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Foreword
When PROTA started on January 1, 2000, the objective was simple but at the same
time ambitious: publishing overview articles on the 7,000 useful plants of tropical
Africa in order to ‘improve access to interdisciplinary data on the plant resources of
tropical Africa’. Ten years later, the programmehas a muchwiderscope, having
adopted a 3-step approach: knowledge synthesis, knowledge dissemination and
knowledge utilization aiming for ‘people in Africa makethe best plant utilization
and conservation choices for improved livelihoods and sustainable managementof
plant resources’.
This publication presents 3 examples of species for which this approach wassuccessful: the PROTAarticle was the basis for a stakeholder consultation, the species was
identified as promising in terms of product development and market opportunities,
and it was tried out in a pilot project in collaboration with grassroots organizations.
Spiderplant (Cleome gynandra) was re-discovered as a popular vegetable in Kenya.
The cultivation of roselle (Hibiscus sabdariffa) for the production of juice was promoted in Burkina Faso through improved cultivation techniques. The pilot project
on dye-sorghum (Sorghum bicolor) in Benin wasso successful that it has been

scaled up to address a numberof socio-economic and agronomic issues.
The other 22 species included in this book have not been selected for pilot projects,
but they are all promising and/or interesting and should be promoted for research
resulting in improved product quality and marketstrategies.
In ten years, the PROTA database developed into a system covering more than
1,200 review articles on about 2,100 plant resources. The articles relate mainly to
the commodity groups ‘Cereals and pulses’, ‘Vegetables’, ‘Dyes and tanning’, ‘Vegetable oils’, ‘Timbers’ and ‘Medicinal plants’.
PROTAbase, the database containing the overview articles, has developed into
PROTA4U, an interactive web database not only containing the articles but also
‘starter kits’ created by computer-assisted report creation, together covering 8,800
useful plants. PROTA4U has the ambition to become the major information and discussion platform on the useful plants of tropical Africa.
The choice for this anniversary book shows that there is ample scope for agricultural
diversification in tropical Africa, and that the PROTA approach guides towardsthe
best opportunities. In these times of dwindling resources because of population
growth, land degradation, climate change andloss of traditional crops, the right
choices for food security, income generation and sustainable production are crucial.
Thearticles in this book are taken from the database. The literature references have
been omitted and for literature and author contacts the readeris referred to the database, available through the website (www.prota.org), and books and CD-Rom’s on
the different commodity groups.

8

PROMISING AFRICAN PLANTS

CLEOME GYNANDRA L.
Protologue Sp. pl. 2: 671 (1753).
Family Capparaceae (APG: Brassicaceae)
Chromosome number 2n = 30, 32, 34, 36
Synonyms Cleome pentaphylla L. (1763), Gynandropsis pentaphylla (L.) DC. (1824), Gynandropsis gynandra (L.) Briq. (1914).
Vernacular names Spiderplant, cat’s whiskers, spider flower, bastard mustard (En).
Caya blanc, bréde caya, mouzambé (Fr). Musambe (Po). Mgagani, mkabili, mkabilishemsi,
mwangani mgange (Sw).
Origin and geographic distribution The origin of Cleome gynandra is not known.
There are claims that it has a southern Asian origin, but others suggest that it originates
from Africa or Central America. Cleome gynandra occurs throughout the tropics and subtropics. In Africa, it is mainly found near humansettlements, possibly escapes from earlier introductions. It occurs probably in all countries of tropical Africa.
Uses The tender leaves, young shoots and occasionally flowers are eaten boiled as potherb,
relish, stew or side dish. The leaves are utilized in fresh form or dried as powder. Sometimes
the leaves are bitter and then cooked with milk and/or with other leafy vegetables such as
cowpea leaves, amaranth, nightshades (Solanum spp.) and Cleome monophylla L. In other

areas the leaves are boiled and the cooking wateris discarded. In several countries, pounded
groundnut paste (peanut butter) is added to improve the flavour. The leaves may be
blanched, made into small balls and sun- or air-dried. This is a popular product in southern
Africa, which finds a ready market when available during the rainy season. These balls or
leaf powder can be stored up to a year and are soaked in water before being used in cooking.
The seeds may be used as a substitute for mustard.
In several communities, boiled spiderplant leaves are traditionally given to mothers before
andafter delivery of a child, and in other situations where blood has been lost, e.g. to warriors. Similarly, an infusion of the leaves is used to treat anaemia. The leaves and seeds are
used medicinally as rubefacient and vesicant, and to treat rheumatism, externally as well as
internally. An infusion of the roots is used as a medicine for chest pain, the leaves to treat
diarrhoea. Spiderplant seeds thrown in watercan kill fish, which then float to the surface.
The glands on the stems and leaves have insect repellent properties; cabbage and related
crops intercropped with spiderplant suffer less from diamond back moth larvae. Similarly, in
French bean intercropped with spiderplant, the beans are less affected by flower thrips and
are therefore of better quality for export.
The seeds are used to feed birds. The seed contains an edible polyunsaturated oil, which is
extracted by simple pressing and does not need refining. The seed cake can be used as animal
food.
Production and international trade Especially in East and southern Africa, spiderplant is sold in rural and in urban markets during the rainy season. So far only limited quantities are produced underirrigation but there are signs in a numberof countries that this is
about to change, now that seed of improved cultivars is commercially available. In urban centres, it is becoming increasingly popular with demand frequently surpassing supply. Some
limited cross-border trade takes place of the dried produce, e.g. from Zimbabwe to Botswana.
No statistical data are available.
Properties The composition of Cleome gynandra per 100 g edible portion is: water 86.6 g
(83.3-89.6), energy 142 kJ (34 kcal), protein 4.8 g, fat 0.4 g, carbohydrate 5.2 g, fibre 1.2 g, Ca
288 mg, P 111 mg, Fe 6.0 mg,ascorbic acid 13 mg (Leung, W.-T.W., Busson, F. & Jardin, C.,
1968).
The seeds contain the glucosinolates cleomin and glucocapparin, and an acrid volatile oil
comparable with mustard oil. The essential oil is also present in the leaves, and is responsible
for the odour and flavour of the vegetable. In Kenya Cleome gynandra was shownto exhibit
repellent and acaricidal properties to larvae, nymphs and adults of the ticks Rhipicephalus
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appendiculatus and Amblyomma variegatum, indicating a potential for tick control. Carvacrol
was one of the most repellent compoundsofthe essentialoil.
Thereare also reports of anti-HIV and antibacterial activities of spiderplant, and of inhibition
of the growth of the mosquito Culex quinquefasciatus. The presence of glucosinolates, which
have irritant properties in contact with the skin, explains the use of spiderplant as an antirheumatic and counter-irritant in traditional medicine.
Description Erect annual herb up to 150 cm tall, strongly branched, with long taproot
and few secondary roots; stem densely glandular. Leaves alternate, palmately compound with
(3-)5(—7) leaflets; stipules absent; petiole 2-10 cm long, glandular; leaflets almost sessile,
obovate to elliptical or lanceolate, 2-10 cm X 1-4 cm, cuneate at base, rounded to obtuse,
acute or acuminate at apex, marginsfinely toothed, sparsely to distinctly hairy. Inflorescence
a terminal raceme up to 30 cm long, bracteate. Flowers bisexual, white or tinged with purple;
pedicel 1.5—2.5 cm long; sepals 4, free, ovate to lanceolate, up to 8 mm long;petals 4, elliptical
to obovate, up to 1.5 cm long, clawed; androgynophore 1—1.5 cm long; stamens 6, purple;
ovary superior, stalked, 2-celled. Fruit a long, narrow, cylindrical capsule up to 12 cm x 1 cm,
stalked and beaked, usually green or yellow, dehiscing from below with 2 valves, manyseeded. Seeds subglobose, 1—-1.5 mm in diameter, grey to black, irregularly ribbed. Seedling
with oblong cotyledons; first leaves 3-foliolate.
Other botanical information Cleome comprises 150—200 species, about 50 of them oc-

curring in Africa. It is classified in the subfamily Cleomoideae, sometimes considered as a
separate family Cleomaceae. Gynandropsis has been merged with Cleome, as the distinguishing character, i.e. the connection of the staminal base with the gynophore to form an androgynophore, is merely a quantitative character. The spiderplant has a distinct androgynophore with stamens and ovary well beyond the corolla, whereas the other African Cleome species used as vegetable do not have such an androgynophore.
Growth and development After sowingthe first seedlings emerge after 6-8 days. However, germination is erratic, occurring over an extended period. Dormancy is much reduced
some 6 months after the seeds have dried, and after 12 months most seeds germinatereadily.
Initial seedling growth is slow, especially when night temperatures are low. A deep root system is apparently formedfirst, later followed by foliage development. The highest growth rate
occurs 5-6 weeks after germination. The leaves display strong circadian movements, which
follow the direction of the sun. These movementsare stronger at high light intensity and
temperature. Like amaranths, spiderplant has a C4 cycle showing highly efficient photosynthesis under favourable conditions of temperature, soil moisture and light. Apical dominance
is usually weak, as auxiliary buds start breaking between the second and third week of plant
growth but there is considerable variation in this character with some plants having few
branches only. Plants tend to start flowering 4—6 weeks after germination, usually when 60—
90 cm tall; stress can trigger flowering even at the seedling stages. Regular picking and deflowering encourages lateral growth thus extending the harvesting period, which will be
helped further by top dressing with a nitrogenous fertilizer and adequate moisture supply.
After repeated harvesting the remaining plant will flower for an extended period until the
rains stop. During the reproductive stage, which may take up to three months under favourable conditions, vegetative growth declines and leaves become senescent quickly. The fruits
dry after a few weeks and dehisce to release dry seeds.
Cleome gynandra is both self- and cross-pollinated. In Venezuela plant populations with either male or female flowers were found. Such populations have not been recorded in Africa. In
studies carried out in Zimbabwe in 2001 it was observed that some flowers first develop stamens, others first the pistil. A population has been found with a few plants that show male
sterility, producing short anthers that do not shed pollen.
Ecology Cleome gynandraoccursfrom sea level up to 2400 m altitude and requires warm
conditions; growth is hampered below 15°C. It is less common in areas with a very humid
climate. It tolerates some drought, but water stress hastens maturity and senescence. It is
insensitive to daylength. Spiderplant is found on a wide range of soils, mostly on sandy to
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clayey loam, provided they are deep and well drained with pH 5.5-7.0. It prefers soils with
high organic matter and adequate mineral reserves. Spiderplant is a weed in crops on fertile
well-manured soils.
Propagation and planting There are approximately 1250 seeds per g. Traditionally new
crops of spiderplant are established spontaneously from natural seed dispersal. This system
is gradually being replaced by actual farming, whereby the seeds are sown directly in a wellprepared seedbed either on flat land or on ridges or beds. The seeds are very small and therefore mixed with dry sand at a ratio of 1:10. This mixture is either broadcast or drilled in rows
spaced at 30-60 cm. Deep sowing should be avoided because it hampers germination. Seedlings emerge after 4-8 days. Thinning is done 3 weeks later to leave 10-20 cm between the
plants when sownin lines or 25-30 em in each direction when broadcast. The thinned plants
are usually consumed. Transplanting is only possible at the very early stage because young
seedlings have a taproot with few lateral roots. Transplanting at 30 cm is reported from Cote
d'Ivoire. In Zimbabwe, raising seedlings in plastic trays has been investigated with encouraging results.
Some farmers, e.g. in Uganda, sow a mixture of spiderplant with amaranth and oneof the
nightshade (Solanum) species by broadcasting the seeds, and harvest the fastest growing crop
first, leaving more spacefor the others, which will be harvested during the following weeks.
ManagementSpiderplants do not form a denseleaf cover, so that weeding is needed especially during the first 6 weeks. Experiments in Tanzania and Zambia have shown that the
optimum nitrogen rate as sulphate of ammonia or calcium ammonium nitrate is 120-130
kg/ha, but higher recommendationsare also given. After thinning at 3-4 weeks, a top dressing of up to 100 kg/ha of ammonium nitrate is recommended. Nitrogen applications delay the
onset of flowering and will thus ensure a longer harvesting period. The crop should be sown
with the onset of the rains to ensure adequate moisture during the growing season. In areas
with limited rainfall like in Botswana and Namibia, farmers may sow in dry land before the
first rains. The usually irregular germination ensures that there is enough seedleft for later
rains when a longinterval between thefirst and successive rains may kill the first seedlings.
Water stress reduces the yield and quality and enhances early senescence. Spiderplant can
well be produced in the dry season underirrigation. It requires less water than most other
conventional vegetables. Flooding is not tolerated.
Diseases and pests The main fungal diseases are powdery mildew (Sphaerotheca fuliginea, Oidiopsis taurica) and leaf spot (Cercospora uramensis). Cabbage aphid (Brevicoryne
brassicae) is a serious pest causing stunted growth and wrinkling of the leaves and growing
tips; it possibly spreads virus diseases. This aphid has recently caused total crop failure in
Tanzania. The hurricane bug (Bagrada spp.) may similarly affect spiderplant; the attacks are
more prevalent during dryperiods, but can be effectively controlled with insecticides. Spiderplant can be attacked by many otherinsects, e.g. pentatomids (Acrosternum gramineum and
Agonoselis nubilis) and flea beetles. It is susceptible to root-knot nematodes (Meloidogyne

spp.).
Young seeds are eaten by weaver birds. Fruits can also harbour insects that consume the
young seeds. American bollworms are frequently found inside the fruits. When a crop is
grownfor leaves and seed, application of insecticides should be considered from the moment
that harvesting of leaves has come to an end.
Harvesting Spiderplant is traditionally picked at the beginning of the rainy season when
vegetables are scarce. In cultivation, seedlings are thinned when the plants reach a height of
15 cm, which constitutes the first harvest. When adequate space has been created, the top
shoot from the remaining plants will be picked, allowing new side shoots to develop. Some

farmers just pick the tender leaves and young shoots whilst others wait for the shoots to grow
out and harvest these when they are about 25 cm long. This process of ratoon cropping can be
repeated several times. For seed harvesting, the easiest way is to collect fruits before they are
fully ripe and to dry themunder controlled conditions.
Yield Cumulative leaf yields of 30 t/ha per season may be attained. Weekly leaf yields
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increase until about the 7th week of growth and then start to decline. By the 10th week of
growth, yields have declined by about 90% and the harvest is stopped. The leaf bitterness
increases with age as well. A healthy crop in which twoor three pickings of shoots have taken
place may subsequently yield up to 500 kg of seed per ha.
Handling after harvest Spiderplant leaves are delicate and wilt readily when exposed to
the sun. It is important to keep them cool and to sprinkle them with fresh water. People in
rural areas preserve part of the crop by sun drying. For this purpose, leaves are allowed to
wilt a bit before being blanched and spread to dry. In Botswana and Namibia, fresh leaves
are cooked for 2 hours with some salt added to remove the bitter flavour. The boiled leaves
are kneaded into small balls, which are then dried in the sun. Theseballs can be stored until
the next rainy season. Soaking the balls in water will reconstitute the leaves, after which
they can be prepared for a meal in the same wayasfresh produce. In Namibia, the processed
leaves are marketed as ‘omuvanda’ cakes.
Genetic resources Studies in Kenya and Zimbabwe indicate that there is significant
variation among plant populations for many characteristics. Further studies are needed to
determine to what extent these differences are due to climatic, soil fertility or stress conditions. Clearly different populations can be foundin the coastal regions of Kenya and Tanzania, with relatively small plants that are much branched and have distinctly dark, almost
black, straight and stiff fruits. They appear to be very different from plants encountered
elsewhere in Africa, where the fruits are far from stiff and often green or yellow to pale
brown. Germplasm collections are maintained in Botswana, Kenya, Namibia, Tanzania,
Zambia and Zimbabwe.
Breeding Most farmers use their own local selections. Several seed producers andinstitutes have madeselections from these landraces. The offspring from these selections were
found to be rather variable even whenself-pollination was applied. AVRDC in Arusha, Tanzania has both a green-stemmed and a purple-stemmedselection and seeds are madeavailable. Similarly, Zambia Seed Company has produced seed for distribution to farmers. In
Kenya a cultivar called ‘Saget’ is sold in seed shops andlocal selections are sold at rural markets. There is clearly scope for further research here. The focus of genetic improvementis on
higher leaf yield, plant uniformity, longer vegetative phase and drought tolerance. The leaf
yield is highly influenced by the environment andtherefore shows low heritability.
Prospects Spiderplant is a highly appreciated vegetable in many communities in tropical
Africa with a good potential for further development. Knowledgeof plant breeding and agronomyisstill scarce. Also its medicinal properties and use as insect and tick repellent should be
investigated further. The seed oil also seems to have potential.
Authors N.A. Mnzava & F. Chigumira Ngwerume
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Stakeholder consultation
In September 2004, PROTA 2: Vegetables’ was published. PROTA 2 consists of 275 review
articles on the vegetables of tropical Africa, including the above review article on spiderplant

(Cleome gynandra).
About 120 stakeholders were requested to read carefully through the book and fill a matrix
‘275 species x 6 key issues’ with ideas and suggestions on:
— promising species and technologies,
— development gaps,
— research gaps,
— thesis subjects,
— conservation needs,
— policy issues.
About 25 stakeholders gathered subsequently in a Brainstorm Workshop (21-23 February
2005, Nairobi) to finalize the conclusions and recommendations which were summarized in
‘PROTA recommends... Vegetables’.
Promising technologies
The 275 vegetables were subdivided into 7 priority groups, ranging from Group 1: Wellknown, widely distributed vegetables that seem to be adequately covered by research and
extension (27 species) to Group 7: Species of no relevancefor tropical Africa (21 species).
Spiderplant was classified in the largest Group 2: Species with a well-defined vegetable use,
deserving more attention from research and extension (89 species).
Spiderplant was specifically mentioned as a crop in need of local cultivation guides which
adapt general well-known technologies from various cultivation areas around the world to
local conditions. Its use as an auxiliary plant in farming dueto its insect repellent properties
forms another promising technology.
Development gaps
Spiderplant cultivation would benefit from some well-defined, stable cultivars. Farmerselections abound and some cultivars are being marketed, but there seems to be room for expansion in breeding and selection and commercial seed production.
Research gaps
Research on the development of an IPM package for spiderplant wascalled for. The possible
role of spiderplant in IPM packages for other crops is an interesting topic as well, research
being needed onits insect repellent properties.
Thesis subjects
For spiderplant as for many other species, it is unclear what the market demandis, what
prices are paid and what quantities are traded. Local or national studies could provide insight in opportunities for farmers.
Conservation needs
With spiderplant becoming an important market vegetable, farmer selections will be gradually replaced by commercial cultivars. Farmer selections should be timely preserved for future breeding work.
Policy measures
Spiderplant will profit from any measures taken to support the horticultural sector, the most
important being market information, harmonization of legislation regarding the seed sector,
breeder’s rights, phytosanitation and quality standards.
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Pilot project
Empowering communities with knowledge and skills for vegetable production, utilization and
marketing in the Rift Valley province (Narok, Bomet and Molo Districts), Kenya.
The living standards of smallholder farmers were improved by empowering them with knowledge and techniques on production, utilization and marketing of selected African leafy vegetables, namely spiderplant (Cleome gynandra), African nightshade (Solanum scabrum, Solanum villosum) and amaranth (Amaranthus cruentus).
About 150 farmers were trained on vegetable production, utilization and marketing. The use
of these vegetables by the farm families has been promoted and there wasa spill-over effect
on their neighbours. The level of income was raised due to vegetable production, whereas the
seed production of local vegetables was encouraged and the availability of vegetables in and
out of season for consumption was promoted through preservation and value addition. There
is high demandfor spiderplant and African nightshade in the communities and the surrounding urban markets.
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HIBISCUS SABDARIFFAL.
Protologue Sp. pl. 2: 695 (1753).

Family Malvaceae
Chromosome number 2n = 72
Vernacular names Roselle, Jamaican sorrel, Indian sorrel, bissap, karkadeh (En). Roselle, oseille de Guinée, karkadé, bissap, thé rose d’Abyssinie, groseille pays (Fr). Vinagreira,
azeda de Guiné, azedinha, caruru azedo, quiabeiro azedo (Po). Ufuta, ufuta dume (Sw).
Origin and geographic distribution Hibiscus sabdariffa probably originates from Africa, where it may have been domesticated in Sudan about 6000 years ago, first for its seed
and later for leaf and calyx production. In the 17" century vegetable types were introduced to
India and the Americas. Selection for fibre production took place in Asia, where cultivation is
reported from the beginning of the 20%century, e.g. in India, Sri Lanka, Thailand, Malaysia
and Java. Roselle is now found throughoutthe tropics. In tropical Africa it is especially common in the savanna region of West and Central Africa. It is often found as an escape from
cultivation. However, apparently truly wild plants of Hibiscus sabdariffa have been collected
in Ghana, Niger, Nigeria and Angola.
Uses In Africa roselle has two main uses: as a vegetable and for preparation of a beverage.
Young roselle shoots, leaves and calices are used as a cooked vegetable or finely cut and used
in sauces. The leaves and fresh green calices are used to make a soup, which is rather mucilaginous in texture. Freshly harvested leaves and/or calyces are also added to water-based
sauces; oil, salt, onions, dried fish and hot pepper are often added. The sauces are eaten with
tuber or cereal porridges or rice. Green roselle types are more appreciated for use as a cooked
vegetable than red types, which are more commonly used in sauces. In some areas the leaves
are mixed with groundnut or sesamepaste. The stewed calyces of the green type are added as
a condiment (‘békéj’) to rice dishes in Senegal. In the United States leaves and young shoots
are also eaten raw in salads and thered fleshy calyx lobes are chopped and used in fruit salads, but these uses are not commonin Africa. In Céte d’Ivoire the dried calyces ground to
powderare used in sauces during the dry season.
The dried red calyces are commonly used to prepare a tea, drunk hot or, more commonly, cold
after adding sugar. It is a sour tasting, refreshing drink, very popular from Senegal to Sudan
and in Egypt and other northern African countries whereit is referred to as ‘karkadé’. Juice
is often sold chilled or frozen as ‘bissap’ (Senegal) or ‘da bilenni’ (Côte d'Ivoire, Mali, Burkina
Faso) along highways and in urban markets. Mint or ginger is sometimes added when boiling
the calyces, particularly if the juice is to be sold frozen. The calyces are also boiled down to
make a syrup concentrate. Due to their high inherent pectin content, roselle jams andjellies
are also popular, particularly in Senegal, the Caribbean region and southern Asia. The dried
calyces are used in Western countries as a base for many herbal teas and as a source of red
food colorants. Following calyx harvest in West Africa, roselle plants are often used as fodder
for livestock.
The oil of roselle seed is extracted and used for cooking, e.g. in Chad, Tanzania and China.
However, the seed oil is claimed to contain some toxic substances and may be better used in
the soap and cosmetics industries. Locally, the seeds are eaten roasted as a snack or ground
into meal. In the Plateau region of Nigeria people fermentroselle seeds to make a cake used
as ‘sorrel meat’. Theoil is also used as an ingredientof paints.
Roselle tea is used to suppress high blood pressure. The leaves are a source of mucilage used
in pharmacy and cosmetics. Extracts are often used medicinally to treat colds, toothache, urinary tract infections and hangovers. Leaf juice is used to treat conjunctivitis in Senegal.
Leaves are applied as a poultice to treat sores and ulcers. A root decoction can be used as a
laxative.
Asin Asia, roselle fibre is locally used in West Africa, but on a very small scale. The bastfibre
is a good substitute for jute and it is used for making twine, cordage, rope, netting and sacks.
The bast fibre and sometimes also the whole stem are used in the paper industry in the
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United States and Asia. The ornamental value of roselle is of recent interest, as a garden
plant or cut flower. The decorative red stalks with ripe red fruits are exported to Europe
where they are used in flower arrangements.
Production and international trade Roselle is an important leafy vegetable in the
drier parts of West and Central Africa. In Senegal, Mali, Chad and Sudan large quantities of
calyces are producedfor the preparation of beverages. Sudan is the major countryin tropical
Africa producing dried roselle calyces for local consumption and export, mainly in the Kordofan and Darfur regions in the west of the country. Production of roselle leaves and calyces for
domestic consumptionin Africa has not been quantified, although these are commonproducts
on local markets.
International trade of roselle calyces has increased steadily over the last decades, with 15,000
t/year now entering the world market. Germany and the United States are large importers.
In 1998, United States and German importers paid 1200-1700 US$/t for Egyptian and Sudanese roselle; prices of Chinese roselle were lower. Prices fluctuate due to high variability in
supply. A decrease in product quality in Thailand and China dueto excessive precipitation
caused world prices to soar to 4000 US$/t in 2008.
Sudan is the most important roselle producer in Africa, the annual area fluctuating between

