N/mm and Chalais-Meudon side hardness 2.6.
The wood is rather difficult to saw and work,
particularly dried wood; it contains silica. It is
recommended to use stellite-tipped saw teeth
and tungsten-carbide tipped cutting edges. The
wood planes to a smooth surface. It holds nails
and screws well, but pre-boring is necessary. It
is moderately durable, being quite resistant to
fungi and dry-wood borers, and moderately
resistant to termites and marine borers. It is
moderately resistant to impregnation with
preservatives.
Ethanolic and dichloromethane bark extracts
showed moderate antiplasmodial activity in
vitro.
Botany Deciduous, dioecious, small to medi-

Uapaca mole — wild

um-sized tree up to 20(-40) m tall; bole often
fluted, up to 75 cm in diameter, usually on stilt
roots up to 4 m high; bark surface grey; crown
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much-branched; twigs reddish brown shorthairy, becoming glabrous, with conspicuous
leaf scars. Leaves arranged spirally, crowded
towards the end of the branches, simple and
entire; stipules ovate-lanceolate to ovatespatulate, often slightly asymmetrical, leaflike, (0.56-)1-3 cm long, persistent; petiole (1.5—-)
3-6(-9) cm long, robust; blade obovateelliptical, 9-30(-50) em x 4—17(-30) cm, base
cuneate to rounded or slightly cordate, apex
usually rounded, thick-papery to thin-leathery,
short-hairy on veins below, pinnately veined
with (8-)9—12(-20) pairs of lateral veins. Male
inflorescence an axillary globose to ovoid head
8-10 mm in diameter, with peduncle 1-2.5 cm
long and up to 12 yellowish bracts up to 1 cm
long; female flowers solitary. Flowers unisexual, 4-5-merous, petals usually absent; male

flowers sessile, with calyx lobes up to 1.6 mm
long, stamensfree, c. 2 mm long, rudimentary
ovary c. 1 mm long, short-hairy; female flowers
with 1-2 cm long pedicel, calyx shallowly cupshaped with triangular to rounded lobes c. 1
mm long, short-hairy, ovary superior, globose,
3-4 mm in diameter, 3(—4)-celled, slightly
hairy, styles 3, 3-4.5 mm long, reflexed, 5-6-fid

towards apex. Fruit an ovoid-globose drupe 2-3
cm in diameter, slightly rough, sparingly shorthairy, greenish becoming brown, with 3(—4)
stones, each stone 1-seeded. Seedling with epigeal germination; hypocotyl 8-9 cm long, channeled, epicotyl c. 2 cm long, finely hairy; cotyledons rounded, up to 3.5 cm wide; first leaves
alternate.
Uapaca comprises about 50 species from tropical Africa and Madagascar, and is in need of a
complete revision.
The fruits are eaten by birds such as turacos,
andby fruit bats, monkeys, chimpanzees, gorillas and elephants, which all may disperse the
seeds.
Uapaca staudtii Pax resembles Uapaca mole in
having distinct stipules, but these are ear- or
cap-shaped; moreover, it has comparatively
narrower leaves and slightly hairy fruits. It is
a small to medium-sized tree up to 25 m tall,
occurring in riverine and swamp forest from
Nigeria to Gabon. The reddish brown woodis
used for joinery, interior trim, furniture and
railway sleepers. It is also used for charcoal
production. The fruits are edible.
Uapaca vanhouttei De Wild. (synonyms: Uapaca brieyi De Wild., Uapaca letestuana A.Chev.)
also resembles Uapaca mole. It differs in its
shorter and narrowerstipules, and is a small to
medium-sized tree up to 30 m tall with stilt-

rooted bole up to 65 cm in diameter, occurring
from southern Nigeria to DR Congo. Its purplish brown wood is medium-weight with a
density of 655-795 kg/m3 at 12% moisture content, fairly hard and moderately durable, and

is used for similar purposes as that of Uapaca
mole, and also as firewood and for charcoal

production. The bark is probably also used for
similar purposes in traditional medicine, and
the fruits are edible.
Ecology Uapaca mole occurs in swamp,
lakeside and riverine forest, but also in rainforest on slopes and crests as well as in welldrained valley bottoms, up to 1400 m altitude.
Management Uapaca mole can be propagated by seed and wildlings. It can be pollarded
and coppiced.
Genetic resources and breeding There
are no signs that Uapaca mole is threatened by
genetic erosion.
Prospects The wood is mainly used locally
and this situation will probably not change
because the stilt roots, the often poor shape of
the bole and difficulties in processing the timber limit the possibilities for export. In Central
Africa Uapaca mole has many medicinal uses.
The antiplasmodial activity of the root bark is
promising, and more research is warranted to
elucidate the chemical compounds and evaluate the potential of these compoundsfor future
medicine development.
Major references Bolza & Keating, 1972;
Breteler, 2012a; Burkill, 1994; Carter & Radcliffe-Smith, 1988; Takahashi, 1978.
Other references Aubréville, 1959a; de Koning, 1983; de la Mensbruge, 1966; Fouarge &
Gérard, 1964; Hawthorne, 1995; Hawthorne &
Jongkind, 2006; Mbatchi et al., 2006; Vivien &

Faure, 1985; Vivien & Faure, 1996; White &
Abernethy, 1997.
Authors G.H. Schmelzer

UAPACA PYNAERTII De Wild.
Protologue Etudesfl. Bas- Moyen-Congo 2(3):
274 (1908).
Family Euphorbiaceae (APG: Phyllanthaceae)
Chromosome number 2n = 26
Synonyms Uapaca corbisieri De Wild.
(1927), Uapaca esculenta A.Chev. ex Aubrév. &
Leandri (1935).
Vernacular names Sugar plum (En). Rikio
noir, borikio (Fr).
Origin and geographic distribution Uapaca
pynaertii occurs from Sierra Leone east to the
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um-sized tree up to 80(—40) m tall; bole branchless for up to 20 m, usually straight and cylindrical, usually on stilt roots up to 5 m high;
bark surface smooth to slightly cracked, grey to
dark green or nearly black, inner bark pinkish
brown to reddish brown with white streaks,

becoming brown upon exposure; crown layered,
rather open; twigs glabrous but slightly scaly,
with conspicuous leaf scars. Leaves arranged
spirally, crowded towards the end of the
branches, simple and entire; stipules absent;
petiole (1-)2-5(-13) cm long; blade obovate,

Uapaca pynaertii — wild

15-25(-40) cm x 5—10(-14) cm, base cuneate,
apex obtuse to rounded, leathery, glabrous,
pinnately veined with 7-12 pairs of lateral
veins. Male inflorescence an axillary globose
head 1.5—4 cm in diameter, with c. 10 yellowish
bracts up to 2.5 cm long; female flowers unknown. Flowers unisexual, 4—5-merous; male

It is suitable for construction,

flowers sessile, with unequal calyx lobes up to
1.5 mm long, stamensfree, c. 6 mm long, rudimentary ovary up to 2 mm long, short-hairy.
Fruit an ovoid-globose drupe up to 5 cm long,

flooring, interior trim, mine props, ship build-

smooth, glabrous, with (4—)5 stones, each stone

ing, vehicle bodies, furniture, railway sleepers

1-seeded. Seedling with epigeal germination;
hypocotyl 5—7 cm long, channeled, epicotyl c. 1
cm long; cotyledons rounded, up to 5.5 cm wide;
first leaves alternate.
In Côte d'Ivoire, in 40 years old secondary forest grown on fallow land, trees with a bole diameter of 53 cm have been recorded. In Côte
d'Ivoire trees flower in November-December
and ripe fruits can be found in January—July.
The fruits are eaten by birds such as turacos,
andby fruit bats, monkeys, chimpanzees, gorillas and elephants, which all may disperse the
seeds.
Uapaca comprises about 50 species from tropical Africa and Madagascar, and is in need of a
complete revision.
Ecology Uapaca pynaertii occurs in primary
as well as secondary, evergreen forest, sometimes in riverine forest, up to 800 m altitude.
Genetic resources and breeding There
are no signs that Uapaca pynaertii is threatened by genetic erosion.
Prospects The wood is mainly used locally
and this situation will probably not change
because the stilt roots and difficulties in processing the timber limit the possibilities for
export. The fruits are larger than those of other
Uapaca spp., and they are reportedly delicious;
possibilities for further commercialization
through domestication could be investigated.
Major references Bolza & Keating, 1972;

Central African Republic and DR Congo, and
south to Gabon.
Uses The wood is used for joinery, planks
and canoes.

and turnery.It is also used as firewood andfor
charcoal production.
The fruits are edible with a nice taste, and
locally popular.
Properties The heartwood is pale pink to
pale red and not distinctly demarcated from
the sapwood. The grain is usually straight,
texture moderately coarse. The wood is lustrous. It is medium-weight, with a density of
about 730 kg/m3 at 12% moisture content. It
should be air dried with care to prevent distortion and warping. The rates of shrinkage are
quite high, from green to oven dry 6.2% radial
and 9.38% tangential. Once dry, the wood is
unstable in service.
At 12% moisture content, the modulus of rupture is 146 N/mm2, modulusofelasticity 12,250
N/mm?, compression parallel to grain 58
N/mm?, shear 8.5 N/mm?, cleavage 24 N/mm

and Chalais-Meudon side hardness 2.8.
The wood is rather difficult to saw and work,

particularly dried wood; it contains silica. It is
recommended to use stellite-tipped saw teeth
and tungsten-carbide tipped cutting edges. The
wood finishes well and glues satisfactorily. It is
moderately durable, being quite resistant to
fungi and dry-wood borers, and moderately
resistant to termites and marine borers. The
heartwood is resistant to impregnation with
preservatives.
Botany Evergreen, dioecious, small to medi-

Breteler,

2012a;

Burkill,

1994;

de

Koning,
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1983; Takahashi, 1978.
Other references Aubréville, 1959a; de la
Mensbruge,

1966;

Hawthorne,

1995;

Haw-

thorne & Jongkind, 2006; Keay, 1989; Normand & Paquis, 1976; Sallenave, 1964; Vivien

& Faure, 1996; Voorhoeve, 1979.
Authors R.H.M.J. Lemmens

UAPACA THOUARSII Baill.
Protologue Etude Euphorb.: 596 (1858).
Family Euphorbiaceae (APG: Phyllanthaceae)
Origin and geographic distribution Uapaca
thouarsii is endemic to Madagascar, where it
occurs throughout the eastern parts of the island.
Uses The wood, knownas ‘voapaka’ together
with the wood of several other Uapaca spp., is
used for construction of houses and bridges,
railway sleepers and shingles. It is suitable for
mine props, ship building (ribs) and vehicle
bodies, but less suitable for flooring, joinery
and furniture because the wood is not very
stable in service. It is also used as firewood and
for charcoal production.
The fruits are edible. Bark decoctions are taken to treat colic.
Properties The heartwood is reddish brown
to dark brown and not distinctly demarcated
from the slightly paler, wide sapwood. The
grain is usually straight, texture moderately
coarse. The wood is lustrous. Quarter-sawn
surfaces show nicesilver grain figure.
The wood is fairly heavy, with a density of
750-900 kg/m? at 12% moisture content. It
should be air dried with care to prevent distortion and warping. Quarter-cutting before dry-

ing is recommended. Therates of shrinkage are
quite high, from green to oven dry 3.9-6.2%
radial and 10.5—-12.8% tangential. It takes 2-3
months to air dry boards of 2.5 cm thick from
green to 30% moisture content. Once dry, the
wood is moderately stable in service.
At 12% moisture content, the modulus of rupture is 135-182 N/mm2, modulusof elasticity
9800-15,420 N/mm2, compression parallel to
grain 50-73 N/mm?, shear 11 N/mm?, cleavage
21 N/mm and Chalais-Meudon side hardness
3.4-6.3.
The wood is rather difficult to saw and work; it
contains silica and has a blunting effect on
tools. It is recommended to use stellite-tipped
saw teeth and tungsten-carbide tipped cutting
edges. The wood planes to rather rough surfaces due to the fibrous tissues. It nails and glues
moderately well, and varnishes well. It is not
suitable for veneer. The heartwood is moderately durable, being quite resistant to fungi
and dry-wood borers, and moderately resistant
to termites and marine borers. The heartwood
is resistant to impregnation with preservatives.
Botany Evergreen, dioecious, small to medium-sized tree up to 20(—25) m tall; bole up to
60 cm in diameter, usually on stilt roots; bark

surface slightly rough, greyish white; crown
elongate, much-branched; twigs waxy-viscous
and greyish short-hairy when young, soon becoming glabrous, with conspicuous leaf scars.
Leaves arranged spirally, crowded towards the
end of the branches, simple and entire; stipules
absent; petiole 2—4 cm long, jointed near apex;
blade obovate, 10-14 cm Xx 4-9 cm, base cuneate, apex obtuse to rounded, thin-leathery,
glabrous, pinnately veined with 5-7 pairs of
lateral veins. Male inflorescence an axillary
globose head c. 8 mm in diameter, on 2-4 cm
long peduncle, with up to 7 bracts up to 12 mm
long; female flowers solitary. Flowers unisexual, 4—5-merous; male flowers sessile, with une-

qual calyx lobes, stamens free, rudimentary
ovary shorter than stamens, glabrous; female
flowers with unequal and hairy calyx lobes,
ovary superior, 3-celled, styles 3, branched at
apex. Fruit an ovoid-globose drupe up to 3 cm
long, warty, yellowish to brownish, with (1—)2—
3 stones; stones 3-angled, slightly flattened, 1—

Uapaca thouarsii — wild

1.5 cm long, 1-seeded.
Trees grow fairly fast. Young trees of 7 years
old reached an average height of 4 m. They
tolerate shade fairly well. Trees flower in November—January and ripe fruits can be found
in November—December; fruits take a long time
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to mature, about one year.
Uapaca comprises about 50 species from tropical Africa and Madagascar, andis in need of a
complete revision. About 12 species can be
found in Madagascar, all endemic. Some of
these provide useful timber, but for most species the edible fruits are more important.
Uapaca betamponensis Leandri is a small tree
up to 15 m tall with a slender bole branchless
for up to 12 m, only known from forest north of

Toamasina in eastern Madagascar. Its reddish
brown wood has been used for planks and for
charcoal production, and thefruits are edible.
Uapaca densifolia Baker is a small to mediumsized tree up to 20 m tall, widely distributed in

central and eastern Madagascar. Its wood is
useful for house and bridge construction and
for railway sleepers. The wood is mediumweight with a density of about 750 kg/m? at
12% moisture content, and other wood properties are quite similar to those of Uapaca
thouarsii. It is also used for charcoal production. The fruits are edible.
Uapaca louvelii Denis is a small tree up to 15
m tall, widely distributed in eastern Madagascar. Its wood is useful for house and bridge
construction and for railway sleepers, but impregnation with preservatives may be needed
for these purposes because it is often only moderately durable. The wood is fairly heavy with
a density of about 815 kg/m? at 12% moisture
content, and other wood properties are quite
similar to those of Uapaca thouarsii, although
the wood is slightly harder. It is also used for
charcoal production. The fruits are edible.
Ecology Uapaca thouarsii occurs in humid

for such a widespread species.
Prospects The wood is mainly used locally
and this situation will probably not change
because the stilt roots and difficulties in processing the timber limit the possibilities for
export. Uapaca thouarsii can be useful for enrichment planting in natural forest.
Major references Blaseret al., 1993; Bolza
& Keating, 1972; Parant, Chichignoud & Rakotovao, 1985; Sallenave, 1955; Sallenave, 1971.
Other references Boiteau, Boiteau & Allorge-Boiteau, 1999; Guéneau, Bedel & Thiel,
1970-1975: Leandri, 1958; Rabevohitra, 1984;
Schatz, 2001; Takahashi, 1978.
Authors R.H.M.J. Lemmens

UVARIODENDRONANISATUM Verdc.
Protologue Kew Bull. 10: 596 (1955).
Family Annonaceae
Origin and geographic distribution The
distribution of Uvariodendron anisatum is limited to central and southern Kenya.
Uses The wood is used for walking sticks
and handlesof axes.
Botany Shrub or small tree up to 9-15) m
tall; bole up to 40 em in diameter; bark surface
smooth, grey-brown; twigs with lenticels, glabrous, with an odour of anise when crushed.
Leaves alternate, simple and entire; stipules

absent; petiole 4-7 mm long, thick; blade oblong to elliptical, 8-30 cm x 3.5—11 cm, cuneate
to rounded at base, acute to obtuse at apex,

evergreen forest, up to 900 m altitude, in re-

thinly leathery, slightly short-hairy below,
pinnately veined with 16-21 pairs of lateral
veins. Flowers solitary in the leaf axils or on

gions with an average annual rainfall of 1500—

branches or bole, bisexual, regular, 3-merous,

3000(-3500) mm and up to 2 dry months, and a

mean temperature of 20—24°C. It prefers sandy
or loamy-sandysoils.
Management The 1000-seed weight is about
600 g. Seeds can be stored in a coollocality for
up to 5 months without losing much germination capacity. The germination rate is 60-80%.
Pre-treatment of seeds is not needed before
sowing. The seeds are usually sown in plastic
bags. Propagation by suckers is sometimes
possible. Care should be taken in harvesting
because the boles of older trees often have
heart rot.
Genetic resources and breeding There
are no signs that Uapaca thouarsii is threatened by genetic erosion at present, although
the high pressure on natural forest in eastern
Madagascar may becomea serious threat even

Uvariodendron anisatum — wild
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pendulous, scented; pedicel 2.5-3.5 cm long;
sepals free, kidney-shaped, 5-6 mm long,
short-hairy outside; petals 6, in 2 whorls, ovate

to elliptical-obovate, 2-2.5 cm long, fleshy, velvety brown hairy outside, creamy whiteto yellow; stamens numerous, c. 2 mm long, anthers

sessile; carpels 5-15, free, c. 3.5 mm long,
hairy. Fruit consisting of 4-15 indehiscent cylindrical follicles 2.5-6 cm Xx 1.5-2 cm, becom-

ing glabrous, bluish black, slightly constricted
between the seeds, each follicle 5—16-seeded.
Seedsellipsoid, flattened, 1-1.5 cm x c. 1 cm,
pale brown, with ruminate endosperm.
Uvariodendron comprises about 15 species and
is restricted to tropical Africa.
Ecology Uvariodendron anisatum occurs in
rather dry evergreen forest at 1150-1800 m
altitude. It is locally common.
Genetic resources and breeding Being
endemic to Kenya, Uvariodendron anisatum
has a small distribution area, in which there is

much human activity such as development of
urban areas and agriculture. In the IUCN Red
List it is classified as vulnerable.
Prospects The use of the wood will remain
of limited importance. Monitoring of the populations is needed because Uvariodendron anisatum may become threatened with extinction
in the nearfuture.
Major references Beentje, 1994; Verdcourt,
1971; World Conservation Monitoring Centre,

1998.
Other references Couvreur, 2008.
Authors R.H.M.J. Lemmens

UVARIOPSIS CONGENSIS Robyns & Ghesq.
Protologue Ann. Soc. Sci. Bruxelles, sér. B,
53: 317 (1933).
Family Annonaceae
Origin and geographic distribution Uvariopsis congensis is widespread, from Liberia
east to western Kenya, and south to DR Congo
and Zambia.
Uses In Kenya branches are used for bows.
In DR Congo the tree is part of many rituals
and as such protected by the Mbuti and Efe
people.
Properties Leaf extracts showed cytotoxicity against human KBcancer cell lines, as well

as antimalarial activity. Acetogenins have been
isolated from the leaves.
Botany Shrub or small to medium-sized tree
up to 20 m tall; bole up to 30 cm in diameter;
bark surface fissured, grey-green with brown-

Uvariopsis congensis — wild
ish patches; twigs glabrous. Leaves alternate,
simple and entire, with a strong spicy smell
when rubbed; stipules absent; petiole 2-4 mm

long; blade oblong to elliptical-oblong, 5.5—15
cm X 1.5—6(—7.5) cm, cuneate to rounded at
base, obtuse to acuminate at apex, papery,

glabrous, pinnately veined with 8-12 pairs of
lateral veins. Flowers solitary in the leaf axils
or on branchesor bole, unisexual, regular; pedicel up to 1 cm long; sepals 2, fused at base,
lobes nearly round, 1-2 mm in diameter, short-

hairy outside; petals 4, free, elliptical to ovatelanceolate, 0.5-1 cm long, fleshy, short-hairy
outside, greenish white to yellow; male flowers

often higher up the branches amongst the
leaves, with numerous stamensc. 0.5 mm long,
anthers sessile; female flowers often at main
stem, with numerous hairy carpels 3-4 mm
long. Fruit consisting of 4-6 indehiscent oblong-ellipsoid to cylindrical follicles 1.5—4.5 cm
x 1-2 cm, becoming glabrous, red, slightly constricted between the seeds, each follicle 3—10-

seeded. Seeds ellipsoid, slightly flattened, 1—
1.5 cm X 0.5-1 cm, yellowish brown, with ru-

minate endosperm.
Uvariopsis congensis trees fruit fairly synchronously, producing large amounts of fruits. The
fruits are an important food for chimpanzees
and monkeys, locally even the main food. It has
been reported that these primates often spit
the seeds, dispersing them in this way, but the
seeds are also swallowed and dispersed by the
dung. It has been noted that seeds from chimpanzee dung germinated, but that those taken
directly from trees did not. The fruits are also
eaten by elephants. In some forests in Uganda,
Uvariopsis congensis is a preferred sleeping
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tree for chimpanzees.
Uvariopsis comprises about 15 species and is
restricted to tropical Africa. It is closely related
to Monocyclanthus, which comprises a single
species and should possibly be united with
Uvariopsis, as has recently been done with
Dennettia.
Ecology Uvariopsis congensis occurs in evergreen forest up to 1650 m altitude, commonly
on valley slopes, but also in riverine forest and
forest margins. It is locally common. It is susceptible to drought.
Management Uvariopsis congensis is shade
tolerant. It regenerates under the canopy and
in small gaps in the forest. Seedlings usually
die in large gaps. Seeds probably need pretreatment before they can be used as sowing
material.
In western Uganda Uvariopsis congensis is a
common understorey or mid-storey tree, with a
density that locally exceeds 100 trees/ha. It
may be common in both unlogged and selectively logged forest, but it attains its maximum
abundance in forest areas of minimum disturbance. Adult trees are commonly strongly
clumped.
Genetic resources and breeding Uvariopsis congensis is widely distributed and locally
common, also in secondary forest, and is not
underthreat of genetic erosion.
Prospects The use of the wood will remain
of limited importance. Uvariopsis congensis is
considered important in traditional ceremonies
by some African peoples. It also has an ecological function as an important food plantof primates. Pharmacological research seems worthwhile considering the results of preliminary
screening for active compounds.
Major references Beentje, 1994; Kenfack et
al., 2003; Verdcourt, 1971.

Other references Boutique,

1951;

Cou-

vreur, 2008; Dominy & Duncan, 2005; Haw-

thorne & Jongkind, 2006; Kiama & Kiyiapi,
2001; Krief, Hladik & Haxaire, 2005; Robson,

1960; Terashima & Ichikawa, 2003.
Authors R.H.M.J. Lemmens

WEINMANNIA MINUTIFLORA Baker
Protologue Journ. Linn. Soc., Bot. 21: 339
(1884).
Family Cunoniaceae
Origin and geographic distribution Weinmannia minutiflora is widespread in northern,
central and eastern Madagascar, south to To-

Weinmannia minutiflora — wild
lanaro.
Uses The wood, knownas‘lalona’ just like
the wood of several other Weinmannia spp., is
valued for house construction, bridges, scaffolding and railway sleepers, but also for luxury
and mosaic parquetflooring. It is suitable for
interior and exterior joinery, ship building,
furniture, cabinet work, toys, novelties, boxes,

crates, carvings, pattern making, turnery, veneer, plywood, hardboard andparticle board. It
is also used as firewood and for charcoal production.
Properties The heartwood is reddish brown
and not distinctly demarcated from the sapwood. The grain is straight or wavy, texture
fine and even. The wood is medium-weight,
with a density of 650-690 kg/m? at 12% moisture content. It air dries slowly with a tendency to check. The rates of shrinkage are high,
from green to oven dry 4.1-6.2% radial and
9.2-11.7% tangential. Once dry, the wood is
moderately stable in service. At 12% moisture
content, the modulus of rupture is 114-137
N/mm?, modulus of elasticity 9410-12,150
N/mm?, compression parallel to grain 51-52
N/mm?, shear 6-8.5 N/mm?, cleavage 16.5-18.5

N/mm and Chalais-Meudon side hardness 2.8—
9.0.
The woodis fairly easy to work with both machine and handtools. It can be planed to a nice
surface. It is fairly easy to nail and has good
nail-holding capacity. It glues satisfactorily
and the varnishing properties are good. The
wood can be sliced into good-quality veneer.
The woodis fairly durable, being resistant to
attacks by fungi, termites and Lyctus borers. It
is resistant to impregnation with preserva-
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tives, especially the heartwood.
Botany Evergreen medium-sized tree up to
30 m tall; bole branchless for up to 12 m, up to
60 cm in diameter; bark surface grey to reddish
brown, with lenticels; twigs slightly quadrangular, short hairy. Leaves decussately opposite,
compound with 3(—5) leaflets; stipules fused,
ovate, caducous; petiole c. 2 cm long; leaflets
sessile, obovate to elliptical, 2 lateral ones 3-4
cm X 1—1.5 cm, central one 5—7 cm X 2—2.5 cm,

usually obtuse at apex, margins toothed, papery to thin-leathery, glabrous, pinnately
veined with c. 8 pairs of lateral veins. Inflorescence an axillary or apparently terminal
spike up to 18 cm long, often several closely
together on a branch, short-hairy, with flowers

often clustered on the axis in groups of 4.
Flowers bisexual, regular, 4(—5)-merous, small,
nearly sessile; sepals slightly fused at base,
triangular, usually glabrous; petals free, elliptical, up to 1.5 mm long, whitish, early caducous; stamens usually 8, free; disk usually 8lobed; ovary superior, densely hairy, 2-celled,
styles 2, divergent. Fruit an ellipsoid capsule c.
4 mm long, densely short-hairy, crowned with
the styles, dehiscing by 2 valves, with yellow
endocarp separating from the fruit wall, manyseeded. Seeds broadly ellipsoid, c. 0.5 mm long,
reddish brown, with 2 bundles of long hairs at
both ends.
The flowers are often visited by bees.
Weinmannia comprises about 150 species and
occurs in Central and South America, tropical
Asia, the South Pacific, Australia, New Zealand, Comoros, Madagascar, Réunion and
Mauritius. Approximately 40 species can be
found in Madagascar. The wood of several
Weinmannia spp. reaching larger tree dimensions is used for similar purposes as that of
Weinmannia minutiflora, although it is often
more heavy, with a density of 750-980 kg/m? at
12% moisture content.
The wood of Weinmannia bojeriana Tul, a
shrub to small or medium-sized tree up to 20 m
tall widespread in central and eastern Madagascar,

is

undoubtedly

used.

The

wood

of

Weinmannia rutenbergii Engl. is heavy, with a
density of 930-980 kg/m? at 12% moisture content. Weinmannia rutenbergii is widespread in
Madagascar except in the western part of the
island, and varies in habit from a small shrub

to a medium-sized tree up to 20 m tall. It is
probably one of the most commonly exploited
Weinmannia spp. for timber, used for instance
for parquet flooring. It should be noted that the
identity of Weinmannia spp. in theliterature is

often uncertain because of misidentifications
and confusion. This is a result of the many
species present in Madagascar and difficulties
in using identification keys. Pieces of bark and
wood of Weinmannia spp. have been used to
prepare a reddish brown dye, and bark and
leaves are used in traditional medicine, especially as astringent and to treat headache.
The wood of Weinmannia tinctoria Sm., a small
to medium-sized tree up to 20 m tall with a
bole up to 100 cm in diameter endemic to Réunion and Mauritius, has been used in Réunion

for joinery, furniture, cabinet work and cooperage. However, populations have strongly declined and Weinmannia tinctoria is included in
the IUCN Red list as critically endangered.
Leaf extracts of Weinmannia tinctoria showed
inhibiting activity of angiotensin converting
enzyme, which plays an important role in the
regulation of blood pressure and diuresis.
Ecology Weinmannia minutiflora occurs in
humid evergreen forest from sea-level up to
2000 m altitude.
Management The central part of logs is
often speckled whitish or showssigns of heart
rot; heart shakes are commonatfelling.
Genetic resources and breeding Weinmannia minutiflora is widespread in Madagascar and does not seem to be threatened.
Prospects Weinmannia minutiflora and
other Weinmannia spp. deserve more attention
in research. They may well be interesting timber trees for planting in Madagascar; their
wood is highly valued, many species are widespread and some species even invade deforested regions. Research attention should focus on
growthrates, optimal ecological conditions and
propagation techniques.
Major references Bernardi, 1965; Bolza &
Keating, 1972; Guéneau, Bedel & Thiel, 1970—
1975; Takahashi, 1978.

Other references Adsersen & Adsersen,
1997; Bedolla, 1997; Boiteau, Boiteau & Allorge-Boiteau, 1999; Bradford, 2001; Sallenave,
1955; Sallenave, 1971; Schatz, 2001; Scott,

1997.
Authors R.H.M.J. Lemmens

WIELANDIA OBLONGIFOLIA (Baill.) Petra
Hoffm. & McPherson
Protologue Ann. Missouri Bot. Gard. 94: 547

(2007).

Family Euphorbiaceae (APG: Phyllanthaceae)
SynonymsBlotia oblongifolia (Baill.) Leandri
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(1957).
Origin and geographic distribution Wielandia oblongifolia is endemic to Madagascar
where it is widespread in the eastern part of
the island.
Uses The wood of Wielandia oblongifolia is
used in light construction, e.g. for ridge-poles,
and for light carpentry and fences. It is also
used asfirewood.
Properties The wood is whitish, soft and
easy to work.
Botany Evergreen monoecious shrubor small
to medium-sized tree up to 20 m tall; bole
branchless for up to 10 m, up to 35 cm in diameter; twigs glabrous. Leaves alternate, simple
and entire; stipules narrowly triangular to
linear, 3—7(—25) mm long, often broken off;
petiole 3-10 mm long; blade oblongtoelliptical,
(4—)6-14(—30) em x 1.5-4.5(—7) cm, cuneate to
obtuse at base, acute to acuminate at apex,

leathery, glabrous, pinnately veined with 7-10
pairs of lateral veins. Inflorescence a cluster of
flowersin leaf axils or on older branches. Flowers unisexual, regular, 5-merous, reddish; ped-

icel 0.5—2 cm long; sepals elliptical to oblong or
linear, c. 2 mm long, glabrous; petals spatulate
to rhombic, clawed, c. 2 mm long, glabrous;

disk annular; male flowers with stamens fused
up to half their length, 1-1.5 mm long, ovary
rudimentary; female flowers with superior,
ovoid, 3-celled ovary c. 1 mm long, styles 3, 2lobed from near the base. Fruit a nearly globose, 3-lobed capsule c. 1.5 cm in diameter,
reddish, glabrous, up to 6-seeded. Seeds ovoid

to globose or 3-angled, c. 7 mm long, brown,
slightly marbled.
Flowering andfruiting specimens of Wielandia
oblongifolia have been collected throughout the

year. It has been reported that fruits are eaten
by birds and rodents, which may serve as seed
dispersers. However, Wielandia fruits open
explosively when dry and are also considered to
spread the seeds merely bythis action.
Partly based on molecular phylogenetic work,
in 2007 the genera Blotia and Petalodiscus
were incorporated in Wielandia, which until
then comprised a single species but now comprises 13 species. Most Wielandia spp. are endemic to Madagascar, but some extend to Comoros, Mayotte and Seychelles and one to southeastern Kenya.
Ecology Wielandia oblongifolia occurs in
humid forest and in the transition zone towards subhumid forest, up to 800 m altitude,

usually on gneiss-derived soils.
Genetic resources and breeding Although
Wielandia oblongifolia is quite widespread and
locally common, it has been proposed to assign
to it the IUCN Red list ‘near threatened’ status
as its habitat is under pressure because of continuing deforestation and fragmentation of the
original forest in eastern Madagascar.
Prospects The wood of Wielandia oblongifolia is likely to remain of limited use in Madagascar.
Major references Boiteau, Boiteau & Allorge-Boiteau, 1999; Hoffmann, 1998; Hoffmann
& McPherson, 1998; Hoffmann & McPherson,
2007; Leandri, 1958.

Other references Levin, 1986; Ramandimbisoa & Rakouth, 2005.
Authors L.P.A. Oyen

XYLOPIA QUINTASII Engl. & Diels
Protologue Engl., Monogr. afrik. PflanzenFam. 6: 62 (1901).
Family Annonaceae
Origin and geographic distribution Xylopia
quintasii occurs from Senegal eastward to the
Central African Republic, and southward to DR
Congo and Cabinda (Angola).
Uses The wood of Xylopia quintasii, most
commonly known as ‘aghako’ in Ghana and as
‘mvomba’ in Cameroon, is commonly used in
house building, often for posts, poles and
planks, and for pestles, bowls, tool handles,
bows, spear shafts, masts, canoe paddles and

Wielandia oblongifolia — wild

stakes for yam. It is suitable for heavy construction, heavy flooring, joinery, mine props,
ship building, vehicle bodies, railway sleepers,
ladders, sporting goods, toys, novelties, pattern
making and turnery. The woodis also used as
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14,800—22,830 N/mm2, compression parallel to
grain 73-74 N/mm?, cleavage 22.5 N/mm,
Janka side hardness 13,670 N and ChalaisMeudonside hardness5.8.
The wood is tough but fairly easy to saw and
work with both hand and machine tools. It
planes readily and takes a good finish. The
wood glues well and has good turning properties.

Xylopia quintasii — wild
firewood and for charcoal production.
Several parts of the plant are used in traditional medicine to treat various ailments. The
scented bark is used in treating colds, bronchitis and pneumonia, and as anodyne. Macerated
inner bark is applied to reduce swellings, and a
preparation of scrapings of the inner bark
soaked in water is used as mouthwash to treat
pyorrhoea. In Nigeria powdered bark is applied
to ulcers and in Gabon a lotion prepared from
the bark is used to treat headache. Powdered
roots are used to cure constipation and to treat
sores and inflamed gums; they are also used in
cancer treatment. Fruits are eaten to ease
childbirth and to cure bronchitis and gonorrhoea. A decoction of leaves, stem bark and
roots is used as general tonic and for treating
rheumatism and stomach complaints. The fibrous innerbark has beenusedfor cordage.
Production and international trade The
wood of Xylopia quintasii has no commercial
value on the international market; it is only
used for local domestic products.
Properties The heartwood is yellowish to
brown and indistinctly demarcated from the
slightly paler sapwood. The grain is straight,
texture fine. The wood has an unpleasant smell
whenfreshly cut. It is heavy, with a density of
840-960 kg/m? at 12% moisture content, and
hard. It air dries fairly well, but it is recommended to quarter-saw logs before drying. The
rates of shrinkage are rather high, from green
to oven dry 6.0% radial and 10.4% tangential.
Once dry, the wood is moderately stable in
service.
At 12% moisture content, the modulus of rupture is 181-198 N/mm2, modulusofelasticity

The heartwood is moderately durable,

being fairly resistant to termite attacks, but
susceptible to marine borers. The sapwood is
susceptible to Lyctus attack.
The presence of alkaloids, flavonoids, coumarins, tannins and saponosides has been demonstrated in various plant parts. Antispasmodic
properties resembling those of papaverine have
been reported for the alkaloids from the roots.
Administration of aqueous root extracts to rats
showed a significant increase of creatinine,
alanine aminotransferase, Na*, K+ and Cl- lev-

els and a reduction of bicarbonate. The diterpene 7$-acetoxytrachyloban-18-oic acid has been
isolated from the stem bark.
Description Small to medium-sized tree up
to 30 m tall; bole usually straight and slender,

up to 60(—90) cm in diameter, sometimesfluted

Xylopia quintasii — 1, tree habit; 2, part of flowering branch; 38,fruits; 4, seed.

Redrawn and adapted by G.W.E. van den Berg
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at base or with narrow buttresses; bark surface

flakey, dark grey to dark brown, inner bark
strongly fibrous, peelable in long strips, pale
brown to orange-brown, darkening upon exposure, strongly scented; crown often small, conical with horizontal branches; twigs often with
small diagonal ridges, with lenticels, glabrous.
Leaves alternate, simple and entire; stipules

absent; petiole up to 0.5 cm long; blade obovate
to elliptical, 7-14 cm x 3-6 cm, cuneate at
base, short-acuminate to rounded at apex, thinleathery, glabrous, pinnately veined with 6-8
pairs of lateral veins. Inflorescence a small
fascicle among the leaves, up to 7-flowered,
short-hairy. Flowers bisexual, regular, 3merous,

greenish white or yellowish white,

fragrant; pedicel 3-7 mm long; sepals slightly
fused at base, ovate-triangular, c. 2 mm long;

moisture content, is suitable for similar purposes as that of Xylopia quintasii; it is mainly
used for construction, railway sleepers, vehicle
bodies and implements. Leaf macerations are
taken against diarrhoea.
Xylopia hypolampra Mildbr. (synonym: Xylopia
brieyi De Wild.) is a medium-sized to fairly
large tree up to 40 m tall with bole up to 100
cm in diameter, occurring from Cameroon and
the Central African Republic to south-western
DR Congo and Cabinda (Angola). Its yellowish
brown, medium-weight to heavy wood, with a
density of 670-920 kg/m? at 12% moisture content, is suitable for similar purposes as that of
Xylopia quintasii; it is mainly used for construction, railway sleepers and implements,
and as firewood. Bark macerations and decoctions are used in traditional medicine to treat

petals free, in 2 whorls, outer ones linear, 1-2

asthma, cough and stomach-ache, and as diu-

cm long, inner ones shorter, short-hairy; sta-

retic and anthelmintic. The bark has been used
for hut walls. The fruits and seeds are added to
food as spice.
Xylopia mwasumbii D.M.Johnson is a small
tree up to 9 m tall, only known from evergreen
forest near the coast of central-east Tanzania.
The wood is used for poles in house building
and for tool handles.
Xylopia rubescens Oliv. is a small to mediumsized tree up to 20(-30) m tall with stilt-rooted
bole up to 40 em in diameter, widely distributed in swamp forest and riverine forest from
Liberia east to Uganda and Tanzania, and
south to Zambia and Mozambique. The yellowish white to pale brown wood is suitable for

mens numerous; carpels 3—5, ovaries c. 1.5 mm

long, styles up to 0.5 mm long. Fruit consisting
of up to 5 cylindrical follicles 3-5 cm long, with
stipe up to 1 cm long andconstrictions between
the seeds, glabrous, red-green, dehiscing with a
single slit, 2-4-seeded. Seeds c. 1.5 cm x 0.5

cm, nearly completely enveloped by an orange
aril fringed at apex. Seedling with epigeal
germination; hypocotyl 5-6 cm long, channelled, epicotyl 3-4 mm long, hairy; cotyledons
thin,

remaining within the seed coat; first

leaves opposite or alternate.
Other botanical information Xylopia is a
large pantropical genus of about 150 species,
with approximately 30 species in mainland
tropical Africa and 25 in Madagascar.It is related to Artabotrys and badly in need of revision. The wood of several Xylopia spp. is used
in tropical Africa.
Xylopia acutiflora (Dunal) A.Rich. is a small
tree up to 15(-80) m tall, widespread from
Guinea east to southern Sudan, and south to
Angola and Zambia. Its heavy and hard wood
is used in Cameroon and Gabon in house construction and for canoe paddles, bows and
spear shafts. Bark decoctions are administered
to treat pneumonia and as anodyne. The bark
has been used for hut walls. The fruits are
addedto food as spice.
Xylopia cupularis Mildbr. (synonym: Xylopia
chrysophylla Louis ex Boutique) is a mediumsized to fairly large tree up to 35 m tall with
bole up to 60 cm in diameter, occurring from
Cameroon east to DR Congo and south to Cabinda (Angola). Its yellowish brown and heavy
wood, with a density of 750-935 kg/m3 at 12%

construction, joinery, ship building, vehicle
bodies, furniture, toys, novelties, boxes, crates,

veneer, plywood and pulpwood; it is used as
firewood. The wood density is lower than that
of Xylopia quintasii and the texture more
coarse. The bark has been used for hut walls.
Xylopia staudtii Engl. & Diels is a mediumsized tree up to 30(—45) m tall with often stiltrooted bole branchless for up to 20 m and up to
100(-150) em in diameter, widespread from
Sierra Leone east to Uganda, and south to DR
Congo and Cabinda (Angola). The yellowish
white to pale brown wood is suitable for construction, flooring, joinery, interior trim, ship
building, vehicle bodies, furniture, sporting
goods, toys, novelties, boxes, crates, carvings,

vats, matches, veneer, plywood, hardboard,
particle board and pulpwood. It is fairly lightweight with a density of about 500 kg/m? at
12% moisture content, and rather soft. The

bark has been used for hut walls and cordage.
Powdered bark or bark macerations are used in
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traditional medicine to treat colds and headache, fruit macerations are taken to ease childbirth and pulverized fruits are applied to treat
rheumatism. The fruits and seeds are added to
food as spice.
Xylopia villosa Chipp is a small to mediumsized tree up to 25 m tall with bole up to 40 cm
in diameter, occurring from Liberia to Nigeria.

Its tough and fairly durable wood is used for
posts in house building and for tool handles.
Powdered bark or bark macerations are used in
traditional medicine to treat colds and headache, and poundedseedsare applied to ulcers.
Xylopia wilwerthii De Wild. & T.Durand is a
small tree up to 10 m tall with bole up to 15(—
30) cm in diameter, restricted to DR Congo. Its

yellow-brown and very heavy wood, with a
density of 955-1085 kg/m? at 12% moisture
content, is used for construction, implements,
utensils, sculptures and turnery.

The best knownspecies of the genus is Xylopia
aethiopica (Dunal) A.Rich. Its wood is commonly used for similar purposes as that of Xylopia
quintasii, although the wood density is much
lower. However, Xylopia aethiopica is more
important for its fruits and seeds used as spice,
and as medicinal plant. The wood of Xylopia
parviflora (A.Rich.) Benth. is also used, but
this species is also more important as spice and
medicinal plant.
Xylopia timber is used in Madagascar, but it is
not clear to which species the usage is applicable.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 1: growth ring boundaries distinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
25: intervessel pits small (4-7 um); 26: intervessel pits medium (7-10 um); 30: vessel-ray
pits with distinct borders; similar to intervessel
pits in size and shape throughout the ray cell;
42: mean tangential diameter of vessel lumina
100-200 um; 47: 5-20 vessels per square millimetre; 58: gums and other deposits in heartwood vessels. Tracheids and fibres: 61: fibres
with simple to minutely bordered pits; 66: nonseptate fibres present; 69: fibres thin- to thickwalled; (70:

fibres very thick-walled). Axial

parenchyma: 86: axial parenchyma in narrow
bands or lines up to three cells wide; 87: axial
parenchymareticulate; 92: four (3—4) cells per
parenchymastrand; (93: eight (5-8) cells per
parenchymastrand). Rays: 97: ray width 1-3

cells; (98: larger rays commonly 4- to 10seriate); 104: all ray cells procumbent; (106:

body ray cells procumbent with one row of upright and/or square marginal cells); 115: 4-12
rays per mm. Mineral inclusions: (136: prismatic crystals present); (138: prismatic crystals
in procumbentraycells).
(C. Essien, A.A. Oteng-Amoako & P. Baas)
Growth and development The growth of
seedlings is slow. The seedlings are shade
bearers. In West Africa flowering of Xylopia
quintasii occurs from December to May,
whereas in Gabon flowers can be found in February—April. Fruits mature about 6 months
later. In Gabon fruits are produced in the long
dry season, and the seeds with their orange
aril are an important food for birds and monkeys, which serve as seed dispersers.
Ecology Xylopia quintasii usually occurs in
humid evergreen lowland forest, often on
slopes, but also along streams. It is commonly
found in secondaryforest.
Propagation and planting There are about
1500 seeds per kg. Seeds start germinating
about 1 month after sowing, and all viable
seeds have germinated after 2 months. The
germination rate is about 70%.
ManagementIn forest in Sierra Leone an
average density of 2 Xylopia quintasii trees
with a bole diameter of more than 15 cm has
been recorded perha.
Xylopia quintasii plays a role in shifting cultivation practices in Senegal. It is an important
constituent of forest developing after dry farming of rice in temporarily cleared forest plots,
andis oneof the species preventing erosion.
Genetic resources Xylopia quintasii has a
fairly wide distribution range and there are no
indications

of genetic

erosion.

However,

in

some parts of Sierra Leone over-exploitation
for firewood and charcoal has been reported,
and locally in Cameroon Xylopia quintasii has
become rare because of over-exploitation for
house construction.
Some other Xylopia spp. are under severe
threat, particularly in coastal forests in East
Africa. An example is Xylopia mwasumbii,
whichis classified as endangered in the IUCN
Red List.
Prospects Xylopia quintasii will probably
remain a timbertree of local importance only.
Its prospects for the commercial timber trade
are poor because of the small size of the bole
and its apparently slow growth. Its medicinal
value demands further pharmacological research for potential drug development.
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Some other Xylopia spp., e.g. Xylopia aethiopica, Xylopia hypolampra and Xylopia staudtii,
reach larger dimensions and may have better
prospects as timber trees of future commercial
importance. However, research is needed on
growth rates, regeneration and proper management to assess their value for sustainable
timber production on a larger scale. At any
rate, the mean annual diameter growth of Xy-

lopia aethiopica trees is fair, about 1 cm.
Major references Bolza & Keating, 1972;

Boutique, 1951; Burkill, 1985; Cooper & Record, 1931; de Koning, 1983; Fouarge & Gérard,
1964; Oteng-Amoako (Editor), 2006; Savill &
Fox, 1967; Vivien & Faure, 1985; White & Abernethy, 1997.

Other references AkéAssiet al., 1985; Aubréville, 1959b; Berhaut, 1971; Bobboi et al.,
2004; Camara, 2001; de la Mensbruge, 1966; de
Saint-Aubin, 1963; Hawthorne, 1995; Hawthorne & Jongkind, 2006; Irvine, 1961; Johnson,
1999; Konda ku Mbutaet al., 2010; le Thomas,

1969; Lovett et al., 2007; Mitani, 1999; Neuwinger, 2000; Quevauviller & Foussard-Blanpin, 1976; Raponda-Walker & Sillans, 1961;

Takahashi, 1978; Vanden Berghen, 1994.
Sources of illustration le Thomas, 1969;
White & Abernethy, 1997.
Authors A.A. Oteng-Amoako & E.A. Obeng

XYMALOS MONOSPORA(Harv.) Baill. ex Warb.
Protologue Bull. Mens. Soc. Linn. Paris 1:
650 (1886).
Family Monimiaceae
Chromosome number2n = 38, 40, 42
Vernacular names Lemonwood, wild lemon

(En).
Origin and geographic distribution Xymalos monospora is widespread, occurring from
Cameroon and Equatorial Guinea eastward to
southern Sudan, Uganda and Kenya, and
southward to Zimbabwe, Mozambique, South

Africa and Swaziland. It has been introduced
in India, whereit is cultivated sporadically.
Uses The woodis usedfor light construction,
posts, door frames, flooring, joinery, furniture,
vehicle bodies, railway sleepers, toys, novelties,
boxes, crates, agricultural implements, utensils
handles, beehives, brush backs, carvings, turn-

ery, veneer, plywood and pulp and paper products.

Fruits are eaten. The bark, roots and leaves
are used in traditional medicine. Root-bark
extracts are applied to treat insect stings and

Xymalos monospora — wild
bites. In DR Congo a decoction of the pounded
bark is drunkto cure colic, and Zulu people in
South Africa use the bark for the same purpose. In Kenya dried and pounded roots are
applied to wounds andsoft leaves are also used
as a wound dressing. In Tanzania leaves are
poundedtogether with ginger andtheresulting
paste is given to children to treat cough. In
Burundi leaf decoctions are drunk to treat
coughingandto expel the placenta. For whooping cough the ash of burnt leaves is taken. Leaf
decoctions or a decoction of root bark and twigs
are taken or used as an enemato treat diarrhoea. Leaves are added to drinking water of
cattle as a cure for East Coast fever.
Production and international trade The
wood of Xymalos monospora is mainly used
locally and probably only traded in small volumes internationally under the trade names
‘lemonwood’ and ‘bogabog’. Production and
trade statistics are not available. Bark, roots
and leaves are commonly sold on local markets
for medicinal purposes.
Properties The heartwood is lemon-yellow
to pale brown or greenish brown and not distinctly demarcated from theslightly paler, 2.5—
4 cm wide sapwood. The grain is straight, texture fine and even. Quarter-sawn surfaces
show an attractive silver-grain figure. Freshly
cut wood has a molasses-like scent.
The wood is medium-weight, with a density of

510—610(—670) kg/m? at 12% moisture content.
It is difficult to air dry; the heartwood dries
very slowly and is subject to collapse and honeycombingif dried too rapidly. It takes about 9
months to air dry 2.5 cm thick boards to 12%
moisture content. Kiln drying is impracticable.