11,000 ha and 57,000 ha depending on the amountof rainfall and prices. In 1995 Sudanreported exports of 32,000 t. In Sudan smallholder farmers traditionally grow roselle in plots
ranging from under 0.25 ha to 2 ha, but some growers have up to 20 ha. Sudaneseroselle is
viewed as superior quality, but the United States trade embargo and large-scale production
in Mexico, Thailand and China has led to shifts in the market. Jamaica and Egypt also export
roselle. Senegal and Mali are also major producers, but the vast majority of their production
is for domestic consumption or sold on the local markets. Fluctuations in export prices for
cash crops such as cotton have led many West African farmersto diversify production, e.g. by
growing roselle for the domestic market. In Asia roselle is primarily a fibre crop, accounting
for 20% of jute-like fibre production or 700,000 t/year.
Properties The nutritional composition of roselle leaves per 100 g edible portion is: water
85.6 g, energy 180 kJ (43 kcal), protein 3.3 g, fat 0.3 g, carbohydrate 9.2 g, dietary fibre 1.6 g,
Ca 213 mg, P 93 mg, Fe 4.8 mg, B-carotene 4135 ug, thiamin 0.2 mg,riboflavin 0.45 mg, niacin 1.2 mg, ascorbic acid 54 mg. The composition of fresh raw calyces per 100 g edible portion
is: water 86.2 g, energy 184 kJ (44 kcal), protein 1.6 g, fat 0.1 g, carbohydrate 11.1 g, fibre 2.5
g, Ca 160 mg, P 60 mg, Fe 3.8 mg, B-carotene 285 ug, thiamin 0.04 mg, riboflavin 0.06 mg,
niacin 0.5 mg, ascorbic acid 14 mg. The nutritional composition of the seed per 100 g edible
portion is: water 8.2 g, energy 1721 kJ (411 kcal), protein 19.6 g, fat 16.0 g, carbohydrate 51.3
g, dietary fibre 11.0 g, Ca 356 mg, P 462 mg, Fe 4.2 mg, thiamin 0.1 mg, riboflavin 0.15 mg,
niacin 1.4 mg, ascorbic acid trace (Leung, W.-T.W., Busson, F. & Jardin, C., 1968).
The dried red calyces contain organic acids, sugars and anthocyanin pigment. They are high
in citric, malic and ascorbic acids. Roselle seed oil has properties similar to cotton seed oil and
contains linoleic, oleic, palmitic and stearic acids as major fatty acids. A numberof exceptional fatty acids, e.g. epoxy oleic acid and the cyclopropeneacids sterculic acid and malvalic
acid, have been reported in the seed oil. Seed proteins are mostly globulins, highly soluble at
acidic and alkaline pH levels.
Roselle has antispasmodic, anthelminthic and bactericidal properties. The antihypertensive
and cardioprotective effects of tea made from roselle calyces have been demonstratedin various animal tests, and also in a few clinical tests. The phenolic compound protocatechuic acid
isolated from roselle flowers showed antioxidant, antitumour and hepatoprotective activities.
Roselle extracts also showed antipyretic and anodyne properties in tests with mice. The seed
oil exhibits antibacterial and antifungal activities.
Roselle produces a bast fibre similar to jute (Corchorus capsularis L. and Corchorusolitorius
L.), except that it is whiter and somewhat coarser. The raw retted and dried fibre makes up
about 5% and the dry wood 18% of the freshly harvested and defoliated green stems. The
commercial fibre has a length of up to 2.1 m. The bast fibre cells are (1.2—-)1.9-3.1(-6.3) mm
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long and (10—)12—25(—44) um wide, with maximum length and width in the middle portion of
the stem. Lumen width and cell wall thickness vary from 3-15 pm and (4—)8—-15 um, respectively. Most fibre cells have tapering rounded ends. The woodconsists of fibre cells 0.5-1.0
mm long and about 24—26(—32) pm wide, with a lumen width of 9 um and a cell wall thickness of 3-7 um. Thebast fibres contain about 32% a-cellulose, 10-15%lignin and 1%ash.
Adulterations and substitutes Leaves of other Hibiscus spp., e.g. kenaf (Hibiscus cannabinus L.) and false roselle (Hibiscus acetosella Welw. ex Hiern) can be used as substitutes
for roselle. They are sometimes evensold together.
Description Large annual herb up to 4.5 m tall; stem glabrous to sparsely pubescent,
sometimes sparsely prickly, green or reddish. Leaves alternate, simple; stipules narrowly
lanceolate to linear, up to 1.5 cm long; petiole 0.5-12 cm long; blade shallowly to deeply palmately 3—5(—7)-lobed, sometimes undivided, up to 15 cm x 15 cm, margin toothed, glabrous or
sparsely pubescent, sometimes with a few prickles on midrib, palmately veined, with a distinct nectary at base of midrib. Flowers solitary in leaf axils, bisexual, regular, 5-merous;
pedicel up to 2 cm long,articulate; epicalyx segments 8-12, united at base, subulate to triangular, free part 0.5—2 cm long; calyx campanulate, up to 5.5 cm long, becomingfleshy in fruit,
lobes nearly glabrous to hispid hairy, with a nectary outside; petals free, obovate, up to 5 cm
x 3.5 cm, pale yellow or pale pink, often with dark red-purple centre; stamens numerous,
united into a column up to 2 cm long, pink; ovary superior, 5-celled, style with 5 branches.
Fruit an ovoid capsule up to 2.5 cm long, almost glabrous to appressed-pubescent, enclosed by
the calyx, many-seeded. Seeds reniform, up to 7 mm long, dark brown. Seedling with epigeal
germination; cotyledons rounded, up to 2.5 cm X 3 cm, leafy.
Other botanical information Hibiscus comprises 200-300 species, mainly in the tropics
and subtropics; many of them grown as ornamentals. The estimated numberof species varies

because opinionsdiffer about inclusion of several related groups of species in the genus. Hibiscus sabdariffa belongs to section Furcaria, a group of about 100 species which have in
common a pergamentaceouscalyx (rarely fleshy) with 10 strongly prominent veins, 5 running
to the apices of the segments and bearing a nectary, and 5 running to the sinuses. Other species belonging to this section and used as a vegetable are Hibiscus acetosella Welw. ex Hiern,
Hibiscus asper Hook.f., Hibiscus cannabinus L., Hibiscus diversifolius Jacq., Hibiscus
mechowiti Garcke, Hibiscus noldeae Baker f., Hibiscus rostellatus Guill. & Perr. and Hibiscus
surattensis L.
Two main types of cultivated Hibiscus sabdariffa are distinguished, originally described as
botanical varieties: var. sabdariffa with a bushy, strongly branching habit and glabrescent
calyx, accrescent and becomingfleshy in fruit; and var. altissima Wester with taller, usually
unbranched habit and often hispid hairy calyx, hardly accrescent and notfleshy in fruit. The
latter is grown for its fibre, and not common in Africa. These types can best be regarded as
cultivar-groups.
Hundreds of cultivars grown as vegetable or for their calyces exist. In some of these anthocyanins are present, resulting in reddish stems, leaves and calyces, and pinkish petals,
whereas in others anthocyanins are absent, and these have green stems and leaves, pale
green calyces and pale yellow petals.
Growth and development The vegetative growth period lasts from 4 months to 6
months. Plant height 30 days after emergence of the seedlings is about 30 cm. Leaf harvest
may start 6-8 weeks after sowing; it stimulates branching and subsequently increases leaf
production. Flowering begins when daylength decreases, at the earliest 2 months after sowing, and at the latest 7 months. The flowers are ususally self-pollinating. Two or three
months after pollination fruits may begin to ripen.
Ecology Roselle has temperature requirements ranging between 18°C and 35°C. Plant
growth stops at 14°C, with death occurring after 15 days. At 10°C, death occurs after only 2-38
days. Flower and calyx production is reduced at temperatures below 17°C. Cotyledons cannot
withstand temperatures below 10°C for more than 2-3 hours.
Roselle is a photoperiod sensitive plant that flowers best when the daylength is shorter than

20

PROMISING AFRICAN PLANTS

12 hours. It requires 13 hours/day light during vegetative growth to prevent premature flowering. Having a deep root system, roselle requires adequate soil depth andis rather drought
resistant. The crop can grow in a wide rangeof soil types, the best being retentive, friable
loams. Roselle thrives in areas receiving 800-1600 mm of continuous annual rainfall, and
requires a minimum of 100-150 mm/month during vegetative growth, or 300-400 mm distributed over a period of 3-4 months. Dry periods duringthefinal months of growth promote
good calyx production, while excess precipitation or humidity can lower the quality of the calyces. Roselle plants with anthocyanin pigmentation are able to withstand the harsh Sahelian
environmentbetter than plants with a yellow-green colour.
Apparently wild types of Hibiscus sabdariffa are found in savanna grassland and open woodland.
Propagation and planting Roselle is grown both as a rainfed field crop and as an irrigated garden vegetable. As leafy vegetable, seeds are either broadcast or dibbled with 3-5
seeds/hole, 2-3 cm deep, at an average spacing of 40-60 cm in rows and 60-90 cm between
rows. The 1000-seed weight is (15—)25—-28 g. For calyx production, the spacing should be
wider, up to 100 em apart. In Senegal vegetable farmers use 15-25 kg seed per ha for calyx
production, whereas research recommends only 4—8 kg. Some growers sow in a shaded nursery, and transplant into the field after about 4 weeks. For fibre production, seeds are drilled
moreclosely, at 15 cm X 20 cm or 10 cm X 30 cm. Becauseroselle is deep rooting, deep ploughing is recommendedfor heaviersoils. In sandy soils shallow ploughing is common.
Rainfed roselle crops are sown at the beginningof the rainy season. In the Sahel region yearroundplantingis possible with irrigation. Roselle is often intercropped with other crops such
as pearl millet, sorghum, groundnut, sweet potato, yam or cowpea, and spontaneousroselle
plants are often allowed to grow amongst other crops. Many farmersplant roselle alongfield
boundaries or to delineate sub-plots within a field. In West Africa roselle is also grown as part
of a parkland agroforestry system, in conjunction with e.g. apple-ring acacia (Faidherbia albida (Delile) A.Chev.), baobab (Adansoniadigitata L.), African locust bean (Parkia biglobosa
(Jacq.) R.Br. ex G.Don, shea butter tree (Vitellaria paradoxa C.F.Gaertn.) and jujube (Zizyphus mauritania Lam.).
ManagementRoselle grown in home gardens as a leafy vegetable or for leaves and calyces is cultivated underirrigation, mostly done manually with watering cans. It is given normal garden management. When grownas a field crop for calyceslittle care is generally given
unless grown in intercropping. It then benefits from the care given to the main crop. Roselle
responds well to fertilizers. In Egypt ammonium sulphate has been reported to result in
higher yields than calcium nitrate or urea. Calyx production is greater whenplantsarefertilized at thinning (20-30 days after planting) than when the applications are split and given
during the vegetative stage and at flowering. However, chemical fertilizers are rarely applied
in tropical Africa as they are too costly under the uncertain climatic conditions where roselle
is grown. A few t per ha of dry organic manure is sometimes applied. Smallholder farmers
regard roselle as a low-input, low-labour crop. Weedingis rarely practised, but if done it results in higher calyx yields. Better calyx yields were observed whenroselle is intercropped,
particularly with a legume planted two weeksafter establishment of the roselle crop.
In Thailand and India roselle for fibre is grown as a rainfed crop. A single round of weeding
and thinning is usually performed 20-30 days after planting. The recommended fertilizer
dose is 15 kg N, 15 kg P and 15 kg K per hagiven after weeding.
Diseases andpests Roselle is susceptible to most diseases affecting cotton, and root and
stem rot caused by several Phytophthora spp. lead to plant losses. Phytophthora nicotianae
var. parasitica causes stem burn (also called collar rot or stem canker), causing purplish
black discoloration encircling the stem 30 cm above the ground and sudden wilting of the
plant. Resistance has been found in fibre-type roselle cultivars. Unlike its close relative kenaf, roselle is susceptible to infection by Coniella musaiaensis var. hibisci. Plant and calyx
senescencedue to this pathogen have been observed in Central Africa, Nigeria, the Caribbean
region and India. Irregular, pale brown lesions appear on lower leaves increasing in size,
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bleaching the leaf surface and ultimately resulting in necrosis of tissue. Brown stem lesions
may also develop. Leaf spot caused by Cercospora hibisci is also common. Roselle types with
green leaves are susceptible to powdery mildew (Oidium abelmoschi), types with red leaves
are partially resistant. A virus disease is reported from Nigeria, causing hard cracking leaves.
Roselle is rather resistant to root-knot nematodes (Meloidogyne spp.), but not to free-living
nematodes (Heterodera spp.).
Pressure from insect pests is high. Cotton bollworm larvae (Earias biplaga, Earias insulana)
are very damaging as they bore into the unripe fruits. The larvae of flea beetles (Podagrica
spp.) feed on the roots and the adults damageleaves and growing points. The cotton stainer
(Dysdercus superstitiosus) sucks on the calyces, causing brown spots. Infestation by spiral
borers (Agrilus acutus) can lead to galls on the stems, approximately 5 cm in length and leading to some reduction in nutrient uptake. However, research in Bangladesh has demonstrated
roselle to be much moreresistant to infestation than kenaf. Other pests are cutworm, mealy
bugs, leaf hoppers and snails. Attacks by insect pests can be reduced by beneficial predators,
e.g. it was observed that jassids (Amrasca biguttula) were predated by 8 species of spiders.
Similarly, Hibiscus sabdariffa has helped reduce pest populations in intercropped systems,
e.g. infestation of bean (Phaseolus vulgaris L.) by several white fly species was reduced by
intercroppingwith roselle, due to increased hyperparasite diversity.
Harvesting Thefirst harvest comprises seedlings collected during thinning. When the
plants are 6-8 weeks old, branches of about 50 cm long are picked 2 or 3 times during the
period of vegetative growth. Calyces are harvested manually 2-3 weeks after flowering, usually 4-6 months after sowing, before the fruit has dried and dehisced. Regular picking prolongs flowering. The calyces are dried in the shade. When harvested for fibre, stems are cut
before flowering, 4—5 months after planting. Fibre quality declines rapidly after the start of
flowering.
Yield For leafy branches yields of up to 20 t/ha from three cuttings have been reported.
Fresh calyx yields range from 4—6.5 t/ha, or about 800-1200 kg/ha when dried to 12% moisture content. In Asia fresh calyx yields of up to 15 t/ha have been reported. A single roselle
plant may yield as many as 250 calyces, or 1-1.5 kg fresh weight. In Africa average yields are
much lower and variable because of environmental conditions and extensive management.
Sudan reports an average yield of dry calyces of 93 kg/ha. In Senegal maximum production of
calyx on a dry weightbasis is 500 kg/ha.
Average fibre yields from roselle are 1.5-2.5 t/ha, depending on cultivar and management.
India reported an average yield of 1.9 t/ha for 1997-2001. Reported seed yields range from
200-1500 kg/ha.
Handling after harvest As a leafy vegetable roselle shoots are sold in bunches with a
length of up to 50 cm. Thinned seedlings areless perishable than shoots; as they are sold with
their roots attached they can be kept fresh by placing the roots in water.
In most areas in Africa roselle calyces are air dried prior to marketing. Drying in the sun can
lead to reduced quality. Adequate ventilation is important. Plastic sheets are placed on the
ground to avoid contamination with soil, which also strongly reduces the value. Drying by
artificial heating is capital-intensive and rare in sub-Saharan Africa. Temperatures must
remain below 48°C.
Dried calyces are gathered andsold in bulk orin individual sachets throughout West Africa.
In Senegal dried calyces are rolled into 80 kg balls for export. Roselle exported to the United
States and Germany must meet strict standards concerning moisture content (maximum
12%), acidity, residues and contaminations.
To makeroselle syrup, dried calyces are boiled at a ratio of 1 part dried roselle to 4—5 parts
water. Becauseof its very tart taste, large amounts of sugar are added. The mixtureis boiled
down for several hours. Before use the syrup is watered down to make ‘da bilenni’. A study
estimated that one person could produce about 300 1 juice per day from 4 kg calyces.
For the production of fibre, harvested stems are soaked in water for two weeks, and then
stripped of bark. Stems are then beaten to separate the fibres, which are washed, dried, and
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sorted into one of three levels of quality, based on length, colour, stiffness and purity. In some
parts of Africa roselle seeds are ground into meal for addition to cereals, or seeds are roasted
and boiled as a coffee substitute. Oil is extracted by parching the seeds, soaking in water
made alkaline with ashes, and pounding them. The residue is sometimes eaten in soup or
blended with bean meal to makefried snacks.
Genetic resources Local cultivars of roselle are common throughout semi-arid Africa.
Although many smallholder farmers separate seeds by cultivar, stocks are generally heterogeneous. Roselle planted by traditional farmers in Sudan is usually of several different types
and cultivars. Around 50 accessions from the local genetic resources in Sudan are preserved
in the genebank of the Plant Genetic Resources Unit of the Agricultural Research Corporation, Wad Medani, Sudan. Characterization of some of these accessions revealed variation in
stem colour, leaf shape and calyx shape, colour and size. A practical classification used in Sudan for the many beveragestrains is on the basis of calyx characteristics. The calyx lobes may
be thick, curved outwards and easy to peel; or long, bending inwards, enclosing the fruit and
easy to peel; or thin, tightly enclosing the fruit and difficult to peel; or bell shaped with welldeveloped epicalyx. In Senegal farmers distinguish between 7 ‘bissap’ types, 3 green types
and 4 red ones. The distinctive characters used to identify the ‘bissap’ types include colour,
size and shapeof leaves and fruits. Seeds of ‘bissap’ germplasm in Senegal are stored at the
Seed Production Unit, Horticultural Development Centre (CDH), Dakar. Other germplasm
collections of Hibiscus sabdariffa are held at Jute Research Institute, Dhaka, Bangladesh
(320 accessions), USDA Southern Regional Plant Introduction Station, Griffin GA, United
States (95 accessions), Central Research Institute for Jute and Allied Fibres, Barrackpore,
India (75 accessions) and National Horticultural Research Institute, Ibadan, Nigeria (11 accessions).
Breeding Roselle breeding has hitherto received little attention hitherto. The Sudanese
cultivar ‘E] Rahad’is considered superior in quality for calyx production. Breeding objectives
of roselle in Sudan include purification of local cultivars and selection for better yield and
calyx quality. In Senegal the objectives of the breeding programme include the improvement
of leaf yield of green cultivars, and the improvement of yield and taste of cultivars suited for
calyx production. Seed company Technisem markets seed of cultivar ‘Bissap Koor Rouge’,
suitable for use as leafy vegetable and for calyx production, and tolerant of nematodes and
heat.
Prospects Roselle is an underutilized multipurpose crop providing farmers with food and
cash income whenother vegetables have becomescarce. Processing generates additional family income, from which womenbenefit in particular. Use of roselle as a vegetable or as a beverage should be promoted through research to improve cultivars, husbandry and post-harvest
technologies. Applying rigorous quality standards for grading, processing and packaging will
boost competitiveness in the international market. Demand for roselle fibre is likely to increase as a result of the rising interest in natural, biodegradablefibres.

Authors N.C. McClintock & I.M. El Tahir
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Stakeholder consultation
In September 2004, PROTA 2: ‘Vegetables’ was published. PROTA 2 consists of 275 review
articles on the vegetables of tropical Africa, including the above review article on roselle (Hibiscus sabdariffa).
About 120 stakeholders were requested to read carefully through the book and fill a matrix
‘275 species x 6 key issues’ with ideas and suggestions on:
— promising species and technologies,
— development gaps,
— research gaps,
— thesis subjects,
— conservation needs,
— policy issues.
About 25 stakeholders gathered subsequently in a Brainstorm Workshop (21-23 February
2005, Nairobi) to finalize the conclusions and recommendations which were summarized in
‘PROTA recommends... Vegetables’.
Promising technologies
The 275 vegetables were subdivided into 7 priority groups, ranging from Group 1: Wellknown, widely distributed vegetables that seem to be adequately covered by research and
extension (27 species) to Group 7: Species of no relevance for tropical Africa (21 species).
Roselle was classified in the largest Group 2: Species with a well-defined vegetable use, deserving more attention from research and extension (89 species).
There is a ready local market for roselle as a leafy vegetable and as a beverage plant (tea,
syrop), and it would suit commercial market gardens. It would benefit from the introduction,
exchange and on-farm testing of cultivars developed in other parts of the world, and this
equally applies to the try-out of different cultivation methods. There is a considerable international trade in roselle calyces. Local value-addition by processing should be possible.
Development gaps
In some countries roselle cultivation benefits from some well-defined, stable cultivars, but in
general there seems to be room for expansion in breeding and selection and commercial seed
production.
Research gaps
Research on improved agronomicpracticesis called for to increase yields and improvequality.
Processing techniquescould be refined.
Thesis subjects
To avoid confusion among farmers, extension workers and researchers on the identity of Hibiscus species, simple determination keysfor locally cultivated and collected species would be
very helpful.
For roselle as for many otherspecies, it is unclear what the magnitude of the market demand
is, what prices are paid and what quantities are traded. Local or national studies could provide insight in opportunities for farmers.
Conservation needs
With roselle becoming an important market vegetable, farmer selections will be gradually
replaced by commercial cultivars. Farmer selections should be timely preserved for future
breeding work.
In Hibiscus, there are a number of vegetable species related to roselle which could become
important genitors for improvement, reciprocally.
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Policy measures
Roselle will profit from any measures taken to support the horticultural sector, the most important being market information, harmonization of legislation regarding the seed sector,
breeder’s rights, phytosanitation and quality standards.

Pilot project
Promotion of cowpea (Vigna unguiculata) and roselle (Hibiscus sabdariffa) for increased food
security and household income in Séguénéga Location, Yatenga District, Burkina Faso.
The project contributed substantially to food security of 60 rural households in Séguénéga
through increased production of roselle and cowpea. The capabilities of the womenin vegetable production, utilization, value addition and storage were strengthened, and the level of
income raised through vegetable sales.
A wide-diameter well and a water storage basin were constructed to provide waterfor irrigation during the dry season. This enables the production of the vegetables all-year-round, leading to increased household consumption.
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SORGHUM BICOLOR (L.) Moench
Protologue Methodus: 207 (1794).
Family Poaceae (Gramineae)

Chromosome number 2n = 20
Vernacular names Sorghum, sorgo, guinea corn, great millet, durra (En). Sorgho, gros
mil, sorgho rouge (dye cultivars), sorgho des teinturiers (dye cultivars) (Fr). Sorgo, milho
miudo, massambala (Po). Mtama (Sw).
Origin and geographic distribution The greatest diversity in both cultivated and wild
types of Sorghum is found in north-eastern tropical Africa. The crop may have been domesticated in that region, possibly Ethiopia. Various hypotheses have been put forward as to when
the crop was domesticated, from as early as 5000-3000 BC to around 1000 BC, but the latter
period is more widely accepted now. From north-eastern Africa sorghum was distributed all
over Africa and along shipping and trade routes through the Middle East to India. From India it is believed to have been carried to China along the silk route and through coastal shipping to South-East Asia. From West Africa sorghum was taken to the Americas through the
slave trade. It was introduced into the United States for commercial cultivation from North
Africa, South Africa and India at the end of the 19‘ century. It was subsequently introduced
into South America and Australia. It is now widely cultivated in drier areas of Africa, Asia,
the Americas, Europe and Australia between latitudes of up to 50°N in North America and
Russia and 40°S in Argentina. Sorghum types exclusively cultivated for the dye in the leaf
sheaths can be found from Senegal to Sudan.
Uses Sorghum is an important staple food, particularly in semi-arid tropical regions of
Africa and Asia, and an important feed grain and fodder crop in the Americas and Australia.
In the simplest food preparations, the whole grain is boiled (to produce a food resembling
rice), roasted (usually at the dough stage), or popped (like maize). More often the grain is
ground or pounded into flour, often after hulling. Sorghum flour is used to makethick or thin
porridge, pancake, dumplings or couscous, opaque and cloudy beers and non-alcoholic fermented beverages. In Africa sorghum grain is germinated, dried and ground to form malt,
which is used as a substratum for fermentation in local beer production. White grain is generally preferred for cooking while red and browngrains are normally used for beer making.
Where bird pressure is high, e.g. around Lake Victoria, red and brown types rich in tannin
may be grownfor food instead of white types. In China sorghum is extensively distilled to
make a popular spirit and vinegar. Sorghum grain is a significant componentofcattle, pig
and chicken feeds in the United States, Central and South America, Australia and China, and
is becoming importantin chicken feed in India. It requires grinding,rolling, flaking or steaming to maximizeits nutritional value.
Several non-edible sorghum cultivars are exclusively grown for the red dye presentin the leaf
sheaths and sometimes also in adjacent stem parts. In Africa this dye is used particularly for
goat-skin leather (e.g. in Nigeria), but also for mats, textiles, strips of palm leaves and
grasses used in basketry and weaving, ornamental calabashes, wool(e.g. in Sudan), as a body
paint and to colour cheese and lickstones for cattle (e.g. in Benin). A similar dye can be extracted from the grain refuse (glumes and grain wall) of several red sorghum cultivars grown
for food or for beer-making. In Nigeria the red sorghum dyes were traditionally used by the
Bunu, Aworo, Igbira and Okpella people for a fabric called ‘abata’, used as a funeral hanging,
decorated with patterns madeby thick threads added to the weft of the fabric. The fabrics in
which the dominant colours were derived from sorghum were known as “ifala’. Sorghum is
also used to provide the violet colours decorating the masks worn during certain dances by
Yoruba people in southern Benin and in south-western Nigeria. In Côte d'Ivoire sorghum and
other tannin-rich dyes are used in combination with mudto create the patterns of the painted
cloths produced in the Korhogo region. The dye was formerly exported to Morocco where it
was used in the leather industry. In China sorghum types with red panicles and leaf sheaths
were also used for dyeing. In the 19‘ century red sorghums were exported to Europe where
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the dye was knownas ‘carmin de sorgho’. It was extracted by squeezing out the juice, which
was then fermented. Used with wool or silk mordanted with tin or chrome, the result was a
colourfast red-brown that was once knownas‘rouge badois’. ‘Durra red’, a similar product,
was imported from India into the United Kingdom where the dye was known as ‘Hansen
brown’ or ‘Meyer brown’. Recently the use of sorghum dye in hair dying products has been
patented.
The stems of sweet sorghum types are chewed like sugar cane and, mainly in the United
States, a sweet syrup is pressed from them. In North America and eastern Europe special
types with verylong, fibrous and few-seeded inflorescences, known as ‘broomcorn’, are grown
to make brooms. Sorghum plant residues are used extensively as material for roofing, fencing,
weaving and as fuel. The stems can be used for the production of fibre board. Danish scientists have made good panelling using stem chips of sorghum. The stover remaining after harvesting the grain is cut and fed to cattle, sheep and goats, or may be grazed. Some farmers
grind harvested stover and mix it with sorghum branorsalt to feed livestock. Sorghum is also
grown for forage, either for direct feeding to ruminants orfor preservation as hayorsilage.
Sorghum flour is used to produce an adhesive in the manufacture of plywood. Sweet sorghum
is suitable for the production of alcohol, while the bagasse is a suitable source of paper pulp
for the production of kraft paper, newsprint andfibre board. Sorghum has various applications in African traditional medicine: seed extracts are drunk to treat hepatitis, and decoctions of twigs with lemon against jaundice; leaves and panicles are includedin plant mixtures
for decoctions against anaemia. The Salka people in northern Nigeria use sorghum in arrowpoisons. The red pigmentis said to have antimicrobial and antifungal properties and is also
used as a cure for anaemia in traditional medicine.
Production and international trade Sorghum grainis the fifth most important cereal
in the world after wheat, rice, maize and barley. In Africa it comes second after maize in
terms of production. According to FAO estimates, the average world production of sorghum
grain in 1999-2003 amounted to 57.7 million t/year from 42.6 million ha. The production in
sub-Saharan Africa was 19.0 million t/year from 22.8 million ha. The main producing countries are the United States (12.0 million t/year in 1999-2003 from 3.2 million ha), India (7.6
million t/year from 9.8 million ha), Nigeria (7.6 million t/year from 6.9 million ha), Mexico (6.0
million t/year from 1.9 million ha), Sudan (3.4 million t/year from 5.3 million ha), Argentina
(3.0 million t/year from 630,000 ha), China (3.0 million t/year from 840,000 ha), Australia (1.9
million t/year from 690,000 ha), Ethiopia (1.4 million t/year from 1.2 million ha) and Burkina
Faso (1.3 million t/year from 1.4 million ha). In sub-Saharan Africa annual production increased from around 10 million t from 13 million ha in the early 1960s to about 20 million t
from 25 million hain the early 2000s.
Almost all sorghum traded on international markets is for use as livestock feed. Average
world exports of sorghum in 1998-2002 amounted to 6.3 million t/year, almost all from the
United States (5.6 million t/year). The main importers are Mexico and Japan. In tropical Africa most sorghum is grown for home consumption (except for beer production). In southern
and eastern Africa malting sorghum for beer brewing has developed into a large-scale commercial industry, using about 150,000 t of sorghum grain annually. In Uganda commercial
production of lager beer using sorghum instead of barley is becoming a great success (annual
requirement of sorghum is 3000 t) and is very promising for other African countries. In Nigeria sorghum malting has become a major industry for lager and stout beer brewing andfor
malt beverages, using about 15,000 t of sorghum annually. In South Africa an instant breakfast cereal is made from sorghum that is similar in quality but much cheaper than wheat or
maize products. Annual production is 12,000 t andis increasingsteadily.
In West Africa small tied bundles of 4—6 leaf sheaths of sorghum dye cultivars are offered for
sale on local markets (in the 1990s the price was about 150 CFA). In 1993 in Burkina Faso,
the red pigment wassuccessfully extracted chemically from sorghum leaf sheaths and offered
for sale as dry powder on the world market.
Properties The composition of sorghum grain per 100 g edible portion is: water 9.2 g, en-
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ergy 1418 kJ (339 kcal), protein 11.3 g, fat 3.3 g, carbohydrate 74.6 g, Ca 28 mg, P 287 mg, Fe
4.4 mg, vitamin A 0 IU, thiamin 0.24 mg,riboflavin 0.14 mg, niacin 2.9 mg and ascorbic acid
0 mg. The essential amino acid composition per 100 g edible portion is: tryptophan 124 mg,
lysine 229 mg, methionine 169 mg, phenylalanine 546 mg, threonine 346 mg, valine 561 mg,
leucine 1491 mgandisoleucine 433 mg. Theprincipal fatty acids are per 100 g edible portion:
linoleic acid 1305 mg, oleic acid 964 mg and palmitic acid 407 mg (USDA, 2004). Sorghum
grain is first limiting in lysine, then in methionine and threonine. Much of the protein in sorghum is prolamine (39-73%), which is poorly digestible. As a result, maximum available protein in sorghum grain is usually 8-9%. The tannin content of sorghum also affects its nutritional value. High- and low-tannin sorghum types are distinguished. High-tannin sorghum
types (sometimes called ‘brown sorghums’, although the grain mayalso be white, yellow or
red) have less nutritional value but have agronomic advantages, including resistanceto birds,
insects, fungi and decreased sprouting in the panicle. Sorghum types without a pigmented
grain wall (white sorghums’) do not contain condensed tannins and havea nutritional value
similar to that of maize. Decortication, parboiling, malting or steeping in alkali solutions sig-