674

TIMBERS 2

The rates of shrinkage are moderately high,
from green to oven dry 2.7-3.1% radial and
8.8-10.3% tangential. Once dry, the wood is
moderately stable in service.
At 12% moisture content, the modulusof rupture is 66-89 N/mm?2, modulus of elasticity
8750-11,560 N/mm?, compression parallel to
grain 43-54 N/mm?,

shear 10.512 N/mm?,

Janka side hardness 3560-3650 N and Janka
end hardness 4450 N.
The wood, both green and dry, is easy to saw
and work, with little blunting effect on saw
teeth and cutting edges. It planes well with a
good finish. The wood shows good mortising,
drilling and moulding characteristics. It nails
well with satisfactory nail-holding power and
little tendency to splitting. It is easy to polish
and varnish. It turns well, but because it is
quite soft some care is needed in finishing. The
wood is moderately durable. The sapwood is
fairly resistant to Lyctus attack. The heartwood is resistant and the sapwood moderately
resistant to impregnation with preservatives.
Description Evergreen, dioecious shrub or
small to medium sized tree up to 20(-27) m
tall; bole usually branchless for only 3-9 m,

often crooked, up to 60 cm in diameter; bark

surface pale to dark grey or yellowish brown,
flaking off in large scales to leave conspicuous
concentric ridged markings, inner bark pale
brown to pinkish brown, with reddish exudate;
crown rounded, dense; branches glabrous.
Leaves opposite, simple; stipules absent; petiole 0.5—3 cm long; blade elliptical to obovate, 4—
20 cm x 1.5—10 cm, cuneate at base, rounded to
acute or short-acuminate at apex, margin entire to irregularly and coarsely glandular
toothed, thinly leathery, glabrous, with transparent gland dots, pinnately veined with 6—9
pairs of lateral veins. Inflorescence an axillary
raceme or panicle 1—5(-7) cm long, velvety
short-hairy. Flowers unisexual, regular, greenish, small, with perianth 1-2 mm long; male

flowers with 4—6-lobed perianth and 6-15 stamens; female flowers with 3—5-lobed perianth
and superior ovary, stigma sessile, thick. Fruit
an ovoid to ellipsoid drupe 0.5-1.5(-2.5) cm
long, fleshy, glabrous, orange or red, with persistent stigma, 1-seeded. Seeds ellipsoid, compressed, c. 1 cm long, white. Seedling with epigeal germination.
Other botanical information Xymalos comprises a single species. The leaves have a lemon scent when crushed and have slightly
‘quilted’ appearance because of the lateral
veins which are sunken above and prominent
below, and this, together with the conspicuous
rings, rectangles and whorls which are exposed
whenpatchesof bark flake off, make identification of this species in thefield easy.
Anatomy Wood-anatomical description (LAWA
hardwoodcodes):
Growthrings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
12: solitary vessel outline angular; 14: scalariform perforation plates; (15: scalariform perforation plates with < 10 bars); 16: scalariform

Xymalos monospora — 1, tree habit; 2, flowering
twig; 8, fruits.

Redrawn and adapted by J.M. de Vries

perforation plates with 10-20 bars; (17: scalariform perforation plates with 20-40 bars); 20:
intervessel pits scalariform; 21: intervessel pits
opposite; 27: intervessel pits large (@ 10 um);
(31: vessel-ray pits with much reduced borders
to apparently simple: pits rounded or angular);
32: vessel-ray pits with much reduced borders
to apparently simple: pits horizontal (scalariform, gash-like) to vertical (palisade); 41: mean
tangential diameter of vessel lumina 50-100
um; 48: 20-40 vessels per square millimetre.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 65: septate fibres present; 69: fibres thin- to thick-walled. Axial parenchyma: 75: axial parenchyma absent or
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extremely rare; 78: axial parenchyma scanty
paratracheal. Rays: 98: larger rays commonly
4- to 10-seriate; 99: larger rays commonly > 10seriate; 102: ray height > 1 mm; 103: rays of
two distinct sizes; (105: all ray cells upright
and/or square); 109: rays with procumbent,
square and upright cells mixed throughout the
ray; (110: sheath cells present); 114: < 4 rays
per mm; 115: 4-12 rays per mm.

it is unsuitable for planting in arable land.
Most people still harvest plant parts from the
forest when they need them.
Diseases and pests The leaves of Xymalos
monospora are consumed bythe larvae of the
butterfly Papilio dardanus (Mocker swallowtail). No important diseases has been reported.
Harvesting Defects of logs include irregular
shape and heartrot.
Handling after harvest Deep surface checks
develop rapidly in logs after harvesting. Losses
during sawingare quite high.
Genetic resources Xymalos monospora is
not under threat of genetic erosion becauseit is
widespread and common and its wood is not

(R. Shanda, P. Baas & H. Beeckman)
Growth and development Xymalos monospora flowers between June and October. The
fruits appear from November to May. They
take about a year to ripen from green to orange
or red, and are eaten by birds, chimpanzees,
gorillas and monkeys, which disperse the
seeds. Field observations in south-eastern
Kenya revealed that dispersal and natural
regeneration depend to a large extent on fruit
eating birds and that fragmentation of forests
directly affects these birds and indirectly seed
dispersal of Xymalos monospora.
Old, dying and collapsing trees usually coppice
profusely from the base and form dense stands
providing deep shade, which suppresses reproduction of other plants.
Ecology Xymalos monospora occurs scattered
or sometimes co-dominant in the sub-canopy of
evergreen forest up to 3000 m altitude. Close to
the equator it is most often found in mountain
ranges; for example in DR Congoit is restricted
to forest at altitudes of over 1600 m, extending
to 8000 m into the bamboo zone. Thetree is
resistantto fire.
Propagation and planting Xymalos monospora is propagated by fresh seed. The 1000seed weight ranges from 68 g to 158 g. The
seeds are recalcitrant and should be packed in
cotton bags in quantities of less than 5 kg.
They cannot tolerate desiccation below 20%
moisture content and should be stored at room
temperature and sown within 6 weeks after
collection. Although germination is slow, the

There is no information suggesting that it is
protected anywhere. The habitat of the mountain gorilla in the Great Lakes Region is fairly
well protected, and Xymalos monosporais likely to profit as well from this protection. In some
regions natural populations have declined due
to forest clearing for cultivation and its poor
regeneration in fallow. Systematic germplasm
collection has not been done.
Prospects Xymalos monospora produces
timber of commercial value with good working
characteristics, but with a high conversion loss
and needing a long timeto dry. In addition, the
timber is only available in small quantities
because larger trees are often found scattered.
However, it will remain an important source of
wood for local uses, especially for handicraft
and construction purposes. It might be interesting for cultivation as a timber tree of more
commercial importance, but research on the
silvicultural characteristics would be required
as well as on propagation techniques and
growth rates. Xymalos monosporais not only a
source of timber but also of medicine and edible
fruits. As an important and widely used medic-

germination rate is quite high. It reaches 50%

inal plant, Xymalos monospora deserves more

6 weeks after sowing and 95% after 10 weeks.
Management An inventory conducted in
Uganda reported 850 plants (all size classes) of
Xymalos monosperma per ha in natural forest,
and only 5 per ha in formerly cultivated areas.
In forest in Tanzania on average 29 trees with
a bole diameter of more than 10 cm were recorded per ha.
Xymalos monospora is uncommonin farmland
and plantations, and only few people grow it in
their homestead. Because it may form dense
stands which shade and suppressotherplants,

research on its active compounds. Protection
and domestication of Xymalos monospora
should be considered with a view to attain sustainable exploitation of this important multi-

much used. Moreover, the wood does not seem

to be suitable as firewood and for charcoal production, and therefore is not heavily exploited.

purpose tree.

Major references Bolza & Keating, 1972;
Burkill, 1997; Bryce, 1967; Lovett et al., 2007;
Palmer & Pitman, 1972-1974; Stannard, 1997;
Takahashi, 1978; van Vuuren, Banks & Stohr,
1978; Verdcourt, 1968b; Wimbush, 1957.
Other references Baerts & Lehmann, 2011;
Bryce, 1966; Chikamaiet al., undated; Coates

676

TIMBERS 2

Palgrave, 1983; Goldblatt & Briggs, 1979;
Goldsmith & Carter, 1992; Hanelt & Institute
of Plant Genetics and Crop Plant Research
(Editors), 2001; Hyde & Wursten, 2011; Iddi et
al., 1992; Lehoucket al., 2009a; Lehoucket al.,
2009b; Lejju, 2004; Léonard, 1951; Lyaruu,
Eliapenda & Backéus, 2000; Moshi et al.,

2009b; Msanga, 1998; Oginuma & Tobe, 2006;
Renneret al., 2010.
Sources ofillustration Chikamaiet al., undated; Léonard, 1951; Verdcourt, 1968b.
Authors W. Mojeremane

ZANHAAFRICANA(Radlk.) Exell
Protologue Fl. Zamb. 2(2): 537 (1966).
Family Sapindaceae
SynonymsDialiopsis africana Radlk. (1907).
Vernacular names Velvet-fruited zanha
(En). Mkalya, mkwanga (Sw).
Origin and geographic distribution Zanha
africana is distributed from eastern DR Congo
east to Kenya and south to southern Angola,
Zimbabwe and Mozambique.
Uses The wood is locally used for construction, door frames, tool handles, implements and

household articles and is of some valueasfirewood.It is suitable for flooring, mine props, ship
building, vehicle bodies, furniture, toys, novel-

ties, agricultural implements, railway sleepers
and turnery.
It has been reported that fruits are eaten by
humans, having a pleasant taste comparable to
the taste of apricots (Prunus armeniaca L.), but
seeds should not be swallowed as they are reputed to be poisonous andfruits are reported to
cause severe diarrhoea if eaten in larger quan-

tities. Various parts of Zanha africana contain
saponins, especially the root bark, stem bark
and fruits, and are used as a substitute for

soap. They also act as a purgative, but can be
dangerousif given to children. In Tanzania a
root decoction is used to facilitate child birth, to

treat constipation, prostate problems andfits.
In Zimbabweroot infusions are taken as a cure
for dysentery, but fatalities have been recorded. Powdered roots are rubbed on legs or are
taken as an infusion to stop aching. Root preparations are prescribed to treat tooth-ache,
rheumatic pains, pneumonia and vertigo. Half
a teaspoon of dry powderedroots is put in cold
water and drunk to prevent miscarriage, and to
treat typhoid and fever. Root decoctions are
drunk or sniffed to treat headache, convulsions
and abdominal pain. Powdered root bark is
added to tea or porridge to cure constipation,
impotency and helminthiasis. Root bark extracts are used to treat fungal infections including ringworm of the head (Tinea capitis).
The bark is used in the treatment of sexually
transmitted diseases, hernia, convulsion, ab-

dominal pain, headache, colds and fever.
Pounded leaves added to water are taken or
applied to the whole body to cure convulsion.
Leaves are browsed by cattle, goats and sheep.
In Tanzania Zanha africana is planted as a
shade tree and is valued as nectar plant for
honey bees.
Properties The heartwoodis pinkish to redbrown whenfreshly cut, turning pale brown to
pinkish brown upon drying, and fairly distinctly demarcated from the yellowish white, 1—2
cm wide sapwood. Grain wavy to interlocked,
texturefine.
The woodis fairly heavy with a density of 705—
900 kg/m3 at 12% moisture content. It air dries
moderately rapidly with slight distortion and
no splitting. Boards of 2.5 cm thick dry to 12%
moisture content in about 3 months, boards of

Zanha africana — wild

5 cm thick in 6 months. The rates of shrinkage
are low, from green to 12% moisture content
2.7% radial and 4.5% tangential. At 12% moisture content, the modulus of rupture is 77
N/mm?, modulus of elasticity 9310 N/mm?,
compression parallel to grain 46 N/mm?, shear
14 N/mm? and Janka side hardness 6660 N.
The wood is difficult to saw because it is hard
and has a tendency to gum saw teeth. Planing
is also difficult because of the presence of interlocked grain causing picking up on quartersawn surfaces; a cutting angle of 15° is recommended. The wood showssatisfactory mortising, drilling, moulding and turning characteris-
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tics. Pre-boring is needed in nailing; the nailholding power is good. The wood is durable,
being quite resistant to termite, borer and Lyctus attacks. It is resistant to treatment with
preservatives. The sawdust is irritant to mucous membranesandrespiratory tracts.
The fresh fruit contains about 70% water. 100
g of dry matter of the fruit contains: energy
1265 kJ (303 kcal), protein 2 g, fat 1.5 g, fibre
15 g, Ca 90 mg, P 120 mg and Fe 20 mg. The
fruits contain 10.5% acid saponin.
The presence of anthocyanins, coumarins, saponins, steroids, tannins and volatile oils has

been established in the root bark. Zanhasaponin A, B and C were isolated from the roots,
and these compounds showed topical antiinflammatory activity. Antifungal activity of
the root bark has been confirmed, but tests for
antibacterial activity gave contradicting results. A dichloromethane extract of the roots
showed trypanocidal activity with an ICso value of 12.6 ug/ml.
Description Deciduous, dioecious shrub or
small tree up to 12(-17) m tall; bole branchless
for up to 6 m, cylindrical, sometimes crooked,

up to 100 cm in diameter; bark surface reddish
to dark brown,scaling off in large flakes re-

Zanha africana — 1, tree habit; 2, male flower;

3, fruiting branch, 4, young fruit.
Redrawn and adapted by Iskak Syamsudin

vealing an orange lower layer, inner bark reddish; crown open, with erect branches; twigs
hairy when young. Leaves alternate, paripinnately compound with 3—6(-8) pairs of leaflets;
stipules absent; petiole 1-5 cm long, rachis 4—
34 cm long, reddish brown short-hairy; petiolules 1-3 mm long; leaflets opposite, ovate to
elliptical or almost round, 8-15 cm x 4-8 cm,
rounded to cordate at base, obtuse at apex,
margin entire to slightly toothed towards the
apex, reddish brown short-hairy below, pinnately veined with up to 14 pairs of lateral
veins. Inflorescence a terminal or axillary panicle with flowers in dense clusters. Flowers
unisexual,

regular,

small,

greenish,

sweet-

scented; pedicel c. 2.6 mm long, hairy; sepals
4—6, c. 4 mm long,fused at base, hairy outside;
petals absent; stamens 4-6, up to 10 mm long;

disk cup-shaped; ovary superior, hairy, 2celled, style c. 2 mm long; male flowers without
ovary, female flowers with rudimentary stamens. Fruit an ellipsoid fleshy drupe up to 3
cm X 2 cm, velvety hairy, yellow to bright orange, 1-seeded. Seed ellipsoid, c. 1.5 cm X 1 cm.
Other botanical information Zanha comprises 3 species. The distribution of Zanha
golungensis Hiern, another timber tree, overlaps with that of Zanha africana, but it has a
wider distribution, westwards as far as Senegal.
Zanha suaveolens Capuron, endemic to Madagascar, is a small tree up to 15 m tall with a
bole diameter of up to 60 cm. Its wood is used
in boat building. The bark is used as a soap
substitute; it is used especially for delicate
textiles such as silk.
Anatomy Wood-anatomical description (AWA
hardwood codes):
Growth rings: 2: growth ring boundaries indistinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits polygonal; 25: intervessel pits small (4—7 um); 26:
intervessel pits medium (7—10 Um); 30: vesselray pits with distinct borders; similar to intervessel pits in size and shape throughout the
ray cell; 41: mean tangential diameter of vessel
lumina 50-100 um; 48: 20-40 vessels per
square millimetre; 58: gums and other deposits
in heartwood vessels. Tracheids andfibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 70: fibres very
thick-walled. Axial parenchyma: 80: axial parenchyma aliform; 82: axial parenchyma
winged-aliform; 83: axial parenchyma confluent; (85: axial parenchyma bands more than

678

TIMBERS 2

three cells wide); (86: axial parenchyma in nar-

Other references Abbot & Lowore, 1995;

row bands or lines up to three cells wide); 91:

Arbonnier, 2000; Boiteau, Boiteau & AllorgeBoiteau, 1999; Chhabra, Mahunnah & Mshiu,
1991; Cuéllar et al., 1997a; Cuéllar et al., 1997b;
Fabry, Okemo & Ansorg, 1996; Gelfand et al.,
1985; Kambizi & Afolayan, 2001; Kareru etal.,
2007; Malaisse, 1997; Musila, Kisangau &

two cells per parenchymastrand; 92: four (3-4)
cells per parenchyma strand. Rays: 96: rays
exclusively uniseriate; (97: ray width 1—3cells);
104: all ray cells procumbent; 115: 4-12 rays
per mm. Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchymacells.
(S. N’Danikou, P.E. Gasson & H. Beeckman)
Growth and development In southern
Africa the tree sheds most of its leaves during
the dry season. The flowers appear before the
new leaves between October and December.
Fruits mature between November and February. They are eaten by birds, chimpanzees and
monkeys, which probably disperse the seeds.
Ecology Zanha africana is found in open
woodland, often on granite ridges or kopjes,
andoccasionally in riverine forest, at 600—1550
m altitude.
Propagation and planting Zanha africana
is easiest propagated with fresh seeds. Propagation with cuttingsis also practised.
Management Although Zanha africana is
the second most important medicinal tree in
the Shinyanga Region in Tanzania, only few
people grow the tree at their homesteads. It is
more commonto grow the species in farmland,
but most people still harvest plant parts when
needed from the naturalforest.
Genetic resources There are noindications
that Zanha africana is threatened or vulnerable. Its timber is not widely used and it does
not produce good firewood. Moreover, the presence of poisonous saponins may discourage
people from using it. Zanha africana is not a
protected species in Africa.
Prospects Zanha africana produces timber
of little commercial value because it is often
only available in small dimensions due to the
small size of the bole and because the sawing
and working characteristics of the wood are
poor. However, it will remain an important
source of wood for local uses where durability
is important, especially in construction. There
is very little or no information on its propagation and management. Therefore, research is
needed to explore methods of propagation,
planting and managing this multipurpose species.
Major references Bolza & Keating, 1972;
Bryce, 1967; Coates Palgrave, 2002; Davies &
Verdcourt, 1998; Dery, Otsyina & Neg'atigwa
(Editors), 1999; Exell, 1966; Storrs, 1979; van
Wyk & van Wyk, 1997.

Muema, 2004; Neuwinger, 2000; Nibret et al,

2010; Ruffo, Birnie & Tengnäs, 2002; Schatz,
2001; Takahashi, 1978.

Sources of illustration Coates Palgrave,
2002; Exell, 1966.

Authors W. Mojeremane

ZANHA GOLUNGENSIS Hiern
Protologue Cat. afr. pl. 1(1): 128 (1896).
Family Sapindaceae
Vernacular names Smooth-fruited zanha
(En). Mkalya, mkwanga (Sw).
Origin and geographic distribution Zanha
golungenis is widely distributed in Africa, occurring from Senegal east to Ethiopia and
Kenya, and south to Zambia, Angola, Zimba-

bwe and Mozambique.
Uses The wood of Zanha golungensis is
widely used for construction, furniture and
carving. Several sources, especially from West
Africa, claim explicitly that the fruits are not
eaten by humans, but other reports state that
they are consumed.
Various plant parts contain saponins and the
bark is used as a substitute for soap. Bark decoctions are taken as a cure for malaria, powdered bark is sniffed against chest complaints
and colds and rubbedinto the skin of temples
and forehead to get relief of headache, and

Zanha golungensis — wild
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bark preparations are considered galactagogue.
In Senegal bark is applied in a poultice to treat
broken limbs. In Tanzania a root decoction is
drunk as a cure for infected, hard abscesses,
and to treat uterus prolapse, hernia and amenorrhoea. A decoction of leafy twigs is used to
treat fever. Zanha golungensis is occasionally
planted as shadetree in coffee plantations.
Properties The heartwood is whitish, some-

times with a pinkish hue, and indistinctly demarcated from the sapwood. The texture is
moderately fine.
The fresh fruit contains about 67% water. The
fruit contains per 100 g of dry matter: energy
1449 kJ (347 kcal), protein 2.1 g, fat 1.5 g, fibre
3.2 g, Ca 140 mg, P 60 mg and Fe 5 mg. It contains acid saponin. The triterpenoids zanhic
acid and zanhic acid-y-lactone, and the prosapogenins zanhin and medicagin have been isolated from the root bark.
Botany Deciduous, dioecious shrub or small
to medium-sized tree up to 30(—40) m tall; bole

cylindrical, sometimes crooked, up to 150(—170)
cm in diameter; bark surface greyish brown to
dark brown, scaling off in large flakes revealing a brown layer; crown dense, heavily
branched; twigs glabrous. Leaves alternate,

paripinnately compound with 3-7 pairs ofleaflets; stipules absent; petiole up to 12 cm long,
rachis up to 15 cm long, glabrous or sparsely
hairy; petiolules up to 2 mm long; leaflets opposite, ovate to elliptical or oblong-elliptical, 6—
11(-17) em X 2-4(-5.5) cm, cuneate at base,
obtuse to short-acuminate at apex, margin
entire to slightly toothed towards the apex,
glabrous, pinnately veined with up to 16 pairs
of lateral veins. Inflorescence a terminal or
axillary panicle with flowers in denseclusters.
Flowers unisexual, regular, small, greenish,

sweet-scented; pedicel up to 3 mm long, hairy;
sepals 4—5, c. 4.5 mm long,fused at base, hairy
outside; petals absent; stamens 4-5, up to 8
mm long; disk cup-shaped; ovary superior, 2celled, style simple; male flowers without ovary, female flowers with rudimentary stamens.
Fruit an ellipsoid fleshy drupe up to 2 cm x 1.5
cm, glabrous, yellow to orange or pink, 1seeded. Seed ellipsoid, up to 2 cm long. Seedling with hypogeal germination; epicotyl c. 15
em long; first 2 leaves opposite, with 2-3 pairs
of leaflets.
Zanha golungensis sheds most of its leaves
during the dry season. The flowers appear before the new leaves. Fruits are eaten by birds,
gorillas, chimpanzees and monkeys, and these
probably serve as seed dispersers.
Zanha comprises 3 species. Zanha africana
(Radlk.) Exell of mainland tropical Africa and
Zanha suaveolens Capuron, which is endemic
to Madagascar, are both trees of which the
timberis usedlocally.
Ecology Zanha golungensis occurs in deciduous woodland and forest, sometimes also in

evergreen forest and extending into riverine
forests in drier areas, at 300-1700 m altitude.

Zanha golungensis — 1, flowering branch; 2,
fruits.
Source: Flore analytique du Bénin

It requires proper drainage.
Management Propagation of Zanha golungensis with fresh seeds is easy. Seeds germinate within 2 months. In Kenya seedlings survived a dry period of 3 weeks. Propagation by
cuttings is probably feasible as well. In Togo
Zanha golungensis is often retained for its
fruits when land is cleared for home gardens.
In Ethiopia it is left after forest clearing to
serve as a shadetreeforcoffee.
Genetic resources and breeding There
are no indications that Zanha golungensis is
threatened or vulnerable. Although widespread,
it apparently is nowhere common.
Thevariation in tree height and bole diameter
of Zanha golungensis is largely due to growing
conditions. It may be worthwile to try selections of the largest trees from DR Congo and
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Ethiopia in other areas.
Prospects In most of its range Zanha golungensis produces timber of little commercial
value. However, it will remain an important
source of wood for local uses. There is very little or no information on its propagation and
management, and research is needed to explore

possibilities for domestication of this multipurpose species.
Major references Burkill, 2000; Chhabra,
Mahunnah & Mshiu, 1991; Coates Palgrave,
2002; Davies & Verdcourt, 1998; Neuwinger,

2000.
Other references Arbonnier, 2000; Aubréville, 1959a; Friis, 1992; Gelfand et al., 1985;
Hauman, 1960; Kambizi & Afolayan, 2001;
Kareru et al., 2007; Malaisse, 1997; Robinson,
2004; Vivien & Faure, 1996.