nificantly reduce the tannin content of sorghum grain. In general the endosperm accounts for
82-84% of the grain weight, the germ for 9-10% and the grain wall for 6-8%. The starch
granules in the endosperm have a diameter of (4—)15(—25) um. The starch normally contains
70-80% amylopectin and 20-30% amylose, although some types contain 100% amylopectin
and others up to 62% amylose. The gelatinization temperature ranges from 68—75°C. Sorghum grain does not contain gluten and cannot be used for leavened products unless mixed
with wheat.
The composition of the green plant varies according to age and cultivar but it normally contains 78-86 g of water per 100 g of fresh material. On a dry basis it contains per 100 g: protein 12 g, carbohydrate 40-50 g and fibre 20-30 g. The glycoside dhurrin occurs in the aerial
parts of most sorghum. Dhurrin is hydrolyzed to hydrocyanic acid (HCN), which is highly
toxic and can kill grazing animals. It is particularly concentrated in the young leaves and
tillers and in plants that are suffering from drought. HCN content usually declines with age,
reaching non-toxic levels 45—50 days after planting, and HCN is destroyed when the fodder is
madeinto hayorsilage.
The red pigment in sorghum dye cultivars is composed of anthocyanic compounds, particularly rich (95%) in the stable apigeninidin chloride (3-deoxyanthocyanidin) and tannins of the
condensed proanthocyanidins group (producing phlobaphen reds). The red pigment in the
sorghum leaf sheath makes up to over 20% of the dry weight. The role of the non-pathogenic
fungus Bipolaris maydis in the production of apigeninidin in these cultivars deserves further
research. Used without a mordant, the dye obtained from sorghum gives a dark red that is
fairly colourfast and still much used in eastern Africa, particularly Sudan and Ethiopia, for
dyeing leather, cotton and the grasses and reeds used for woven matting. Black colours are
obtained with natron salt and iron mordants. From red sorghum grain the pigments apigenin,
quercimeritrin, kaempferol glucosides, apigenidin glucosides, apigeninidin, luteolinidin and
7-O-methyl-luteolin-glucoside have been isolated. From the stem of red sorghum cultivars the
constituents of the red dye were the anthocyanidin apigeninidin (17%) and the flavonoids
luteolin (9%) and apigenin (4%). The anaemia curing property of the red pigment has been
confirmed in tests with rats.
Description Annual grass up to 5 m tall, with one to manytillers, originating from the
base or stem nodes; roots concentrated in the top 90 cm of the soil but sometimes extending to
twice that depth, spreading laterally up to 1.5 m; stem (culm) solid, usually erect. Leavesalternate, simple; leaf sheath 15-35 cm long, often with a waxy bloom, with band of short white
hairs at base near attachment, reddish in dye cultivars, auricled; ligule short, c. 2 mm long,
ciliate on upper free edge; blade lanceolate to linear-lanceolate, 30-135 cm X 1.5-18 cm, initially erect, later curving, margins flat or wavy. Inflorescence a terminal panicle up to 60 cm
long; rachis short or long, with primary, secondary and sometimes tertiary branches, with
spikelets in pairs andin groups of three at the ends of branches. Spikelet sessile and bisexual
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or pedicelled and male or sterile, with 2 florets; sessile spikelet 3-10 mm long, with glumes
approximately equal in length, lower glume 6—18-veined, usually with a coarse keel-like vein
on each side, upper glume usually narrower and more pointed, with central keel for part of its
length, lower floret consisting of a lemma only, upper floret bisexual, with lemma cleft at
apex, with or without kneed and twisted awn, palea, when present, small and thin, lodicules
2, stamens 3; ovary superior, 1-celled with 2 long styles ending in feathery stigmas; pedicelled
spikelet persistent or deciduous, smaller and narrower thansessile spikelet, often consisting
of only two glumes, sometimes with lower floret consisting of lemma only and upperfloret
with lemma, 2 lodicules and 3 stamens. Fruit a caryopsis (grain), usually partially covered by
glumes, 4—8 mm in diameter, rounded and bluntly pointed.
Other botanical information Sorghum comprises 20-30 species. Sorghum bicolor belongs to section Sorghum, together with the 2 perennial species Sorghum halepense (L.) Pers.
and Sorghum propinquum (Kunth) Hitche. At present, Sorghum bicolor is mostly considered
as an extremely variable crop-weed complex, comprising wild, weedy and cultivated annual
types (classified as subspecies) which are fully interfertile. The cultivated types are classified
as subsp. bicolor (synonyms: Sorghum ankolib Stapf, Sorghum caudatum Stapf, Sorghum
cernuum Host, Sorghum dochna (Forssk.) Snowden, Sorghum durra (Forssk.) Stapf, Sorghum membranaceum Chiov., Sorghum nigricans (Ruiz & Pav.) Snowden, Sorghum subglabrescens (Steud.) Schweinf. & Asch., Sorghum vulgare Pers.) and they are subclassified into
different races on the basis of grain shape, glume shape and panicle type. Five basic races
and 10-15 hybrid combinations of 2 or more of these races are recognized and grouped into
subsp. bicolor. A classification into cultivar groups would, however, be more appropriate. The
5 basic races are:
— Bicolor: the most primitive cultivated sorghum, characterized by open inflorescences and
long clasping glumes that enclose the usually small grain at maturity. Cultivars are grown
in Africa and Asia, some for their sweet stems to make syrup or molasses, others for their
bitter grains used to flavour sorghum beer, but they are rarely important. They are frequently found in wet conditions.
— Caudatum: characterized by turtle-backed grains that are flat on one side and curved on
the other; the panicle shape is variable and the glumes are usually much shorter than the
grain. Cultivars are widely grown in north-eastern Nigeria, Chad, Sudan and Uganda. The
types used for dyeing also belong here and are knownas ‘karan dafi’ by the Hausa people
in Nigeria.
— Durra: characterized by compact inflorescences, characteristically flattened sessile
spikelets, and creased lower glumes; the grain is often spherical. Cultivars are widely
grown along the fringes of the southern Sahara, western Asia and parts of India. The
durra type is predominantin Ethiopia and in the Nile valley in Sudan and Egypt. It is the
most specialized and highly evolved of all races and many useful genes are found in this
type. Durra cultivars range in maturity from long to short-season. Most of them are

drought resistant.
—

Guinea: characterized by usually large, open inflorescences with branches often pendulous
at maturity; the grain is typically flattened and twisted obliquely between long gaping
glumes at maturity. Guinea sorghum occurs primarily in West Africa, but it is also grown

along the East African rift from Malawi to Swaziland andit has also spread to India and
the coastal areas of South-East Asia. Many subgroups can be distinguished, e.g. with cultivars especially adapted to high or low rainfall regimes. In the past the grain was often
used as ship’s provisions because it stored well.
— Kafir: characterized by relatively compact panicles that are often cylindrical in shape, elliptical sessile spikelets and tightly clasping glumes that are usually much shorter than
the grain. Kafir sorghum is an important staple across the eastern and southern savanna
from Tanzania to South Africa. Kafir landraces tend to be insensitive to photoperiod and
most commercially important male-sterile lines are derived from kafir type sorghum.
Hybrid races exhibit various combinations and intermediate forms of the characteristics of
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the 5 basic races. Durra-bicolor is found mainly in Ethiopia, Yemen and India, guineacaudatum is a major sorghum grown in Nigeria and Sudan, and guinea-kafir is grown in East
Africa and India. Kafir-caudatum is widely grown in the United States and almost all of the
modern North American hybrid grain cultivars are of this type. Guinea-caudatum with yellow
endosperm and large seed size is used in breeding programmes in the United States.
The wild representatives are classified as subsp. verticilliflorum (Steud.) Piper (synonyms:
Sorghum arundinaceum (Desv.) Stapf, Sorghum bicolor (L.) Moench subsp. arundinaceum
(Desv.) de Wet & J.R.Harlan): tufted annual or short-lived perennial, with slender to stout
culms up to 4 m tall; leaf blade linear-lanceolate, up to 75 cm X 7 cm; panicles usually large,
somewhatcontracted to loose, up to 60 cm x 25 cm, branches obliquely ascending, spreading
or pendulous. Wild types extend across the African savanna and have been introduced into
tropical Australia, parts of India and the New World.
The weedy plants are usually considered as hybrids between subsp. bicolor and subsp. verticilliflorum, and named subsp. drummondii (Steud.) de Wet (synonyms: Sorghum
xdrummondii (Steud.) Millsp. & Chase, Sorghum aterrimum Stapf, Sorghum sudanense
(Piper) Stapf); they occur in Africa wherever cultivated sorghum andits wild relatives are
sympatric because they cross freely. These weedy plants occur in recently abandonedfields
and field margins as a very persistent weed; stem up to 4 m tall; leaf blade lanceolate, up to
50 em X 6 cm; panicle usually rather contracted, up to 30 em X 15 cm, often with pendulous
branches. A well-knownforage grass, ‘Sudan grass’, belongs to this complex.
Growth and development The optimum temperature for sorghum seed germination is
27-35°C. Seedling emergence takes 3-10 days. Panicle initiation takes place after approximately one third of the growth cycle. By this stage the total number of leaves (7-24) has been
determined and about one-third of total leaf area has developed. Rapid leaf development,
stem elongation and internode expansion follow panicle initiation. Rapid growth of the panicle also occurs. By the time the flag leaf is visible, all but the final 3 to 4 leaves are fully expanded and light interception is approaching its maximum; lower leaves have begun to senesce. During the boot stage, the developing panicle has almost reachedits full size and is
clearly visible in the leaf sheath; leaf expansion is complete. The peduncle grows rapidly and
the panicle emerges from the leaf sheath. Flowering follows soon after panicle emergence,
with the interval largely determined by temperature. Individual panicles start flowering from
the tip downwards and flowering may extend over 4-9 days. Sorghum is predominantly selfpollinating; cross-pollination may range from 0—50%, but is on average about 5-6%. Grain
filling occurs rapidly between flowering and the soft dough stage, with about half the total
dry weight accumulating in this period. Lower leaves continue to senesce and die. By the
hard dough stage, grain dry weight has reached about three-quarters of its final level. At
physiological maturity, determined by the appearance of a dark layer at the hilum (where the
grain is attached to the panicle), maximum dry weight has been achieved. Moisture content of
the grain is usually between 25-35% at this stage. The time taken between flowering and
maturity depends on environmental conditions but normally represents about one-third of the
duration of the crop cycle. Further drying of the grain takes place between physiological maturity and harvest, which usually occurs when grain moisture content has fallen below 20%.
Leaves may senesce rapidly or stay green with further growth if conditions are favourable.
Early maturing sorghum cultivars take only 100 daysor less, whereas long-duration sorghum
requires 5—7 months. Sorghum follows the C1-cycle photosynthetic pathway.
Ecology Sorghum is primarily a plant of hot, semi-arid tropical environments that are too
dry for maize. It is particularly adapted to drought due to a number of morphological and
physiological characteristics, including an extensive root system, waxy bloom on leaves that
reduces water loss, and the ability to stop growth in periods of drought and resume it when
the stress is relieved. A rainfall of 500-800 mm evenly distributed over the cropping season is
normally adequate for cultivars maturing in 3-4 months. Sorghum tolerates waterlogging
and can also be grownin areasof high rainfall. It tolerates a wide range of temperatures and
is also grown widely in temperate regions and at altitudes up to 2300 m in thetropics. The
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optimum temperature is 25-31°C, but temperatures as low as 21°C will not dramatically affect growth and yield. Sterility can occur when night temperatures fall below 12—15°C during
the flowering period. Sorghum is susceptible to frost, but to a lesser extent than maize and
light night-frosts during ripening cause little damage. Sorghum is a short-day plant with a
wide rangeof reactions to photoperiod. Some tropical cultivars fail to flower or to set seed at
high latitudes. In the United States, Australia and India the existence of mild photoperiodsensitive to virtually insensitive cultivars has been recorded.
Sorghum is well suited to grow on heavy Vertisols commonly found in the tropics, whereits
tolerance of waterlogging is often required, but is equally suited to light sandy soils. The best
growthis achieved on loams and sandy loams. Sorghum tolerates a rangeof soil pH from 5.0—
8.5 and is more tolerant of salinity than maize. It is adapted to poor soils and can produce
grain on soils where manyother crops would fail.
In the floodplains of the Senegal and Niger rivers and in parts of Chad and Cameroon sorghum is sownin the early dry season when the water recedes, and the crop surviveson residual moisture (culture de décrue’).
Propagation and planting Sorghum is normally grown from seed. The 1000-grain
weight is 13-40 g. Seed dormancy is not common in cultivated sorghum. A fine seedbed is
preferable but is often not achieved. The seed is usually sown directly into a furrow following
a plough, but can also be broadcast and harrowed into the soil. Optimum plant spacing depends on soil type and availability of moisture. In low-rainfall areas a population of 20,000
plants/ha is normal, in high-rainfall areas 60,000 plants/ha. For favourable conditions, spacings of 45—75 cm between rows and 15-25 cm within the row, resulting in 80,000—180,000
pockets per ha, are normal; for drier or less fertile conditions rows 1 m apart, or broadcasting
at 6 kg seed per ha. A planting depth of 2.5-5 cm is common, and up to 25 seeds may be sown
per pocket. Occasionally, seedlings are grown in a nursery and transplanted into the field
early in the dry season, e.g. on the floodplains round Lake Chad in Africa (‘sorgho repiqué’).
Sweet sorghum in the United States is also sometimes transplanted. Sorghum can also be
propagated vegetatively by splitting tillers from established plants and transplanting them, a
practice that is often used by small farmersto fill gaps. Sorghum may be harvested more
than once as a ratoon crop, e.g. in locations with a bimodal rainfall pattern. Sorghum is often
grown in intercropping systems with maize, pearl millet, cowpea, common bean, groundnut
and bambara groundnut; in India also with pigeonpea.
Dye cultivars are never grown in large quantities. Farmers usually grow a few plants in or
around their normal sorghumfield or near the house.
Management Sorghum does not compete well with weeds during the early stages of
growth, and it is recommended that weeding be done early during the seedling stage. In
tropical Africa weeding is commonly done once or twice with a hoe but sometimes animaldrawn ortractor-drawncultivators are used. Where couch grass (Cynodon dactylon (L.) Pers.)
is a problem more frequent weeding is necessary. Sorghum may be weeded by a combination
of inter-row cultivation with animal-drawn implements and hand weeding within rows.
Chemical weed control is almost non-existent among small farmers. Thinning can be carried
out at the same time as hand weeding, or at intervals during the crop cycle, particularly
where thinnings are used to feed livestock. Subsistence farmers rarely apply fertilizer, but
application of farmyard manure or ash is common. In South Africa and the United States
high dosesof fertilizers are used in the production of sorghum. In tropical Africa sorghum is
grown mainly as a rainfed crop, but it is grown underirrigation in Sudan. It is grown in rotations with maize, pearl millet, finger millet, cotton and other crops. It is often planted late in
the rotation, as it tolerates low soil fertility. Under certain conditions decomposing roots of
sorghum havean allelopathic effect on the subsequentcrop, including sorghum.
Diseases and pests Common seed and seedling rot diseases in sorghum are caused by
soil- and seed-borne Aspergillus, Fusarium, Pythium, Rhizoctonia and Rhizopus spp. They are
controlled by treatment of the seed with fungicides. Anthracnose (Colletotrichum graminicola) is common in hot and humid parts of Africa. Control measures include the useofresis-
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tant cultivars and crop rotation. Downy mildew (Peronosclerospora sorghi) may cause serious
yield losses; the use of resistant cultivars and seed treatment are recommended. Smuts

(Sporisorium spp.) are important panicle diseases. Loose and covered kernel smut are controlled by seed treatment with fungicides; head smut and long smut by usingresistant cultivars and cultural practices such as crop rotation and removal of infected panicles. Grain
mould is caused by a complex of fungal pathogens (predominantly Cochliobolus lunatus
(synonym: Curvularia lunata), Fusarium spp. and Phomasorghina) that infect the grain during development and can lead to severe discoloration and loss of quality. It is most severe in
seasons whenrains continue through the grain maturity stage and delay the harvest. Control
measures include adjustment of the sowing date to avoid maturation during wet weather, and
the useof resistant cultivars.
Important pests of sorghum in tropical Africa are shoot fly (Atherigona soccata) and stem borers (particularly Busseola fusca, Chilo partellus and Sesamia calamistis). Shoot fly larvae
attack shoots of seedlings andtillers, and cause ‘dead hearts’. Stem borers cause damage in
all crop stages. Damage by both shoot fly and stem borers can be reduced by early, nonstaggered planting and seed or soil treatment with insecticides. Resistance to shootfly is associated with low yield. Foliage pests include army worms (Spodoptera and Mythimna spp.);
they are controlled by contact insecticides. Larvae of the sorghum midge (Stenodiplosis sorghicola, synonym: Contarinia sorghicola) feed on the young grainsin the panicle. Damage can
be limited by sowing early-maturing cultivars and avoiding staggered planting. Head bugs
(Eurystylus and Calocoris spp.) suck on developing grains, resulting in yield loss, grain deformation and discoloration and infection by moulds. Guinea type sorghum is generally less
affected.
In practice, control methods of diseases and pests are mainly preventative or cultural, including selection of optimum planting dates, seed treatment and crop rotation. Early sowing is
particularly important as a mechanism to avoid large insect populations at times whenplants
are most susceptible to damage. Highlevels of host plant resistance are available for sorghum
midge, but only low levels of resistance for the other pests. Chemical control of diseases and
insect pests is rarely practised in tropical Africa.
Birds, especially Quelea quelea, cause important yield losses. Control measures include the
choice of suitable planting dates, timely harvesting, bird scaring and the destruction of roosting and nesting sites. Brown sorghum is less preferred by birds than the tannin-free white
sorghum.
Sorghum is very susceptible to damage by storage pests, the main onesbeingrice weevil (Sitophilus oryzae), flour beetle (Tribolium castaneum) and the grain moth (Sitotroga cerealella).
Damage can be minimized by drying grain adequately before storage. Cultivars with hard
grain also suffer less damage.
The parasitic weed Striga (especially Striga hermonthica (Del.) Benth., but also Striga asiatica (L.) Kuntze, Striga densiflora Benth. and Striga forbesii Benth.) has become a major constraint to sorghum cultivation, particularly in Africa, where severe infestations can lead to
grain losses of 100% and land being abandoned. Striga can be controlled by cultural methods
such as rotation with trap crops or with crops that are not susceptible (e.g. groundnut, cotton
or sunflower), rigorous removalof the weeds before flowering and application of nitrogen fertilizer and herbicides. A few sorghum cultivars that are resistant or tolerant to Striga have
been identified.
Harvesting Sorghum is usually harvested when the grain moisture content has fallen
below 20%, and the grain has become hard. Harvesting is done by hand using a knife to cut
the panicles, which are temporarily stored in sacks before being taken to the threshing floor
for further drying to a moisture content of 12-13%. Alternatively, the whole plant is cut or
pulled up and the panicle removed later. Combine harvesting is possible, but many small
farmers cannot afford to buy the machinery. In South Africa combine harvesting is more

common.
For dye production, leaf sheaths are harvested when the plant comes to maturity, about 4—6
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months after sowing. They can be used immediately or dried andstored.
Rainfed forage sorghum is usually cut only once, soon after flowering. Forage sorghum crops
grown under more favourable conditions, often with irrigation and highlevels of fertilizer,
can be harvested and thenleft to regrow (ratoon).
Broomcorn is harvested by hand as mechanical harvesters are not available. Sweet sorghum
is harvested when theseed is in the soft dough stage when the sugar content of the stalk is
highest.
Yield Average sorghum grain yields on farmers’ fields in Africa are as low as 0.5—0.9 t/ha
because sorghum is often grown in marginal areas under traditional farming practices (low
inputs, traditional landraces). Under favourable conditions sorghum can produce grain yields
up to 18 t/ha. In South Africa, with intensive agricultural practices and improvedcultivars,
average commercial yield was 2.3 t/ha in 2001. In China, where sorghum is grown with high
levels of inputs, yield averages 3.6 t/ha and in the United States 3.8 t/ha.
Forage yields from single-cut cultivars and hybrids can reach 20 t/ha of dry matter. Multi-cut
cultivars and hybrids usually give only slightly higher total yields but produce better quality
forage. Sweet sorghum yields about 1000 1 syrup perha in the United States. Average broomcorn yields are 300-600 kg/ha, enough to make 350-800 brooms.
Handling after harvest The harvested grain of sorghum is usually sun-dried, often in
the panicle. Panicles, particularly those to be retained for seed, may be stored hanging from
the ceiling of kitchens over cooking fires where the smoke helps to deter insect attack. Alternatively, the heads may be threshed after drying and the grain stored in granaries, above or
below ground, designed to prevent insect attack.
Traditional food preparation of sorghum is quite varied. The whole grain may be ground into
flour or decorticated before grinding to either a fine particle product or flour which is then
used in various food products. To prepare porridge, water is boiled and sorghum flour is
gradually added until the desired consistency of the paste is reached. Regular stirring is
needed to mix the contents thoroughly. Another simple form of sorghum food preparation is to
boil the grain before or after decorticating. To make beer, sorghum grain is germinated, dried,
pounded into flour and mixed with water and left to ferment in a warm place for some days.
To make the non-fermented drink ‘magew’ in Botswana and South Africa, milled sorghum
malt is mixed with water and kept at room temperature for 2-3 days. Occasional stirring may
be necessary.
In a traditional method of dyeing hides with sorghum dye in West Africa, a watery extract of
wood ashes, preferably from the wood of Anogeissus leiocarpa (DC.) Guill. & Perr., is prepared
and allowed to stand for 3-4 hours. The major active compound of the lye is potassium- or
sodium carbonate. The red leaf sheaths are pulverized and placed in a large vessel in which
the dyeing is carried out. From time to time a little lye is added and diluted with plain water
as desired, obtaining a crimson liquid. The tanned hide that has been dressed with oil is
folded with the tanned side outwards, the hide is immersed for about two minutes in the dye
bath, wrung out and shaken. Alternatively, the dye liquid is painted on the tanned surface
with the fingers or a brush. Thehideis then rinsed in cold water acidulated with limejuice or
tamarind pulp. After the hide has been dried, the process is completed by rubbing the hide
with a smooth stone on a wooden block. It is estimated that 1.25 1 of dye bath is sufficient for
about 6 skins of medium size. Another recipe uses about 30 leaf-sheaths of sorghum, about
half a spoonful of soda, a handful of ‘sant’ pods (Acacia nilotica (L.) Willd. ex Delile) or 2
handfuls of chips of mangrove bark, 2 spoonfuls of palm oil and 1.5 1 of water. These areall
mixed together andboiled, the juice of 5 or 6 limes added, and the liquid is left to simmerfor
2 hours. It is then ready for application on the skin by brushingor rubbing.
To obtain a dye of constant high quality, a laboratory extraction technique has been designed
in Burkina Faso. Sorghum leaf sheaths are crushed into fine particles, a solvent is added in
an acid or basic medium (both give similar results) and a red liquid is produced. By addition
of an acid the dyestuff is precipitated and is centrifuged off. The end productis a fine, burgundy-red powder with an apigeninidin concentration of 50-60%, ready for use as a dye. Pure
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apigeninidin can be obtained by further processing of the powder.
Forage sorghum can be fed to livestock while still green or can be stored in various waysfor
later use. The forage is often dried and stacked or can be madeintosilage. Stover left after
harvest of grain is often grazed by animals.
Genetic resources A major collection of sorghum germplasm is maintained and distributed to interested researchers by the International Crops Research Institute for the SemiArid Tropics (ICRISAT), Patancheru, India. The collection extends to over 36,000 accessions
from all the major sorghum-growing regions of the world (90 countries). Large germplasm
collections of sorghum are also held in the United States (Southern Regional Plant Introduction Station, Griffin, Georgia, 30,100 accessions; National Seed Storage Laboratory, Fort
Collins, Colorado, 10,500 accessions) and China (Institute of Crop Germplasm Resources
(CAAS), Beijing, 15,300 accessions). In tropical Africa large germplasm collections of sorghum
are held in Zimbabwe (SADC/ICRISAT Sorghum and Millet Improvement Program, Matopos,
12,340 accessions), Ethiopia (Institute of Biodiversity Conservation (IBC), Addis Ababa, 7260
accessions), Kenya (National Genebank of Kenya, Crop Plant Genetic Resources Centre,
KARI, Kikuyu, 3410 accessions) and Uganda (Serere Agricultural and Animal Production
Research Institute, Serere, 2635 accessions).
Breeding The main objectives in sorghum breedinginclude high grain yield, white grain
for human consumption with improved nutritional value and processing quality, and red or
brown grain for feed purposes and brewing. In many countries the emphasis is on producing
cultivars which combinehigh grain yield with high stover yields because of the importance of
the residues as animal feed. Incorporation of resistance to major yield-limiting diseases and
pests, and tolerance of abiotic stresses are also of high priority. Resistance to grain moulds
and other diseases as well as to insect pests such as head bugs and sorghum midge has been
identified. High-yielding improved cultivars of sorghum are available in most of the main
producing countries. These include cultivars and hybrids produced using cytoplasmic male
sterility. Compared to traditional landraces they have a weak photoperiodic response and
they are less hardy,less tall, with a lower grain quality but a higher yield potential. Strigaresistant cultivars have been released in Africa and India, e.g. ‘Framida’ in Ghana and Burkina Faso. Cultivars resistant to grain mould have also been released. Special cultivars with
high biomass production and good forage quality are bred for animal feed. Modern sorghum
cultivars predominate in the Americas, China and Australia, but in Africa they occupy probably less than 10% of the area under sorghum. In India about 50% of the sorghum area is sown
to moderncultivars and 50% to traditional landraces.
The sorghum genomeis relatively small (about 760 Mbp) compared to that of maize (about
2500 Mbp), and construction of a physical genome mapis in progress. Several genetic linkage
maps have been developed, mainly based on RFLP markers. Various genes have been tagged,
e.g. genes associated with head smut resistance, leaf blight resistance and shattering. Many
QTLs have been mapped, including those associated with plant height, tillering, seed size,
drought resistance and rust resistance. In-vitro plant regeneration has been achieved from
calli derived from youngleaf bases, shoot apices, immature inflorescences and immature embryos. Protocols have been developedfor the production of stably transformed sorghum plants
using microprojectile bombardment or Agrobacterium-mediated transformation, but theefficiency is generally low, especially with the former technique.
Prospects Sorghum is a hardy, drought-tolerant crop with a high potential yield, which
plays an importantrole in tropical Africa and elsewhere, especially as source of food and fodder, but also for a range of other uses, including as a source of dye. Sorghum has lost part of
its traditional area in tropical Africa to maize, which yields better in more favourable environments, is less liable to bird damage andeasier to process. It is to be expected, however,
that sorghum will remain an important food security crop in less favourable environments in
tropical Africa. Important problems in sorghum cultivation to be addressed by research and
breeding activities are the large yield losses caused by parasitic weeds (especially Striga hermonthica), anthracnose, downy mildew, grain moulds, sorghum midge and stem borers. Im-
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proved sorghum cultivars are not widely grown in tropical Africa, and the improvementof
seed supply systems should accompany sorghum improvement programmes in this region.
Demand for sorghum for non-traditional uses is likely to increase. In particular, the use of
sorghum asa feed grain, already well established in many industrialized countries, is likely
to become more commonin developing countries. However, sorghum faces strong competition
from maizein the international feed grain market. Similarly, as increased affluence results in
increased demandfor meat and dairy products, the use of sorghum as a forage crop in intensive production systems in manytropical regionsis likely to expand. The use of sorghum as a
raw material for industrial processes will also increase. Research should focus on innovations
that are likely to reduce the costs of production of sorghum. This should include research to
increase yield levels of available cultivars, and to improve agronomic practices. Emphasis
should be placed on enhancing resistance to the main biotic and abiotic stresses and on production of cultivars richer in high quality proteins.
Sorghum dye mayprofit from the trend of increasing use of natural colourants in foods and
cosmetics. Rising harvesting costs of broomcorn in North America and Europe may offer possibilities for expanding this commodityin Africa.

AuthorsT.V. Balole & G.M. Legwaila
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Stakeholder consultation
In September 2005, PROTA 3: ‘Dyes and tannins’ was published. PROTA consists of 73 re-

view articles on the dyes and tanninsof tropical Africa, including the above review article on
sorghum (Sorghum bicolor).
About 55 stakeholders were requested to read carefully through the book andfill a matrix ‘73
species x 6 key issues’ with ideas and suggestionson:
— promising species and technologies,
— development gaps,
— research gaps,
— thesis subjects,
— conservation needs,
— policy issues.
About 25 stakeholders gathered subsequently in a Brainstorm Workshop (2-5 April 2006,
Nairobi) to finalize the conclusions and recommendations which were summarized in ‘PROTA
recommends... Dyes and tannins’.
Promising technologies
Traditional extraction techniques in dye-sorghum have been considerably improved through
research in countries like Burkina Faso and Benin, but these are unknownoutside West Africa.
Although there are still many agronomic and socio-economic questions, commercial production of dye-sorghum could be tried out.
Development gaps
Selection for dye cultivars is not included in existing sorghum breeding programmes. However, it would be relatively simple to breed for yield and resistance through the techniques
and genitors available for grain-sorghum.
Research gaps
As a major cereal crop, research on fungal diseases, insect pests, plant parasites and birds
feeding on the crop is of paramount importance. Special attention should be given to the fungus Bipolaris maydis in view of its possible role in the production of the colorant (apigeninidine)in relation to stress.
The effects of agronomic measures, especially fertilizer application, on colorant production
haveto be elucidated.
Equally important is a study of the extent of genetic variation in the local planting material.
Thesis subjects
For dye-sorghum as for many other species, it is unclear what the market demandis, what
prices are paid and what quantities are traded. Local or national studies could provide insight in opportunities for farmers.
Ethno-botanic inventories of the use of the colorant in foods, textiles and other products
would be helpful, as are somesocio-economic studies on the role of dye-sorghum in the economy of households, villages and regions.

Conservation needs
In the existing germplasm collections, dye-sorghum is most probably not well represented.
The lack of attention for dye-sorghum atall levels has probably led already to the disappearance of local varieties. Collection and characterization of farmers’ varieties is called for.
Policy measures
Dye-sorghum should get a modest but firm place in the international sorghum research &
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development programmes.
Dye from sorghum mayhavea bright international future as a natural food colorant as well
as in cosmetics.
Traditional uses and values (abata andifala textiles in Nigeria) should be preserved as part
of the cultural heritage.

Pilot project
Commercial production and extraction of food bio-colorants from sorghum in the Parakou district, Borgou province, Republic of Benin.
The household income of farmers and traditional processors was improved by promoting
commercial production of dye-sorghum cultivars and conditioning of the extracted dye. The
capacity of 150 farmers and traditional processors have been strengthened on recommended
agronomic practices, post-harvest handling, dye extraction methods and marketing of the
conditioned dye. Commercial cultivation of the locally available cultivars was promoted, as
well as the use of modern dye extraction technologies. The income has been raised through
value addition: conditioning of the extracted dye into powder.
There is high demand for sorghum dye both at the local and urban markets for colouring locally made cheese and other food stuffs such as porridge. The powdered red sorghum dye
fetches better prices than the bundles of dried leaves and stalks conventially sold by farmers.

Scaling-up
Improving household livelihood in rural Benin throughbetter utilization of plant biodiversity:
Valorization of sorghum cultivars yielding a natural dye.
In cooperation with scientists of the University of Abomey-Calavi in Benin and several groups
of Wageningen University and Research Centre, PROTA now investigates possibilities to increase the productivity of dye-sorghum, tries to assure that the local population benefits from
this development and describes and conserves the biodiversity of dye-sorghum.
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ACANTHOSICYOS HORRIDUS Welw. ex Hook.f.
Protologue Benth. & Hook.f., Gen. pl. 1(8): 824 (1867).
Family Cucurbitaceae
Vernacular names Nara, nara bush, nara melon (En). Nara, melon nara (Fr). Nara (Po).
Origin and geographic distribution Acanthosicyos horridus is endemic to the Namib
Desert of the south-west coast of Africa and occurs from southern Angola, through Namibia to
South Africa (north-western Namaqualand). The distribution of nara is limited to the coastal
part of the Namib Desert where it grows exclusively in the sand dunes of mostly dry river
beds where subsurface water is available. Before the introduction of maize into southern Africa, nara was a traditional staple food. Archeological evidence indicates that it has been a
staple food for at least 8000 years, and was transported and perhaps even traded that long
ago. It has not been domesticated and attempts to introduce it elsewhere have not been successful.
Uses The seeds of nara, known as butter-nuts or butterpips, are eaten either fresh or
roasted as a snack food, or ground into flour for cooking with other dishes. They are a good
substitute for almonds, and have been exported to bakeries in Cape Town for use in confectionery. In Namibia ripe fruits, which are sweet and juicy and about 900 g in weight, are either eaten raw andrelished for their high water content, or made into a traditional preserve,
the dried fruit pulp being madeinto flat cakes. Nara is also eaten as a faminefood.
Young stem tips are browsed by livestock. The bitter roots have medicinal value. Either
chewed or madeinto a decoction, they are used to treat nausea, stomach-ache, venereal diseases, kidney problems, arteriosclerosis and chest pains. The crushed root mixed with fat is
used to heal wounds. Oil from the raw or boiled seeds is used as a skin moisturizer and to
protect the skin from sunburn.
Production and international trade There is no commercial production of nara fruits.
Trade in seeds between Namibia and South Africa has been reported, but no statistics are
available.
Properties The composition of the seeds per 100 g edible portion is: water 5.3 g, energy
2709 kJ (647 kcal), protein 30.7 g, fat 57.0 g, carbohydrate 2.3 g, crudefibre 1.3 g, Ca 100 mg,
Mg 363 mg , Fe 4.0 mg, Zn 5.5 mg, niacin 2.2 mg. The composition of fresh fruits per 100 g
edible portion is: water 84 g, energy 231 kJ (55 kcal), protein 1.4 g, fat 0.3 g, carbohydrate
11.7 g, fibre 1.0 g, Ca 21.4 mg, Mg 19.0 mg, P 22.4 mg, Fe 0.5 mg, Zn 0.6 mg, carotene 0.12
mg, thiamin 0.01 mg, riboflavin 0.02 mg, niacin 0.75 mg (Van den Eynden, V., Vernemmen,
P. & Van Damme, P., 1992). The ripe fruits are aromatic and the pulp is rich in sugars. The
fruit pulp and plant sap contain a non-volatile enzyme which curdles milk. A high percentage
of the seed-oil is made up of polyunsaturated fatty acids, with a linoleic acid content of 53%.
Green unripe fruits contain varying amounts of highly oxygenated tetracyclic triterpenoids,
called cucurbitacins. Cucurbitacins B and D have been identified as the primary source of
bitterness, together with traces of cucurbitacins G and H. These compoundscause a burning
sensation in the mouth. As thefruits ripen they rapidly lose their bitterness undertheinfluence of the enzyme elaterase. The same four cucurbitacins are found in higher concentrations
in the dried root. The bitter principles occur as aglyconesin the fruits, but as glycosides in the
roots. The LDso of cucurbitacin B administered intraperitoneally to mice is 1 mg/kg, and this
dose produces pulmonary oedema. The fruit juice contains germination inhibitors, which act
to a large extent by an osmotic stress factor. The starches are of an unusually small size,
which renders them suitable in the production of biodegradable plastics.
Description Perennial, dioecious, strongly branched shrub up to 1 m tall and 15(—-40) m
in diameter, with a very long, woody taproot; stem longitudinally grooved, pale yellowish to
pale green, spiny; spines in pairs, 2-3 cm long. Leaves reduced to minute scales, apparently
absent. Flowers unisexual, regular, 5-merous, sessile or shortly stalked in spine axils; calyx
campanulate, with ovate lobes, greyish hairy; corolla deeply lobed, lobes broadly ovate, c. 1
cm long, fleshy, pale yellow or pale green; male flowers solitary or fasciculate, with 3-5 sta-
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mens; female flowers solitary, with 5 elongate staminodes andinferior, ovoid ovary densely
covered with oblong-conical, 2—-2.5 mm long, soft spines, style columnar, with 3-5 two-horned
flat or capitate stigmas. Fruit a subglobose berry up to 20 cm in diameter, covered with spiny
protuberances, ripening from green to pale yellow or pale orange-yellow, many-seeded. Seeds
embeddedin yellow to orange-yellow pulp, oblong or ovoid, 12-16 mm x 7-11 mm x 5-7 mm,
cream-coloured, hard with a thicktesta.
Other botanical information Acanthosicyos comprises 2 species and is placed in the
tribe Benincaseae, together with important genera including Benincasa, Citrullus, Coccinea,
Lagenaria and Praecitrullus. Acanthosicyos naudinianus (Sond.) C.Jeffrey differs notably
from Acanthosicyos horridus in its creeping, annual, leafy stems.
Growth and development Narais able to survive in a hyper-arid desert climate because
of its woody taproot that grows deep into the sand allowingit to reach subterranean water. It
can survive in years without any rainfall and in someareas it is the only plant species found.
A single nara shrub can cover an area of up to 1500 m?. Nearly 40% of the plant’s aboveground biomassis madeupofspines, the rest of stems. In the absence of leaves, photosynthesis takes place in these spines and stems. The denselattice-like growth of older stems serves
to catch and bind windblown sand, acting as a dune stabilizer and thus the plant builds upits
own dune micro-ecosystem. Male plants produce more flowers than the female ones and may
flower nearly all year long, with a decline in flower production during early winter (May—
July). Female plants flower from August—April, and their fruits mature from December—May.
Having sticky pollen, nara is probably pollinated by insects. Germination has been reported
by local inhabitants to occur only after rain. The age of mature fruiting nara plants may exceed 100 years.
Ecology The coastal Namib Desert where nara is found receives extremely low and variable amountsof rainfall, the annual average not exceeding 100 mm, and in someyears there
is no rain at all. Precipitation is augmented by the frequent occurrence of fog. The distribution of nara roughly approximates the inland limits of the fog belt. Temperatures along the
coast are fairly constant, the minimum averaging 16°C and the maximum 21°C. Due to the
constantly shifting dunes, soil formation does not occur, thus presenting a nutrient-poor plant
environment. The mineral composition of the dune sands is quartz, feldspar and garnet.
Sands underneath nara plants are exceptionally low in nitrogen and phosphorus content.
Other plants sometimes found growing in association with nara are the dune grass Stipagrostis sabulicola (Pilg.) De Winter, and the leaf succulent Trianthema hereroensis Schinz.
Nara plays an important ecological role in the Namib Desert, providing shelter, food and water for many species of invertebrates, reptiles, mammals and birds, some of which are endemic and dependentirely on nara for their survival.
Propagation and planting The 1000-seed weight of nara is about 300 g. Seeds germinate easily, but plants seldom flourish in cultivation.
ManagementNarafruits are collected from wild plant populations. They are neither cultivated nor domesticated. Attempts to domesticate the nara bush have been unsuccessful for
reasons relating to its very specific habitat requirements. Each family of the Topnaar people

of the Lower Kuiseb Valley near Walvis Bay, Namibia owns a numberof nara bushes, which
are considered private property, but not including the land they grow on. Harvesting is only
allowed from the plants ownedby the family concerned.
Harvesting At the time nara fruits begin to ripen (from December onwards) many Topnaar families move to the nara fields to harvest and process the fruits. The harvesting can
last until May.
Handling after harvest The Topnaarpeople process the nara fruits into a preserve. Ripe

fruits are collected and either buried in thesoil or left in the sun for softening, after which
they are peeled and then boiled until the seeds become loose. The pulp is allowed to thicken
and turnsinto a dark orange colour. After separating the seeds, the thick remaining pulp is
poured out and allowed to dry in the sun. It solidifies in a few days, forming flat leathery
cakes, called ‘goa-garibeb’, which are then cut into strips or rolled up for storage. These fruity

ACANTHOSICYOS HORRIDUS 43

rolls have good keeping quality and can be chewed or addedto porridge for the remainderof
the year. The seeds are sieved from the boiled fruit flesh, dried in the sun and stored for eating, grindinginto a flour, or sale to traders. Raw seeds are separated from the fruit pulp by

rubbing them in the sand.
Genetic resources Overthe past 20 years there has been a reduction of possibly as much
as one third in the size of the nara populations being harvested by the Topnaar along the
Kuiseb River. The construction of a flood-retaining dam coupled with dune encroachment has
stopped the flow of surface water. However, there are uninhabited areas along the coastal
Namib Desert where narastill occurs abundantly. Germplasm of Acanthosicyos horridus is
held at the National Plant Genetic Resources Centre, Windhoek, Namibia.
Prospects Although today nara does not play as intrinsic a role in the lives of the Topnaar people as it did before, it remains an important part of their tradition and culture. Its
protection should be a high priority to ensure human survival in the Namib Desert and for

combating desert encroachment. Research is being undertaken in Namibia on the germination and possible cultivation of Acanthosicyos horridus to explore its cost-effectiveness as a
crop. Namibian scientists are currently working with the Topnaar to sustain and improve the
existing nara fields. There may be further potential in the seed trade, and marketing skills
and techniques could enable the Topnaarto see a better income from thesale of nara seeds.
Authors M.H. Wilkins-Ellert
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ALLANBLACKIA STUHLMANNII(Engl.) Engl.
Protologue Engl. & Prantl, Nat. Pflanzenfam. II-IV Nachtr. 1: 249 (1897).
Family Clusiaceae (Guttiferae)
Vernacular names Mkange, mkanye, mkimbo, mshambo, mwaka (Sw).
Origin and geographic distribution Allanblackia stuhlmannii is endemic to Tanzania,
whereit occurs in the Eastern Arc Mountains, extending through Iringa Region to the Southern Highlands.
Uses The seed yields an edible fat called ‘allanblackia fat’ or ‘kanye butter’. It is used in
cooking and has been used as a substitute for butter and cocoa butter, and to make candles.
Recently, the international food industry has become interested in the fat as a natural solid
componentfor margarines and similar products. The presscake is bitter and contains tannins,
but is sometimes used as animal feed. The seeds are used as bait for small game. The wood is
used for construction, cheap joinery, boxes, crates, beehives and water containers. It is also
used as fuel. In traditional medicine, the leaves are chewed to treat cough, while the leaves,
bark and roots are used to treat impotence. A seed extract is rubbed in to treat rheumatism.
The fat is applied as a liniment on achingjoints, wounds and rashes and small quantities are
taken to treat rheumatism. Hehe people rub the fat mixed with pounded seeds of Psorospermum febrifugum Spach on deep cracks in the soles of the feet. The bark yields a yellow
dye. Female trees of Allanblackia stuhlmannii are retained whenlandis cleared for cultivation and are possibly occasionally planted for shade in crops and for amenity. The fruit’s
slimyjelly-like pulp can be used in jam making.
Production and international trade The seed and timberof Allanblackia stuhlmannii
are of mainly local importance. The seeds were exported to Europe in the 1970s and 1980s for
their fat. Recently, international demand for Allanblackia fat has increased sharply.
Properties Air-dried seeds contain about 50% fat. The fatty acid composition of the fat is
remarkable as it consists mainly of stearic acid (45-58%) and oleic acid (40-51%). Only traces
of other fatty acids are present. Its composition and resulting high melting point (35°C)
makes the fat a valuable raw material that can be used without transformation to improve
the consistency of margarines, cocoa butter substitutes and similar products. The approximate composition of the air-dried presscake is: water 13 g, protein 14 g, fat 7 g, carbohydrate
55 g, crudefibre 7 g, ash 8 g. The presscakeis bitter and contains tannins andits suitability
as cattle feed is limited.
Trees of a size exploitable for timber have only a small heartwood core, a bole of 65 cm in diameter having a heartwood core of about 10 cm in diameter; the properties given below therefore refer to the sapwood. The sapwood is pale grey-brown with straight grain and medium
texture. The density at 12% moisture content is about 690 kg/m?. The heartwood is dark
brown to purplish; at 10% moisture content its density is about 770 kg/m*. The wood air dries
slowly, with a moderate tendency to cup, but with little or no splitting. In kiln drying distortion is severe unless low temperatures are used. Boards of 2.5 cm thick air dry in 2 months,
or kiln dry in about 12 days. Shrinkage from green to oven dry is 3.2% radial and 10.0% tangential. At 12% moisture content the modulusof rupture is 73-99 N/mm?, modulusof elasticity 11,100-14,500 N/mm?, compression parallel to grain 39-51 N/mm?, compression perpendicular to grain 8 N/mm?, shear 8-9.5 N/mm?, cleavage 42 N/mm radial and 44 N/mm tangential, Janka side hardness 3900-5600 N and Janka end hardness 6600 N.
The woodis difficult to saw when green, but once dry it saws easily and machines well. It
holds nails well. The sapwood is not durable, but is permeable to preservatives; the heartwoodis very resistant.
From the wood of the roots of Allanblackia stuhlmannii guttiferone F, a prenylated benzophenone, wasisolated. The compoundis related to a group of compounds that has been investigated for its anti-HIV properties.
Adulterations and substitutes The fat from the seeds of Allanblackia floribunda Oliv.
from Central Africa and Allanblackia parviflora A.Chev. from West Africa is very similar in
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composition to that of Allanblackia stuhlmannit.
Description Evergreen, dioecious, medium-sized to fairly large tree up to 35(—45) m tall;
bole straight, cylindrical, slightly buttressed; bark surface smooth or rarely flaking with
square scales, dark grey to black, inner bark red to pale brown with white stripes, fibrous to
granular, exuding a clear sap later turning yellowish; branches drooping, hollow, longitudinally wrinkled. Leaves opposite, simple and entire; petiole 1-2 cm long; blade oblongto elliptical-oblong, 5-20 cm x 1—7 cm, base cuneate, apex shortly acuminate, leathery, dark green,
pinnately veined with numerouslateral veins. Flowers solitary in leaf axils or crowded at the
end of branches, unisexual, regular, 5-merous, cream to reddish, fragrant; pedicel! (3.5—)6.5—-8
cm long; sepals orbicular to ovate, unequal, outer ones 4—9 mm in diameter, innerones c. 2
cm in diameter, pale yellow; petals orbicular to spatulate, 27-37 mm X 18-26 mm, glabrous;
male flowers with numerous stamens groupedin 5 thick, fleshy bundles opposite the petals, c.
2 cm long, inner surface angled, anthers arranged on the 2 faces of the bundles; disk starshaped; female flowers with superior, incompletely 5-celled ovary andsessile stigma, staminal bundles reduced to a few free, c. 4 mm long staminodes. Fruit a large oblong to globose or
cone-shaped berry 16-34 cm x 15-17 cm, weighing 2.5-6 kg, red-brown, 60-140 seeded. Seeds
4-angular, c. 4 cm X 2-3 cm, one angle with a small fleshy aril; embryo small, embedded in
oily endosperm. Seedling with hypogeal germination.
Other botanical information Allanblackia comprises about 10 species and is restricted
to tropical Africa. Allanblackia ulugurensis Engl. is endemic to Tanzania, where it occurs in
the Udzungwa, Nguru and Uluguru Mountains, extending to Iringa Region, generally on
steeper slopes and at higher altitudes than Allanblackia stuhlmannii. It is used for similar

purposes.
Growth and development Under natural conditions, trees first flower when about 12
years old. Flowering is during the short rainy season in November—February. Pollination is
done by short-tongued insects, birds and bats. Fruits take more than 1 year to develop and
mature in January—March. Otherreports indicate that in the Eastern Usambara Mountains
fruits mature twice per year in November—March and August—October. Rodents and monkeys
feed on the fruits and may disperse the seeds. Natural regeneration is currently not adequate
to maintain stands.
Ecology Allanblackia stuhlmannii occurs on seaward slopes and valley bottoms of evergreen submontane and montaneforest at 800—1200(—1600) m altitude. Average annual rainfall in its habitat is 1100-2400 mm with more than 180 rainy days. The mean annual temperature in the eastern Usambara Mountains is 18°C, maximum temperatures range from
25°C to 35°C; minima are occasionally as low as 38°C. It is found on mostly acidic clay soils
derived from granite, gneiss or siliceous rock. The small isolated forest patches in the Udzungwa Mountainsare drier than the rest of the habitat. Allanblackia stuhlmannii trees are
fire-tolerant.
Propagation and planting Allanblackia stuhlmannii can be propagated by seed, but the
seeds are recalcitrant. There are about 100 seeds per kg. Well-matured fruits are kept for
about 2 weeksto allow the pulp to become soft and to make extraction of the seed easy. Fruits
may be kept for up to 3 monthsif covered with banana leaves. Clean seeds are placed in a
nursery where they take about 3 months to start to germinate, but germination may take
more than 7 months to start and another 18 months to complete. The plant hormone GAs
does not have anyeffect on the germination. After germination the seedlings are transferred
to polythene tubesfilled with soil. Mycorrhizae are necessary for successful growth of the
seedlings and it is therefore important to add soil from aroundthe base of mothertrees to the
substrate.
Because propagation by seed is difficult and because male and female trees are very difficult
to distinguish until they flower, methods of vegetative propagation are being developed. Vegetative propagation is possible by cuttings, marcotting and grafting. Cuttings are placed a few
cm deep in soil at a 45° angle in polythene tubes with at least 1 node above the substrate.
Cuttings strike root in 8-12 weeks, after which sprouted and rooted cuttings are transferred
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to polybags. Methodsof layering and budding are being developed. Initial tests with wildlings
have showngood survival rates both with farmers and in experiments.
Management Female trees are often retained when clearing land for agriculture, but
plantingis still rare. It is estimated that 1 male tree per 10 female trees is needed to ensure
adequate pollination. ICRAF, Kenya,is studying possibilities to domesticate this species and
develop appropriate management techniques. A complete seed marketing chain is also being
developed.
In forest reserves in the western Usambara Mountains the stocking rate of Allanblackia
stuhlmannii trees has been estimated at 2.0 stems per hafor all diameter classes; for trees
with a bole diameter of more than 80 cm it was0.2 trees per ha.
Diseases and pests Apartfrom seed predators, no diseases or pests are known.
Harvesting Well-matured fruits are collected from the ground. The maturity of fruits on

the tree cannot be estimated.
Yield A mature tree mayyield up to 150 fruits or up to 50 kg fat per year.
Handling after harvest Seeds are extracted from the fruits by crushing them between
the hands and rubbing them clean. The seeds are then dried to avoid the development of
moulds before being transported to the buying centres, where seeds are graded. Fat is extracted locally by traditional methods, or seeds are dried and sold to extraction plants. Traditionally, the seeds are dried and crushed; the resulting mass is mixed with water and boiled
until the fat separates and floats to the surface from whereit is scoopedoff.