Sourcesof illustration Akoégninou, van der
Burg & van der Maesen(Editors), 2006.
AuthorsC.H. Bosch
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Timbers with other primary use
List of species in other commodity groups (parenthesis), which are used as timbers.
Synonyms are given in the indented lines (12 May 2012).
The names listed here have not been repeated in the Index of scientific plant names

(p. 787).
Abrusfruticulosus (medicinal plants)
Abrus pulchellus
Abrus schimperi
Acacia abyssinica (fuel plants)
Acacia asak (fuel plants)
Acacia auriculiformis (fuel plants)
Acacia brevispica (forages)
Acacia dealbata (essential oils and exudates)
Acacia decurrens (fuel plants)
Acacia elatior (medicinal plants)
Acacia erioloba (stimulants)
Acacia erubescens (essential oils and exu-

dates)
Acacia erythrocalyx (fuel plants)
Acacia etbaica (fuel plants)
Acacia farnesiana (essential oils and exudates)
Acacia gerrardii (fibres)
Acacia hebecladoides
Acacia gourmaensis (fibres)
Acacia laeta (fuel plants)
Acacia lahai (fuel plants)
Acacia leptocarpa (auxiliary plants)
Racospermaleptocarpum
Acacia mearnsii (dyes and tannins)
Racosperma mearnsii
Acacia mellifera (fuel plants)
Acacia natalitia (stimulants)
Acacia karroo
Acacia negrii (auxiliary plants)
Acacia nilotica (dyes and tannins)

Acacia adansonii
Acacia arabica
Acacia scorpioides
Acacia subulata
Acacia polyacantha (essential oils and exudates)

Acacia campylacantha
Acacia reficiens (medicinal plants)
Acacia senegal (essential oils and exudates)

Acacia rupestris
Mimosa senegal
Senegalia senegal
Acacia seyal (essential oils and exudates)

Acacia sieberiana (essential oils and exu-

dates)
Acacia tortilis (forages)
Acacia raddiana
Acacia spirocarpa
Acalyphafiliformis (fibres)
Acalyphareticulata
Acalypha fruticosa (medicinal plants)
Acalypha neptunica (medicinal plants)
Acalypha ornata (medicinal plants)
Acalypha volkensii (medicinal plants)
Acokanthera laevigata (medicinal plants)
Acokanthera schimperi (medicinal plants)
Acokanthera ouabaio
Carissa schimperi
Acosmium panamense (auxiliary plants)
Adansonia digitata (vegetables)
Adansonia za (vegetable oils)
Adansonia alba
Adansonia bozy
Adenanthera microsperma (auxiliary plants)
Adenanthera pavonina (ornamentals)
Adenodolichos paniculatus (medicinal
plants)
Aegle marmelos (fruits)
Aeschynomeneindica (forages)
Aeschynomenesensitiva (medicinal plants)
Afraegle paniculata (fruits)
Agauria salicifolia (medicinal plants)
Agarista salicifolia
Agavesisalana (fibres)
Agaverigida var. sisalana
Agelaea pentagyna (medicinalplants)
Agelaea dewevrei
Agelaea heterophylla
Agelaea lamarckii
Agelaea mildbraedii
Agelaea nitida
Agelaea obliqua
Agelaea pilosa
Agelaeatrifolia
Aidia genipiflora (medicinal plants)
Randia genipiflora
Aidia micrantha (medicinal plants)

Albizia anthelmintica (medicinalplants)
Albizia chinensis (auxiliary plants)
Albizia dinklagei (medicinal plants)
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Cathormion dinklagei
Samanea dinklagei
Albizia lebbeck (auxiliary plants)
Albizia procera (auxiliary plants)
Alchornea cordifolia (medicinal plants)
Alchornea floribunda (medicinal plants)
Alchornea hirtella (medicinal plants)
Alchornea laxiflora (medicinal plants)
Aleurites moluccanus (vegetable oils)
Allanblackia floribunda (vegetable oils)
Allanblackia parviflora (vegetable oils)
Allanblackia stuhlmannii (vegetableoils)
Allanblackia ulugurensis (vegetable oils)
Allophylus africanus (medicinal plants)
Allophylus subcoriaceus
Aloe dichotoma (medicinal plants)
Alsodeiopsis poggei (medicinal plants)
Alsodeiopsis schumannii (fruits)
Anacardium occidentale (fruits)
Andira inermis (medicinal plants)
Angylocalyx braunii (fuel plants)
Angylocalyx pynaertii (medicinal plants)
Angylocalyx zenkeri
Anisophyllea boehmii (fruits)
Anisophyllea pomifera
Anisophyllea laurina (fruits)
Anisophyllea meniaudi (fruits)
Anisotes ukambensis (medicinal plants)
Annona glabra (fruits)
Annona palustris
Annona senegalensis (fruits)
Annona arenaria
Annona chrysophylla
Anonidium mannii (fruits)
Anonidium friesianum
Anthocleista zambesiaca
Anthocleista madagascariensis (medicinal
plants)
Anthocleista hildebrandtii
Anthocleista rhizophoroides
Anthocleista nobilis (medicinal plants)
Anthocleista vogelii (medicinal plants)
Anthostema senegalense (medicinal plants)
Antidesmalaciniatum (medicinalplants)
Antidesma membranaceum (medicinal

plants)
Antidesma venosum (fruits)
Antidesma vogelianum (medicinal plants)
Aoranthe cladantha (medicinal plants)
Porterandia cladantha
Randia cladantha
Randia pierrei
Aoranthe penduliflora (medicinal plants)
Porterandia penduliflora
Aphanamixis polystachya (medicinal plants)
Aglaia polystachya

Aphania senegalensis (fruits)
Lepisanthes senegalensis
Aphloia theiformis (fruits)
Aporrhiza paniculata (medicinal plants)
Aporrhiza nitida
Araucaria columnaris (ornamentals)
Araucaria heterophylla (ornamentals)
Arenga pinnata (carbohydrates)
Artocarpus altilis (fruits)
Artocarpus communis

Artocarpus incisus
Artocarpus heterophyllus (fruits)
Arundo donax (auxiliary plants)
Atroxima afzeliana (medicinal plants)
Averrhoa bilimbi (fruits)
Averrhoa carambola (fruits)
Azadirachta indica (auxiliary plants)
Balanites aegyptiaca (fruits)
Balanites maughamii (vegetable oils)
Balanites dawei
Balanites rotundifolia (fruits)
Balanites gillettii
Balanites orbicularis
Balanites scillin
Balanites wilsoniana (essential oils and

exudates)
Balthasaria schliebenii (fuel plants)
Baphia abyssinica (fuel plants)
Baphia nitida (dyes and tannins)
Baphia pauloi (fuel plants)
Baphia pubescens (dyes and tannins)
Baphia bancoensis
Baphia puguensis (fuel plants)
Baphia semseiana (fuel plants)
Barbeya oleoides (fuel plants)
Barringtonia asiatica (medicinal plants)
Barringtonia speciosa
Barringtonia racemosa (dyes and tannins)
Bauhinia purpurea (ornamentals)
Bauhinia rufescens (ornamentals)
Bauhinia tomentosa (ornamentals)

Belonophora hypoglauca (stimulants)
Belonophora coffeoides
Berchemiadiscolor (fruits)
Phyllogeiton discolor
Berchemia zeyheri (fruits)
Berkheya echinacea (medicinal plants)
Bersama abyssinica (medicinal plants)
Bersama engleriana
Bersamapaullinioides
Bombax buonopozense (fibres)
Bombax flammeum
Bombax reflexum
Bombax ceiba (fibres)
Bombax malabaricum
Bombax costatum (fibres)
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Bombax andrieui
Bombax houardti
Borassus aethiopum (fruits)
Borassus madagascariensis (vegetables)
Borassus flabellifer var. madagascariensis
Boscia albitrunca (medicinal plants)
Boscia coriacea (medicinal plants)

Boscia salicifolia (medicinal plants)
Boscia senegalensis (fruits)
Boscia octandra
Bosqueiopsis gillettii (medicinal plants)
Brachystegia boehmii (ornamentals)
Brachystegia woodiana
Brachystegia bussei (essential oils and exudates)
Brachystegia floribunda (fibres)
Brachystegia longifolia (fibres)
Brachystegia stipulata (fibres)
Brachystegia utilis (fuel plants)
Brazzeia congoensis (medicinal plants)

Brazzeia soyauxii (medicinal plants)
Brazzeia klainei
Brenania brieyi (medicinal plants)
Randia walkeri
Brexia madagascariensis (fruits)
Bridelia atroviridis (medicinal plants)
Bridelia brideliifolia (medicinal plants)
Bridelia ferruginea (fuel plants)
Brucea antidysenterica (medicinal plants)
Brugmansia suaveolens (ornamentals)
Datura suaveolens
Bruguiera gymnorhiza (dyes and tannins)
Buchholzia coriacea (medicinal plants)
Buchholzia macrophylla
Buchholzia tholloniana (medicinal plants)
Buchholzia macrothyrsa
Buddleja polystachya (auxiliary plants)
Burchellia bubalina (ornamentals)
Burttdavya nyasica (medicinal plants)
Butea monosperma (ornamentals)
Butea frondosa
Cadaba farinosa (medicinal plants)
Caesalpinia pulcherrima (ornamentals)
Caesalpinia sappan (dyes and tannins)
Calophyllum tacamahaca (medicinal plants)
Calotropis procera (medicinal plants)
Calpurnia aurea (medicinal plants)
Calycobolus africanus (medicinal plants)
Campylospermum flavum (ornamentals)
Ouratea flava
Campylospermum glaberrimum (ornamentals)
Ouratea glaberrima
Cananga odorata (essential oils and exudates)

Canarium schweinfurthii (essential oils and

exudates)
Canarium zeylanicum (essential oils and
exudates)
Canthium burtii (fruits)
Canthium inerme (medicinalplants)
Canthium lactescens (fruits)
Afrocanthium lactescens
Canthium mundianum (medicinal plants)
Canthium oligocarpum (fruits)
Canthium parasiebenlistii (fuel plants)
Canthium setiflorum (fruits)
Canthiumsiebenlistii (fuel plants)
Capparis decidua (spices and condiments)
Capparis fascicularis (medicinal plants)
Capparis elaeagnoides
Capparis rothii
Carapa procera (medicinalplants)
Carapa grandiflora
Caryota mitis (ornamentals)
Caryota urens (carbohydrates)
Casearia coriacea (medicinal plants)
Samydacoriacea
Cassia abbreviata (medicinal plants)
Cassia angolensis (medicinal plants)
Cassia fistula (medicinal plants)
Cassia javanica (ornamentals)
Cassia agnes
Cassia nodosa
Cassia mannii (medicinal plants)
Cassia roxburghii (ornamentals)
Cassia sieberiana (medicinalplants)
Casuarina cunninghamiana (auxiliary
plants)
Casuarina equisetifolia (fuel plants)
Casuarina junghuhniana (auxiliary plants)
Catha edulis (stimulants)
Catha inermis
Celastrus edulis
Catunaregam spinosa (medicinal plants)
Xeromphis obovata
Cavacoa aurea (medicinal plants)
Cerbera manghas (medicinal plants)
Cerbera venenifera
Ceriops tagal (dyes and tannins)

Ceriops boiviniana
Ceriops candolleana
Chadsia flammea (medicinal plants)

Chaetocarpus africanus (fuel plants)
Chasmopodium afzelii (forages)
Chasmopodium caudatum (forages)
Chrysobalanus icaco (fruits)
Chrysobalanusellipticus
Chrysobalanus orbicularis
Chrysophyllum albidum (fruits)
Gambeya albida
Chrysophyllum bangweolense (fruits)
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Chrysophyllum cainito (fruits)
Chrysophyllum lanceolatum (auxiliary
plants)
Chrysophyllum viridifolium (fruits)
Chytranthus cauliflorus (spices and condiments)

Laccodiscus cauliflorus
Chytranthusobliquinervis (fruits)
Cinchona ledgeriana (medicinalplants)
Cinnamomum camphora (essential oils and
exudates)
Cinnamomum porrectum (essential oils and
exudates)
Cissus aralioides (medicinal plants)
Citharexylum spinosum (ornamentals)

Citrus aurantifolia (fruits)
Citrus aurantium (fruits)

Citrus limon (fruits)
Citrus reticulata (fruits)
Citrus nobilis
Citrus sinensis (fruits)
Cladostemon kirkii (medicinal plants)
Clappertonia ficifolia (fibres)
Honckenyaficifolia
Clausena anisata (medicinal plants)
Cleistanthus bipindensis (medicinal plants)
Cleistanthus polystachyus (fruits)
Clerodendrum acerbianum (medicinal
plants)
Clerodendrum glabrum (ornamentals)
Coccoloba uvifera (fruits)
Cochlospermum vitifolium (ornamentals)
Cocos nucifera (vegetable oils)
Coffea arabica (stimulants)
Coffea costatifructa (fuel plants)
Coffea eugenioides (stimulants)
Coffea intermedia
Coffea mongensis (fuel plants)
Coffea mufindiensis (stimulants)
Coffea stenophylla (stimulants)
Cola acuminata (stimulants)
Cola ballayi (stimulants)
Cola cordifolia (ornamentals)
Cola digitata (fruits)
Cola gigantea (ornamentals)
Cola millenii (fruits)
Cola nitida (stimulants)
Cola rostrata (stimulants)
Cola simiarum (stimulants)

Cola verticillata (stimulants)
Combretum adenogonium (medicinal plants)
Combretum fragrans
Combretum ghasalense
Combretum ternifolium
Combretum albopunctatum (medicinal
plants)

Combretum apiculatum (fuel plants)
Combretum caffrum (medicinal plants)
Combretum celastroides (medicinal plants)
Combretum laxiflorum
Combretum patelliforme
Combretum collinum (medicinal plants)
Combretum binderanum
Combretum geitonophyllum
Combretum hypopilinum
Combretum lamprocarpum
Combretum elaeagnoides (medicinal plants)
Combretum erythrophyllum (medicinal
plants)
Combretum exalatum (medicinal plants)
Combretum glutinosum (dyes and tannins)
Combretum passargei
Combretum relictum
Combretum hartmannianum (medicinal
plants)

Combretum micranthum (medicinal plants)
Combretum raimbaultii
Combretum molle (medicinal plants)
Combretum mossambicense (medicinal
plants)
Combretum nigricans (essential oils and
exudates)
Combretum padoides (medicinal plants)
Combretum paniculatum (medicinal plants)
Combretum wattii (forages)
Combretum zeyheri (medicinal plants)
Commiphora africana (essential oils and
exudates)

Commiphora campestris (medicinal plants)
Commiphora edulis (fruits)
Commiphora boiviniana
Commiphora habessinica (essential oils and
exudates)
Commiphora kerstingii (ornamentals)
Commiphora kua (medicinal plants)
Commiphora crenulata
Commiphoraellenbeckii
Commiphora madagascarensis (medicinal
plants)
Commiphora mossambicensis (carbohydrates)
Commiphora multijuga (fibres)
Commiphora ogadensis (essential oils and
exudates)

Commiphora pteleifolia (auxiliary plants)
Commiphora pyracanthoides (essential oils
and exudates)

Comoranthus madagascariensis (medicinal
plants)
Conocarpuserectus (fuel plants)
Conocarpuslancifolius (ornamentals)
Cordia alliodora (auxiliary plants)
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Cordia crenata (fruits)
Cordia monoica (fruits)
Cordia quarensis
Cordia ovalis
Cordia myxa (medicinal plants)
Cordia sinensis (fruits)
Cordia gharaf
Cordia quercifolia
Cordia nevillii
Cordia rothii
Corynanthe pachyceras (medicinal plants)
Cossinia pinnata (medicinal plants)
Coula edulis (fruits)
Craibia brevicaudata (ornamentals)
Craibia brownii (cereals and pulses)
Craibia elliottii
Craspidospermum verticillatum (medicinal
plants)
Craterispermum caudatum (dyes and tannins)
Craterispermum schweinfurthii (dyes and
tannins)
Crateva adansonii (fruits)
Crateva religiosa
Cremaspora triflora (dyes and tannins)
Cremasporacoffeoides
Crossandra nilotica (medicinal plants)
Crossopteryx febrifuga (medicinal plants)
Croton dictyophlebodes (fuel plants)
Croton gratissimus (ornamentals)
Croton zambesicus
Croton haumanianus (medicinal plants)

Croton jatrophoides (medicinal plants)
Croton macrostachyus (medicinal plants)
Croton oligandrus (medicinal plants)
Croton penduliflorus (medicinal plants)
Croton pseudopulchellus (auxiliary plants)
Croton somalensis (medicinal plants)
Croton sylvaticus (medicinal plants)
Cryptocarya liebertiana (ornamentals)
Cussonia arborea (medicinal plants)
Cussonia barteri
Cussonia djalonensis
Cussonia kirkii
Cussonia spicata (medicinal plants)
Cyathea manniana (medicinal plants)
Cymbopogon giganteus (medicinal plants)
Cymbopogon caesius
Cymbopogon excavatus
Cymbopogon nardus (essential oils and exudates)
Cymbopogon validus
Cynometra brachyrrachis (fuel plants)
Cynometra engleri (fuel plants)
Cynometra longepedicellata (fuel plants)
Cynometra suaheliensis (fuel plants)

Cynometra ulugurensis (fuel plants)
Dacryodes edulis (fruits)
Pachylobus edulis
Pachylobus saphu
Dactyladenia barteri (auxiliary plants)
Acioa barteri
Griffonia barteri
Dais glaucescens (fibres)
Dais cotinifolia
Dalbergia boehmii (medicinal plants)
Dalbergia saxatilis (medicinal plants)
Dalbergia isangiensis
Dalbergiella welwitschii (medicinal plants)
Delonix boiviniana (essential oils and exudates)

Delonix elata (ornamentals)
Delonix floribunda (essential oils and
exudates)
Delonix adansonioides
Poinciana adansonioides
Delonix regia (ornamentals)
Desbordesia insignis (fruits)
Desbordesia glaucescens
Desbordesia oblonga
Desmostachys vogelii (medicinal plants)
Detarium microcarpum (medicinal plants)
Dialium guineense (fruits)
Dialium schlechteri (fruits)
Dichaetanthera africana (ornamentals)
Sakersia africana
Dichaetanthera corymbosa (medicinal
plants)
Dichapetalum madagascariense (medicinal
plants)
Dichapetalum guineense
Dichapetalum subcordatum
Dichapetalum thomsonii
Dichostemmaglaucescens (medicinal plants)
Dichrostachys cinerea (medicinal plants)
Dichrostachys glomerata
Dichrostachys nyassana
Dictyandra arborescens (medicinal plants)
Didymosalpinx norae (ornamentals)
Dillenia indica (fruits)
Diogoa zenkeri (fruits)
Strombosiopsis zenkeri
Diospyros amaniensis (medicinal plants)
Diospyros barteri (medicinal plants)
Diospyros batocana (fruits)
Diospyros bipindensis (medicinal plants)
Diospyros canaliculata (medicinal plants)
Diospyros capricornuta (fuel plants)
Diospyros consolatae (fruits)
Diospyros dendo (fruits)
Diospyros atropurpurea
Diospyros flavescens
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Diospyros discolor (fruits)
Diospyros blancoi
Diospyros kirkii (fruits)
Diospyros loureiriana (dyes and tannins)
Diospyros macrocalyx
Diospyros usambarensis
Royena macrocalyx
Diospyros lycioides (fibres)
Royena guerkei
Royena lycioides
Royena nitens
Royena sericea
Diospyros natalensis (fuel plants)
Diospyros occulta (fuel plants)
Diospyros scabra (medicinal plants)
Diospyros tricolor (medicinalplants)
Diospyros wajirensis (fruits)
Diospyros whyteana (stimulants)
Diplorhynchus condylocarpon (medicinal
plants)
Diplorhynchus mossambicensis
Discoglypremna caloneura (medicinal
plants)
Discopodium penninervium (auxiliary
plants)
Dobera glabra (fruits)
Dobera loranthifolia (fruits)
Dodonaea viscosa (medicinal plants)
Dodonaea angustifolia
Dombeya acerifolia (fibres)
Dombeya albisquama (fibres)
Dombeya australis (fibres)
Dombeya burgessiae (fibres)
Dombeya dawei
Dombeya platypoda
Dombeya mastersii
Dombeya laurifolia (fibres)
Dombeya lucida (fibres)
Dombeya macropoda (fibres)
Dombeya mollis (fibres)
Dombeyapilosa (fibres)
Dombeya quinqueseta (fibres)
Dombeya multiflora
Dombeyareclinata (fibres)
Dombeya rotunda (fibres)
Dombeya shupangae (medicinal plants)
Dombeyaspectabilis (fibres)
Dombeya umbellata (fibres)
Doratoxylon apetalum (medicinal plants)
Hippobromusapetalus
Melicocca diversifolia
Doratoxylon littorale (medicinalplants)
Dorstenia kameruniana (medicinalplants)
Craterogyne kameruniana
Trymatococcus kamerunianus
Dovyalis abyssinica (medicinal plants)

Dovyalis rhamnoides (fruits)
Drypetes gossweileri (medicinal plants)
Drypetes amoracia
Drypetes ivorensis (medicinal plants)
Drypetes molunduana (medicinal plants)
Drypetes natalensis (medicinal plants)
Drypetes reticulata (fuel plants)
Drypetes usambarica (fuel plants)
Dypsis mananjarensis (vegetables)
Chrysalidocarpus fibrosus
Chrysalidocarpus mananjarensis
Dypsis pembana (ornamentals)
Chrysalidocarpus pembanus
Dypsis pinnatifrons (ornamentals)
Dypsis gracilis
Dypsis utilis (fibres)
Vonitra utilis
Ehretia obtusifolia (medicinal plants)
Ehretia coerulea
Elaeis guineensis (vegetable oils)
Elaeodendron orientale (medicinal plants)
Cassine orientale
Englerodendron usambarense (fuel plants)
Englerophytum magalismontanum (fruits)
Bequaertiodendron magalismontanum
Englerophytum natalense (fruits)
Bequaertiodendron natalense
Entada abyssinica (medicinal plants)
Enterolobium contortisiliquum (ornamentals)

Enterolobium cyclocarpum (ornamentals)
Eremospatha hookeri (fibres)
Erica arborea (fuel plants)
Erica rossti (fuel plants)
Erica excelsa
Eriobotrya japonica (fruits)
Erythrina brucei (forages)
Erythrina fusca (auxiliary plants)
Erythrina glauca
Erythrina senegalensis (ornamentals)
Erythrina sigmoidea (medicinal plants)
Erythrina variegata (auxiliary plants)
Erythrina indica
Erythrococca bongensis (medicinal plants)
Erythrophleum africanum (medicinal
plants)
Erythrophleum couminga (medicinal plants)
Erythroxylum emarginatum (ornamentals)
Erythroxylum laurifolium (medicinal
plants)
Erythroxylum sideroxyloides
Erythroxylum retusum (medicinal plants)
Eucalyptus alba (fibres)
Eucalyptus leucadendron
Eucalyptuscitriodora (essential oils and
exudates)
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Corymbia citriodora
Eucalyptus cladocalyx (fuel plants)
Eucalyptus deglupta (fibres)
Eucalyptus multiflora
Eucalyptus naudiniana
Eucalyptus schlechteri
Eucalyptus diversicolor (ornamentals)
Eucalyptus maculata (fuel plants)
Eucalyptus microtheca (fuel plants)
Eucalyptus paniculata (auxiliary plants)
Eucalyptus regnans (fibres)
Eucalyptus rudis (fuel plants)
Eucalyptus saligna (fuel plants)
Eucalyptus torelliana (fuel plants)
Euclea divinorum (dyes and tannins)
Euclea keniensis
Euclea natalensis (medicinal plants)
Euclea fructuosa
Euclea racemosa (fruits)
Euclea schimperi
Euclea undulata (medicinal plants)
Eugenia capensis (fruits)
Eugenia albanensis
Eugenia coronata (ornamentals)

Eugenia whytei (medicinalplants)
Euphorbia abyssinica (medicinal plants)
Euphorbia obovalifolia
Euphorbia bussei (medicinal plants)
Euphorbia candelabrum (medicinal plants)
Euphorbia reinhardtii
Euphorbia cooperi (medicinal plants)
Euphorbia cuneata (medicinal plants)
Euphorbia ingens (medicinal plants)
Euphorbia lophogona (ornamentals)
Euphorbia madagascariensis
Euphorbia tirucalli (medicinal plants)
Euphorbia laro
Euphoria longan (fruits)
Dimocarpus longan
Excoecaria madagascariensis (medicinal
plants)
Faidherbia albida (auxiliary plants)
Acacia albida
Faurea delevoyi (fuel plants)
Faurea wentzeliana (fuel plants)

Feretia apodanthera (medicinal plants)
Feretia canthioides
Fernandoa magnifica (medicinal plants)
Ficalhoa laurifolia (fuel plants)
Ficus asperifolia (medicinal plants)
Ficus acutifolia
Ficus pendula
Ficus urceolaris
Ficus warburgii
Ficus benghalensis (medicinal plants)
Ficus benjamina (ornamentals)

Ficus bussei (fibres)
Ficus chirindensis (auxiliary plants)
Ficus exasperata (fibres)
Ficus ingens (auxiliary plants)
Ficus katagumica
Ficus kawuri
Fieus mucuso (ornamentals)
Ficus natalensis (fibres)
Ficus leprieurii
Ficus ovata (ornamentals)
Ficus brachypoda
Ficus platyphylla (essential oils and exudates)
Ficus politoria (fibres)
Ficus soroceoides
Ficus sycomorus (fruits)
Ficus cocculifolia
Ficus gnaphalocarpa
Ficus sakalavarum
Ficus vallis-choudae (fruits)
Ficus vasta (fruits)
Ficus dahro
Ficus wakefieldii (essential oils and
exudates)
Filicium decipiens (medicinal plants)
Flacourtia indica (fruits)
Flacourtia flavescens
Flueggea leucopyrus (fuel plants)
Flueggea virosa (medicinal plants)
Flueggea microcarpa
Securinega microcarpa
Securinega virosa
Friesodielsia obovata (fruits)
Popowia obovata
Funtumia africana (essential oils and exudates)

Funtumia latifolia
Funtumia elastica (essential oils and exudates)

Gaertnera liberiensis (medicinal plants)
Galiniera saxifraga (fuel plants)
Galiniera coffeoides
Garcinia afzelii (medicinal plants)
Garcinia buchananii (fruits)
Garcinia kingaensis (fruits)
Garcinia mlanjiensis
Garcinia livingstonei (fruits)
Garcinia mangostana (fruits)
Garcinia ovalifolia (medicinal plants)
Garcinia semseii (fruits)
Garcinia smeathmannii (medicinal plants)
Garcinia polyantha
Garcinia volkensii (fruits)
Gardenia aqualla (medicinal plants)
Gardenia erubescens (medicinal plants)
Gardenia fiorii (medicinalplants)
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Gardenia imperialis (essential oils and exudates)
Gardenia resiniflua (medicinal plants)
Gardenia volkensii (medicinal plants)
Gigasiphon macrosiphon (fuel plants)
Glenniea africana (fuel plants)
Gliricidia sepium (auxiliary plants)
Glyphaea brevis (auxiliary plants)
Gnidia latifolia (fibres)
Lasiosiphonlatifolius
Gnidia subcordata (fibres)
Englerodaphne subcordata
Grevillea banksii (fuel plants)

Grevillea robusta (auxiliary plants)
Grewia calvata (fibres)
Grewia conocarpoides (fruits)
Grewia coriacea (fuel plants)
Grewia flavescens (fruits)
Grewia platyclada
Grewia goetzeana (medicinal plants)
Grewiagrevei (fibres)
Grewia microcyclea (fibres)
Grewia monticola (fruits)
Grewia occidentalis (medicinal plants)
Grewia oligoneura (medicinal plants)
Grewia retinervis (fruits)
Grewia sahafariensis (fibres)
Grewia schweinfurthii (medicinal plants)
Grewia sely (fibres)
Grewia similis (fruits)
Grewia tembensis (fruits)
Grewia tenax (fruits)
Grewia trichocarpa (fibres)
Grewia mollis var. trichocarpa
Grewia triflora (fibres)
Grewia vaughanii
Grewia velutina (fruits)
Grewia villosa (fruits)
Griffonia simplicifolia (medicinal plants)
Bandeiraea simplicifolia
Guazuma ulmifolia (ornamentals)

Guibourtia copallifera (essential oils and
exudates)

Copaifera copallifera
Guibourtia demeusei (essential oils and exudates)

Copaifera demeusei
Guibourtia schliebenii (fuel plants)
Guiera senegalensis (medicinal plants)
Gymnosporia acuminata (medicinal plants)
Maytenus acuminata
Gymnosporia arbutifolia (auxiliary plants)
Maytenus arbutifolia
Gymnosporia buxifolia (vegetables)
Maytenus heterophylla
Gymnosporia divaricata (medicinal plants)

Maytenus leptopus
Gymnosporia senegalensis (medicinal
plants)
Maytenus senegalensis
Gynerium sagittatum (ornamentals)
Haematoxylum campechianum (dyes and
tannins)
Hagenia abyssinica (medicinal plants)
Brayera anthelmintica
Hagenia anthelmintica
Halleria lucida (ornamentals)
Haplocoelopsis africana (fuel plants)
Harpephyllum caffrum (fruits)
Harpullia pendula (ornamentals)
Harrisonia abyssinica (medicinal plants)
Harrisonia occidentalis
Zanthoxylum guineense
Harungana madagascariensis (medicinal
plants)
Haronga madagascariensis
Heckeldora staudtii (medicinal plants)
Guarea staudtii
Heinsenia diervilleoides (fuel plants)
Heinsia crinita (fruits)
Heinsia pulchella
Hernandia nymphaeifolia (medicinal plants)
Hernandia peltata
Heteropteris leona (medicinal plants)
Heteropyxis natalensis (medicinal plants)
Hevea brasiliensis (essential oils and exudates)
Hexalobus monopetalus (fruits)
Hibiscus calyphyllus (vegetables)
Hibiscus calycinus
Hibiscus macranthus (medicinal plants)
Hibiscus sterculiifolius (fibres)
Hibiscus quinquelobus
Hibiscustiliaceus (fibres)
Hildegardia barteri (auxiliary plants)
Hilsenbergia nemoralis (medicinalplants)
Bourreria nemoralis
Ehretia nemoralis
Hilsenbergia petiolaris (medicinal plants)
Bourreria petiolaris
Ehretia petiolaris
Hirtella megacarpa (fruits)
Hirtella zanzibarica (fruits)
Holarrhena floribunda (medicinal plants)
Holarrhena africana
Holarrhena wulfsbergii
Holarrhena pubescens (medicinal plants)
Holarrhena antidysenterica
Holarrhena febrifuga
Holmskioldia sanguinea (ornamentals)
Hugonia platysepala (medicinal plants)
Hugonia spicata (medicinalplants)
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Hunteria simii (medicinal plants)
Tetradoa simit
Hunteria umbellata (medicinal plants)
Hunteria eburnea
Hunteria elliotii
Hunteria mayumbensis
Picralimaelliotii
Hunteria zeylanica (medicinal plants)
Hunteria corymbosa
Hura crepitans (ornamentals)
Hymenaea courbaril (essential oils and exudates)
Hymenaeaverrucosa (essential oils and exudates)
Trachylobium verrucosum
Hymenocardia acida (medicinal plants)
Hymenodictyon floribundum (ornamentals)
Hymenostegia afzelii (ornamentals)
Hyperacanthus amoenus (fruits)
Gardenia amoena
Hypericum revolutum (medicinal plants)
Hyphaene compressa (carbohydrates)
Hyphaenethebaica (fibres)
Hyphaene dankaliensis
Hyphaene nodularia
Indigofera swaziensis (medicinal plants)
Inhambanella henriquesii (fruits)
Irvingia grandifolia (vegetable oils)
Klainedoxa grandifolia
Irvingia smithii (vegetableoils)
Irvingia wombolu (vegetable oils)
Ixora albersii (fuel plants)
Ixora burundiensis (ornamentals)
Ixora coccinea (ornamentals)
Ixora narcissodora (ornamentals)
Ixora pavetta (ornamentals)
Ixora scheffleri (ornamentals)
Jacaranda mimosifolia (ornamentals)
Julbernardia globiflora (fibres)
Brachystegia globiflora
Isoberlinia globiflora
Pseudoberlinia globiflora
Julbernardia magnistipulata (fibres)
Berlinia magnistipulata
Isoberlinia agnistipulata
Julbernardia paniculata (fuel plants)
Julbernardia unijugata (fibres)
Justicia schimperiana (ornamentals)

Adhatoda schimperiana
Kigelia africana (medicinal plants)
Kigelia aethiopica
Kigelia pinnata
Kleinhovia hospita (ornamentals)
Kotschya aeschynomenoides (fuel plants)
Kotschya africana (medicinal plants)
Smithia chamaecrista

Labourdonnaisia calophylloides (medicinal
plants)
Labourdonnaisia glauca (medicinal plants)
Lagerstroemia speciosa (ornamentals)
Laguncularia racemosa (dyes and tannins)
Lagynias pallidiflora (fuel plants)
Lagynias rufescens (fuel plants)
Landolphiaforetiana (essential oils and
exudates)
Lannea acida (medicinal plants)

Lannea antiscorbutica (medicinal plants)
Lannea barteri (dyes and tannins)
Lannea kerstingii
Lanneadiscolor (fruits)
Lanneafruticosa (carbohydrates)
Lannea fulva (fruits)
Lannea humilis (medicinal plants)
Lannea microcarpa (dyes and tannins)
Lannea schimperi (fibres)
Odina schimperi
Lannea schweinfurthii (fruits)
Lannea stuhlmannii
Lannea triphylla (fruits)
Lannea velutina (dyes and tannins)
Lantana camara (medicinal plants)
Lasianthera africana (medicinal plants)
Lasianthus kilimandscharicus (fuel plants)
Lasianthus wallacei (fuel plants)
Latania verschaffeltii (ornamentals)
Laurus nobilis (spices and condiments)
Lawsonia inermis (dyes and tannins)
Lawsonia alba
Lecaniodiscus cupanioides (fruits)
Lecaniodiscus fraxinifolius (fruits)
Leonardoxa africana (ornamentals)
Schotia africana
Leonotis nepetifolia (medicinal plants)
Leonotis africana
Leptactina platyphylla (fuel plants)
Leptactina senegambica (essential oils and
exudates)
Leptaulus daphnoides (medicinal plants)
Leptonychia usambarensis (auxiliary plants)
Leucaena guatamalensis (auxiliary plants)
Leucaena leucocephala (auxiliary plants)
Leucaena glauca
Lijndenia brenanii (fuel plants)
Lijndenia greenwayii (fuel plants)
Memecylon greenwayli
Lijndenia jasminoides (fuel plants)
Warneckea jasminoides
Litchi chinensis (fruits)
Nephelium litchi
Litsea glutinosa (medicinal plants)
Livistona carinensis (fibres)
Hyphaene carinensis
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Wissmannia carinensis
Livistona rotundifolia (ornamentals)
Lodoicea maldivica (fibres)
Cocos maldivica
Lodoicea callipyge
Lodoicea sechellarum
Loesenera kalantha (medicinal plants)
Loesenera walkeri (medicinal plants)
Loeseneriella africana (fibres)
Hippocratea africana
Hippocratea richardiana
Lonchocarpus bussei (fuel plants)
Lonchocarpus capassa (forages)
Lonchocarpuseriocalyx (medicinal plants)
Lonchocarpusnelsii (forages)
Lonchocarpus sericeus (ornamentals)
Lophira lanceolata (vegetable oils)
Lumnitzera racemosa (fuel plants)
Macaranga barteri (fuel plants)
Macaranga cuspidata (medicinal plants)
Macaranga echinocarpa (medicinal plants)
Macaranga hurifolia (fuel plants)
Macaranga myriolepidea (medicinal plants)
Macaranga schweinfurthii (fuel plants)
Macaranga spinosa (medicinal plants)
Machaerium lunatum (medicinal plants)

Drepanocarpus lunatus
Maerua angolensis (medicinal plants)
Maerua crassifolia (medicinal plants)
Maerua duchesnei (medicinal plants)
Ritchiea duchesnei
Maesa lanceolata (medicinal plants)
Maesa nuda (medicinal plants)
Maesobotrya barteri (fruits)
Maesobotrya floribunda (medicinal plants)
Maesopsis eminii (auxiliary plants)
Magnistipula cupheiflora (fruits)
Hirtella cupheiflora
Mallotus baillonianus (medicinal plants)
Deuteromallotus acuminatus
Mallotus oppositifolius (medicinal plants)
Mammea americana (fruits)
Mammea usambarensis (fruits)
Mangifera indica (fruits)
Fegimanra africana
Manilkara butugii (fruits)
Manilkara dawei (fruits)
Manilkara discolor (fruits)
Manilkara mochisia (fruits)

Manilkara obovata (fruits)
Chrysophyllum obovatum
Manilkara angolensis
Manilkara lacera
Manilkara multinervis
Manilkara sansibarensis (fruits)
Manilkara sulcata (fruits)

Maprounea membranacea (medicinal
plants)
Maranthes polyandra (fuel plants)
Parinari polyandra
Mareya micrantha (medicinal plants)
Mareya spicata
Margaritaria anomala (medicinal plants)
Phyllanthus erythroxyloides
Marsdenia schimperi (medicinal plants)
Dregea schimperi
Massularia acuminata (medicinal plants)
Randia acuminata
Maytenus undata (medicinal plants)
Gymnosporia undata
Megistostegium nodulosum (fibres)
Hibiscus nodulosus
Melaleuca leucadendron (essential oils and
exudates)

Melia azedarach (auxiliary plants)
Melia volkensii (auxiliary plants)
Melicope floribunda (medicinal plants)
Euodia floribunda
Memecylon myrianthum (fuel plants)
Memecylon polyanthemos (medicinal plants)
Mesogyne insignis (fuel plants)
Mesua ferrea (ornamentals)
Michelia champaca (essential oils and exudates)
Microdesmis haumaniana (medicinal
plants)
Microdesmis keayana (medicinal plants)
Microdesmis puberula (medicinal plants)
Microdesmis zenkeri
Millettia dura (auxiliary plants)
Millettia eetveldeana (auxiliary plants)
Millettia ferruginea (auxiliary plants)
Millettia thonningii (medicinal plants)
Millettia zechiana (auxiliary plants)
Millingtonia hortensis (ornamentals)
Mimosa delicatula (fuel plants)
Mimosa grandidieri (essential oils and exudates)
Mimosa hildebrandtii (fuel plants)
Mimosa rubicaulis (auxiliary plants)
Mimosa scabrella (auxiliary plants)
Mimosa bracaatinga
Mimusopsaedificatoria (fuel plants)
Mimusops bagshawei(fruits)
Mimusops penduliflora (fruits)
Mimusopsriparia (fruits)
Mitragyna inermis (medicinalplants)
Monodora crispata (spices and condiments)
Monodora grandidieri (ornamentals)
Monodora myristica (spices and condiments)
Monodoratenuifolia (spices and condiments)
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Morelia senegalensis (medicinal plants)
Morinda asteroscepa (fuel plants)
Morindacitrifolia (medicinal plants)
Morinda geminata (medicinal plants)
Morinda lucida (dyes and tannins)
Morinda titanophylla (medicinal plants)
Morus alba (forages)
Multidentia fanshawei (fuel plants)
Multidentia sclerocarpa (fuel plants)
Mundulea sericea (medicinal plants)
Murraya koenigii (medicinal plants)
Murraya foetidissima
Murraya paniculata (medicinal plants)
Murraya exotica
Murraya paniculata var. exotica
Mussaenda microdonta (medicinal plants)
Myrianthus arboreus (vegetables)
Myrianthus holstii (fruits)
Myrianthus libericus (fruits)
Myrianthus serratus (fruits)
Myrica humilis (medicinal plants)
Myrica arborea
Myrica kandtiana
Myrica kilimandscharica
Myrica meyeri-johannis
Myrica salicifolia
Myroxylon balsamum (essential oils and
exudates)
Myrsine africana (medicinal plants)
Mystroxylon aethiopicum (fruits)
Cassine aethiopica
Elaeodendronoliganthum
Napoleonaea imperialis (ornamentals)
Napoleonaea mannii
Napoleonaea vogelii (ornamentals)
Napoleonaea leonensis
Napoleonaea parviflora
Neobeguea mahafaliensis (medicinal plants)
Neocarya macrophylla (fruits)
Parinari macrophylla
Newbouldia laevis (auxiliary plants)
Nicotiana glauca (stimulants)
Ochna membranacea (ornamentals)
Ochna multiflora (ornamentals)
Ochna pulchra (medicinal plants)
Ochrosia borbonica (medicinal plants)
Ochrosia oppositifolia (medicinal plants)
Ochrosia parviflora
Octoknemaorientalis (fuel plants)
Okoubaka aubrevillei (medicinal plants)

Olax dissitiflora (medicinal plants)
Olax latifolia (medicinal plants)
Olax obtusifolia (medicinal plants)
Olea europaea (vegetable oils)
Olinia rochetiana (fuel plants)
Olinia macrophylla

Omphalocarpum procerum (medicinal
plants)
Omphalocarpum pierreanum
Oncoba echinata (medicinal plants)
Caloncoba echinata
Oncoba glauca (medicinalplants)
Caloncoba glauca
Oncoba spinosa (medicinalplants)
Oncoba welwitschii (medicinal plants)
Caloncoba welwitschii
Ormocarpum kirkii (medicinal plants)
Osyris lanceolata (essential oils and exudates)
Osyris abyssinica
Osyris quadripartita
Osyris lanceolata
Osyris tenuifolia
Oxyanthus formosus (ornamentals)
Oxyanthus speciosus (ornamentals)
Ozoroa insignis (fuel plants)

Heeria insignis
Heeria reticulata
Ozoroareticulata
Ozoroa schinzii (medicinal plants)
Heeria arenophila
Heeria schinzit
Pachyelasma tessmannii (medicinal plants)
Stachyothyrsus tessmannii
Pancovia golungensis (fuel plants)
Pancovia harmsiana (fruits)
Pancovia pedicellaris (fruits)
Pancovia turbinata
Panda oleosa (vegetableoils)
Pandanusheterocarpus (fibres)
Pappea capensis (fruits)
Pappea ugandensis
Paraserianthesfalcataria (auxiliary plants)
Albizia falcataria
Albizia moluccana
Falcataria moluccana
Parinari curatellifolia (fruits)
Parinari mobola
Parkia biglobosa (spices and condiments)
Mimosa biglobosa
Parkia africana
Parkia clappertoniana
Parkia oliveri
Parkinsonia anacantha (forages)
Pauridiantha callicarpoides (medicinal
plants)
Urophyllum callicarpoides
Pauridianthahirtella (medicinal plants)
Urophyllum hirtellum
Pauridiantha paucinervis (medicinal plants)
Pauridiantha viridiflora (medicinal plants)
Urophyllum gilletii
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Pavetta gardeniifolia (auxiliary plants)
Pavetta saxicola
Pavetta hymenophylla (fuel plants)
Pavetta subcana (medicinal plants)
Pavonia urens (fibres)
Pavonia bojeri
Pavonia ruwenzoriensis
Payenaleerii (essential oils and exudates)
Peddiea africana (fibres)
Peddiea fischeri
Peltophorum africanum (medicinal plants)
Peltophorum dasyrhachis (auxiliary plants)
Peltophorum pterocarpum (ornamentals)
Penianthus longifolius (medicinal plants)
Pentaclethra eetveldeana (vegetableoils)
Pentaclethra macrophylla (vegetable oils)
Pentadesma butyracea (vegetableoils)
Pericopsis laxiflora (medicinal plants)
Afrormosia laxiflora
Perriera madagascariensis (medicinal
plants)
Persea americana (fruits)
Persea gratissima
Philenoptera laxiflora (dyes and tannins)
Lonchocarpuslaxiflorus
Phoenix dactylifera (fruits)
Phoenix reclinata (fibres)
Phoenix abyssinica
Phoenix comorensis
Phyllanthus emblica (dyes and tannins)
Emblica officinalis
Phyllanthus engleri (medicinal plants)
Phyllanthus inflatus (fuel plants)
Phyllanthus muellerianus (medicinal
plants)
Phyllanthus floribundus
Phyllanthus reticulatus (medicinal plants)
Phyllanthus sepialis (medicinal plants)
Phyllostachys aurea (ornamentals)
Physalis peruviana (fruits)
Pieralima nitida (medicinal plants)
Piliostigma malabaricum (forages)
Piliostigma reticulatum (fibres)
Bauhinia reticulata
Piliostigma thonningii (fibres)
Bauhinia thonningii
Pinus merkusii (essential oils and exudates)
Pistacia aethiopica (essential oils and exudates)
Pistacia lentiscus var. emarginata
Pithecellobium dulce (auxiliary plants)
Pittosporum abyssinicum (medicinalplants)
Pittosporum lanatum
Pittosporum goetzei (fuel plants)
Pittosporum undulatum (essential oils and
exudates)

Pittosporum viridiflorum (medicinal plants)
Pittosporum mannii
Pittosporum spathicalyx
Plagioscyphus danguyanus (medicinal
plants)
Plagioscyphus jumellei (medicinal plants)
Plagioscyphuslouvelii (fruits)
Plagioscyphus unijugatus (fruits)
Plagiostyles africana (medicinal plants)
Platypterocarpus tanganyikensis (fuel
plants)
Pleiocarpa mutica (medicinal plants)
Pluchea ovalis (forages)
Polyceratocarpus scheffleri (spices and condiments)
Polygala ruwenzoriensis (medicinal plants)
Polyscias albersiana (ornamentals)
Polyscias stuhlmannii (ornamentals)
Polysphaeria macrantha (fuel plants)
Polysphaeria parvifolia (fruits)
Pongamia pinnata (medicinal plants)
Premna chrysoclada (medicinal plants)
Premna quadrifolia (medicinal plants)
Premnaserratifolia (medicinal plants)
Premna corymbosa
Premnaintegrifolia
Premna obtusifolia
Prosopis africana (fuel plants)
Prosopis glandulosa (auxiliary plants)
Prosopis juliflora (auxiliary plants)
Protea madiensis (medicinal plants)
Protea argyrophaea
Protea elliottii
Protium obtusifolium (essential oils and
exudates)
Prunus africana (medicinal plants)
Pygeum africanum
Prunus persica (fruits)
Amygdalus persica
Persica vulgaris
Pseudolachnostylis maprouneifolia (medicinal plants)
Pseudospondias microcarpa (fruits)
Psidium cattleianum (fruits)
Psidium littorale
Psidium guajava (fruits)
Psidium pomiferum
Psorospermum alternifolium (medicinal
plants)
Psorospermum androsaemifolium (medicinal plants)
Psychotria bagshawei (fuel plants)
Psychotria elachistantha (fuel plants)
Psychotria gabonica (medicinal plants)
Psychotria rowlandii
Psychotria lauracea (medicinal plants)
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Psychotria mahonii (medicinal plants)
Psychotria megalopus (fuel plants)
Psychotria megistantha (ornamentals)
Psychotria orophila (ornamentals)
Psychotria peduncularis (medicinal plants)
Cephaelis peduncularis
Psychotria succulenta (medicinal plants)
Psydrax horizontalis (medicinal plants)
Canthium anomocarpum
Canthium horizontale
Psydrax livida (medicinal plants)
Canthium huillense
Canthium lividum
Psydrax schimperiana (medicinal plants)
Canthium schimperianum
Pteleopsis hylodendron (medicinal plants)
Pteleopsis myrtifolia (medicinal plants)
Pteleopsis suberosa (medicinal plants)
Pteleopsis tetraptera (medicinal plants)
Pterocarpus mildbraedii (vegetables)

Punica granatum (fruits)
Pycnocomalittoralis (medicinal plants)
Pyrostria bibracteata (fruits)