Genetic resources Allanblackia stuhlmannii and Allanblackia ulugurensis are both
listed in the IUCN Red List as vulnerable because of their small and severely fragmented

areas of distribution and declining habitat.
Breeding Selection of high-yielding trees for vegetative reproduction has started in Tanzania.

Prospects The international food industry has taken an active interest in the domestication of Allanblackia species. Allanblackia stuhlmannii is more easily propagated by seed than
other large-fruited Allanblackia species tested and its cultivation is being promoted in Tanzania. If productive management techniques can be developed, and if efficient marketing
structures can be established, it may become an important new crop in the humid submontane and montane equatorial areas. Its utilization as a source of timber from wild stands
should be discouraged as the species is already vulnerable.
Authors L. Mwaura & M. Munjuga
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ALSTONIA BOONEI De Wild.
Protologue Repert. Spec. Nov. Regni Veg. 13: 382 (1914).
Family Apocynaceae

Chromosome number 2n = 42
SynonymsAlstonia congensis auct. non Engl.
Vernacular names Alstonia, cheesewood, stool wood, pattern wood (En). Emien, ekouk
(Fr).
Origin and geographic distribution Alstonia boonei occurs from Senegal and Gambia
to western Ethiopia and Uganda.
Uses The wood of Alstonia boonei, called alstonia in international trade, is used for light
construction, light carpentry, open boats, moulding, furniture, interior joinery, implements,
boxes, crates, matches, pencils, sculptures, and for veneer and plywood. It is locally popular
for the production of household implements becauseofits good working properties and stability. In Ghanait is used for the famous Asante stools, and in Nigeria for sound boxes of musical instruments of the Yoruba people. The wood is also used as firewood.
The bark of the bole is important in traditional medicine. In local markets in West and Central Africa it is often amongst the most common plant materials sold as crude drugs. A bark
decoction is widely used to treat malaria, typhoid fever, gonorrhoea, yaws, asthma and dysentery, and is also applied to sores, ulcers, snakebites, rheumatic pain and toothache, and as a
galactagogue. A maceration of the bark is taken to treat jaundice, cough and sore throat, and
is applied externally to treat skin complaints. The bark is also used as an anthelmintic. The
latex is applied to snakebites, skin complaints and swellings causedby filaria infections, and
in concoction to treat fever. The leaves are applied topically to reduce oedemas andto treat
sores. The latex has been used as birdlime and as an inferior alternative for rubber. Alstonia
boonei is a useful shadetreefor coffee, tea and bananaplantations.
Production and international trade Although Alstonia timber of Asian origin (mainly
from Indonesia and Malaysia) is important on the international timber market, it is only occasionally exported from African countries, and then probably mostly in mixed consignments
of light-weight timber. Although Ghana exported 64,500 m$ and 19,500 m3 in 2000 and 2001
respectively, and Cameroon 210 m? in 2001, it is of greater importance locally. The bark of
Alstonia boonei is commonly sold on local markets for medicinal purposes. In Yaoundé (Cameroon) the price of the bark varies from 1-3 FCFAper gram, depending on prescription.
Properties The heartwood is creamy white and indistinctly demarcated from the up to 20
cm wide sapwood. The wood darkens upon exposureto light. The grain is straight, occasion-

ally wavy, texture moderately coarse. Growth rings indistinct or absent. The wood has a disagreeable smell when green.
The woodis lightweight. The density is 360-420 kg/m? at 12% moisture content. The shrinkage rates are moderately low, from green to oven dry 3.8—4.0% radial and 5.2-5.4% tangential. The wood dries rapidly, with slight risk of distortion and checking. Oncedry, it is stable.
At 12% moisture content, the modulus of rupture is 48-73 N/mm?, modulus of elasticity
5790-10,500 N/mm?, compression parallel to grain 27-37 N/mm?, shear 6-7 N/mm’?, cleavage
10 N/mm and Janka side hardness 1820 N.
The wood is easy to saw, although the presence of latex may cause clogging of sawblades. The
wood is slightly sticky when freshly sawn due to the latex. The peeling characteristics are
good. Nailing and screwing usually do not cause problems, although the nail- and screwholding capacity may be poor, and glueing, painting and varnishing give good results. The
surfaces produced are generally smooth if sharp cutting edges are used. The steam-bending

properties are poor.
The woodis not durable. It is easily attacked by fungi and very proneto blue stain. It is susceptible to dry-wood borers, powder-post beetles and termites. Consequently, it should be
treated as soon as possible after felling. It is only suited for indoor use, and cannot be used in
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contact with the ground or exposed to the weather. However, it is easy to treat with preservatives, absorbing over 480 kg/m® using open tank or pressure systems.
In tests with mice and rats anti-inflammatory, antipyretic and analgesic properties of Alstonia boonei stem bark have been demonstrated, but it is not efficient in treating malaria. Several alkaloids have been isolated from the bark. One of these is the indole alkaloid echitamine, which showed several pharmacological activities (e.g. hypotensive activity and relaxing
activity of smooth muscles) in animal test models. However, this compound showed only very
limited antiplasmodial effect. The triterpenoids lupeol and o-amyrin, as well as esters of
these compounds have been isolated from stem and root bark; these showed antiinflammatory properties. Alcoholic extracts of the bark (and to a lesser degree of the leaf)
showed a broad-spectrum activity against both gram-negative and gram-positive bacteria, as
well as fungi. The latex may cause blindness.
Adulterations and substitutes The wood of the closely related Alstonia congensis Engl.
is used indiscriminately from that of Alstonia boonei. The wood of both species has similar
uses to that of Triplochiton scleroxylon K.Schum. and Antiaris toxicaria Lesch. In drugstores
Alstonia boonei has been used to adulterate Holarrhena floribunda (G.Don) T.Durand &
Schinz andits latex has been mixed with that of Funtumia elastica (Preuss) Stapf and other
latex-producing species.
Description Large deciduoustree up to 45 m tall, with latex; bole branchless for up to 25
m, up to 100(—140) cm in diameter, fluted at the base or with steep buttresses up to 4(-—8) m
high; bark smooth or rough, usually with large lenticels, greyish or pale brown, inner bark
creamyor pale yellow, with copious latex; crown layered, with branches in whorls. Leaves in
whorls of 4—8, simple and entire; stipules absent; petiole up to 2.5 cm long, flattened and
grooved above, with narrowly triangular colleters at base; blade obovate, 6—20(—25) cm Xx 2.5—
7.5 cm, cuneate to obtuse at base, rounded to shortly acuminate at apex, leathery, glabrous,
many-veined with lateral veins joining near the margin. Inflorescence a terminal, compound,
umbel-like cyme up to 23 cm long; peduncle 2—6(—13) cm long, stout; bracts up to 2.5 mm long.
Flowers bisexual, regular, 5-merous, fragrant; pedicel 2-5(—7) mm long; sepals up to 2(—2.5)
mm long, fused at base, pubescent; corolla cream-coloured or pale yellow, pubescent, with
tube 5-14 mm long, narrowed around the middle, lobes obliquely ovate, 2.5-6 mm long;stamensinserted in upper part of corolla tube, filaments up to 1 mm long, anthers up to 1.5 mm
long; ovary superior, ovoid, pubescent, 2-celled, style slender, 3-8 mm long, ending in pistil
head composedof a basalring, a cylindrical central part and an elongate cleft stigmoid apical
part. Fruit composed of 2 linear follicles 22-57 cm long and 2-4 mm in diameter, densely pubescent, many-seeded. Seeds oblong,flattened, 4.5-6 mm x 1.5—2 mm, brown, with long hairs
up to 2 cm long on the ends. Seedling with epigeal germination; hypocotyl 2.5—-3.5 cm long,
epicotyl 1-2 cm long; cotyledons leafy, persistent for 2-3 months, shortly stalked; first leaves
opposite.
Other botanical information Alstonia comprises about 40 species and has a pantropical
distribution. Only two species are indigenous in Africa, both belonging to section Alstonia.
Alstonia congensis Engl. differs from Alstonia boonei in its usually sessile leaves, glabrous
sepals and glabrous follicles, and also in surface sculpturing of the lower leaf epidermis (stomata concealed below wax chainsin Alstonia boonei, exposed in Alstonia congensis). In much
of the older literature concerning West Africa, the name Alstonia congensis has been erroneously used for Alstonia boone.
Alstonia macrophylla Wall. ex G.Don is occasionally planted as an ornamental in tropical
Africa, e.g. in Sierra Leone, Céte d’Ivoire, Angola and Zimbabwe. It originates from tropical
Asia, where is it a fairly important timber tree and medicinal plant. Its wood is heavier,

stronger and harder thanthatof Alstonia boonei and Alstonia congensis.
Anatomy Wood-anatomical description (AWA hardwoodcodes):
Growthrings: (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: ves-
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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 borderedpits); (62: fibres with distinctly bordered
pits); 66: non-septate fibres present; 68: fibres very thin-walled; (69: fibres thin- to thickwalled). Axial parenchyma: 78: axial parenchyma scanty paratracheal; 86: axial parenchyma
in narrow bandsorlines upto three cells wide; 87: axial parenchyma reticulate; 92: four (3—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 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 cambialvariants: 132: laticifers or tanniferous tubes. Mineralinclusions: (136: prismatic crystals present); (137: prismatic crystals
in upright and/or square ray cells); (141: prismatic crystals in non-chambered axial parenchymacells); (154: more than one crystal of about the samesize per cell or chamber).
(E. Ebanyenle, A.A. Oteng-Amoako & P. Baas)
Growth and development Saplings mayreach 2 m tall in the first year, and 10-year-old
trees of 15 m tall and 25 cm in bole diameter have been recorded in Ghana. Thetree is deciduous at the end of the rainy season. In West Africa trees flower from November to January
and fruit from January to February. Theflowers are pollinated by insects, especially by honey
bees, but also by butterflies, wasps and beetles. The seeds are dispersed by wind. Alstonia
boonei forms endomycorrhizae.
Ecology Alstonia boonei occurs in primary as well as secondary, moist evergreen to dry
semi-deciduous forest up to 1200 m altitude. It is in general a light demander, but tolerates
shade when young. Seedlings are most common in medium-sized to large forest gaps and
abandoned plantations, and are not found in deep shade. Alstonia boonei is less abundant in
regions with high rainfall. It is sometimes found in swampylocations and along streams, but
usually occurs in drier habitats than Alstonia congensis. A comparatively high density of
Alstonia boonei trees indicates former disturbance of the forest cover by humans. Alstonia
boonei regenerates well in forest gaps and abandoned cultivation areas, but in closed forest
and older secondary forest only larger trees are found.
Propagation and planting Germination of seed takes 18-25 days. Immersion in water
for 24 hours or manual scarification enhance germination from about 30% to 85%, whereas
treatments with sulphuric acid and boiling water destroy the seeds. There are about 33,000
seeds per kg.
Management Thetrees coppice readily. They are often damaged by strong winds and
break at the level of the branch whorls.
Harvesting Logsfrequently have brittle heart.
Handling after harvest Thelogs float easily in water, and can be transported by river.
They are very susceptible to insect and fungal attack and should be dried quickly or treated
with preservatives after felling. They are not well suited for rotary peeling because they are
often deeply fluted. The return after sawing is poor, being reduced by the latex canals in the
wood and by the nodes of whorled branches.
Genetic resources Alstonia boonei is widespread and in many regions common, also in
secondary forest, and does not seem to be easily liable to genetic erosion. However, cutting
Alstonia boonei trees for timber and collection of the bark for medicinal purposes may cause
serious threats to local populations. In the Dja biosphere reserve in Cameroon, for instance,
Alstonia boonei is endangered because its bark is much collected to treat malaria, and this is
also the case locally in Ghana. The problem is aggravated by the fact that Alstonia boonei
bark recovers poorly after damage by exploitation. In Senegal Alstonia boonei is completely
protected.
Prospects Alstonia boonei has potential to serve as a substitute of Triplochiton scleroxylon K.Schum., which is an important low-weight timber species in West Africa. However, export prospects are doubtful because of the poor durability and limited uses of the wood. It
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maybe useful as an auxiliary plant in agriculture becauseit is easy to propagate, grows moderately fast and develops a taproot which does not interfere with the superficial root system of
the crop.
The effectiveness of Alstonia boonei and other Alstonia species in the treatment of malaria is
controversial, and more researchis still needed to confirm the claimed medicinalactivities.
Authors F. Palla
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ANOGEISSUS LEIOCARPA(DC.) Guill. & Perr.
Protologue FI. Seneg. tent.: 280, t. 65 (1832).
Family Combretaceae

Chromosome number 2n = 24
SynonymsAnogeissus schimperi Hochst. ex Hutch. & Dalz. (1927).
Vernacular names N’galama, African birch (En). N’galama, bouleau d’Afrique(Fr).
Origin and geographic distribution Anogeissus leiocarpa occurs from Senegal to Eritrea and Ethiopia, south to DR Congo. In Benin thetreeis 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 known as‘basilan’, a term particularly used by the Bambara and Malinké of
the Mandégroupof people. In general the Mandépeople 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 plantis called ‘basilanfini’, ‘fini’ meaning‘cloth, textile’. The colouring agentsof plant origin used in basilan dyeing imparta yellow,
ochre or ochre-red colour to cotton and as the plants used are rich in tanninsthey 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.
(w6l6, 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 Hausapeople 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 success of basilan textiles has led to the development of a modern
basilan industry thanksto 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 dyed first using the basilan technique. The mud reacts with the basilan dye creating a black colour. Several bogolan styles exist. Bambara people draw the patterns with
mud and these turn black whenthey 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 thetissue, black
patterns are formed and fixed into the cloth while the mud washesout 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 whopractise 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 impor-
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tant branch of the craft economy in Mali. Dyeing with Anogeissus leiocarpa has even become
a full-time occupation for many people.
The bark, leaves and roots of Anogeissus leiocarpa also serve for traditional tanning of hides
to leather, particularly those of goats in parts of northern Niger. The leaves colour the leather
yellow. The bark yields a gum used in 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 becomeso scarce that even these useful trees are being sacrificed. The
wood, called ‘kane’ in trade, is hard and muchusedfor 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 wood carvers 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 traditional 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 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 and in northern Niger it is considered the best chewing gum substitute for gum arabic. In Ghana and Nigeria the roots are used and traded as chewing sticks. In Côte d'Ivoire
the fleshy roots are used against labour pains and in Burkina Faso to accelerate wound healing. The seeds have a wide bactericidal and fungicidal activity in humans and animals. Anogeissus leiocarpa is a graceful ornamental avenue and shade tree of the drier regions and
could also be used for reforestation. In Eritrea it is planted to stabilize river banks. In Burkina Faso Anogeissus leiocarpa is 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 wereseekingto 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 these textiles 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 Mali, Burkina Faso and more recently Senegal,
Cote d'Ivoire and Niger have also started producing bogolancloth on a large scale.
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 sourceof professional income, whichis 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 kgof dry leaves in 2004, allowing more than 5000 m? (or 1800 kg) cloth to be
dyed. The total demand for leaves in Ségou is estimated at 6000 kg, corresponding to more
than 20,000 m? dyed cloth. During recent years Bamako exported about 520 t of dyed cloth
annually. This corresponds with 430 t dried leaves, estimated to be about 20% of the total
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quantity used in Mali.
Bark of Anogeissus leiocarpa has been exploited for cosmetic purposes in Burkina Faso since
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 butis rich in derivatives of ellagic acid (2.5-5% of the
dry matter) and contains the polyalcohol sorbitol, terpenoids (a-amyrin, B-amyrin and Bsitosterol) 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-Omethylflavellagic acid, 3,3’-di-O-methylellagic acid, tri-O-methylellagic acid and 3,3’-di-Omethyl-4-B-O-xylopyranosyl-ellagic acid. These derivatives are good antioxidants acting as
scavengers of free radical oxygen and as protectors of DNA from injury by alkylating agents.
They are anti-inflammatory and anti-allergic agents and have anticarcinogenic and antimutagenic activities. Research has shown that the ellagic acid derivatives show an inhibition of certain enzymesof 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 somecosmetic skin creams madein France.
Extracts of stem and root bark andof the leaves showed antifungal activity against a number
of 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 woodis heavy and hard. The heartwood is 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 wavyor interlocked, texture fine. The shrinkage rates are small. The woodairdries slowly but easily, and kiln dryingis rapid. Slight checking and end splitting 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 and is easy to turn and glue, but nailingis difficult. It is rather resistant to powder-post beetles and termites, but not to marine
borers. 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.
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Description Evergreen shrub or small to medium-sized tree up to 15(—30) 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, flakingoff in rectangular patches, fibrous, exuding a dark gum. Leaves alternate to nearly opposite, simple and entire; stipules absent; petiole 1-6 mm long; blade ovate to 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 stalklike, 3-4 mm long; sepals connate into a lobed campanulate cup c. 1 mm high; petals absent;
stamens 10, filaments filiform, 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-fusiform, c. 3
mm X 2 mm.
Other botanical information Anogeissus comprises 8 species, 5 of which occur in tropical Asia, 2 in Arabia and 1 in tropical Africa. The genus seems most closely 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 (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); 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 throughoutthe raycell; 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; 66: non-septate fibres present; 69: fibres thin- to thick-walled; 70:
fibres very thick-walled. Axial parenchyma: (76: axial parenchyma diffuse); 78: axial parenchyma scanty paratracheal; 79: axial parenchyma vasicentric; 98: eight (5-8) cells per parenchyma strand. Rays: 97: ray width 1-8 cells; 109: rays with procumbent, square and upright
cells mixed throughout the ray; 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; 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 bush fires (October-November) it can stay without
leaves for several weeks. Flowering is year-round but most abundantat the beginningof the
rainy season between January and April. The flowers have a strong sweet smell. Fruiting is
most abundant between March and May. Theinfructescences disarticulate when they become
dry and the winged fruits are easily dispersed by wind.
Ecology Anogeissus leiocarpa is found from the driest savanna to 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
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Koro, Houet Province, Burkina Faso).
Management Anogeissus leiocarpa can be pollarded and the tree has someability to coppice. It is very sensitiveto fire.
Diseases and pests Anogeissus leiocarpa is a hardy tree species and no serious diseases

or pests are known.
Harvesting Harvesting of the leaves at the beginning of the flowering period (January—
February) is preferred, but because the tree 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 damageto 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 annualyield of dry leaves is 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 done about 2-4 weeks before use. The
mudis 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
amount of baobab ash-lye added and boiled, or the leaves are just soaked in water without
heating for 2 days. The latter wayis 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 dryingis 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 water is scarce the mudis first removed by rubbing and shaking and
then the cloth is washed with clean water. After drying again, the bogolancloth 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 appliedto the cloth to decorate it with black designs. This can also be repeated several times to obtain a true black. Dyeing with Lanneagives 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, Anogeissusleiocarpa is becoming rarer because land is being cleared for agriculture, wood is collected for
timber and fuel and the seeds aredifficult to germinate.
Prospects At present, dyeing with vegetable dyes, mainly based on the use of Anogeissus
leiocarpa leaves, meets the international demandfor natural products, allowing whole families, among which manyyoung people, to earn a living. Taking into account the importance of
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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 managementof 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 dyerartists
in Ségou (Mali). Such initiatives deserve support and should be undertaken on a muchlarger
scale. However, long-term investmentsare difficult to plan, owing to the fluctuating nature of
international fashion trends.
Authors C. Andary, B. Doumbia, N. Sauvan, M. Olivier & M. Garcia
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BAILLONELLA TOXISPERMAPierre
Protologue Not. bot. 1: 14 (1890).

Family Sapotaceae
Chromosome number 2n = 24
Synonyms Mimusops djave Engl. (1897).
Vernacular names Moabi, African pearwood (En). Moabi (Fr). Muabi(Po).
Origin and geographic distribution Moabi occurs from southern Nigeria to Gabon,
Congo and south-western DR Congo.
Uses Moabi wood is used for joinery and carpentry in exterior applications, e.g. for doors,
windows, garden furniture and marine construction. Its uniform reddish brown colour and
fine grain makeit popular for veneer, furniture, decorative uses and flooring.
The fruit pulp is eaten fresh although it contains latex. The seed kernel contains a fatty oil
that is used in cooking, for cosmetic purposes and in traditional medicine. The oil is applied
as a pomadeto the hair and used in soap manufacture, and it is applied externally to treat
rheumatic pains. The residuesofoil extraction are sometimes used as fish poison. Bark decoctions are used to treat kidney problems, toothache, rachitis, vaginal infections and affections
of the respiratory and digestive tracts. The tree has several ritual uses.
Production and international trade Commercial exploitation of moabi started in the
mid 1960s. In 1960 thetotal trade of logs amounted to 3000 m?, in 1973 already to 47,300 m?
and additionally almost 1000 m® of processed wood. In 2003 Cameroon exported 16,000 m?
processed wood and Gabon 54,000 m?logs.
Moabi bark is regularly sold in markets in Cameroon for medicinal purposes; in 2000 the
amount traded was estimated at 3.2 t. The seed oil is sold on local markets, but no statistics
are available.
Properties Heartwood pinkish brownto reddish brown, fairly distinctly demarcated from
the pinkish white or greyish brown sapwood. The grainis straight to slightly interlocked, texture fine. Wood with satiny lustre on quarter-sawn surfaces. Growth rings moreorless distinct.
The density is 820-940 kg/m? at 12% moisture content. The timber dries slowly, but with care
it seasons without checking and warping. The shrinkage rates are moderate, from green to
oven dry 5.8-6.5% radial and 6.9-8.6% tangential. Slow drying to a moisture content of 10—
12% is neededfor use in joinery or carpentry. Once dry, the woodis stable.
At 12% moisture content, the modulusof rupture is 148-218 N/mm?, modulusofelasticity
15,100 N/mm2, compression parallel to grain 57-84 N/mm?, cleavage 18-24 N/mm and
Chalais-Meudon side hardness 5.6—7.0.
The wood is difficult to work due to the presenceofsilica (0.2-0.3%) and becauseit is hard.
Stellite-tipped sawteeth are needed. The wood glues, nails and finishes well, and has good
steam-bending properties. Painting and varnishing with the principal industrial products do
not cause problems. After steaming for 48-60 hours, rotary peeling and slicing give veneer
and plywoodof satisfactory quality.
Moabi wood is durable. It is resistant to fungi, Lyctus beetles and termites. It is fairly resistant to marine borers. Impregnation by preservatives is difficult or impossible.
The allelopathic compound 3-hydroxyuridine has been isolated from leaves, stems and roots
of moabi; it inhibited the growth of seedlings of some test plants.
Adulterations and substitutes Moabi wood can be confused with that of other Sapotaceae species having heavy and reddish brown wood, particularly mukulungu (Autranella congolensis (De Wild.) A.Chev.), makore (Tieghemella heckelii (A.Chev.) Roberty) and douka
(Tieghemella africana Pierre). The fatty seed oil is similar to that of Tieghemella and shea
butter tree (Vitellaria paradoxa C.F.Gaertn.) and used for similar purposes.
Description Very large tree up to 60(-70) m tall; bole up to 300(-500) cm in diameter,
straight and cylindrical, sometimes swollen in lower part, reaching up to 30 m to the first
branches, without buttresses; bark 4—5 cm thick, surface red-brown to dark grey, deeply lon-
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gitudinally furrowed, red-brown in outer part of section, yellow-pink in innerpart, little fibrous, exuding a sticky latex; crown umbrella-shaped, very large, up to 50 m in diameter,
heavy branches spreading and sinuate; ultimate branches very thick, with numerousscarsof
fallen leaves. Leaves arranged spirally in tufts at the ends of branches, simple; stipules
lanceolate, large, persistent; petiole 3-4 cm long, slender; blade narrowly obovate, 15-30 cm x
5-10 cm, cuneate at base, shortly acuminate at apex, margin entire, initially reddish hairy
below but glabrescent, lateral veins numerous, distinct, curving and joined nearleaf margin.
Flowersin dense fascicles at the ends of branches, bisexual, regular; pedicel 2-38 cm long, pubescent; calyx with 2 whorls of 4 lobes c. 1 cm long, pubescent outside; corolla with c. 2.5 mm
long tube and 8 lobes c. 4 mm long, each lobe with 2 large lateral segments c. 5.5 mm long,
creamy white; stamens8, inserted on the corolla tube in front of the corolla lobes, free, filaments short, 8 larger staminodes alternating with the stamens; ovary superior, long-hairy, 8celled, each cell with 1 ovule, style short. Fruit a large, globose, smooth berry 5—8 cm in diameter, grey-green, becoming greenish yellow whenripe, containing 1—2(—3) seeds in a pale
yellowish pulp. Seeds ellipsoid, slightly laterally compressed, c. 4 cm long, testa thin, smooth
and shining in dorsal part, rough and bullate in ventral part (scar); endosperm thin or absent.
Seedling with epigeal germination, hypocotyl short, 0.5-1.5 cm long, epicotyl 15—26 cm long,
reddish to greyish brown hairy, cotyledons thick, sessile, c. 4 cm X 1 cm, green.
Other botanical information Baillonella comprises a single species and resembles
Tieghemella and Mimusops, thefirst differing in the absenceof stipules and its thicker seed
coat, the latter in its seed with small and basal scar.
Anatomy Wood-anatomical description (IAWA hardwood codes):
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); (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 tm);
27: intervessel pits large (> 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); 33:
vessel-ray pits of two distinct sizes or types in the same raycell; 42: mean tangential diameter of vessel lumina 100-200 um; 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 thin- to thick-walled. Axial parenchyma: (77: axial parenchyma diffuse-inaggregates); 86: axial parenchyma in narrow bandsorlines upto three cells wide; 87: axial
parenchyma reticulate; 93: eight (5-8) cells per parenchyma strand; (94: over eight cells per
parenchymastrand). 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 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 marginal cells; 115: 4-12 rays per mm. Mineralinclusions: 159: silica bodies present;
160: silica bodies in raycells; (161: silica bodies in axial parenchymacells).
(P. Détienne & E.A. Wheeler)
Growth and development Germination takes 1—4 weeks. Shadeis required for germination, and seeds germinate in abundance under or close to mother trees. However, young
plants of 1 m tall are rare as a result of predation by animals, mainly elephants, and the survival rate of moabi seedlings after 18 months is practically nil under the mother tree and very
low (less than 2%) elsewhere. In forest undergrowth seedlings grow 4—5 cm/year. They respond rapidly to opening of the forest cover and direct sunlight, and under these circumstances may grow up to 40 cm/year. In natural forest, moabi trees of 10 cm in stem diameter
have an average annual diameter growth of 1 mm. Whenthetree bole has attained 1 m in
diameter and the crowns have reached or passed the forest canopy, diameter growth is up to
9.5 mm/year. It has been estimated from growth rings and C1, dating that a tree with a bole
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diameter of 1 m was 260 years old and one with a diameter of 2.8 m 600-700 years. In an 11year-old plantation in Ekouk (Gabon) trees grown in full sun showed a mean annual height
growth of 130 cm and under partial shade 165 cm. A dense (570 stems/ha) plantation of 67
years old near Libreville had a mean annual diameter increment of 3.5 mm, with the most
vigorous tree reaching 9 mm; the annual volume increment wasestimated at 4.2 m3/ha, with
an averageclear bole of 15 m and 23% of the trees having a straight and cylindricalbole.
Thetree starts flowering at an age of 50-70 years, when it has reached the light in the upper
storey of the forest, but regular fructification starts still later, when the bole has reached 70
cm in diameter. Fruits are produced annually, but mass production occurs once in 3 years.
About 6000 seeds per tree are produced within a cycle of 3 years; a single tree produced 2460
kg of fruits, including 327 kg of seed kernels.
In Cameroon flowering starts at the end of the long dry season and beginning of the short
rainy season, in February to April. It is accompanied by complete defoliation of the tree; when
the tree does not flower, it maintains part of its foliage. Fruits ripen just before the start of
the long rainy season, from June to August. The fruiting season lasts up to 4 weeks for an
individual tree, but may last 3 months for the whole population. In Gabon moabi fruits becomeripe from December to February. Elephants are the main seed dispersers. They eat the
fruits, and intact seeds can be found in the droppings. It is not necessary for the seeds to pass
through the intestines for germination, but it does accelerate germination slightly. Other
fruit-eating mammals such as giant pouched rats (Cricetomys emini) and monkeys may also
disperse seeds, as well as man.
Ecology Moabi occurs in primary rain forest in humid and warm climates, with a mean
annual temperature of 23-26°C and mean annualrainfall of 1500-38000 mm. It usually occurs
scattered, with about 1 adult tree per 20 ha, but occasionally loose groups of 5—50 trees are
found. Some forests are rich in moabitrees, e.g. Dja forest in Cameroon, with on average 0.6
tree over 70 cm in bole diameterper ha. In Dja forest there is a maximum numberoftrees in
the diameter class 10-40 cm and a secondary maximum at 160-190 cm. At the northern limits of the primary Congolean rain forest in Cameroon large moabi trees are abundant, but
regeneration is absent. Moabi can be foundonall soil types except on marshysoil.
Propagation and planting The germination capacity of fresh seeds is high (> 85%), but
drops rapidly to 5% after 6 weeks of storage due to rapid degradation of the fatty acids. However, fresh seeds stored at 4°C and humid conditionsstill showed a germination rate of about
50% after 11 months.
In the nursery the lower half of the seed is buried, with the scar pointing downwards. The
mortality of seedlings in the nursery is very low. Partial shading is favourable for seedling
development. Under optimal nursery conditions seedlings may reach 35 cm in height after 6
weeks, 45 cm after 3 months and 1.5 m after 18 months. The seedling develops a taproot and
it is recommended to sow into polythene pots. At the beginning of the short rainy season in
Cameroon 4—5-month-old seedlings are planted into the field under the light shade of about
10 retained adult trees per ha. The shade should be removed gradually when a reduction in
diameter growthis observed.
ManagementAtpresent, the only management measure for natural forest is the maintenance of a minimum diameterlimit for exploitation, i.e. 70 cm in Gabon, 80 cm in Congo and
100 cm in Cameroon. The Pygmy people highly value large moabi trees for their fruits and
conflicts arose in Cameroon between the Pygmies and companies entitled by the government
to exploit the forest for timber. This has resulted in a law endowing the village chief with the
power to authorize the cutting of a moabi tree within 5 km distance from village.
Diseases and pests The sapwoodis susceptible to attack by insects and fungi. In felled
logs some of the insects affecting the sapwood (e.g. Platypes and Scolytes spp.) may reach the
heartwood.
Fruits still attached to the tree are attacked by larvae of the beetle Carpophilus sp. and the
moth Mussidia sp. When they reach the embryo, the seed will not germinate; otherwise the
development of the seedling may be strongly retarded. Bush pigs and porcupines eat the
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seeds, and bush pigs and antelopes destroy seedlings while eating the fleshy cotyledons and
young shoots.
Harvesting In Cameroon commercial exploitation of moabi implies the cutting of 90% of
trees above 100 cm in diameter, leaving only poorly shapedtrees. It has been estimated that
after 300 years 84% of the harvested volume is re-established and after 500 years 92%. Sustainable production of moabi in natural forest is therefore not possible. Cutting cycles of 30
years, as often practised, threaten moabi populations seriously.
In Cameroonfruit collection starts in July or August. Pygmy families moveto localities where
clusters of trees are found and stay there for 2-8 weeks. Locally in Gabon people move into
temporary camps in January to February, when the moabitrees are fruiting. The collected
fruits are depulped and the seed kernels dried. After heating the oil is gathered by pressing
with a traditional wooden press. The oil is used domestically or sold. It can be stored for 1-2

years.
Yield The commercial wood volume of individual trees is about 3 m? in trees with a bole
diameter of 50 cm to about 26 m?in trees with a bole diameter of 1.8 m.
In 1992, which was a very good year for fruit production, the yield of oil was estimated at
135-165 1 per adult tree, which was equivalent to 165-200 US$. The price on markets in
Yaoundé and Douala (Cameroon) is more than 3 US$/]1 because demand exceeds supply.
Handling after harvest The sawdust may causeirritation to throat, nose and eyes, and
also dermatitis.
Genetic resources According to the IUCN classification, moabi is vulnerable because of
overexploitation and habitat degradation. The low growth rate and often poor natural regeneration make it even moreliable to genetic erosion or even extinction in forest liable to timber
exploitation.
Prospects Proper propagation and planting techniques have been developed for moabi
and consequently it is possible to include the species in plantation forestry. Although the
growth of planted trees can be faster than in natural forest, timber exploitation can not be
expected within a century. Moabi trees are important for local populations because of their
valuable fruit, and those close to villages should be protected, taking into account that they
start fruiting many decades after germination. Moabi deserves protection also because it is
the largest and perhaps most impressive tree of the African forest.
Authors D. Louppe
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CEIBA PENTANDRA(L.) Gaertn.
Protologue Fruct. sem. pl. 2: 244 (1791)
Family Bombacaceae (APG: Malvaceae)
Chromosome number 2n = 72-88
SynonymsEriodendron anfractuosum DC. (1824).
Vernacular names Kapoktree, silk-cotton tree (En). Fromager, arbre a kapok, ouatier
(Fr). Mafumeira, poilao, mufuma, árvore da sumaúma, kapoc (Po). Msufi (Sw).
Origin and geographic distribution Ceiba pentandraoriginated in the American tropics. Its natural distribution has been obscured by its widespread introduction after about
1500. Although it has been described as introduced by humansin tropical Africa, there is no
historical evidence of such introduction, and there is strong ecological, botanical and cytological evidence that the tree is native to western and central Africa. The dispersal mechanism by
which the tree may have crossed the Atlantic Ocean is uncertain, but the fruits float and
might have been transported by ocean currents. It has been argued that the tree was domesticated in West Africa, from whereit spread to East Africa and Asia. It is now cultivatedall
over the tropics, but mainly in South-East Asia, especially in Indonesia and Thailand. In
tropical Africa the tree appears to be native from Cape Verde eastwards to Chad and southwards to Angola. In addition, there are records of the species in 13 other countries in East
and southern Africa (including South Africa) and the Indian Ocean islands, but the tree has
probably been plantedin all other tropical African countries as well.
Uses Ceiba pentandra has two main uses, being an important source of fibre and of timber. Historically it has been most important as a source of kapok fibre, the floss derived from
the inner fruit wall. Kapok fibre is used for stuffing cushions, pillows and mattresses, and for
insulation, absorbent material and tinder. The use of kapok fibre declined in the late 20century after the introduction of synthetic substitutes. However, there is a renewed interest in
the potential of kapok, using new processing techniques, especially in textile applications.
The fibre may also have potential as a biodegradable alternative to synthetic oil-sorbent materials, due to its hydrophobic-oleophilic properties.
Currently, the main use of Ceiba pentandrais as a source of timber. The wood (trade names:
‘fuma’, ‘ceiba’) is mostly used in plywood manufacturing, but also for making boxes and
crates, and for lightweight joinery. Traditionally, entire trunks are hollowed out as dugout
canoes, and the wood is used for lightweight furniture, utensils, containers, musical instruments, mortars, carvings and similar items. It is suitable for insulation, wooden sandals,
heels, rafts, floats, lifeboats, models, insulation and particle board. The buttresses are made
into doors, table tops, plates and trays.
The wood is suitable for papermaking. Although it has been recorded to be used as fuelwood
in DR Congo, it is not considered very suitable as such, because it only smoulders. The wood
can be used for fumigating huts or clothes. Wood ash is used as kitchen salt and for soap
making. The bark is used for making hut walls and doors and yields a gum and a reddish
brown dye. The leaves and shoots are fodder for goats, sheep and cattle. The leaves, flowers
and young fruits are eaten cooked into sauces. The flowers are visited by bees, producing an
amber-coloured honey with a characteristic taste. Ash from the fruits is locally made into
snuff.
A use that has attracted commercial interest is as a source of seed oil, which has been used in
soap, and pharmaceutical manufacturing. The oil can also be used for illumination, paint
manufacturing and lubrication. It has been used for culinary purposes, but this is not advisable for health reasons. The seed cake is good as feed or as fertilizer. The seeds are eaten
roasted or they are pounded and ground into meal or cooked in soup. They are, however, said
to upset the digestion.
Ceiba pentandra finds wideapplication in African traditional medicine. The root forms part of
preparations to treat leprosy. Pulverized roots and root decoctions are taken against diar-

rhoea and dysentery. Root decoctions are oxytocic. Macerations of the root bark are drunk
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against dysmenorrhoea and hypertension. The root and stem barks are credited with emetic
and antispasmodic properties. Stem bark decoctions are used in mouth washes for treating
toothache and mouth problems, and are taken to treat stomach problems, diarrhoea, hernia,
gonorrhoea, heart trouble, oedema, fever, asthma and rickets; they are also applied on swollen fingers, wounds, sores, furuncles and leprous macules. Bark extracts are considered
emetic; they are drunk or applied as an enema. Macerations of the bark are a cure for heart
trouble and hypertension, and are credited with stimulant and anthelminthic properties. The
powdered bark is applied on wounds. Gum from the barkis an astringent andis usedto treat
diarrhoea and as an abortifacient. The leaves are credited with emollient and sedative properties. They are used against scabies, diarrhoea, fatigue and lumbago, and as analterative,
laxative and abortifacient. Young leaves are warmed and mixed with palm oil to be eaten
against heart problems. Pounded leaves are applied as a dressing on sores, tumours, abscesses and whitlows. Leaf sap is applied on skin infections, and drunk to treat mental illness. Leaf macerations are drunk or used in baths against general fatigue, stiffness of the
limbs, headache and bleeding of pregnant women. Leaf preparations are used as an eye-bath
to removeforeign bodies from the eye. A decoction of the leaves is applied to treat conjunctivitis and wounds in the eye, and is used for bathing and massage to treat fever. In veterinary
medicine a decoction of the leaves is given to treat trypanosomiasis. The flowers are taken to
treat constipation, and flowers and fruits are credited with emollient properties. The powdered fruit is taken with water against intestinal parasites and stomach-ache. Kapokfibre is
used for cleaning wounds. Theseedoil is rubbed in for treatment of rheumatism and applied
to heal wounds.
Ceiba pentandrais planted as a wayside and shadetree. The tree is sometimes left by farmers after clearing the forest for agricultural land, to serve as a shade tree for cultivation of
crops such ascoffee and tea. It is increasingly planted as an ornamentalin subtropical areas.
The kapoktree has sacred significance for local peoples in manyparts of the world, including
tropical Africa, whereit often serves as a tree under which meetingsareheld.
Production and international trade Kapok fibre was an important commercial fibre
before the Second World War, with Indonesia being the most important producer. After the
Second World War, Indonesian production decreased and Thailand became the main producer, but later Indonesian kapok production increased again from less than 30,000 t per
year in the 1960s to about 80,000 t per year in 2000-2004, whereas the annual kapok production in Thailand remainedstable at 40,000—45,000 t, according to FAOstatistics. Most of the
kapok produced is not exported.
In tropical Africa production and trade of Ceiba pentandra historically has centred on the
kapokfibre. In the early 20‘ century, colonial foresters planted the tree widely in West Africa, as well as in East and southern Africa. Plantings were generally made along roads, providing the benefit of shade in addition to fibre production, and only a few orchards were
planted for fibre production, e.g. in Côte d'Ivoire, Burkina Faso and Ghana. During the mid1900s, kapok was a valuable export product for many West African countries, but its importance declined from the 1960s onwards. Currently, production and trade centres on the timber, mainly for plywood production. Plywood manufacturing in Africa expanded from the
1960s as several countries pursued import substitution, and as world demand for plywood
increased rapidly. Commercial use of Ceiba pentandra timber has risen with the decline of
more valuable species. Exploitation relies almost entirely on naturally occurring trees, although recently efforts have been made to establish plantations in Ghana. In both Ghana and
Nigeria Ceiba pentandra is considered a ‘lesser-known’or ‘lesser-used’ species, and its future
use is expected to increase. The wood hasa relatively low value in international markets, but
it 1s an important export product for several African countries. According to recent ITTO statistics Ghana exported 61,000 m? Ceiba pentandra plywood in 2003, at an averageprice of
US$ 293/m?, 54,000 m? in 2004, at an average price of US$ 292/m3, and 37,000 m3 in 2005, at
an average price of US$ 301/m®. Ghana exported comparable volumes of Ceiba pentandra
veneer during these years: 62,000 m® at an average price of US$ 242/m3 in 2003, 52,000 m3 at
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an average price of US$ 271/m? in 2004, and 48,000 m? at an average price of US$ 274/m? in
2005. In 2005 the averageprice of Ceiba pentandra logs in international markets was US$
156/m°, while the export price of sawn wood from Ghana was US$ 246/m?. ‘Ceiba’ was by far
the least expensive veneer for plywood exterior and core stock in Ghana in 2005. In 2006 it
accounted for 19.6% of Ghana’s timberexports, the largest percentage of any of the 87 species
exported that year. Local and national markets for Ceiba pentandra timber are weak; the
average log price in Ghana’s domestic market was US$ 31—55/m? in 2005, while the average
sawn wood price was US$ 53/m?.
Properties The wood is creamy white, streaked with yellow, brown, pink, and/or grey, but
discoloration due to fungal attack is extremely common; the heartwood is not clearly demarcated from the sapwood. The grain is interlocked, sometimes irregular, the texture coarse.
Growth rings are prominent. Thesilica content is low.
The wood is lightweight, with a density of (200—)240-380(-450) kg/m? at 12% moisture content. The density of the wood increases strongly from pith to bark, and varies between trees
from different sites. The wood seasons rapidly, with only slight risks of cupping, springing,
twisting or bending. The rates of shrinkage from green to oven dry are 2.5—3.5% radial and
3.9-6.7(—9.1)% tangential. The dried woodis stable in service, making it ideal for plywood
core stock.
The wood is particularly weak and soft. At 12% moisture content, the modulus of rupture is
26-61 N/mm?, modulusof elasticity 2300-5600 N/mm?, compression parallel to grain 14-26
N/mm?, shear 2-4 N/mm2?, cleavage 4-13 N/mm, Janka side hardness 1060-1110 N, Janka
end hardness 1820-1960 N and Chalais-Meudon side hardness 0.4—1.0. The wood is brittle
whendry.
The wood is difficult to saw cleanly and finish smoothly. Sawn surfaces tend to be woolly, and
sharp cutters are necessary to achieve a smooth, finished surface. The blunting effect on cutting edges is low. Shaping, boring, turning and mortising often tear the grain, but planing
and sanding producefine results. The wood holds nails and screws poorly, and must be glued
for fastening. Fresh logs, if free of insects and fungal decay, are easy to peel into sheets for
plywood manufacturing. The wood can be glued satisfactorily and takes paint very well. It

has been recordedto cause itching in workers handlingit.
The wood has very low durability, being liable to attacks by insects and fungi. It is amongst
the most vulnerable African timbers to termites, Lyctus beetles, and other boringinsects. It is
susceptible to white-rot and blue-stain fungi, but resistant to very resistant against brown
rot. The wood is extremely vulnerable to decay when in contact with the soil. It readily absorbs preservatives: both vacuum-pressure and open tank systems give good penetration and
absorption.
The wood contains cellulose 39%, pentosans 18%, lignin 24% and ash 4%. The solubility in

alcohol-benzeneis 2.7%, in hot water 8.8%. The woodfibre cells are 2 mm long and 30-35 um
wide. Pulp yields are low.
The total dry matter of ripe fruits, by weight, is composed of 48% shell, 21% fibre, 25% seed
and 6% placenta. Kapokfibre cells are (8—)19—22(—35) mm long and (10—)19—20(—30) um wide,
smooth, transparent, cylindrical, with a wide lumen and thin walls. Kapok fibre contains
about 43% a-cellulose, 32% hemicellulose, 13-15% lignin and 1% ash. It is resilient, elastic,
light (8 times lighter than cotton), water-repellent and buoyant (5 times more than cork). In
an uncompressed state, it can support 20-30 times its own weight in water, because when the
fibre is immersed in water, the lumen only partly fills with water and contains many air bubbles. Kapok fibre has a low thermal conductivity and very good sound-absorbing properties. A
disadvantage is its high inflammability, but techniques have been developed to make it nonflammable. In its natural form, kapok fibre cannot be spun, because of the smoothness of the
outer surface. However, techniques have been developed to make spinningpossible. Thefibre
is long-lasting and is not attacked by fungi or pests. White-coloured fibre is preferred. Kapok
fibre is irritating to the eyes, nose and throat, and workers exposed to kapok dust for long
periods may develop chronic bronchitis. People involved in processing of kapok fibre are ad-
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vised to wear protective masks. Because of the irritant fibres and the spreading root system,
the tree is less suitable as shade or wayside tree.
The seeds yield 11-28% oil, with as main fatty acids: palmitic acid (10-16%), stearic acid (2—
9%), oleic acid (49-53%) and linoleic acid (26-29%). The oil resembles cotton-seed oil, but does
not contain gossypol. It does contain cyclopropenoid fatty acids such as malvalic acid (7-8%)
andsterculic acid (3-4%), which cause abnormal physiological reactions in animals. Therefore
the consumption of kapok seeds or seed oil should be discouraged, unless the cyclopropenoid
acids have been chemically removed. Per 100 g the presscake contains approximately: moisture 14 g, protein 26 g, fat 8 g, carbohydrates 23 g, fibre 23 g and ash 6 g. The K content of
the shell is about 3%, and that of the ash 20-23%.
The composition of leaves from Côte d'Ivoire per 100 g dry matter was: energy 486-631 kJ
(116-151 kcal), protein 19.1-26.5 g, fat 2.2-2.7 g, carbohydrate 8.0-8.6 g,fibre 55.1-62.8 g,
Ca 649-1200 mg, Mg 440-452 mg, Fe 7.0-8.3 mg, carotene 22.7—25.5 mg,riboflavin 0.60—0.73
mg and ascorbic acid 148—250 mg.
A root bark extract has shown in-vivo hypoglycaemic activity in rats. Bark extracts have
shownin-vivo and in-vitro anti-inflammatory activity, in-vitro anthelmintic activity, and curare-like activity on anaesthetized cat nerves. Bark decoctions and sesquiterpene lactones
isolated from the root bark have shown antimicrobial activity. Leaf extracts have shown invitro activity against sickle cell anaemia.
Adulterations and substitutes Ceiba pentandra wood is sometimes sold in mixed consignments with that of Bombax buonopozense P.Beauv., but the wood of the latter is darker
and heavier. Ceiba wood is heavier than balsa (Ochroma pyramidale (Cav. ex Lam.) Urb.),
but lighter and weaker than obeche (Triplochiton scleroxylon K.Schum.). It is not as lustrous
as balsa or obeche.
Kapok fibre is obtained from several other African trees, especially Bombax buonopozense
P.Beauv. and Bombax costatum Pellegr. & Vuillet. Fibre obtained from the red silk-cotton
tree (Bombax ceiba L., synonym: Bombax malabaricum DC.) has manyof the qualities of that
of Ceiba pentandra, but is less resilient, has a more brownoryellow colour, and can support
only 10-15 times its own weight in water. For industrial purposes kapok fibre has largely
been replaced by synthetic products, for instance for the production oflife-jackets.
Description Very large, deciduous tree up to 60 m tall, with roots spreading quite horizontally, 10 m or longer, in the upper 40-80 cm of the soil; bole branchless for up to 35 m,
straight, usually cylindrical, up to 200(-240) cm in diameter, usually with large plank-like
buttresses up to 3(-8) m high extending 1-2 m from the bole; bark surface smooth, pale grey,
usually with scattered conical spines 1—-1.5 cm long, inner bark pale to pinkish red with vertical stripes of white or yellowish tissue; crown of emergent trees in the forest spreading and
umbrella-shaped with no lateral branches lower along the bole, crown of trees in more open
vegetation ovoid with lateral branches along much of the bole; branches whorled, dimorphic,
branches usually in whorls of 3, horizontal or ascending, older branches often spiny. Leaves
alternate, digitately compound, with 5—9(—15)leaflets; stipules linear to narrowly triangular,
up to 1 cm long, caducous, leaving scars; petiole (3.5—)5—27 cm long, thickened at base, apex
expanded into an almost circular disk; petiolules up to 3 cm long; leaflets sessile, obovate to
elliptical, (3.5-)5-21 cm x (1-)2-6.5 cm, cuneate at base, acuminate at apex, entire or sometimes slightly toothed at margin, glabrous, pinnately veined with lateral veins in 7-18(-20)
pairs. Inflorescence an axillary fascicle, often on leafless branches, 1—-15-flowered. Flowers
bisexual, 5-merous, regular, strongly but unpleasantly scented; pedicel 2—5(—8) cm long; calyx
campanulate, 9-15 mm x 11-14 mm, lobes rounded to nearly acute, glabrous outside, hairy
inside; petals united at base, oblong-spatulate, 22-46 mm x 6-13 mm, pink, creamyyellow or
white, hairy outside, glabrous inside; stamens 5-15, united at base in a staminal column,
dividing into 5(—6) branches 2.5—5 cm long; ovary semi-inferior, 3-6 mm in diameter, 5-celled,
style 2.5-4 cm long. Fruit a pendulous, oblong-ellipsoid capsule 7.5-30(-60) cm x 3-15 cm,
dehiscing with 5 valves (‘shells’) or indehiscent, smooth-valved, brown when ripe, manyseeded. Seeds almost globose, 4—6 mm in diameter, glabrous, dark brown or black, embedded
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in copious white or greyish floss. Seedling with epigeal germination.
Other botanical information Ceiba comprises about 17 species, most of them occurring
in tropical America. Ceiba pentandrais variable. Sometimes8 varieties are distinguished.
— var. caribaea (DC.) Bakh., occurring in the forests of the American tropics and in West
Africa; very large tree up to 70 m tall, with unforked, buttressed and spiny bole and horizontal branches, leaves narrow, flowering irregular, fruits rather short and broad, dehiscent, fibre grey to white; 2n = 80, 88.
— var. guineensis (Schumach. & Thonn.) H.G.Baker, occurring in savanna woodlands of West
Africa; small to medium-sized tree up to 18 m tall, bole spineless without buttresses, often
forked, branches strongly ascending, leaves broad, flowering annually, fruits elongated
and narrow at both ends, dehiscent, fibre grey; 2n = 72.
— var. pentandra, the cultivated kapok of West Africa and Asia; medium-sized tree up to 30
m tall, bole unbranched, usually spineless, buttresses small or absent, branches horizontal
or ascending, leaves intermediate between the 2 other varieties, flowering annually after
leaf-shedding, fruits short or long, narrowed at both ends or banana-shaped, usually indehiscent, fibre usually white; 2n = 72-84. It would be more appropriate to classify this variety as a cultivar group.
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); 831: vessel-ray pits with much reduced borders to apparently
simple: pits rounded or angular; 35: vessel-ray pits restricted to marginal rows; 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; (68: fibres very thin-walled); 69: fibres thin- to
thick-walled. Axial parenchyma: 77: axial parenchyma diffuse-in-aggregates; 79: axial parenchymavasicentric; (86: axial parenchyma in narrow bandsorlines upto 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. Rays: 98: larger rays commonly 4- to 10seriate; (99: larger rays commonly > 10-seriate); 102: ray height > 1 mm; 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; 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; (138: prismatic crystals in procumbentray cells); 141: prismatic crystals in non-chambered axial parenchyma cells.
(P. Mugabi, A.A. Oteng-Amoako & P. Baas)
Growth and development Without any pre-treatment seeds germinate slowly (less than
10% one month after sowing) and germination may continue for 3-4 months. Bush fire may
cause simultaneous germination of seeds. Growth is relatively fast. Seedlings planted in
Ghana were 29 cm tall 6 weeks after germination, and 63 cm after 51 weeks. The annualincreases in height and diameter during the first 10 years are about 1.2 m and 3—4 cm, respectively. In forest gaps height growth may be 2 m/year. The tree is obligately deciduous, losing
its leaves for 10-14 weeks in the dry season, and it usually flowers annually in the leafless
period. Leafing and flowering periods are more regular in drier parts of the distribution area;
in moisterareas, leafing and flowering periods are highly irregular. The flowers open at night
and are senescent by midday; they are pollinated by bats, but are also visited by moths and
bees. The fruits ripen 80-100 days after flowering, the dehiscent types releasing kapok with
loosely embedded seeds that are wind-dispersed.
Ecology Ceiba pentandra requires abundantrainfall during the vegetative period and a
drier period for flowering andfruiting. It thrives at elevations below 500 m, but it grows up to
altitudes as high as 4000 m. Night temperatures below 17°C retard germination of the pollen
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grains, which limits the area in which the trees can be grownfor the fruit fibre to latitudes
between about 20°N and 20°S, and altitudes below 1500 m. Rainfall should be about 1500 mm
per year. In its area of natural distribution, the average annualrainfall is 750-3000 mm. The
dry period should not have more than 4 months, and in this period a well-distributed rainfall
of 150-300 mm is required. In drier areas, some of the water demand maybe met by groundwater. For best results the tree should be planted on deep, permeable soils without waterlogging. The tree is easily damaged by strong winds, and it does not survivefire.
Ceiba pentandra occurs in rainforest, and in gallery forest in drier areas. It is a pioneer in
secondary forest and riverine forest, and is rarely found in primary forest. It grows fast in
canopy openings caused by disturbance, becoming an emergent in mature stands. In drier
parts of its range, the tree is increasingly rare in natural vegetation, but may be abundant in
settlements and fields in humid to semi-arid zones. In these settings, it may be planted, or