Canthium bibracteatum
Pyrostria phyllanthoidea (fruits)
Raphia africana (fibres)
Raphia australis (fibres)
Raphia farinifera (fibres)
Raphia kirkii
Raphia pedunculata
Raphia ruffia
Raphiagentiliana (fibres)
Raphia gilletii
Raphia hookeri (fibres)
Raphia gigantea
Raphia sassandrensis
Raphia mambillensis (fibres)
Raphia palma-pinus (fibres)
Raphia gracilis
Raphia sudanica (fibres)
Raphia humilis
Raphia vinifera (fibres)
Raphia diasticha
Rauvolfia caffra (medicinal plants)
Rauvolfia macrophylla
Rauvolfia vomitoria (medicinal plants)
Ravenala madagascariensis (ornamentals)
Ravenea robustior (vegetables)
Rhamnusprinoides (spices and condiments)
Rhamnusstaddo (spices and condiments)
Rhipidantha chlorantha (auxiliary plants)
Rhizophora harrisonii (fuel plants)
Rhizophora mangle (fuel plants)
Rhizophora mucronata (fuel plants)
Rhizophora racemosa (fuel plants)
Rhus taratana (medicinal plants)

Baronia taratana
Rinorea angustifolia (ornamentals)
Rinorea elliptica (medicinal plants)
Rinorea welwitschii (medicinal plants)
Rinorea arenicola
Rinorea elliotit
Rinorea longicuspis
Ritchiea albersii (carbohydrates)
Rothmannia engleriana (fruits)
Rothmannia fischeri (fruits)
Rothmannia globosa (medicinal plants)
Rothmannia longiflora (dyes and tannins)
Randia maculata
Rothmannia maculata
Rothmannia ravae (fuel plants)
Rothmannia whitfieldii (dyes and tannins)
Randia malleifera
Roystonea regia (ornamentals)
Oreodoxa regia
Rytigynia acuminatissima (fuel plants)
Rytigynia canthioides (medicinal plants)
Rytigynia induta (fuel plants)
Rytigynia lichenoxenos (fuel plants)
Rytigynia neglecta (fruits)
Canthium neglectum
Rytigynia pseudolongicaudata (fuel plants)
Rytigynia uhligii (medicinal plants)
Rytigynia schumannit
Saba comorensis (fruits)
Landolphiaflorida
Sabaflorida
Saccharum spontaneum (auxiliary plants)
Salacia lehmbachii (medicinal plants)
Salacia senegalensis (medicinal plants)
Salix mucronata (medicinal plants)
Salix subserrata (fuel plants)
Samanea leptophylla (medicinal plants)
Samanea saman (auxiliary plants)
Albizia saman
Sambucus nigra (medicinal plants)
Sambucus mexicana
Santalum album (essential oils and exu-

dates)
Santiria trimera (fruits)
Pachylobus balsamifera
Pachylobus trimera
Sapindus saponaria (ornamentals)
Sapindustrifoliatus (ornamentals)
Saraca indica (ornamentals)

Sarcocephalus latifolius (fruits)
Nauclea latifolia
Sarcocephalus esculentus
Scaphopetalum amoenum (medicinal plants)
Schefflerodendron usambarense (fuel plants)
Schinziophyton rautanenii (vegetable oils)
Ricinodendron rautanenii
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Schleichera trijuga (fuel plants)
Schleichera oleosa
Schumanniophyton magnificum (medicinal
plants)
Sclerocarya birrea (fruits)
Sclerocarya caffra
Poupartia birrea
Poupartia caffra
Sclerocroton integerrimus (medicinal plants)
Sapium integerrimum
Searsia chirindensis (medicinal plants)
Rhuschirindensis
Searsia crenulata (fruits)
Rhus crenulata
Searsia glaucescens (fruits)
Rhus glaucescens
Searsia pyroides (fruits)
Rhus pyroides
Rhus vulgaris
Searsia tenuinervis (fruits)
Rhus tenuinervis
Securidaca longipedunculata (medicinal
plants)
Securinega capuronii (medicinal plants)
Securinega seyrigii (medicinal plants)
Senna alexandrina (medicinal plants)
Cassia acutifolia
Cassia alexandrina
Cassia angustifolia
Cassia senna
Senna auriculata (dyes and tannins)
Cassia auriculata
Senna didymobotrya (medicinal plants)
Cassia didymobotrya
Cassia nairobensis
Senna siamea (fuel plants)
Cassia siamea
Senna singueana (medicinal plants)
Cassia goratensis
Cassia singueana
Senna spectabilis (ornamentals)

Cassia spectabilis
Sesbania grandiflora (ornamentals)

Sesbania keniensis (medicinal plants)
Sesbania sesban (auxiliary plants)
Sesbania aegyptiaca
Setaria megaphylla (forages)
Setaria chevalieri
Shirakiopsis elliptica (medicinal plants)
Sapium ellipticum
Shirakia lliptica
Sibangea pleioneura (medicinalplants)
Sideroxylon borbonicum (medicinal plants)
Smeathmannia laevigata (ornamentals,
medicinal plants)
Sorindeia africana (medicinal plants)

Sorindeia gilletii
Thyrsodium africanum
Sorindeia juglandifolia (fruits)
Sorindeia claessensii
Sorindeia submontana
Sorindeia madagascariensis (fruits)
Sorindeia obtusifoliolata
Spathodea campanulata (ornamentals)
Bignonia tulipifera
Spathodea nilotica
Spathodea tulipifera
Spondianthus preussii (medicinal plants)
Spondias cytherea (fruits)
Spondias dulcis
Spondias mombin (fruits)
Spondias purpurea (fruits)

Stachyothyrsus stapfiana (fibres)
Kaoue stapfiana
Oxystigma stapfiana
Steganotaenia araliacea (auxiliary plants)
Peucedanum fraxinifolium
Sterculia africana (fibres)
Sterculia guerichii
Sterculia triphaca
Triphaca africana
Sterculia mhosya (fibres)
Stereospermum acuminatissimum (ornamentals)
Stereospermum euphorioides (essential oils
and exudates)

Stereospermum kunthianum (medicinal
plants)
Strephonema mannii (medicinal plants)
Strephonema pseudocola (medicinal plants)
Strephonemasericeum (medicinal plants)
Strophanthus courmontii (medicinal plants)
Strophanthus hispidus (medicinal plants)
Strophanthus preussii (medicinal plants)
Strophanthus sarmentosus (medicinal
plants)

Strychnos angolensis (medicinal plants)
Strychnos barteri (medicinal plants)
Strychnos cocculoides (fruits)
Strychnos henningsii (medicinal plants)
Strychnos innocua (fruits)
Strychnostriclisioides
Strychnos longicaudata (medicinal plants)
Strychnos malchairii (medicinal plants)
Strychnos nux-vomica (medicinal plants)
Strychnos potatorum (medicinal plants)
Strychnos spinosa (fruits)
Strychnos usambarensis (medicinal plants)
Strychnoscerasifera
Suregada zanzibariensis (medicinal plants)
Suriana maritima (medicinalplants)
Symphonia clusioides (vegetable oils)
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Symphonia fasciculata (vegetable oils)
Symphonia louvelii (vegetable oils)
Symphonia macrocarpa (vegetable oils)
Symphonia tanalensis (vegetable oils)
Symphonia urophylla (vegetable oils)
Symphonia laevis
Symphonia verrucosa (vegetable oils)
Synsepalum cerasiferum (fruits)
Afrosersalisia cerasifera
Sersalisia djalonensis
Synsepalum msolo (fruits)
Pachystela msolo
Synsepalum passargei (fruits)
Vincentella passargei
Syzygium aromaticum (spices and condiments)
Caryophyllus aromaticus
Eugenia aromatica
Eugenia caryophyllus
Syzygium cumini (fruits)
Eugenia jambolana
Syzygium jambos (fruits)
Eugenia jambos
Syzygium malaccense (fruits)
Eugenia malaccense
Syzygium masukuense (fruits)
Syzygium owariense (fruits)
Syzygium rowlandii (dyes and tannins)
Syzygium abidjanense
Tabebuia donell-smithii (ornamentals)
Cybistax donell-smithii
Tabernaemontana crassa (medicinal plants)
Conopharyngia crassa
Conopharyngia durissima
Tabernaemontana elegans (medicinal
plants)
Conopharyngia elegans
Tabernaemontana pachysiphon (medicinal
plants)
Tabernaemontana angolensis
Tabernaemontana holstii
Tabernaemontana ventricosa (medicinal
plants)
Tabernaemontana usambarensis
Tamarindusindica (fruits)
Tannodia swynnertonii (fuel plants)
Tapiphyllum parvifolium (fruits)
Vangueria parvifolia
Tarchonanthus camphoratus (medicinal
plants)
Tarchonanthustrilobus (medicinal plants)
Tarenna graveolens (fruits)
Tarenna luhomeroensis (fuel plants)
Tarenna pavettoides (medicinal plants)
Tecoma stans (ornamentals)
Tephrosia vogelii (medicinal plants)

Terminalia albida (medicinal plants)
Terminalia arjuna (medicinal plants)
Terminalia avicennioides (medicinal plants)
Terminalia bellirica (medicinal plants)
Terminalia bentzoe (medicinal plants)
Terminalia brachystemma (medicinal
plants)
Terminalia brevipes (medicinal plants)
Terminalia brownii (medicinal plants)
Terminalia catappa (ornamentals)
Terminalia chebula (dyes and tannins)
Terminalia kilimandscharica (medicinal
plants)
Terminalia macroptera (medicinal plants)
Terminalia mantaly (ornamentals)
Terminalia mollis (fuel plants)
Terminalia orbicularis (medicinal plants)
Terminalia schimperiana (medicinalplants)
Terminalia baumannii
Terminalia glaucescens
Terminalia scutifera (dyes and tannins)
Terminalia spinosa (medicinal plants)
Ternstroemia polypetala (fuel plants)
Tetrapleura tetraptera (medicinalplants)
Tetrorchidium didymostemon (medicinal
plants)
Tetrorchidium minus
Thespesia garckeana (fruits)
Azanza garckeana
Thespesia lampas (ornamentals)
Azanza lampas
Thevetia peruviana (medicinal plants)
Cascabela thevetia
Thevetia neriifolia
Thomandersia hensii (medicinal plants)
Thomandersia laurifolia (medicinal plants)
Tipuana tipu (ornamentals)
Trachyphrynium braunianum (fibres)
Hybophrynium braunianum
Treculia africana (fruits)
Treculia madagascarica
Treculia mollis
Treculia perrieri
Trema orientalis (auxiliary plants)

Trema guineensis
Triadica sebifera (vegetable oils)
Sapium sebiferum
Stilingia sebifera
Tricalysia anomala (fuel plants)
Tricalysia pallens (essential oils and exudates)

Tricalysia myrtifolia
Tricalysia verdcourtiana (fuel plants)
Trichilia dregeana (vegetable oils)
Trichilia splendida
Trichilia emetica (vegetable oils)
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Trichilia roka
Trichilia lovettii (fuel plants)
Trichoscypha oddonii (fruits)
Trichoscypha reygaertii (fruits)
Trilepisium madagascariense (fruits)
Bosqueia angolensis
Bosqueia boiviniana
Bosqueia phoberos
Triphasia trifolia (fruits)
Triplochiton zambesiacus (vegetables)
Triumfetta cordifolia (fibres)
Turraea abyssinica (medicinal plants)
Turraea holstii (medicinal plants)
Turraea mombassana (medicinal plants)
Uapaca bojeri (fruits)
Uapaca kirkiana (fruits)
Uapaca benguelensis
Uapacanitida (fruits)
Uapaca rivularis (fruits)
Uapaca sansibarica (fruits)
Uvariastrum pierreanum (fruits)
Uvariodendron usambarense (fuel plants)
Vangueria apiculata (fruits)
Vangueria infausta (fruits)
Vangueria rotundata
Vangueria tomentosa
Vangueria madagascariensis (fruits)
Vangueria acutiloba
Vangueria edulis
Vangueria venosa
Vangueriopsis lanciflora (fruits)
Vangueriopsis longiflora (fruits)
Vateria seychellarum (medicinal plants)
Vatovaea pseudolablab (cereals and pulses)
Vepris ampody (medicinal plants)
Vepris arenicola (medicinal plants)
Vepris elliotii (medicinal plants)
Vepris eugeniifolia (medicinal plants)
Vepris louisti (medicinal plants)
Vepris macrophylla (medicinal plants)
Vepris nitida (medicinal plants)

Vepris samburuensis (fruits, medicinal
plants)

Vepris verdoorniana (medicinal plants)
Teclea verdoorniana
Vernicia montana (vegetable oils)
Aleurites montana
Vernonia amygdalina (vegetables)
Gymnanthemum amygdalinum
Vernonia lasiopus (medicinal plants)
Vernonia iodocalyx
Vismia guineensis (medicinal plants)
Vismia orientalis (medicinal plants)
Vitellaria paradoxa (vegetable oils)
Butyrospermum niloticum
Butyrospermum paradoxum

Butyrospermum parkti
Vitellariopsis cuneata (fuel plants)
Vitellariopsis marginata (fruits)
Vitex chrysocarpa (medicinal plants)
Vitex ferruginea (fruits)
Vitex amaniensis
Vitex fosteri
Vitex mombassae (fruits)
Vitex pachyphylla (medicinal plants)
Vitex payos (fruits)
Vitex strickeri (fruits)
Voacanga africana (medicinal plants)
Voacanga angolensis
Voacanga thouarsii (medicinal plants)
Orchipeda thouarsii
Warburgia elongata (medicinal plants)
Warburgia salutaris (medicinal plants)
Warburgia stuhlmannii (medicinal plants)
Warburgia ugandensis (fuel plants)
Warneckea sansibarica (fuel plants)
Whitfieldia elongata (medicinal plants)
Whitfieldia longifolia
Woodfordia uniflora (fuel plants)
Xanthocercis zambesiaca (fruits)
Ximenia americana (fruits)
Ximenia caffra (fruits)
Xylocarpus granatum (dyes and tannins)
Carapa granatum
Carapa obovata
Xylocarpus obovatus
Xylopia aethiopica (spices and condiments)
Xylopia eminii
Xylopia ambanjensis (spices and condiments)
Xylopia parviflora (spices and condiments)
Xylopia longipetala
Xylopia vallotii
Zanthoxylum capense (medicinal plants)
Fagara capensis
Zanthoxylum chalybeum (medicinal plants)
Fagara chalybea
Zanthoxylum decaryi (medicinal plants)
Zanthoxylum deremense (fuel plants)
Zanthoxylum heterophyllum (medicinal
plants)
Zanthoxylum lemairei (medicinal plants)
Fagara lemairei
Zanthoxylum leprieurii (medicinal plants)
Fagara angolensis
Fagaraleprieurii
Zanthoxylum rubescens (medicinal plants)
Fagara rubescens
Zanthoxylum usambarense (medicinal
plants)
Fagara becquetii
Fagara usambarensis
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Zanthoxylum becquetii
Zanthoxylum viride (medicinal plants)
Zanthoxylum zanthoxyloides (medicinal
plants)
Fagara zanthoxyloides
Zanthoxylum senegalense
Zenkerella capparidacea (fuel plants)
Zenkerella egregia (fuel plants)

Zenkerella perplexa (fuel plants)
Ziziphus abyssinica (fruits)
Ziziphus mauritiana (fruits)
Ziziphus jujuba
Ziziphus mucronata (fruits)
Ziziphus pubescens (fruits)
Ziziphus spina-christi (fruits)
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Afzelia bella var. glabra, 34
Afzelia bella var. graciolor, 33
Afzelia bijuga, 404
Afzelia bipindensis, 27, 28, 32, 33, 34, 35, 37,
39, 40, 43
Afzelia bracteata, 34
Afzelia pachyloba, 27, 28, 32, 33, 35, 36, 38, 40,

43
Afzelia parviflora, 34
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microphyllus, 85
Aphanocalyx pteridophyllus, 85
Apodocephala begueana, 87
Apodocephala pauciflora, 86
Apodytes dimidiata, 87, 88
Aptandra zenkeri, 90, 508

Allophylus kiwuensis, 49

Allophylus macrocarpus, 49
Allophylus pervillei, 49
Allophylus pseudopaniculatus, 49
Alluaudia ascendens, 50
Alluaudia dumosa, 50

Alluaudia procera, 49
Alnus acuminata, 51

Alnusjorullensis, 52
Alnus nepalensis, 52
Alsodeia arborea, 562
Alstonia boonei, 58

Andropogon tectorum, 416
Androstachys johnsonii, 58, 54, 138

Anisophyllea obtusifolia, 55

Asteranthe asterias, 91

Asteranthe asterias subsp. asterias, 91
Asteranthe asterias subsp. triangularis, 91
Asteranthe lutea, 91
Asteropeia mcphersonii, 92, 93
Asteropeia multiflora, 92, 93

Asteropeia rhopaloides, 92
Aucoumea klaineana, 79, 81, 336, 378, 438,
479, 508, 536, 552, 565
Aulacocalyx jasminiflora, 93
Azadirachta indica, 404

788

TIMBERS 2

Baphiopsis parviflora, 99

Brachylaena ramiflora, 140, 142
Brachylaena ramiflora var. bernieri, 142
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Brachystegia lujae, 156
Brachystegia microphylla, 160
Brachystegia mildbraedii, 152, 153
Brachystegia nigerica, 151, 154
Brachystegia nzang, 152
Brachystegia spiciformis, 156

Baikiaea insignis, 94, 95

Baikiaea insignis subsp. insignis, 95
Baikiaea insignis subsp. minor, 95
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Breonadia microcephala, 162
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Breonia chinensis, 166
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Burkea africana, 174, 175, 342, 416

Bussea massaiensis, 179
Bussea occidentalis, 177, 178, 318
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Bussea sakalava, 179
Caesalpinia dalei, 616
Caesalpinia insolita, 616
Caloncoba brevipes, 505
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Caloncoba gilgiana, 505
Calophyllum chapelieri, 407
Calophyllum inophyllum, 120
Canthium dyscriton, 173

Canthium mombazense, 173
Canthium obovatum, 551
Canthium rubrocostatum, 550

Canthium vulgare, 550
Capsicum annuum, 122

Coelocaryon klainei, 208
Coelocaryon oxycarpum, 210
Coelocaryon preussii, 208, 209
Coelocaryon sphaerocarpum, 210
Cola lateritia, 335
Colophospermum mopane, 176, 211, 213, 220,
600
Colubrina arborescens, 218
Colubrinaasiatica, 216, 218

Celtis africana, 188, 189
Celtis brieyi, 197
Celtis brownii, 194

Colubrina decipiens, 216
Colubrina faralaotra, 217
Colvillea racemosa, 218
Combretodendron africanum, 526
Combretodendron macrocarpum, 526
Combretum engleri, 222, 223, 224
Combretum glutinosum, 65
Combretum imberbe, 176, 219, 221
Combretum kraussii, 224
Combretum schumannit, 222, 223
Combretum zeyheri, 174
Copaifera le-testui, 592
Copaifera mildbraedii, 225
Copaifera mopane, 211
Copaifera religiosa, 226, 369
Copaifera salikounda, 225, 228, 229
Cordia abyssinica, 230
Cordia africana, 230
Cordia caffra, 237
Cordia millenii, 233, 234
Cordia platythyrsa, 233, 234, 236
Cordia senegalensis, 232
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Cordia subcordata, 236, 237
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Celtis integrifolia, 197
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Cordyla somaliensis, 240
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Carpolobia lutea, 181
Casearia battiscombei, 181, 182
Casearia bridelioides, 423

Casearia engleri, 182
Casearia gladiiformis, 182
Casearia nigrescens, 183
Cassia hippophallus, 184
Cassia lactea, 589

Cassine buchananii, 331
Cassine matabelica, 332

Cassine papillosa, 332
Cassine transvaalensis, 332

Cavacoa aurea, 185
Cavacoa quintasii, 184

Cecropia peltata, 479
Celtis adolfi-friderici, 185, 186, 193, 196

Celtis kraussiana, 188

Celtis mildbraedii, 187, 190, 192, 194, 196, 197
Celtis philippensis, 194
Celtis prantlii, 194
Celtis soyauxti, 194, 195, 197
Celtis tessmannii, 197
Celtis toka, 197, 198

Celtis wightii, 194
Celtis zenkeri, 187, 190, 193, 194, 195, 197
Cephalosphaera usambarensis, 199, 200, 554
Chaetachme aristata, 201, 202
Chaetachme madagascariensis, 201

Chaetachme microcarpa, 201
Chidlowia sanguinea, 203
Cleistanthus caudatus, 204

Cleistanthus michelsonii, 204
Cleistanthus mildbraedii, 204
Cleistanthus schlechteri, 205
Cleistopholis glauca, 207

Cleistopholis patens, 205, 207
Cleistopholis staudtii, 207, 208
Coelocaryon botryoides, 210

Cornus volkensii, 243

Croton
Croton
Croton
Croton
Croton
Croton
Croton

cotoneaster, 249
dichogamus, 246
longiracemosus, 246
mahafaliensis, 249
megalobotrys, 246
megalocarpus, 245, 246
mongue, 248

Croton muricatus, 249

Croton penduliflorus, 246
Croton wellensii, 246
Crudia gabonensis, 250
Crudia senegalensis, 249
Cryptosepalum staudtii, 250, 251
Cryptosepalum tetraphyllum, 251
Ctenolophon englerianus, 252, 258
Cupania laevis, 473
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Curtisia dentata, 254
Curtisia faginea, 254
Cussonia arborea, 257
Cussonia bancoensis, 257
Cussonia holstii, 257
Cussonia spicata, 257
Cussonia zimmermannii, 256
Cuviera acutiflora, 258
Cuviera djalonensis, 257
Cuviera macroura, 257
Cynometra abrahamii, 267
Cynometraalexandri, 258, 259, 433

Cynometra ananta, 261, 262
Cynometra aurita, 267
Cynometra commersoniana, 267
Cynometra dauphinensis, 267
Cynometra hankei, 263, 266
Cynometralujae, 265
Cynometra madagascariensis, 266
Cynometra mannii, 264
Cynometra megalophylla, 262
Cynometra sakalava, 267
Cynometra vogelii, 262
Cynometra webberi, 260

Cyrtogonone argentea, 267
Dactyladenia barteri, 269
Dactyladenia scabrifolia, 268
Dalbergia melanoxylon, 134, 223, 302
Daniellia alsteeniana, 270
Daniellia klainei, 269, 272, 279

Daniellia oblonga, 271
Daniellia ogea, 271, 273, 279
Daniellia oliveri, 274, 276, 416

Daniellia pynaertii, 271
Daniellia soyauxii, 271
Daniellia thurifera, 272, 278, 280
Dasylepis integra, 281
Dasylepis leptophylla, 281
Dasylepis racemosa, 282
Deinbollia cuneifolia, 283
Deinbollia fulvo-tomentella, 283
Deinbollia grandifolia, 282
Deinbollia macrocarpa, 283
Deinbollia molliuscula, 288
Deinbollia pervillei, 283
Detarium
Detarium
Detarium
Detarium

heudelotianum, 285
macrocarpum, 283, 287
microcarpum, 286, 287
senegalense, 285, 286

Dialiopsis africana, 676
Dialium angolense, 289, 292
Dialium aubrevillei, 288, 289

Dialium bipindense, 289
Dialium corbisieri, 289, 359
Dialium dinklagei, 289

Dialium englerianum, 289

Dialium
Dialium
Dialium
Dialium

excelsum, 290
fleuryi, 289
guineense, 289, 290
holtzii, 290

Dialium macranthum, 291

Dialium madagascariense, 290
Dialium occidentale, 290
Dialium orientale, 290

Dialium pachyphyllum, 289, 291, 292
Dialium pentandrum, 290
Dialium schlechteri, 289
Dialium soyauxii, 290
Dialium unifoliolatum, 290, 397
Dialium yambataense, 291
Dialium zenkeri, 290
Didelotia africana, 293, 294, 295
Didelotia afzelii, 295
Didelotia brevipaniculata, 293, 294, 295
Didelotia idae, 293, 294

Didelotia letouzeyi, 293, 294, 295
Dilobeia tenuinervis, 297

Dilobeia thouarsii, 296, 297
Dioclea reflexa, 272
Diogoa zenkeri, 359
Dioscorea minutiflora, 563

Diospyros abyssinica, 298, 299
Diospyros abyssinica subsp. abyssinica, 300
Diospyros boala, 314
Diospyros bussei, 310

Diospyros conocarpa, 314
Diospyros cooperi, 314
Diospyros cornii, 310
Diospyros crassiflora, 301, 302, 308, 309

Diospyros ebenum, 310
Diospyros elliotii, 314
Diospyros ferrea, 310
Diospyros gracilipes, 304
Diospyros greenwayi, 310
Diospyros iturensis, 314
Diospyros kabuyeana, 310
Diospyros kamerunensis, 306, 307, 527

Diospyros lycioides, 134
Diospyros mannii, 314
Diospyros mespiliformis, 302, 308, 310, 416
Diospyros monbuttensis, 306
Diospyros perrieri, 305
Diospyros platycalyx, 305
Diospyros polystemon, 314
Diospyros quiloensis, 310
Diospyros sanza-minika, 312, 313
Diospyros senensis, 310
Diospyros squarrosa, 311
Diospyrostessellaria, 305
Diospyros thomasii, 307
Diospyros verrucosa, 311
Distemonanthus benthamianus, 315, 317
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Drypetes afzelii, 320
Drypetes arguta, 320
Drypetes aubrevillei, 320
Drypetes aylmeri, 321
Drypetes bathiei, 321
Drypetes battiscombei, 319
Drypetes caustica, 321
Drypetes floribunda, 321
Drypetes gerrardii, 319, 320
Drypetes gilgiana, 321
Drypetes gossweileri, 321
Drypetes mossambicensis, 321
Drypetes parvifolia, 321
Drypetes roxburghii, 321
Duguetia confinis, 324
Duguetia staudtii, 322, 323
Dupuya haraka, 326, 327
Dupuya madagascariensis, 325, 326
Dupuya madagascariensis subsp.
madagascariensis, 326
Dupuya madagascariensis subsp.
tamarindoides, 326
Ehretia amoena, 328, 329
Ehretia cymosa, 327
Ehretia obtusifolia, 328, 329

Erythrophleum
Erythrophleum
Erythrophleum
Erythrophleum
Erythrophleum

Ehretia rigida, 329

Fleroya rubrostipulata, 471

Ehretia trachyphylla, 329
Elaeocarpus alnifolius, 330
Elaeocarpus angustifolius, 330
Elaeocarpus capuronii, 330
Elaeocarpusfloribundus, 329
Elaeocarpus quadrilobus, 594
Elaeocarpus rhodanthus, 594
Elaeocarpus subserratus, 330

Fleroya stipulosa, 469
Foetidia asymetrica, 351
Foetidia borbonica, 352
Foetidia clusioides, 350, 351, 352
Foetidia mauritiana, 352
Foetidia obliqua, 351
Foetidia rodriguesiana, 352

Elaeodendron buchananii, 331
Elaeodendron croceum, 332

Ganophyllum falcatum, 355, 356
Ganophyllum giganteum, 354, 355
Garcinia kola, 335
Garcinia punctata, 359
Gereaua perrieri, 381
Gilbertiodendron bilineatum, 362
Gilbertiodendron brachystegioides, 357, 358
Gilbertiodendron dewevrei, 149, 356, 358, 605
Gilbertiodendron grandiflorum, 358
Gilbertiodendron grandistipulatum, 358
Gilbertiodendron ivorense, 362
Gilbertiodendron limba, 361
Gilbertiodendron mayombense, 358

Elaeodendron matabelicum, 332
Elaeodendron transvaalense, 332
Elaeodendron zeyheri, 332
Enantia affinis, 56
Enantia ambigua, 61

Enantia chlorantha, 56, 58
Enantia kummerae, 61
Enantia lebrunii, 61

Enantia polycarpa, 60
Ensete ventricosum, 232
Entandrophragmautile, 294
Ephippiandra madagascariensis, 333, 621
Eriocoelum kerstingii, 384
Eriocoelum macrocarpum, 334
Eriocoelum microspermum, 333

Eriocoelum pungens, 334
Erismadelphus exsul, 335, 336

Erismadelphusexsul var. exsul, 336
Erismadelphus exsul var. platyphyllus, 336
Erismadelphussessilis, 336

africanum, 175, 341, 416
guineense, 340
ivorense, 337, 338, 341, 342
lasianthum, 342
suaveolens, 178, 337, 338, 339,

340, 342

Erythroxylum coca, 345
Erythroxylum fischeri, 345
Erythroxylum mannii, 348, 345

Euclea pseudebenus, 346
Eurypetalum batesii, 347
Eurypetalum tessmannii, 347
Eurypetalum unijugum, 348
Excoecaria simii, 599

Fagara macrophylla, 149
Faurea arborea, 349
Faurea delevoyi, 349
Faureaforficuliflora, 350
Faurea macnaughtonii, 350
Faurea rochetiana, 349

Faurea saligna, 348
Faurea speciosa, 349
Faurea wentzeliana, 349
Ficalhoa laurifolia, 244
Fleroya ledermannii, 466

Gaertnera paniculata, 353

Gilbertiodendron ogoouense, 357, 359

Gilbertiodendron preussii, 357, 362
Gilbertiodendron splendidum, 362
Gilletiodendron glandulosum, 364
Gilletiodendron kisantuense, 364
Gilletiodendron mildbraedii, 363
Gilletiodendron pierreanum, 364
Givotia madagascariensis, 364

Gmelina arborea, 30, 477
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Gossweilerodendron balsamiferum, 542
Gossweilerodendron joveri, 544
Greenwayodendron oliveri, 367
Greenwayodendron suaveolens, 365, 366
Greenwayodendron suaveolens subsp.
suaveolens var. gabonica, 367
Greenwayodendron suaveolens subsp.
usambaricum, 367
Grevillea robusta, 504
Grossera quintasii, 184
Guibourtia arnoldiana, 368, 369, 375

Guibourtia coleosperma, 98, 370, 371
Guibourtia conjugata, 373
Guibourtia ehie, 374, 375

Guibourtia leonensis, 376
Guibourtia pellegriniana, 377, 378
Guibourtia tessmannii, 377

Gyrocarpus
Gyrocarpus
Gyrocarpus
380
Gyrocarpus

americanus, 378
americanussubsp. africanus, 380
americanus subsp. americanus,
americanus subsp. capuronianus,

380

Holoptelea grandis, 390, 391
Homalium africanum, 394

Homalium albiflorum, 394
Homalium aubrevillei, 394
Homalium aylmeri, 394

Homalium dentatum, 394
Homalium dolichophyllum, 392

Homalium letestui, 392, 393
Homalium longistylum, 394
Homalium macropterum, 394
Homalium paniculatum, 394
Homalium planiflorum, 394
Homalium smythei, 394, 395

Hoplestigma klaineanum, 895
Hoplestigma pierreanum, 396
Humbertia madagascariensis, 396, 397
Hylodendron gabunense, 398
Hymenaea courbaril, 546
Hymenaea verrucosa, 407

Hymenocardia capensis, 399
Hymenocardia lyrata, 400
Hymenocardia ulmoides, 399
Ilex mitis, 244, 401, 402

Gyrocarpus americanussubsp. glaber, 380
Gyrocarpus americanus subsp. pinnatilobus,
380

Intsia bijuga, 404, 406
Intsia palembanica, 404

Gyrocarpus americanussubsp. tomentosus, 380

Irvingia gabonensis, 267, 408, 410, 453
Irvingia robur, 410
Irvingia smithii, 410
Irvingia wombolu, 359, 409, 410
Isoberlinia angolensis, 412
Isoberlinia dalzielii, 415
Isoberlinia doka, 414, 415, 476
Isoberlinia scheffleri, 413
Isoberlinia tomentosa, 413, 415, 416
Isolona bruneelii, 418
Isolona congolana, 419
Isolona hexaloba, 418

Gyrocarpus angustifolius, 380
Gyrocarpusasiaticus, 379
Gyrocarpus hababensis, 380
Gyrocarpus jacquinii, 379
Hagenia abyssinica, 568

Hallea
Hallea
Hallea
Hallea

ciliata, 466
ledermannii, 466
rubrostipulata, 471
stipulosa, 469

Haplocoelum foliolosum, 381

Haplocoelum gallaense, 381
Haplocoelum inoploeum, 381
Haplocoelum mombasense, 381
Haplocoelum perrieri, 381
Haplocoelum trigonocarpum, 381
Hardwickia mopane, 211
Harungana madagascariensis, 30
Hazomalania voyronii, 382, 383
Hedycaryopsis madagascariensis, 333
Heisteria parvifolia, 385
Heisteria trillesiana, 386
Heisteria zimmereri, 386
Heritiera utilis, 122, 152, 487

Hernandia voyronii, 382
Hexalobuscrispiflorus, 386, 387
Hexalobus monopetalus, 65
Hexalobussalicifolius, 388
Heywoodia lucens, 388

Hildegardia erythrosiphon, 364

Irvingia excelsa, 410

Isolona seretii, 418

Isolona thonneri, 359, 419
Isomacrolobium explicans, 419
Jatropha curcas, 246
Juglans regia, 369, 532, 546

Julbernardia brieyi, 421
Julbernardia globiflora, 158
Julbernardia pellegriniana, 420, 421, 463
Julbernardiaseretii, 422, 605
Juniperus procera, 492, 503

Keayodendron bridelioides, 423
Khaya anthotheca, 260

Khaya ivorensis, 519
Khaya senegalensis, 417
Kiggelaria africana, 424
Klaineanthus gabonii, 425
Klainedoxa buesgenii, 426
Klainedoxa gabonensis, 426, 428
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Klainedoxa trillesii, 428
Lachnopylis floribunda, 493

Macrorhamnusfaralaotra, 217

Lannea welwitschii var. ciliolata, 431, 432
Lannea welwitschii var. welwitschii, 431

Maesopsis eminii, 201, 466
Majideafosteri, 448
Majidea madagascariensis, 449
Majidea zanguebarica, 449
Majidea zanguebarica subsp.
madagascariensis, 449
Majidea zanguebarica subsp. zanguebarica,

Lasiodiscus fasciculiflorus, 433
Lasiodiscus mannii, 433
Lasiodiscus mildbraedii, 432
Leptolaena abrahamii, 435
Leptolaena cuspidata, 435, 436
Leptolaena delphinensis, 435

Maranthes chrysophylla, 452
Maranthes glabra, 449, 452
Maranthes goetzeniana, 452
Maranthes polyandra, 453
Maranthes robusta, 450, 451, 452

Lannea acida, 243
Lannea amaniensis, 431

Lannea microcarpa, 63, 64, 67
Lannea welwitschii, 429, 481

449

Leptolaena gautieri, 435, 436

Mareya acuminata, 487

Leptolaena multiflora, 433, 484
Leptolaena pauciflora, 435
Leptolaena raymondii, 435

Margaritaria discoidea, 454, 455
Margaritaria discoidea var. fagifolia, 455

Lettowianthus stellatus, 207
Librevillea klainei, 436

Markhamia hildebrandtii, 457
Markhamia lutea, 457, 458
Markhamia obtusifolia, 458
Markhamiaplatycalyx, 457
Markhamia tomentosa, 458, 459
Markhamia zanzibarica, 459
Marquesia excelsa, 655
Marquesia macroura, 654
Megaphrynium macrostachyum, 357
Meiocarpidium lepidotum, 461

Lophira alata, 152, 291, 338, 426, 427, 437,
439, 565, 640, 641
Lophira lanceolata, 438, 439, 440, 441
Lophira procera, 437
Lovoa trichilioides, 170, 260, 487
Ludia ambrensis, 443
Ludia antanosarum, 444
Ludia comorensis, 444

Ludia dracaenoides, 444
Ludia mauritiana, 443
Ludia scolopioides, 444
Ludia sessiliflora, 443
Lychnodiscus cerospermus, 444
Lychnodiscus multinervis, 445
Lychnodiscus reticulatus, 445
Maba abyssinica, 298

Macaranga alnifolia, 446, 447

Markhamia acuminata, 459

Mendoravia dumaziana, 462

Microberlinia bisulcata, 468, 464
Microberlinia brazzavillensis, 462, 463
Mildbraediodendron excelsum, 465
Milicia excelsa, 260, 456, 634
Mitragynaciliata, 466
Mitragyna inermis, 471
Mitragyna ledermannti, 466, 467, 470, 471

Mitragyna rubrostipulata, 471

Macaranga capensis, 445, 446

Mitragyna stipulosa, 466, 468, 469, 471

Macaranga conglomerata, 446
Macaranga ferruginea, 446
Macaranga kilimandscharica, 445
Macaranga neomildbraediana, 445
Macaranga oblongifolia, 447
Macaranga obovata, 447

Molinaea alternifolia, 473
Molinaea arborea, 473
Molinaea brevipes, 473

Macaranga vermoesenii, 446

Molinaea tolambitou, 473

Macroberlinia bracteosa, 103

Monimiaovalifolia, 474

Macrolobium
Macrolobium
Macrolobium
Macrolobium

Monimia rotundifolia, 474

coeruleoides, 511
coeruleum, 511
dawei, 511
dewevrei, 356

Macrolobium diphyllum, 523
Macrolobium fragrans, 72
Macrolobium heudelotii, 419
Macrolobium limba, 361

Macrolobium macrophyllum, 75
Macrorhamnusdecipiens, 216

Molinaea laevis, 473

Molinaeapetiolaris, 473
Molinaeasessilifolia, 473

Monopetalanthus breynei, 117
Monopetalanthus compactus, 85
Monopetalanthus coriaceus, 111
Monopetalanthus durandii, 118
Monopetalanthus heitzii, 83
Monopetalanthus le-testui, 115
Monopetalanthus microphyllus, 85
Monopetalanthus pellegrinii, 116
Monopetalanthus pteridophyllus, 85
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Monotes africanus, 475

Monotes caloneurus, 475
Monotes elegans, 475

Monotes engleri, 476
Monotes glaber, 476
Monotes kerstingii, 416, 474, 475
Musanga cecropioides, 441, 476, 478
Musangaleo-errerae, 478
Musanga smithii, 476
Myristica fragrans, 552
Myrsine melanophloeos, 480, 481
Nauclea cuspidata, 166
Nauclea diderrichii, 316, 318, 482, 485, 566
Nauclea pobeguinii, 565

Nauclea trillesti, 482
Nauclea vanderguchtii, 485
Necepsia afzelii, 487
Nectaropetalum carvalhoi, 489
Nectaropetalum kaessneri, 488
Neoboutonia diaguissensis, 490
Neoboutonia glabrescens, 490
Neoboutonia macrocalyx, 489
Neoboutonia mannii, 490
Neoboutonia melleri, 490
Neobreonia decaryana, 165

Olea europaea subsp. cuspidata, 220, 223, 502,
503
Olea guineensis, 503
Olea hochstetteri, 503
Olea lancea, 503

Olea welwitschii, 503
Oncobabrevipes, 504
Oncobagilgiana, 505
Oncoba spinosa, 505
Ongokea gore, 335, 506, 507

Ongokea kamerunensis, 506
Ongokea klaineana, 506
Ophiobotrys zenkeri, 509

Oubanguia africana, 510
Oubanguiaalata, 510
Oubanguia denticulata, 510
Oubanguia laurentii, 510
Oubanguia laurifolia, 510
Ouratea calophylla, 557
Oxyanthus zanguebaricus, 511
Oxystigma buchholzii, 547
Oxystigma dewevrei, 547
Oxystigma mannii, 547
Oxystigma msoo, 547
Oxystigma oxyphyllum, 545

Neocarya macrophylla, 287
Neotina coursii, 491

Pachyelasma tessmannii, 338

Neotina isoneura, 490, 649
Nuxia congesta, 491
Nuxia floribunda, 493, 494

Pachypodanthium staudtii, 322

Nuxia oppositifolia, 494
Nuxia verticillata, 494
Ochna afzelii, 496
Ochna arborea, 496
Ochna calodendron, 496
Ochnagilletiana, 496
Ochnaholstii, 495
Ochna ovata, 496
Ochna prunifolia, 495

Pachypodanthium confine, 324
Paivaeusa dactylophylla, 499
Panda oleosa, 535
Paraberlinia bifoliolata, 420
Paramacrolobium coeruleum, 318, 511
Parinari chrysophylla, 452
Parinari congensis, 515
Parinari curatellifolia, 513
Parinari excelsa, 452, 513, 514

Parinari glabra, 449
Parinari goetzeniana, 452
Parinari holstii, 513

Ochna pulchra, 176
Ochna thomasiana, 496

Parinari hypochrysea, 515

Ochroma pyramidale, 489, 558
Ochthocosmusafricanus, 530

Pausinystalia ituriense, 520
Pausinystalia johimbe, 516, 518, 521, 522
Pausinystalia lane-poolei, 519
Pausinystalia lane-poolei subsp. ituriense, 520
Pausinystalia lane-poolei subsp. lane-poolei,
520

Ochthocosmus lemaireanus, 531

Ocotea bullata, 255
Ocotea usambarensis, 244, 447
Octoknemaborealis, 497

Oldfieldia africana, 498, 499
Oldfieldia dactylophylla, 499
Oldfieldia macrocarpa, 500
Oldfieldia somalensis, 500
Olea capensis, 89, 244, 255, 501, 502
Olea capensis subsp. capensis, 502
Olea capensis subsp. enervis, 502
Olea capensis subsp. macrocarpa, 502, 503
Olea europaea, 492

Parinari robusta, 451

Pausinystalia macroceras, 517, 518, 520

Pausinystalia sankeyi, 522
Pausinystalia talbotii, 522
Pellegriniodendron diphyllum, 523
Peltophorum africanum, 178
Pemphis acidula, 525

Pemphis madagascariensis, 525
Pennisetum unisetum, 416
Petersianthus macrocarpus, 526, 527
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Phyllanthus discoideus, 454
Phyllarthron articulatum, 530
Phyllarthron madagascariense, 529
Phyllocosmus africanus, 530
Phyllocosmus lemaireanus, 531

Piliostigma reticulatum, 67
Piptadeniastrum africanum, 316
Placodiscus bancoensis, 533

Placodiscus boya, 533
Placodiscus glandulosus, 533
Placodiscus paniculatus, 533
Placodiscus pseudostipularis, 532
Placodiscus riparius, 533
Platylophustrifoliatus, 89
Podocarpus gracilior, 617
Podocarpus latifolius, 89, 244, 255, 503
Poga oleosa, 534, 585
Polyalthia oliveri, 367

Polyalthia suaveolens, 365
Polyscias fulva, 537
Polyscias kikuyensis, 538

Polyscias ornifolia, 538
Populus xcanadensis, 539
Populus alba, 539
Populus deltoides, 539

Populus ilicifolia, 538
Populus nigra, 539
Pouchetia africana, 540
Pouchetia parviflora, 541
Poupartia chapelieri, 542
Poupartia orientalis, 542

Poupartia silvatica, 541
Pouteria adolfi-friederici, 617
Prioria balsamifera, 542, 544, 546, 548
Prioria buchholzii, 547

Prioria joveri, 544
Prioria mannii, 547
Prioria msoo, 547
Prioria oxyphylla, 359, 545, 546

Prosopis africana, 416
Protium madagascariense, 542
Protomegabaria macrophylla, 549
Protomegabaria stapfiana, 548
Protorhus ditimena, 549
Protorhus grandidieri, 550

Protorhuslongifolia, 550
Protorhus louvelii, 550
Protorhus sericea, 550
Protorhus thouvenotii, 550
Prunus armeniaca, 676

Pseudospondias gigantea, 354
Psydrax faulknerae, 551
Psydrax obovata, 551
Psydrax parviflora, 550

Pterocarpus soyauxii, 301, 603
Pterocelastrus tricuspidatus, 89
Pterygopodium oxyphyllum, 545
Pycnanthus angolensis, 79, 81, 149, 200, 209,
441, 552, 554, 583
Pycnanthus angolensis subsp. angolensis, 554
Pyenanthus angolensis subsp. schweinfurthii,
554
Pycnanthus kombo, 552
Rapanea melanophloeos, 480

Rapanea rhododendroides, 480
Raphia hookeri, 563
Rawsonia burtt-davyi, 557
Rawsonia lucida, 556
Rawsoniareticulata, 556

Rhabdophyllum calophyllum, 557
Rhodoclada rhopaloides, 92
Rhus abyssinica, 588
Rhus glutinosa, 588
Rhus gueinzii, 588
Rhus lancea, 587
Rhus lucida, 588

Rhus pendulina, 588
Rhus retinorrhoea, 588
Rhus viminalis, 588
Ricinodendron africanum, 558
Ricinodendron heudelotii, 558, 559
Ricinodendron heudelotii subsp. africanum,

560
Ricinodendron heudelotii subsp. heudelotii, 560
Rinorea arborea, 562

Rinorea aylmeri, 562
Rinorea brachypetala, 561
Rinoreailicifolia, 562
Rinorea kibbiensis, 562
Rinorea oblongifolia, 562
Rinorea poggei, 561
Rinorea seleensis, 562

Rinorea subsessilis, 562
Sacoglottis amazonica, 564
Sacoglottis gabonensis, 336, 508, 562, 564
Santalum album, 137, 142, 598
Sarcocephalus diderrichii, 482
Sarcocephalus madagascariensis, 165
Sarcocephalus pobeguinii, 565
Sarcocephalustrillesii, 482
Schefflera abyssinica, 567
Schefflera umbellifera, 568
Schinziophyton rautanenii, 98
Schotia afra, 569
Schotia brachypetala, 568
Schotia capitata, 569
Schotia latifolia, 569, 570

Pterocarpus angolensis, 43, 176, 372

Schrebera alata, 570
Schrebera arborea, 572, 578

Pterocarpus lucens, 98

Schrebera golungensis, 573
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Schrebera trichoclada, 571, 573
Scolopia erythrocarpa, 575
Scolopia hazomby, 575
Scolopia heterophylla, 575

Staudtia kamerunensis var. kamerunensis, 604
Staudtia pterocarpa, 604
Staudtia stipitata, 602

Scolopia madagascariensis, 574

Sterculia oblonga, 316
Strombosia glaucescens, 607
Strombosia grandifolia, 608
Strombosia pustulata, 607, 608
Strombosia scheffleri, 609, 611
Strombosia zenkeri, 608
Strombosiopsis nana, 613
Strombosiopsis tetrandra, 608, 612
Strophanthus gratus, 338, 341
Strophanthus sarmentosus, 163
Strychnos atherstonei, 615

Scolopia mundii, 576
Scolopia orientalis, 575
Scolopia rhamniphylla, 576
Scolopia stolzii, 576
Scolopia theifolia, 576
Scolopia zeyheri, 575
Scorodophloeus fischeri, 578
Scorodophloeus torrei, 578
Scorodophloeus zenkeri, 577, 578
Scottellia chevalieri, 579
Scottellia coriacea, 579
Scottellia kamerunensis, 579

Scottellia klaineana, 509, 579, 581
Scottellia leonensis, 580
Scottellia orientalis, 581

Scyphocephalium chrysothrix, 584
Scyphocephalium mannii, 582, 583
Scyphocephalium ochocoa, 582
Scytopetalum klaineanum, 586, 587
Scytopetalum pierreanum, 586

Scytopetalum tieghemii, 510, 585, 586
Searsia glutinosa, 588

Searsia gueinzii, 588
Searsia lancea, 587
Searsia lucida, 588
Searsia pendulina, 588
Searsia retinorrhoea, 588
Senna lactea, 589
Senna meridionalis, 590
Senna siamea, 590

Stemonocoleus micranthus, 605

Strychnos decussata, 615
Strychnos mellodora, 615

Strychnos mitis, 613, 614
Stuhlmannia moavi, 616
Suregada lithoxyla, 617
Suregada procera, 617
Swartzia fistuloides, 131
Swartzia madagascariensis, 133
Symphonia globulifera, 566
Synsepalum subcordatum, 359
Tamarindusindica, 243
Tamarix aphylla, 618, 619
Tamarix articulata, 618
Tamarix nilotica, 619
Tamarix senegalensis, 619
Tamarix usneoides, 619

Tambourissa thouvenotii, 620
Tambourissa trichophylla var. thouvenotii, 620
Tapinanthus bangwensis, 128
Tapura fischeri, 622

Senna viguierella, 590
Sindora klaineana, 590, 591
Sindoropsis le-testui, 592

Tectona grandis, 28, 33, 36, 40, 43, 369

Sloanea rhodantha, 594, 595

Terminalia avicennioides, 416
Terminalia ivorensis, 486, 622, 624, 634

Sloanea rhodanthavar. dalechampioides, 595
Sloanea rhodantha var. rhodantha, 595

Solanum anguivi, 192
Sonneratia alba, 596
Sorghum bicolor, 63
Sorindeia longifolia, 653