self-sown seedlings may benefit from human protection against livestock and fire. Throughout West Africa, Ceiba pentandra is associated with occupied and abandonedsettlements.
Propagation and planting Ceiba pentandra is usually propagated by seed, although it
can also be grown from cuttings. The 1000-seed weight is 20-100 g. The seeds are easily separated from the fruit floss, in which they are loosely held, by shaking dehiscent fruits in a bag.
Seeds may be stored up to one year in glass or plastic containers at 4°C and 60%relative humidity. Long-term seed storage has not proven successful, because the seed oil goes rancid.
Fresh seeds have germination rates of 90-100% within 3-5 days after sowing, when pretreated by scoring lightly and soaking in water for 24 hours or by soakingin boiling water for
5 minutes. Germination is good in sandy soil with temperatures of 20-30°C. When the young
plants are 12-15 cm tall, they can be exposed to full sunlight. Ceiba pentandra is lightdemanding, and growth is spindly and poor and mortality is high for seedlings and saplings
in shaded locations, including small canopy gaps that close relatively quickly. Young plants
can be grown in a nursery and betransplantedinto the field when they are 4-10 monthsold.
It is recommended, however, to sow directly on land which has been properly cleared for
planting. Ceiba pentandra is easily propagated from cuttings, which should be taken from
orthotropic branches. Trees raised from seeds root deeper than those raised from cuttings, but
develop slower.
Recommended planting distances are 4.5-5 m x 4.5-5 m, with elimination of every second
row after 6 years, to arrive at a spacing of 10 m between rows. Seeds may also be sown at
about 7 m spacing between trees, with an understoreyof crops until the canopy closes, about
5 years after planting. In thefirst 2 years after planting, vegetation must be cleared periodically around saplings. General tending may be necessary in the following years, by cutting
climbers and lianas, and removing dead and diseased trees. Plantations need not be thinned
if planted with 7 m spacing unless intercropped with smaller tree crops.
ManagementCeiba pentandra requireslittle attention, but the soil must be occasionally
weeded andloosened. Fertilizers are not usually applied andthere is no information onfertilizer experiments. Pruning is not required. The tree performs best in locations where the vegetation is actively managed to maintain sunny conditions and to reduce climber burden on the
trees. Coppicing, pollarding and loppingis possible.
In forests in Ghana the numberof trees with a diameter above 90 cm is about 35 per km?. In
natural forests in Côte d'Ivoire and Cameroon average standing volumes of 6-8 m?/ha have
been measured, in Gabon standing volumes were only 0.2—0.6 m*/ha.
Diseases andpests High seedling and sapling mortality may occur in humid climates as
a result of leaf spot, dieback, damping off and anthracnose. These infections are caused by
various fungal pathogens. Tests have shown that leaf spot and anthracnose are caused by
Colletotrichum capsici, whereas Fusarium solani and Lasiodiplodia theobromae were associated with dieback of stem. The most effective fungicides for preventing these infections are
Kocide (Cu-hydroxide, at 6.6 g/l) and Aliette (Aluminum tris(ethyl phosphite), at 5 g/l), although these fungicides retard the growth of seedlings. Ceiba pentandrais a host tree of Cacao Swollen Shoot Virus (CSSV) causing swollen shoot disease in cocoa, a disease which has

72

PROMISING AFRICAN PLANTS

had a devastating effect on cocoa production in Ghana and neighbouring countries. Ceiba pentandraitself shows considerable resistance.
Harvesting Thetree is usually felled above its buttresses, which may necessitate the construction of platforms. To obtain kapokfibre, the fruits are harvested when fully ripe and, in
dehiscent types, before they open. Ripeness is indicated by the fruit colour changing from
green to brown and the surface possibly becoming wrinkled. The fruits are normally harvested by knocking them off the tree before. Trees normally start to bear fruit when they are
3-8 years old.
Yield A tree 70 cm in diameter above the buttresses yields on average 4 m?® of timber, and
trees 100 and 150 cm in diameter abovethe buttresses 9.38 m? and 23 m?®, respectively.
Under optimum conditions a full-grown plantation tree may yield 330-400 fruits per year,
giving 15-18 kgfibre and about 30 kg seed. A satisfactory average annualfibre yield is about
450 kg/ha, whereas about 700 kg/ha is considered very good.
Handling after harvest After the trees have been felled, the woodis liable to attacks by
insects and fungi, and logs must be treated with preservatives, extracted, sawn and dried as
soon as possible.
To obtain kapok fibre, fruits are hulled as soon as possible after harvesting. Drying is carried
out in dry air or with fans in cage-like structures. The seedslie loose in the floss, and therefore de-seeding is easy. They are usually separated from the floss by beating. The quality of
kapok fibre is judged by fibre length, freedom from seeds and foreign matter, moisture content, colour, smell and lustre. Excessive pressure should not be used when kapokis baled for
export as it is likely to destroy the elasticity and diminish the quality of thefibre.
Genetic resources In view of its pantropical distribution, Ceiba pentandra does not seem
to be threatened with genetic erosion. The tree is traditionally protected in many parts of
Africa, and is legally protected in several countries, especially in drier parts of its range.
However, commercial timber harvesting of Ceiba pentandra is considered unsustainable in
some areas, including Côte d'Ivoire and Ghana. The largest kapok germplasm collection is
kept at the Indonesian Tobacco and Fibre Crops Research Institute in Malang (Indonesia)
and contains 180 accessions. Some accessions are held at CNSF (Centre National de
Semences Forestières) in Ouagadougou (Burkina Faso).
Breeding Some work has been done on the selection and propagation of trees with white
floss, indehiscent pods and lacking spines. Microsatellite markers have been developed and
characterized, providing a tool for rapidly generating information on patterns of genetic
variation, gene flow and mating systems.
Prospects Timber industries in Africa have become increasingly reliant upon Ceiba pentandra in recent decades, and use of the tree will probably intensify in the near future as
many African nations have shifted toward less valuable, historically underutilized species.
While Ceiba pentandrahas clear value in plywood manufacture, increased rates of harvesting
should not be accepted uncritically for two main reasons. First, although the use of kapok
fibre has declined in recent decades, this resource has high potential as new processing techniques are being developed. Use of the tree as timber should not preclude developmentof improved fibre industries. Second, in the long term natural regeneration may be insufficient to
sustain increased use as a source of timber, while minimal efforts have been undertaken to
develop plantations in tropical Africa.

Authors C.S. Duvall
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CELOSIA ARGENTEA L.
Protologue Sp. pl. 1: 205 (1753).
Family Amaranthaceae
Chromosome number 2n = 36, 72, 108
Vernacular names Celosia, Lagos spinach, soko, quail grass, cock’s comb (En). Célosie,
célosie argentée, crête de coq (Fr). Amaranto branco (Po). Mfungu (Sw).
Origin and geographic distribution The wide diversity of Celosia argentea in tropical
Africa points to an origin in this region. Celosia argentea is a widespread weed throughout
tropical Africa, from Senegal east to Somalia and south to northern South Africa and the Indian Ocean islands, and a traditional vegetable in West and Central Africa. It is one of the
leading leaf vegetables in south-western Nigeria, where it is known as ‘soko yokoto’ in the
Yoruba language, meaning ‘make husbands fat and happy’. It is extremely important as well
in southern Benin, also popular in Togo, Ghana and Cameroon, and recorded as a vegetable
from several other West and Central African countries. Outside Africa, it occurs in tropical
and subtropical Asia and America. The ornamental forms of Celosia argentea with fasciated
inflorescences (cock’s comb) probably originate from India. These are widely grown as an ornamental in the tropics and subtropics, and in summerin temperate regions.
Uses Celosia is primarily used as a leafy vegetable. The leaves and tender stems are
cooked into soups, sauces or stews with various ingredients including other vegetables such
as onions, hot pepper and tomato, and with meator fish and palm oil. Celosia leaves are tender and break down easily when cooked only briefly. The soup is consumed with the staple
food of maize, rice, cassava or yam. The younginflorescences are also eaten as a potherb.
In Kenya, the Masai use the liquid extract from the leaves and flowers as a bodywash for
convalescents. The whole plant is used as an antidote for snakebites and the roots to treat
colic, gonorrhoea and eczema. In Ethiopia and DR Congo the seeds are used as medicine for
diarrhoea, and in Ethiopia the flowers to treat dysentery and muscle troubles. In China, the
leaves are used as medicine in the treatment of infected sores, wounds and skin eruptions,
and in China and Japan seed extracts have traditionally been used as a therapeutic drug for
eye and hepatic diseases. In India, the leaves mixed with honey are applied to inflated areas
or abscesses, and the seeds are widely used for the treatment of diabetes mellitus. In SouthEast Asia, the flowers are used as medicine for dysentery, haemoptysis and menstruation
problems. In DR Congothe plant is associated with occult and witchcraft beliefs. Celosia can
also be used as a livestock feed. Forms with fasciated, yellow to red inflorescences are widely
grown as a bedding plant in gardens and also used as cut flowers. These are also planted in
Africa.
Production and international trade Celosia is cultivated on small and scattered plots
in home gardens, farmland and urban and peri-urban areas making it difficult to estimate
the cultivated area, but it must amount to thousandsof hectares. It is a vegetable of high
economic value, particularly in the dry season, and commands marketprices similar to those
of amaranth (Amaranthus cruentus L.). In Benin and Nigeria, young celosia plants are sold in
small bundles (0.5-1.0 kg) in main and small street markets. There is no registered international trade, but occasionally small quantities are exported from Nigeria to the United Kingdom and the United States for sales to the resident African communities.
Properties The composition of Celosia argentea per 100 g edible portion is: water 83.8 g,
energy 185 kJ (44 kcal), protein 4.7 g, fat 0.7 g, carbohydrate 7.3 g, fibre 1.8 g, Ca 260 mg, P
43 mg, Fe 7.8 mg (Leung, W.-T.W., Busson, F. & Jardin, C., 1968). It is a dark green leafy
vegetable with a high content of micronutrients, comparable with amaranth (Amaranthus
cruentus). Young leaves harvested 5—7 weeksafter sowing havethebest nutritional value and
are especially rich in Fe, vitamin A and vitamin C. The leaves contain phytic acid (120
mg/100g) and oxalic acid (20 mg/100g). The high oxalic acid content makes the leaves less
suitable for fresh consumption. The composition is strongly influenced by environmental factors, e.g. soil fertility, fertilizer application and age of plant at harvest.
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In tests in India, Celosia argentea seeds reduced blood glucose in alloxan-induced diabetic
rats. Aqueous seed extracts showed antimetastatic and immunomodulating properties in
tests with mice. The acidic polysaccharide celosian isolated from the seeds was found to be a
potent antihepatotoxic agent for chemical and immunological liver injury models in animals.
The antimitotic bicyclic peptides celogentins A-C and moroidin have been isolated from the
seeds, and an antiviral protein has been isolated from the leaves.
Celosia argentea contains red betacyanins and yellow betaxanthins which are beingtested as
food colorants. Several glycopyranosyls have been isolated from celosia, including citrusin C
which has skin depigmentation properties. The seed of Celosia argentea contains a fatty oil
knownas ‘celosia oil’ in India.
Adulterations and substitutes In dishes, leafy vegetables prepared in the same way,
especially amaranths and other Celosia species, can be used as a substitute for Celosia argentea.

Description Erect annual herb up to 2 m tall; stem ridged, glabrous, branches up to 25
per plant, ascending. Leaves alternate, simple, without stipules; petiole indistinctly demarcated; blade ovate to lanceolate-oblong or narrowly linear, up to 15(—20) em x 7(—9) cm, tapering at base, acute to obtuse and shortly mucronate at apex, entire, glabrous, pinnately veined.
Inflorescence a dense, many-flowered spike, at first conical but becomingcylindrical, up to 20
cm long, bracteate, silvery to pink, in ornamental forms completely or partly sterile and in
many colours. Flowers small, bisexual, regular, 5-merous; tepals free, narrowly ellipticaloblong, 6-10 mm long; stamens fused at base; ovary superior, 1-celled, style filiform, up to 7
mm long, stigmas 2-3, very short. Fruit an ovoid to globose capsule 3—4 mm long, circumscissile, few-seeded. Seeds lenticular, 1-1.5 mm long, black and shining, shallowly reticulate.
Other botanical information Celosia comprises about 50 species and occursin all tropical and subtropical regions. Celosia argentea is by far the most popular and most widely cultivated species. There are three major types of Celosia argentea cultivated as vegetable in
Nigeria and Benin: green broad-leaved cultivars called ‘Soko green’; broad-leaved cultivars
with anthocyanin pigmentation of the leaf blades and parts of the stem called ‘Soko pupa’;
and cultivars with deep green narrow leaves with a hard texture and early flowering. ‘ Soko
pupa’ imparts the anthocyanin-red colour into the soup, making it less popular than ‘Soko
green’. Improvedcultivars of ‘Soko green’ with broad pale green leaves are more vigorous.
Ornamental types of Celosia argentea with fasciated inflorescences have been described as
Celosia cristata L. and were later considered as a variety or form of Celosia argentea. They
are tetraploid (2n = 36), rarely 12x (2n = 108), whereas wild plants are usually octoploid (2n =
72) and rarely tetraploid (in India).
Growth and development The seedling emerges 5—7 daysafter sowing. Early vegetative
growth is slow but flowering may occur already 6—7 weeks after sowing. Improved cultivars
have a morerapid early vegetative development but flower later, 12-14 weeks after sowing.
The early flowering of local cultivars or wild types makes them less attractive to consumers
and more amenable to once-over harvesting by uprooting, whereas the improvedcultivars can
be harvested by uprooting as well as by repeated cutting. Flowering is delayed by repeated
cutting of the tender vegetative parts. Pollination is by wind and insects, especially bees and
flies, which visit the flowers regularly. Seed maturity starts from the basal part of the inflorescence and gradually moves upto the tip. Consequently, seeds from the basal parts of the
inflorescence are more vigorous than those from the middle and apical regions. Seeds are mature in 10-20 weeks from sowing and shatter when the inflorescence is dry. They remain
dormant onthesoil surface until the start of the next rainy season.
Ecology Celosia grows well in the lowland humid forest zone at day temperatures of 30—
35°C and night temperatures of 23-28°C and at an altitude up to 1700 m. Growth is greatly
retarded by temperatures below 20°C, consequently it does not grow well in the savanna region of West Africa during the harmattan period. Celosia performs well under partial shade,
especially in dry conditions. Photosynthesis in celosia follows the C3-cycle pathway; therefore
about 60% of full sunlight is adequate for optimal growth, making celosia especially suitable
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for production in shady home gardens.
A well-drained sandy loam soil allows optimum growth, but celosia also grows well on marshy
soils. In Nigeria and Benin it is frequently produced during the dry season in so-called
‘fadama’ cropping systems, i.e. on hydromorphic soils of river banks and seasonally flooded
areas. An additional advantage is that the flooding eliminates the Meloidogyne root-knot
nematode problem. Celosia tolerates moderately saline soils of 25-50 mM NaCl. It is moderately resistant to drought and performs well under low water supply of the dry season, but
severe drought promotes early flowering. The rainfall requirement during the rainy season is
500-1000 mm.
Propagation and planting Celosia is grown on raised beds, ridges or flat beds. It is
propagated by seed, either direct sown or transplanted. The 1000-seed weight is 1.0-1.1 g.
For direct sowing, used for harvesting by uprooting whole youngplants, a seed rate of 6-9 g
per 10 m? is used for sowing in rows or broadcasting. Seed is sometimes mixed with dry fine
sand to obtain an even seed distribution. Direct sowing is prone to excessive use of seed, excessively high plant densities, difficult management, poor vegetative growth andlow yield.
With transplanting, less seed is required. Seed is then first sown in nursery beds and after 2—
3 weeks the seedlings are transplanted. For harvesting by pruning the seedlings are widely
spaced (15 cm x 15 cm on the beds), for once-over harvest by uprooting a spacing of 10 cm x
10 cm is adequate. Compared to direct sowing, transplanting gives more uniform and vigorous plants. Crop management, e.g. weeding and fertilizer application, is also easier using
transplanting; the yield is high and the plant quality is better. Celosia is often grown in
intercropping systems with other vegetables, cassava or yam. For seed production, a number
of plants are set aside after the first harvest. These plants are cut at a lower height to encourage the production of lateral shoots. The seed yield is 200—700 kg/ha.
Management No weedingis required if the land is well prepared before sowing and harvesting is by uprooting. In case of wider planting for repeated harvesting with improved cultivars, 1-2 weedings are needed before the start of flowering. In mixed cropping celosia competes better with weeds than Jew’s mallow (Corchorus olitorius L.), but less so than amaranth. Irrigation is optional during the rainy season. During the dry season, depending on the
severity of heat and evapotranspiration, 2 irrigations per week are recommended, applying a
total of 45 mm water. Celosia tolerates dry soil better than amaranth. It responds well to nutrients; a basal fertilizer treatment is not necessary if it is grown onrich soils. For optimum
vegetative growth on poor or moderately fertile soils, application of complete NPKfertilizer at
a rate of 400 kg/ha in a single dose is needed if the crop is harvested by uprooting, and 600
kg/ha split into two equal applications if the crop is harvested by successive cuttings. Organic
manure, e.g. poultry manure, cow dung or domestic refuse, at a rate of 25—40 t/ha is a suitable alternative for inorganic fertilizers. Organic manure will not only increase growth but
also reduce the population andeffects of root-knot nematodes.
Diseases andpests Celosia is susceptible to several leaf fungi, which can be severe when
air humidity is high and during rainy weather and result in poor leaf quality. Cercospora celosiae causes red-rimmedgrey spots on the leaves. White rust (Albugo bliti) forms white pustules on the underside of the leaves. Other diseases affecting the leaf quality are Alternaria
leaf spot (Alternaria spp.) and charcoal rot (Macrophomina phaseolina, Curvularia spp.),
which cause dark spots on the leaves. Wet rot or stem rot caused by Choanephora cucurbitarum, the main disease of amaranth during the wet season, is sometimes serious in densely
planted celosia. Rhizoctonia solani and Pythium aphanidermatum cause damping-off of seedlings. Celosia is highly susceptible to root-knot nematodes (Meloidogynespp.) causing galls on
roots, unthrifty growth, small and chocolate-coloured leaves as well as reductions in yield of
up to 40%. It is therefore recommended that celosia not be grown continuously and that it not
be followed by other crops susceptible to root-knot nematodes such as okra, gboma eggplant,
Jew’s mallow, lettuce or tomato. Variation in degree of susceptibility to root-knot nematodes
exists among cultivars, but no resistant cultivars have been reported. However, the application of much organic manure reduces the nematode population, as well as annual flooding.
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Caterpillars of Hymenia recurvalis and Psara bipunctalis feed on the leaves. The use of appropriate pesticides can control them. Spraying should start at detection of the caterpillars
and should be applied once a week for three weeks. Grasshoppers and aphids cause minor
damage in celosia.
Harvesting Celosia is harvested either by uprooting or by repeated pruning of the stem
which encourages production of side shoots for further cuttings. Growers at times combine
the two methods, first uprooting as a thinning operation to encourage vigorous growth among
the remaining plants, which are then harvested by repeated cutting. Depending on soil fertility and moisture, the crop is ready for uprooting 4—5 weeks after direct seeding or about 4
weeks after transplanting. Thefirst cutting is carried out at a height of 10-15 cm leaving a
sufficient number of axillary buds for the production of lateral shoots. Subsequent cuttings
are carried out at 2-weekly intervals, allowing 4-5 harvests before the start of flowering.
Flowering is delayed by regular cutting. Traditional cultivars flower earlier than improved
ones andare therefore not suitable for harvesting by repeated cutting.
Yield In an experimentin Nigeria a yield of a well-managed crop harvested by uprooting
was47 t/ha, while repeated cuttings yielded 57 t/ha. Repeated cuttings also resulted in a better quality of the produce and less inedible waste and gave a higher economic return. Although celosia is a productive leafy vegetable, its yields are lower than those of amaranth.
Handling after harvest Harvested plants are bundled and tied after washing of soil
from the roots. They are then sprinkled with water to keep them fresh for marketing. If harvested late in the evening, the plants are spread on a roof overnight and kept fresh by the
night dew. In the market, the plants are tied into small-sized bundles of 0.5-1.0 kg for sale.
They are kept covered by jute cloth and regularly watered. Shelf life of uprooted plants is extended by 2-3 days by keeping the roots in a basin with water.
Genetic resources A collection of Celosia germplasm is maintained at NIHORT, Ibadan,
Nigeria and several workingcollections are maintained elsewhere in West Africa. Celosia
argentea is one of the 24 vegetable species identified by IBPGR in 1979 which show genetic
erosion andare of local importance or rank secondin priority on global scale. Germplasm collections are required for conservation, screening and selection of improved cultivars.
Breeding Limited breeding work has been done on celosia. In Nigeria selections have
been madein local and improved cultivars based on leaf size and shape, and on flowering period. Lines have been selected for low red or purple colouration in the leaves. Completely
green cultivars were selected in Benin and Nigeria and are now generally used. Improved
cultivars are more efficient in terms of leaf production and leaf area per plant than the unselected local cultivars.
Prospects Celosia argentea is a nutritious and easyto cultivate vegetable, important for
southern Nigeria and Benin and with potential for other lowland areas. Improved Nigerian
cultivars are late maturing and suitable for repeated cuttings, and have a high yield under
proper management. Suitable cultivars with rapid early vegetative growth should be selected
for harvesting by uprooting. Breeding and selection work should aim at the development of
cultivars with resistance to diseases and pests, particularly root-knot nematodes. Research
should also focus on the development of adequate cultural practices in sole and intercropping
systems, including irrigation. Simple and cheap storage systems that can be used to prolong
the shelf life of harvested seedlings as well as ensure good leaf quality for marketing are also
required.
Authors Lanre Denton
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CURCUMALONGAL.
Protologue Sp. pl. 1: 2 (1753).
Family Zingiberaceae
Chromosome number 2n = 63
Synonyms Curcuma domestica Valeton (1918).
Vernacular names Turmeric (En). Curcuma, safran pays, safran des Indes (Fr). Curcuma, rizomadosIndios, acafroeira da India, terra merita (Po). Mmanjano (Sw).
Origin and geographic distribution The origin of Curcwma longa is not certain but it
is thought to originate from southern Asia, most probably from India. Curcuma longa does
not occur in a true wild state, although in some regions it appears to have become naturalized. It is a sterile triploid and is thought to have arisen by continued selection and vegetative
propagation of a hybrid betweenthe diploid wild turmerie (Curcuma aromatica Salisb., native
to India, Sri Lanka and the eastern Himalayas) and another closely related tetraploid Curcuma species.
India is considered a centre of domestication and Curcuma longa has been grownthere since
time immemorial. It reached China before the 7century, East Africa in the 8" century and
WestAfrica in the 13 century. It was introduced into Jamaica in the 18" century. At present
turmeric is widely cultivated throughout the tropics, but commercial production is concentrated in India and South-East Asia. In Africa it is cultivated in home gardens in many countries and is for sale in numerous markets.
Uses Curcuma longais cultivated for its rhizome, primarily as a dye source, secondly as a
culinary spice. In West Africa its major use is as a dye to colour products such as tanned
leather, cotton cloth, thread and palm fibres a golden-yellow. Rhizomes are also used in Africa
and Asia as a cosmetic for body and face. They are an auspiciousarticle in all religious observances in Hindu households, and have many other uses in daily life in connection with birth,
marriage, death, and in agriculture. In Asia turmeric is widely used as an important constituent of curry powder (contains up to 25% turmeric). In Western countries, ground turmeric rhizome is widely used in the food industry, in particular as a colouring agent (E 100 in
the European Union) in processed foods and sauces. It is also applied as a colouring agent in
pharmaceuticals, confectionery and textile dyes, and is a cheaper substitute for the true saffron (Crocus sativus L.).
Young shoots and young rhizomes can be eaten fresh as a spicy vegetable. Turmeric oil and
oleoresin find similar applications as the ground spice. In the United States the regulatory
status ‘generally recognized as safe’ has been accorded to turmeric oil (GRAS 3085) and turmeric oleoresin (GRAS 3087). The maximum permitted level of turmeric oil in fragrances is
1%, but it is now rarely used.
Turmeric rhizomes are part of numerous traditional compound medicines used as stomachic,
stimulant and blood purifier, and to treat liver complaints, biliousness and jaundice. Mixed
with warm milk they are used to cure commoncold, bronchitis and asthma. Juice from fresh
rhizomes is applied against many skin infections, while a decoction is effective against eye
infections. Research since the 1970s has found promising pharmaceutical activity against
cancer, dermatitis, AIDS, inflammation, high cholesterol levels and dyspeptic conditions.
Turmeric also has insecticidal, fungicidal and nematicidal properties. In Madagascar ground
rhizomes are mixed with grains to protect them from storage pests. The leaves are used in
preparinga special medicinal bread in Nepal and India.
Production and international trade Curcuma longa enters into international trade
mainly in the form of dried whole rhizomes. Trade in ground turmeric is less important than
it used to be. India is the largest producer, with 400,000 t from 130,000 ha and dominates the
international trade which is estimated at 20,000 t annually. Other producers in Asia include
Bangladesh, Pakistan, Sri Lanka, Taiwan, China, Myanmar and Indonesia. It is also cultivated in the Caribbean, and in Central and South America, with Jamaica, Haiti and Peru
being the most important producing countries. All Asian producers are heavy consumers as
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well and someare even net importers, whereas non-Asian countries export most of their production. Trade in turmeric from Asian countries is mainly routed through Singapore. Leading
importers are Iran, Sri Lanka, most of the Middle East and North African countries. Taiwan
is the main supplier of Japan, whereas Jamaican turmeric goes mainly to the North American market. In the 1980s and 1990s the United States imported about 1850 t turmeric annually, with a value of about US$ 2 million.
Properties Per 100 g edible portion ground turmeric contains approximately: water 11.4
g, energy 1481 kJ (354 kcal), protein 7.8 g, fat 9.9 g, carbohydrate 64.9 g, dietary fibre 21.1 g,
Ca 183 mg, Mg 193 mg, P 268 mg, Fe 41.4 mg, Zn 4.4 mg, vitamin A 0.0 IU, thiamin 0.15 mg,
riboflavin 0.23 mg, niacin 5.14 mg, folate 39 ug, ascorbic acid 25.9 mg (USDA, 2004). On
steam distillation the rhizomes yield 2—7% essential oil, which is orange-red andslightly fluorescent. Its major constituents are the sesquiterpene zingiberene 25% and the ketonic derivatives turmerone 35% and ar-turmerone 12%. Extraction of the rhizome with ethyl alcohol,
acetone or methylene chloride yields 6-10% oleoresin, which contains 35—45% curcumin and
its derivatives demethoxycurcumin and bis-demethoxycurcumin, collectively known as curcuminoids. These compounds give turmeric the characteristic yellow-orange colour (Natural
Yellow No 3 of the Colour Index), the essential oil gives it the typical aroma and flavour. The
contents of the rhizome are very variable and depend onthesite of cultivation, type of cultivar, moment of harvest, method of processing and methodof analysis.
Turmeric is recognized in the dyeing industry as oneof the ‘direct colours’, capable of dyeing
cotton without a mordant. However, as the pigment is extremely sensitive to light, it easily
discolours, and when applied to cotton, wool or silk it is usually used in a weaksolution of
acetic acid or alum. Alkali in the dye bath would impart a reddish hue. In West Africa tamarind pulp is added to the turmeric dye bath, probably to purify the colour and to remove any
red tint.
The essential oil of turmeric is composed mainly of oxygenated monoterpenes, with smaller
quantities of sesquiterpene hydrocarbons and monoterpene hydrocarbons. The relative contribution of individual components to the aroma and flavouris not well known. The aroma of
steam-distilled essential oil differs in character from that of the spice and this is believed to
arise from artefact formation during the distillation process. A monograph on the physiological properties of turmeric oil has been published by the Research Institute for Fragrance Materials (RIFM).
Curry powder usually contains, in addition to turmeric, spices such as coriander, cumin, cinnamon, cardamom, fenugreek, chilli, nutmeg, clove, ginger, pepper and dill. The proportions
of the different ingredients vary with the sort of food being curried, but turmeric and coriander are usually most abundant. Modern medicinal research (in tests with animals such as
rats and mice) has revealed that curcumin and its allies possess anti-oxidant, antiinflammatory and anti-carcinogenic properties. Turmeric can lower lipid peroxidation by
maintaining the activities of anti-oxidant enzymes like superoxide dismutase, catalase and
glutathione peroxidase at higher levels. These enzymes play an importantrole in the regulation of lipid peroxidation (curcumin waseffective in acute as well as chronic models of inflammation). The lipid peroxidation has a main role in inflammations, heart diseases and
cancer. In tests turmeric has also shown antiprotozoal, nematicidal, antibacterial, antivenom,
antiviral and antitumouractivities. In clinical studies promising results were obtained by
oral administration of turmeric to patients with rheumatoid arthritis, respiratory diseases,
peptic ulcers and dyspepsia.
Adulterations and substitutes The early history of Curcuma longa is bound up with
that of saffron, for which it is a much cheaper substitute. In India adulteration of turmeric
itself is a serious problem in local markets and ground turmeric is more vulnerable to such
practice. It is not uncommonto find turmeric powderlocally adulterated with lead chromate,
yellow earth, sand, or cheap talc. However, in the international market, concern over possible
adulteration relates mainly to the mixing of related Curcuma species containing curcuminoid
pigments into turmeric rhizome material. There are three other curcumin-containing species
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that are significant with regard to adulteration: Curcuma xanthorrhiza Roxb., Curcuma aromatica Salisb. (wild turmeric or yellow zedoary) and Curcuma zedoaria (Christm.) Roscoe
(zedoary). In the producing countries of Asia these three species are variously used as a
source of starch, dyes and in folk medicine and as a substitute for true turmeric (not as a
spice but in other applications). Identifying these species by microscopy of ground material is
often difficult, particularly if the starch grains and oleoresin cells have been destroyed by
boiling. Adulteration of Curcuma longa by Curcuma aromatica or Curcuma zedoaria can be
detected from the presence of camphor and camphene, which occur as minor components in
the essential oil of the latter two species.
Description Perennial, erect, strongly tillering herb (often cultivated as an annual), up to
1(-1.5) m tall; rhizome a fleshy complex with an ellipsoid primary tuber c. 5 cm X 2.5 cm,
ringed with the bases of old scale leaves and when mature bearing numerous straight or
slightly curved, cylindrical, branched, lateral rhizomes (called fingers) 5-10 cm x 1—1.5 cm,
the whole forming a dense clump; rhizomes inside and outside bright orange-yellow, young
tips white, with a spicy smell when bruised; roots filiform, tough. Leaves alternate, distichous, simple, with sheaths forming a short pseudostem; petiole 0.5—-10 cm long, broadly
furrowed and narrowly winged; blade oblong-lanceolate, 7-70 cm x 3-18 cm, base cuneate to
rounded, apex acute or acuminate, above dark green, below very pale green, densely studded
with pellucid dots. Inflorescence a terminal spike up to 20 cm long, erect, appearing between
the leaf sheaths; peduncle 3-20 cm long, densely hairy, covered by bladeless sheaths or
scales; bracts elliptical-lanceolate, 5-7.5 cm Xx 2.5 cm, densely hairy, pale green to white.
Flowers in pairs in axils of bracts, bisexual, zygomorphic, 5-6 cm long, opening one at a time;
calyx tubular, short, with 3 unequal teeth; corolla tubular at base, upper half much widened
and with 3 unequal lobes, white; labellum (central staminode) orbicular to obovate, 12—17
mm in diameter, with 2 small lateral lobes and a large emarginate central lobe, white with a
yellow central streak, lateral staminodes 2, elliptical-oblong, c. 1 cm x 6 mm, creamy-white,
functional stamen 1, for larger part connate with staminodes, 5-6 mm x 3 mm, anther with a
broad, curved large spur at base; ovary inferior, 3-celled, with 2 erect glands at top, style
slender, passing between and held by the anther thecae, stigma expanded. Fruit never produced.
Other botanical information Curcuma comprises about 50 species and is native from
India to northern Australia; several species have been introduced in other tropical regions.
The identity of Curcuma longa as a species needs better investigation. In Asia a group of
closely related species is now distinguished solely by the different colours of the bracts, corolla, leaves or rhizomes, but in fact they form a single complex species around Curcuma
longa. In some countries, especially India, several not officially recorded cultivars are distinguished by the names of the localities in which they are grown, some types being preferred for
spice use (e.g. Madras type with up to 3.5% curcuminoid pigments), others for dyeing (e.g.
Alleppey type, with up to 6.5% curcuminoid pigments). A thorough revision is needed to establish reliable cultivar groups and cultivars.
Growth and development During establishment, sprouting of sets of turmeric is completed in 2-4 weeks; this is followed by a period of active vegetative growth. Flowering and
rhizome development start about 5 months after planting. Active rhizome development continues for about 7-10 months, depending upon cultivar and climatic conditions; then the
lower leaves turn yellow and thecropis readyforlifting.
Ecology Turmeric requires warm and moist conditions. It can be cultivated in most areas
of the tropics and subtropics provided rainfall is adequate (1000-2000 mm)orfacilities for
irrigation are available. A well-distributed rainfall of 1200-1400 mm in 100-120 daysis optimal. Cultivation has been extended into areas with over 2000 mm rainfall. Turmeric is
grown upto altitudes of 1200 m in the Himalayan foothills but it performsbetter at altitudes
of 450-900 m. Optimum temperature ranges are 30—35°C during sprouting, 25—830°C during
tillering, 20-25°C during rhizome initiation and 18—20°C during the bulking stage. Turmeric
is grown in varioussoil types, but prefers well-drained, loose andfriable, fertile loam or clay
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loam, with good organic matter status, and a pH of 5—7.5. It cannot stand waterlogging or
alkalinesoils. Gravelly, stony and heavysoils are unsuitable for the development of rhizomes.
As a shade-loving plant it does well in partial shade and can be cropped underfruit trees.
Propagation and planting Turmeric is propagated vegetatively by rhizomes. Mother
rhizomes, whole or cut into pieces, and daughter rhizomes (fingers) are generally used. As
seed material mother rhizomesare better than daughter rhizomes. However, it has also been