Soyauxia grandifolia, 597
Spirostachys africana, 220, 598, 599
Spirostachys venenifera, 600
Stadmannia acuminata, 602
Stadmannia glauca, 602
Stadmannia leandrii, 602

Stadmannia oppositifolia, 601
Stadmannia oppositifolia subsp. rhodesica, 602
Staudtia gabonensis, 602

Staudtia kamerunensis, 359, 602, 604
Staudtia kamerunensis var. gabonensis, 604

Tephrosia vogelii, 357
Terminalia aemula, 627

Terminalia kaiserana, 630
Terminalia kilimandscharica, 628
Terminalia macroptera, 63, 67

Terminalia prunioides, 630
Terminalia sambesiaca, 627
Terminalia sericea, 176, 628
Terminalia stuhlmannii, 630

Terminalia superba, 630, 632, 636, 637
Terminalia tetrandra, 635, 636

Terminalia trichopoda, 630
Terminaliopsis tetrandrus, 635
Tessmannia africana, 638

Tessmannia anomala, 638
Tessmannia baikiaeoides, 639
Tessmannia dewildemaniana, 639
Tessmannialescrauwaetii, 637, 638
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Tessmannia yangambiensis, 639
Testulea gabonensis, 640, 641

Tetraberlinia bifoliolata, 84, 421, 642, 643
Tetraberlinia polyphylla, 643, 644
Tetraberlinia tubmaniana, 296, 645, 646
Tetrapleura tetraptera, 374, 375

Tetrapterocarpon geayi, 647
Tetrapterocarpon septentrionalis, 648
Tieghemella africana, 28, 33, 36, 40, 43
Tieghemella heckelii, 28, 33, 36, 40, 43, 152,
527
Tina chapelieriana, 648
Tina dasycarpa, 649
Tina fulvinervis, 649
Tina isaloensis, 649

Uapaca acuminata, 660
Uapaca betamponensis, 665
Uapaca brieyi, 662
Uapaca corbisieri, 662
Uapaca densifolia, 665
Uapacaesculenta, 662
Uapaca guineensis, 527, 655, 657, 659
Uapaca heudelotii, 658, 659
Uapaca heudelotii var. acuminata, 660
Uapacaletestuana, 662
Uapacalissopyrena, 657
Uapaca louvelii, 665
Uapaca mole, 657, 661
Uapaca paludosa, 661

Tina isoneura, 490

Uapaca pynaertii, 662
Uapaca staudtii, 662

Tina striata, 648
Tina thouarsiana, 649

Uapaca thouarsii, 407, 664
Uapaca togoensis, 416, 476, 657

Tinopsis apiculata, 491, 649
Tinopsis chrysophylla, 650
Tinopsis conjugata, 650
Tinopsis dissitiflora, 650
Tinopsis isoneura, 490
Tinopsis macrocarpa, 650
Tinopsis phellocarpa, 650
Tinopsis tamatavensis, 650
Tinopsis tampolensis, 650
Tinopsis urschii, 650
Toubaouate brevipaniculata, 295
Trichocladus ellipticus, 650
Trichocladus ellipticus subsp. ellipticus, 651
Trichoeladus ellipticus subsp. malosanus, 651
Trichoscypha arborea, 651, 652
Trichoscypha beguei, 652
Trichoscypha bijuga, 652
Trichoscypha cavalliensis, 652
Trichoscypha chevalieri, 652
Trichoscypha ealaensis, 652
Trichoscyphalongifolia, 653
Trichoscypha lucens, 652
Trichoscypha oba, 652
Trichoscypha ulugurensis, 652
Trichoscypha yapoensis, 652

Uapaca vanhouttei, 662

Trillesanthus excelsus, 655
Trillesanthus macrourus, 654

Triplisomeris explicans, 419
Triplochiton scleroxylon, 392, 453, 633, 634

Uvariodendron anisatum, 665

Uvariopsis congensis, 666
Vernonia conferta, 335
Vitellaria paradoxa, 278, 427

Weinmannia bojeriana, 668
Weinmannia minutiflora, 667

Weinmannia rutenbergii, 668
Weinmannia tinctoria, 668
Wielandia oblongifolia, 668
Xylopia acutiflora, 671
Xylopia aethiopica, 672, 673
Xylopia brieyi, 671
Xylopia chrysophylla, 671
Xylopia cupularis, 671
Xylopia hypolampra, 671, 673
Xylopia mwasumbii, 671, 672
Xylopia parviflora, 672
Xylopia quintasii, 669, 670
Xylopia rubescens, 671
Xylopia staudtii, 671, 673
Xylopia villosa, 672
Xylopia wilwerthii, 672
Xymalos monospora, 673, 674
Zanha africana, 676, 677, 679
Zanha golungensis, 677, 678, 679
Zanha suaveolens, 677, 679

Zanthoxylum gilletii, 486

798

TIMBERS 2
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Acacia copal do Sudao, 278
Acajou jaune d’Afrique, 482
Acajou jaune du Congo, 482
Acajou jaune du Gabon, 482
Accra copal, 271, 274

Ackee, 122
African beech, 348
African birch, 62

African brazil nut, 534

Arbre a suif, 552
Arbre a vernis, 274

Arbre fricassé, 122
Arbre pieuvre, 49
Assegai tree, 254
Athel tamarisk, 618

Athel tree, 618
Aulne d’Amérique, 51

Bouton d’antilope, 78
Boxboard, 552
Brimstonetree, 482
Brittle wood, 491
Burkea, 174

Bush canary berry, 617
Bush mahogany, 150
Bush mango, 238, 241

African cordia, 233
African corkwood, 476

Azobe, 437

Bushveld peacock-berry, 454
Butterfly tree, 211
Cabbagetree, 70
Camdeboostinkwood, 188

African ebony, 301, 306, 308,

Azobé, 437

Cameroon ebony, 306

312
African holly, 401
African homalium, 392
African ironwood, 501

Azodau, 31

Cape beech, 480

Balsam tree, 211

Cape ebony, 346, 388

Banda rouge, 590
Bastard mopane, 370
Bastard teak, 370

Cape holly, 401
Cape sandalwood, 598
Castanha de Africa, 122
Castanheiro de Africa, 122
Cayor pear tree, 241
Celtis d'Afrique, 192
Chacate, 373

African copaiba balsam, 274

African ita, 185

African linden, 469
African nutmeg, 552
African oak, 26, 498

African
African
African
African
African

oil-nut tree, 558
peach, 482
red beech, 348
rosewood, 370
sandalwood, 598

African satinwood, 315
African sumac, 587

African teak, 162
African walnut, 568
African yellow wood, 56, 60
African zebrawood, 462

Afrocrania, 243
Afzelia, 26, 31, 35, 38, 41
Agba, 542
Akee, 122
Akee apple, 122
Aki, 122
Akossika, 579
Alder, 51
Andeanalder, 51
Andes alder, 51

Aulne des Andes, 51
Aunedes Andes, 51
Awoura, 420

Bastard white ironwood, 319

Bastard white stinkwood, 190
Beach cordial, 236
Bean-pod tree, 156
Beechwood, 348
Beli, 420

Benin ebony, 301
Benin gum copal, 271, 274
Benin ironwood, 169

Benin mahogany, 451
Bidou, 562
Bilinga des marais, 566

Bishopwood, 118
Bitterbark tree, 562
Black afara, 622
Black bark, 298, 622
Black barked terminalia, 622
Black ironwood, 501

Chacate-preto, 373

Chanate, 211
Chanfuta, 26, 41
Chêne d’Afrique, 622
Chêne d'Afrique, 498
Cherry mahogony, 562
Chocolatier, 408
Cimbirre, 53
Coast goldleaf, 169
Cobweb tree, 120
Colville’s glory tree, 218
Common forest ochna, 495
Common pheasant-berry, 454
Common wild elder, 491

Blighia savoureuse, 122
Bois bleu, 87
Bois bouchon, 476
Bois d’or, 566
Bois de fer, 396, 601
Bois de fer de Bourbon, 601

Congo walnut, 630

Bois de fer de Maurice, 601

Copal tree, 278

Copalier, 370
Copalier de Rhodésie, 370
Copalwood, 370
Cor de mogno, 655

Andoung de Durand, 113
Andoungde Heitz, 83
Andoungde Le Testu, 115
Andoung de Morel, 111

Bois de rose d’Afrique, 377

Cordia d'Afrique, 233
Cordyla, 238

Bois Marie, 87
Bois matelot, 525

Corkwood tree, 558
Croton, 245

Andoung rouge, 83

Bois rouge, 340

Angoa, 335
Angueuk, 506
Arbre a ail, 577

Boleko, 506

Dattock, 285
Démarreur, 516

Arbre a encens, 271

Boléko, 506
Borikio, 662
Bouleau d’Afrique, 62

Arbre a pagaies, 602

Bourbon ironwood, 601

Detah, 285
Dika, 408
Dika bread tree, 408
Dika nut tree, 408
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Divida, 577
Doka, 414
Doussié, 26, 31, 35, 38, 41

Gloire de Colville, 218

Doussié blanc, 38

Grey plum, 513
Groundnuttree, 558
Guinea plum, 513
Gum copal, 278
Gum copaltree, 271
Hairy drypetes, 319
Headachetree, 598

Doussié rouge, 35
Drum tree, 233
East African afzelia, 41
East African cordia, 230
East African olive, 501
Ebais, 233
Ebano africano, 308
Ebène d’Afrique, 301, 308

Ebène de Madagascar, 304
Ebène de Mozambique, 308
Ebène noir, 301
Ebénier véritable du Gabon,
301
Ebony diospyros, 308
Ekaba, 642

Ekki, 437
Elaeodendron, 331
Elgon olive, 501
Erable d’Afrique, 534

Granddétar, 285
Grand tali, 340

Huevovegetal castanha, 122
Ilomba, 552
llorin balsam, 274
Incenso, 271
Indian ash, 23

Indian olive, 329
Inoi nut, 534

Ironwood, 211, 601
Ironwoodolive, 501
Isano, 506
Island walnut, 236
Ita, 185

Jackal berry, 308

Mancone, 337, 340
Mancone, 340

Manguier sauvage, 408, 513
Manokajaune, 92
Mapou, 474
Mapou a grandesfeuilles, 474
Mapou blanc, 474
Mapou des hauts, 474
Markhamia, 457

Mbage, 87
Mbambakofi, 41
Mbamba-mweupe, 379
Mbaraka mkuu, 340
Mbawa, 379, 445
Mbomba, 379
Mbomba maji, 256
Mbombaro, 627
Mbula, 513
Mbura, 513
Mdaa-mwitu, 298

Méblo, 150
Mecrusse, 53

Melegba, 106
Melegba des galeries, 108

Essang, 558

Java cedar, 118

Essessang, 558
False camphor, 382
False ebony, 346
False johimbe, 521
Faro d’Agboville, 271
Fausse anacarde, 122
Faux camphrier, 382
Faux copalier, 523
Faux muscadier, 552
Faux teck, 230
Faux-ébéne, 236
Fisanier, 122
Flamboyant d’avril, 218
Forest big-leaf, 70

Javanese bishopwood, 118
Johimbe, 516

Menebantamo, 552

Kaki de brousse, 308

Messasa, 156

Karee, 587
Kifuwahe, 173
Kihambie, 319
Kilalamba kike, 525

Mfunda mweupe, 488

Forest celtis, 190

Forest elder, 493
Forest false-nettle, 23

Kileku, 506

Koka, 118
Large false mopane, 370
Large mock mopane, 370
Large-leaved cordia, 230
Leadwood, 219
Leaf-berry tree, 622
Leafless tamarisk, 618
Lebombo ironwood, 53

Menguela, 558

Mfundu, 601
Mfupapu, 173, 511

Mfuwate, 443
Mgambo, 457
Mgiriti, 308
Mgombe, 308
Mgongolo, 222
Mgovigovi, 575
Mgurure, 222
Mgwata, 238
Mgwina, 162
Mitzeerie, 169

Lesser red heart, 399
Liberia ebony, 312

Mjangari, 454
Mjoho, 308
Mkadi, 308

Forest ironwood, 319
Forest nuxia, 493
Forest ordeal tree, 340

Lim du Gabon, 337

Mkalanga, 445

Limba, 630
Limbali, 356

Mkalya, 676, 678
Mkamachuma, 495

Forest peach, 556
Forest sword-leaf, 181

Limbo, 630

Forest tree combretum, 222

Loliondo, 501

Mkarambati, 137
Mkelekele, 340
Mkivule, 126

Fraké, 630

Forest fever tree, 70

Forest ironplum, 319

Lemonwood, 673

Lingué, 26

Mkonge, 41
Mkulungo, 627
Mkungu mwitu, 552
Mkungu-maji, 70

Galla plum, 381

Lowveld silver oak, 137
Lucky-bean tree, 26
Madagascar ebony, 304
Mahogany bean, 41
Mahogany nut, 451

Garlic tree, 577

Makobokobo, 230

Mkwanga, 676, 678
Mkwe, 511

Giant diospyros, 298

Mampataz, 513

Mlambusi, 87

Framiré, 622

Frankincense tree, 278
Fuchsia tree, 568
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Mlanga-makelele, 445
Mlilana, 596

Mlyaminga, 613
Mnyandege, 243
Moambejaune,56, 60
Moambe noir, 365

Mokalungo, 192
Mokolongo, 192
Molinda, 365
Mongongo, 78
Monkey guava, 308
Mopane, 211
Mountain acacia, 159

Moussangoué, 585
Movingui, 315
Mpapayi mwitu, 256
Mpera-mwitu, 222
Mpia, 596

Mwalambe, 622, 630

Mwangajini mdogo, 613
Mwangati, 627
Mwavi, 340
Mwavi dume, 340
Mwiza, 169

Myombo, 156
N’galama, 62
Natal hazel, 650

Natal white stinkwood, 192
Niger copal, 278
Niové, 602
Northern galla plum, 381
Noyer d’Océanie, 236
Noyer du Mayombe, 630
Nsanu, 506

Red syringa, 174
Red water tree, 340

Red-brown mangrove, 596
Red-fruited celtis, 192
Red-fruited white stinkwood,
192
Redwood, 159
Réré a longsfruits, 75
Rhodesian mahogany, 41, 370
Rhodesian teak, 96, 370

Rikio, 655
Rikio a grandes feuilles, 661

Rikio des marais, 661
Rikio des riviéres, 658
Rikio noir, 662

Palissandre d’Afrique, 75

Rivercluster-leaf, 627
River macaranga, 445
River terminalia, 627
Rondo, 238
Rough-skinned plum, 513
Ruggedoil fruit, 329
Sage-leaved alangium, 47
Sambi, 655
Sand bushwillow, 222
Sand syringa, 174
Sandalo africano, 598
Sasswood tree, 337, 340
Satinwood, 622
Sau, 414
Savory akee tree, 122

Msenefu, 245

Parasol tree, 537

Sea trumpet, 236

Msindi, 308
Mtalawanda, 457
Mtama mwitu, 622

Parasolier, 476
Parinari, 513

Sébestier d’Afrique, 230
Shingle tree, 23

Pau de Cabinda, 516
Pauferro, 133
Pau goiaba, 572

Shingle wood, 622, 630

Mpululu, 627

Mpweke, 308
Mrihi, 156
Mringamringa, 230
Mriti, 156
Mroma, 238
Msaa-mti, 55

Msaira, 401
Msaluti, 91

Msangana, 609
Msarakana, 598
Msekeseke, 133

Mtambao, 199

Ntuli, 506
Odika, 408
Ogbono, 408
Oleko, 506
Olive walnut, 368
Olivier du Cap, 501
Olivier tropical, 368
Ongokéa, 506
Orange-barked terminalia,
390
Ordealtree, 337
Palétuvier d’eau douce, 655
Palétuvier de riviére, 655

Mtambara, 199
Mtambuu-mwitu, 70
Mteti, 399
Mtigonzi, 238
Mtonga, 613

Paurosa, 133
Pau vermelho, 602
Pau-incenso, 274
Pear wood, 87

Muamba preta, 365

Peaugris, 87

Muave, 340
Muawa, 558
Mubura, 513
Mueluili, 298
Muhuhu, 137
Mukambakusi, 41
Mumbwe, 238

Pink cedar tree, 23
Pitted-leaf strychnos, 613

Munguella, 558
Mupane, 211
Mushargi, 501
Mussacossa, 26, 41

Muumbu, 429
Mvoo, 238
Mvumo, 137

Mwakamwatu, 126

Pod mahogany,41
Poirier du Cayor, 241
Poison d’épreuve, 340
Pommierd’aki, 122

Siala, 457
Silky berry, 23
Silky plum, 601
Silver oak, 137
Silver terminalia, 628
Simbi tree, 53

Small
Small
Small
Small

bastard mopane, 373
copalwood, 373
false mopane, 373
mock mopane, 373

Small red-heart tree, 399

Small-leaved mangrove, 525
Smooth-fruited zanha, 678

Poor man’s candle, 180

Snakebeantree, 133

Propeller tree, 379
Prunier de Guinée, 513
Rainy season bush mango,

Soap tree, 526

408

Real red pear, 495
Red beech, 348
Red ironwood, 437, 495
Red oak, 106

Sourwood, 585
Spiny macaranga, 445
Stink ebony, 388
Stinkwoodtree, 350, 526
Strombosia, 609
Sudan copal, 278
Sudan teak, 230
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Sugar plum, 655, 662
Sunbird tree, 238

Swamp ebony, 308
Swamp poplar, 445
Sweet bush mango, 408
Tali, 337, 340

Triangle tops, 126
Tropical oliver, 368
Tsilaitra a petites feuilles,
433
Tsotso tree, 373

White stinkwood, 188

Tuna, 258

Wild
Wild
Wild
Wild
Wild
Wild
Wild

Tallow tree, 285

Turpentine tree, 211

Tamaris a galles, 618
Tamaris aphylle, 618
Tamboti, 598
Tana Riverpoplar, 538
Tchitola, 545
Teck d’Arabie, 230

Turtosa, 498
Umbrella tree, 476

Teck de Rhodésie, 96

Thorn pear, 575
Thorny elm, 201
Tilleul d’Afrique, 469
Tlaie of Morocco, 618
Tola, 542
Tola branca, 542
Tola chinfuta, 545
Tola mafuta, 545
Tondo, 238
Toog tree, 118

Transvaalebony, 308

Uvala, 26, 41
Velvet-fruited zanha, 676
Vlêmê, 602

White witch-hazel, 650
Wild African ebony, 308
Wild elder, 493
Wild lemon, 673

mango, 238
oleander, 162
peach, 424
poplar, 445
quince, 53
seringa, 174
syringa, 174

Water kusia, 566
Water shea nut, 162
Watertree, 401

Willow rhus, 587

Weeping boerbean, 568
Weeping schotia, 568
West African copal tree, 274

Yellow satinwood, 315

West African ebony, 301, 308

Witch-hazel, 650
Wych hazel, 650
Yellow terminalia, 622
Yellow wood, 56, 60
Yohimbe, 516

Whip tree, 218
White afara, 630
White mahogany, 78
White mukonja, 630

Yoruba ironwood, 169
Zambezi redwood, 96

White oak, 68

Zingana, 462

White pear, 87

Zambezi teak, 96
Zebrano, 462
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PROTA
Plant Resources of Tropical Africa
Ressources végétales de l’Afrique tropicale

PROTAin short

The Plant Resources of Tropical Africa (PROTA) programmewasinitiated in 2000
and developed into an international partnership of 11 institutions in 11 countries
during the Preparatory Phase 2000-2003. Since 19 February 2003, PROTAoperates
as an international foundation domiciled in Wageningen, Netherlands.
PROTAis a major‘information brokerage and knowledge repatriation’ programme.
The objectives are to bring the ‘world literature’ on the useful plants of Tropical Africa, now accessible only to the resourceful happy few, into the (African) public domain, and contribute to greater awareness and sustained use of the plants, with due
respectfor traditional knowledge and intellectual property rights. PROTA will describe the estimated 7,000 useful plants during the Implementation Phase 20032015. The information carriers will be freely accessible Web databases
(www.prota.org), a low-price Handbook and CD-Rom series featuring 16 Commodity
groups, and Special Products per commodity group for rural development, education, research and policy actors (all in English and French).
PROTA
PROTA
PROTA
PROTA
PROTA
PROTA
PROTA
PROTA
PROTA

1:
2:
3:
4:
5:
6:
7(1):
7(2):
8:

Cereals and pulses (2006)
Vegetables (2004)
Dyes and tannins (2005)
Ornamentals
Forages
Fruits
Timbers 1 (2008)
Timbers 2 (2012)
Carbohydrates

PROTA 9:
PROTA 10:
PROTA 11(1):
PROTA11(2):
PROTA 12:
PROTA 18:
PROTA 14:
PROTA 15:
PROTA 16:

Auxiliary plants
Fuel plants
Medicinal plants 1 (2008)
Medicinal plants 2
Spices and condiments
Essential oils and exudates
Vegetable oils (2007)
Stimulants
Fibres (2012)

PROTA,P.O.Box 341, 6700 AH Wageningen, Netherlands (www.prota.org)
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About CTA
The Technical Centre for Agricultural and Rural Cooperation (CTA) is a joint international institution of the African, Caribbean and Pacific (ACP) Group of States and
the European Union (EU). Its mission is to advance food and nutritional security,
increase prosperity and encourage sound natural resource management in ACP
countries. It provides access to information and knowledge, facilitates policy dialogue and strengthens the capacity of agricultural and rural development institutions and communities.
CTA operates under the framework of the Cotonou Agreement and is funded by the

EU.
For more information on CTA, visit www.cta.int
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30

1

29
20

GAD GE A GO NO Ee

WEST AFRICA

9.

Cape Verde
Mauritania
Senegal
Gambia
Guinea Bissau
Guinea
Sierra Leone
Liberia
Côte d'Ivoire

10. Mali
11.
12.
13.
14.
15.
16.

Burkina Faso
Ghana
Togo
Benin
Niger
Nigeria

CENTRAL AFRICA

SOUTHERN AFRICA

17. Sao Tomé et Principe

35.
36.
37.
38.
39.
40.
41.

18. Cameroon
19. Chad
20. Central African Republic
21. Equatorial Guinea

22.
23.
24.
25.

Gabon
Congo
Democratic Republic of Congo
Rwanda

26. Burundi

EAST AFRICA
27. Sudan

31. Somalia

28. Eritrea
29. Ethiopia
30. Djibouti

32. Kenya
33. Uganda
34. Tanzania 88

Malawi
Zambia
Angola
Namibia
Botswana
Zimbabwe
Mozambique

INDIAN OCEAN
ISLANDS
42.
43.
44,
45.
46.
47.

Comoros
Mayotte (Fr)
Madagascar
Seychelles
Réunion (Fr)
Mauritius

PROTA, short for ‘Plant Resources of Tropical Africa’, is an international

programme focused on the 7,000 useful plants of Tropical Africa. Its purpose is to
make available the wealth of dispersed knowledge on these plant resources for
education, extension, research and industry through Internet databases, books,
CDRoms, and derived products such as brochures, leaflets, and manuals. A thorough

knowledge of the plant resources is essential for arriving at ecologically balanced
and sustainable land-use systems. A large international team of experts is
contributing the texts on particular species. All species are described according to a
standard format with details on uses, trade, properties, botany, ecology, agronomy

or sylviculture, genetic resources, breeding, prospects and literature. In the printed
series the species are grouped into commodity groups. More information on
www.prota.org. The web database ‘PROTA4U’ can be searched at www.prota4u.org.

Timbers 2
PROTA7 deals with the timbertrees of Tropical Africa. PROTA’s database
‘SPECIESLIST?’presents 2352 species used as such. 1204 among them are ‘primary
use’ timbers, qualifying for treatment in PROTA7, which is subdivided into 2
volumes. PROTA 7(1) described 511 species belongingto a selection of 25 botanical
families. The remaining 693 ‘primary use’ timbers are included in PROTA 7(2), in
which also the 1148 ‘secondary use’ timbers arelisted as “Timbers with other
primary use’ and referred to other Handbook volumes.
In PROTA7(2), the 693 ‘primary use’ timbersare described in 314 review articles,
implying that 379 species are briefly mentioned and describedin the articles of more
important related species; they have no separatearticle due to lack of information.
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