stated that large daughter rhizomes sprout better and produce higher yields than mother
rhizomes. Finger rhizomesstore better, are more tolerant of wet soil conditions and can be
planted at a lower density. It is necessary to store rhizomes for 2-3 months from harvest to
planting. This may be done by spreading them thinly under a covering of turmeric leaves or
storing them in heaps undera layerof straw andsoil.
The field should be well prepared by ploughing or digging and turning over to a depth of
about 30 cm, to provide a good tilth. Large quantities of organic manure (farmyard manure,
oilseed cake, green leaves) are usually applied. The optimum is reported to be about 25 t/ha of
cattle manure or compost and 65 kg/ha of N through oilseed cake. Turmeric is generally
planted by one of two methods: the flat-bed method or the ridge and furrow method. Theflatbed methodis generally better, but in sites with excessive or deficient moisture the ridge and
furrow methodis superior, facilitating drainage and irrigation. Ridges should be 20-25 cm
high and 45-50 cm wide and the rhizomesplanted at a distance of 30-40 cm, at a depth of 7.5
cm. A spacing of 25 cm x 25 cm for the flat-bed method is optimal. However, good results have
been obtained at spacings of 30 cm X 15 cm and 15 cm X 15 em. If turmeric is intercropped,
spacing is adjusted accordingly. Planting time depends on cultivar, planting material and
agroclimatic conditions. Rapid multiplication of turmeric has been reported using in vitro
culture of young vegetative buds excised from sprouting rhizomes. Plantlet formation occurred throughout the year without exhibiting the usual dormancy period of field-grown
plants.
Management After planting it is beneficial to mulch with locally available leaves, straw
or sugarcane trash. This practice improves rhizome establishment, suppresses weeds and
increases plant height and rhizomeyield. It is recommended to apply a mulch of green leaves
twice at a rate of 15 t/ha, at planting and 60 days after planting. After-planting care consists
of weeding, irrigation, protection against diseases and pests, and application of fertilizers.
Early weeding may be avoided by the use of 2,4-D as a pre-emergence herbicide. Three to four
hoeings followed by weeding at regular intervals are desirable. Earthing-up may be necessary
about 8 weeksafter planting.
A good soaking of the field at planting is beneficial, followed by a weekly irrigation until
sprouting is completed, after which less frequent watering is required. Turmeric, being an
exhaustive crop, requires heavy manuring for high yield. Under rainfed conditions the application of ammonium sulphate at a rate of 100 kg/ha has been reported to increase yield by
nearly 100%. Response to phosphorus at a rate of up to 175 kg/ha and in combination with
other nutrients has also been reported. Application of potassium significantly increases plant
height, and the numberoftillers, leaves, and mother and daughter rhizomes. Among micronutrients, responses to iron and zinc have been reported (50 kg each of FeSO4 and ZnSOQ,).
However, recommendations of fertilizer application differ widely from place to place.
Diseases and pests Leaf spot or leaf blotch, and rhizome rot are the most important diseases of turmeric. Leaf spot or leaf blotch, caused by Taphrina malucans, is characterized by
the appearanceof spots on both surfaces of the leaves, 1-2 mm in diameter, coalescingfreely.
Infected leaves are distorted, have a reddish brown appearance and soon become yellow. The

disease can be controlled reasonably by Bordeaux mixture, ethion and zineb. Cultivars resistant to the disease are available. Another leaf spot disease is caused by Colletotrichum capsicl, provoking spots of variable size, enlarging to 4-5 cm x 3 cm and frequently coalescing
over most of the leaf, which then dries up. In very severe infestation most leaves dry up, presenting a scorched appearance, resulting in yield losses of more than 50%. The disease can be
checked by spraying Bordeaux mixture once before symptoms appear. Captan and zineb, ap-
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plied at monthly intervals, control the disease adequately. Planting materials should be selected from disease-free areas and treated with an authorized fungicide before planting. Excess shade andintercroppingfavourthe disease.
Rhizomerot caused by Pythium aphanidermatum showsprogressive drying-up of the leaves
of infected plants. The base of the aerial shoots shows water-soaked soft lesions. As the disease progresses infection gradually passes to the rhizomes, which begin to rot and become
soft. The bright orange colour of the rhizomes changes into brown. The disease may be confined to a few isolated plants or may occur in patches. In severe attacks the yield is considerably reduced. One of the effective control methods is eradication and burning of infected
plants. In serious cases it may be advisable to disinfect the soil with an authorized fungicide
(e.g. metalaxyl and mancozeb). Treating the planting material with a fungicide helps preventing the disease. Some cultivars (e.g. ‘Suvarna’ in India) have shownfield tolerance.
Pests of turmeric include shoot borers, leaf-eating insects, sucking insects and nematodes. In
Asia caterpillars of the shoot borer Conogethes punctiferalis (synonym: Dichocrocis punctiferalis) attack the central shoot, causing it to die (dead heart’). Monthly spraying with
malathion controls the insect. In India the hesperiid caterpillar Udaspes folus (‘grass demon’)
is also a serious foliage feeding insect. It is recommended to spray carbaryl, dimethoate or
phosphamidonforits control. In Africa and the South Pacific the scale insect Aspidiella hartii
is a sucking insect infesting rhizomes whilestill in the field. It multiplies on fresh rhizomes
being kept for seed. The infested rhizomes ultimately desiccate. Control is achieved by dipping the seed rhizomes in phosalone, monocrotophos or quinalphos. Two hymenopteran parasites, Physcus sp. and Adelencyrtus moderatus, attack this pest. In Asia the tinged bug,
Stephanitis typica, causes leaf discolouration by sucking the sap. Thrips also suck the leaves,
which then roll up, turn pale and gradually dry up. The nematodes recorded in turmeric include root-knot nematode (Meloidogyne incognita) and burrowing nematode (Radopholus
similis).
Harvesting Turmeric is ready for harvest 7-10(-12) months after planting, when the
lower leaves turn yellow. Harvesting is done by digging. Care should be taken not to damage
the rhizomes and to ensure that the whole clumpis lifted together with the dry plant. Leafy
tops are then cut off, roots and adhering earth removed, and rhizomes are well washed. The
finger rhizomes are separated from the mother rhizome. A few rhizomes may be used fresh
and, except for those that are required for replanting, the remainderare processed.
Yield The average yield of fresh turmeric rhizomes is 17—23 t/ha if the crop is irrigated,
and 6.5-9 t/ha under rainfed conditions. However, yields depend largely upon the cultivar.
Some cultivars are capable of yielding 30—35 t/ha of fresh turmeric rhizomes.
Handling after harvest To develop the attractive yellow colour and the characteristic
aroma, the cleaned rhizomes are cooked in boiling water for 1 hour underslightly alkaline
conditions. The cooked material is dried in the sun for 6-8 days. Hot-air dryers are also used.
Dried rhizomes are polished to smooth their exterior and also to slightly improve the colour.
The polishing can be done in a simple rotating cylindrical galvanized iron drum turned by
hand,or in other types of equipment. A small quantity of turmeric powder sprinkled in during polishing gives the product a good appearance.
In its simplest form, the method used to dye leather in Nigeria is merely to make a paste of
the pulverized turmeric rhizome with water, and rub it well into the tanned hide after lightly
oiling the surface. The hide is then washed with a weak mixtureof lime juice and water, and
dried. In the north-eastern Province of Bornu, the hides to be dyed are notoiled, and the dyestuff is prepared for use by mixing with water and a mineral containing sodium (bi)carbonate.
This mixture turns the hides almost red, but the colour is purified to yellow by washing with
lime juice and water. In Sokoto in north-western Nigeria, cotton cloth is dyed by dipping it
into the dye paste and rubbing the paste well into the cloth with the hands. After a few minutes a piece of tamarind paste is added and the mixture again rubbed in (the tamarind paste
is prepared from entire pods which are soaked in cold water and then gradually warmed in a
vessel over the fire to a temperature that canstill be easily handheld; the soft pulpy mass is
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then wrappedin leaves and kept for use). Then the cloth is taken out, shaken and exposed to
the air for 2-3 minutes while wiping off any adhering moisture. Then the cloth is again
dipped into the dye bath and the mixture again rubbed in for about 5 minutes, after which it
is wiped clean and hung up to dry. Another simple method of dyeing with turmeric, used in
Ethiopia, is to put the cloth to be dyed into a boiling decoction of the turmeric paste. In Asia
turmeric is mostly used for cotton and silk cloth to obtain various shades of golden to orangeyellow. In Europe it was used in wool dyeing, to obtain special shades of golden-yellow in
combination with weld (Reseda luteola L.) and bright scarlet, where turmeric was applied as
a ground-dyefor cochineal (Dactylopius coccus).
Genetic resources A germplasm collection of 500-600 Curcuma longa accessions is
maintained at the NBPGR Regional Station, Thrissur, Kerala, India.
Breeding The average productivity and quality of turmeric are far from satisfactory. Until recently, there has been hardly any work on crop improvement in Curcuma longa, because
conventional methods of breeding are hampered by problems ofsterility. Clonal selection is
now beingapplied to exploit the naturally occurring variation, and mutation breedingis being practised. The major breeding objectives are creating cultivars with high yield and appropriate curcumin content and colour tone, without excessive volatile oil content and with resistance against rhizome rot.
Prospects Curcuma longa is an important food colorant, spice and medicinal plant. The
growing demandfor turmeric as a spice and as a safe food colouring agent in local as well as
international markets indicates that its prospects are good. Crop improvement, agronomic
research and pest management need to be undertaken to obtain high production levels and
good quality. Turmeric is an interesting crop for incorporation in a mixed cropping system
with shrubs and young trees. Studies on the bioactive compounds of the rhizomes have
opened up new possibilities for the use of turmeric in pharmaceutical products. Given the
dominant position of India in both production and trade, it will be difficult for the crop to expand in Africa for the international market. Expansion for local use mayoffer better opportunities.
Authors P.C.M. Jansen
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DALBERGIA MELANOXYLONGuill. & Perr.
ProtologueFI. Seneg. tent.: 227, t. 53 (1832).
Family Papilionaceae (Leguminosae - Papilionoideae, Fabaceae)
Chromosome number 2n = 20
Vernacular names African blackwood, African ebony, African grenadillo, African ironwood, Senegal ebony, zebra wood (En). Grenadille d’Afrique, ébénier du Sénégal (Fr). Grenadilha, pau preto (Po). Mpingo, kikwaju (Sw).
Origin and geographic distribution Dalbergia melanoxylon is widespread from Senegal east to Eritrea, Ethiopia and Kenya, and south to Namibia, Botswana, northern South
Africa and Swaziland. It has been introduced into India and Australia.
Uses The heartwood of Dalbergia melanoxylon (trade names: African blackwood, African
ebony, grenadille d’Afrique, ébéne du Sénégal, ébéne du Mozambique) was already used by
the ancient Egyptians for artefacts and for furniture such as thrones and beds. It is highly
prized for intricate carvings, marquetry and utensils including precision equipment, and is a
favourite wood for musical instruments, especially wind-instruments such asclarinets, oboes,
flutes and bagpipes, becauseof its dark colour, stability and clearness of tone. Violin-makers
use it for the fingerboard, tailpiece, chinrest, scrolls and button. In Africa carvings made from
Dalbergia melanoxylon wood are very popular on tourist markets and fetch high prices. In
these carvings the yellowish white sapwoodis often still present, distinctly contrasting with
the blackish heartwood. The wood is also excellent for turning, and was formerly used for
parquet flooring. Locally it is sometimes used for rafters and poles in construction, and for
implements such as walking sticks, hammers, drumsticks, arrow tips, pestles, cups, plates
and combs. The woodis also used for charcoal production and as firewood, although the flame
is very hot and may damagecookingpots.
The foliage and fruits are browsed by livestock, but not by horses. The flowers are a good
source of nectar for honey bees; the honey is dark amber-coloured and strongly flavoured. The
tree provides good mulch and may improvethe soil by nitrogen fixation. It can be used to

avoid soil erosion becauseof its extensive root system. It is also useful in windbreaksandlive
fences.
In Senegal the stem and root barkis used in traditional medicine to treat diarrhoea in combination with baobab or tamarind fruits. The smoke of burnt roots is inhaled for treatment of
headache, bronchitis and colds. In Sudanpatients suffering from rheumatism are exposed to
the smoke of burnt stems. In East Africa a root decoction is used to prevent miscarriage, as
an anthelmintic and aphrodisiac, and to treat gonorrhoea, stomach-ache and abdominal pain.
A bark decoction or bark powder is used to clean wounds and leaf decoction to relieve pain
in the joints. Leaf sap is taken to treat inflammations in mouth and throat. Bark decoctions
and leaf sap are also ingredients of mixtures used to treat various complaints.
Production and international trade Dalbergia melanoxylon timber is traded on the
international market in small volumes but at very high prices. The export value of semiprocessed African blackwood timber was estimated at US$ 2-3 million in 2002. The main
exporters of African blackwood are Tanzania and Mozambique. The average annual export
volume of African blackwood timber from Tanzania in the period 1990-2000 was 73.5 m°,
mainly in the form of small billets, and in 2000 the average price was US$ 10,900 per m?®. In
1999 it was estimated that 250,000 pieces of carving were exported with a value of US$
970,000. The average annual export of roundwood from Cabo Delgado province in Mozambique (producing about 60% of the total of Mozambique) in the period 1990-2000 was 720 m*.
In the past Senegal, Kenya and Malawi produced considerable amounts of African blackwood,
especially for the carving industry, but stands have been depleted considerably and carvers
often changed to other woods or use African blackwood from Tanzania (in Kenya) or Mozambique (in Malawi). South Africa imports logs as well as carvings for the tourist market, especially from Mozambique. African blackwood is mainly exported to Europe (approximately
70%). Other importers are Asian countries (about 20%) and the United States (10%). The re-
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tail value of the instruments and crafts containing African blackwood was estimated in 2002
at US$ 100 million.
Properties The heartwood is very dark brown to purplish black, sometimes with black
streaks, and sharply demarcated from the yellowish white, c. 1-cm-thick sapwood. The grain
is straight, texture very fine and even. The wood has anoily surface.
The woodis very heavy; the sapwood has a density of about 1180 kg/m? and the heartwood of
1230-1330 kg/m? at 12% moisture content. The woodis very hard, butbrittle andfissile, and
it is said to be often defective. It should be air-dried very slowly and thoroughly for 2—3 years.
The rates of shrinkage from green to oven dry are about 2.9% radial and 4.8% tangential.
Once dry, the woodis very stable in service; the high tolerance to fluctuationsin climatic conditions, together with its oily nature makeit excellent for the manufacture of woodwind instruments.

At 12% moisture content, the modulus of rupture is 186-267 N/mm?, modulus ofelasticity
12,100-20,600 N/mm?, compression parallel to grain 69-75 N/mm?, cleavage 27 N/mm,
Chalais-Meudonside hardness 13-24 and Janka end hardness 17,850 N.
The wood is difficult to saw because of its hardness; sawteeth blunt rapidly and tungstencarbide tipped saws are needed. It is rather difficult to plane, but finishes to a beautiful lustrous surface. Pre-boring before nailing and screwing is needed. The wood responds to tapping for screws almost as well as metals. Metal fittings are protected from corrosion by the
oily wood surface. The gluing properties are fairly good, the staining properties of the sapwood are good.
The heartwood is very durable, but the sapwood is susceptible to powder-post beetle attack.
Contact with fine sawdust produced during processing may cause allergic contact dermatitis
in people working with the wood. The quinonoid constituents (R)- and (S)-4methoxydalbergione have been suggested as causal compounds. Theenergy value of the wood
is very high.
Bark extracts of Dalbergia melanoxylon showed antibacterial and antifungal activities, thus
supporting the traditional application for cleansing wounds.
Adulterations and substitutes The wood of Dalbergia melanoxylon is considered superior for the production of clarinets, and virtually all high-quality clarinets are made from African blackwood. However, historically, other woods have been used, notably cocuswood (Brya
ebenus (L.) DC.) from the West Indies, boxwood (Buxus spp.), ebony (Diospyros spp.), and
sometimes Dalbergia spp. from tropical America.
Description Deciduous spiny shrub or small tree up to 12(—20) m tall, often severalstemmed and much-branched; bole usually short, branchless for up to 2(-3.5) m, often
gnarled and fluted, up to 50(—100) cm in diameter; bark surface whitish to pale grey or greyish brown, thin, smooth but becoming rough andfissured or flaking, inner bark orange-pink;
crownirregular, open; young branches clustered at the nodes, some growing out and others
remaining short and spine-tipped, initially short-hairy but soon glabrescent, whitish grey.
Leaves arranged spirally, imparipinnately compound with 7—13(-17) leaflets; stipules 2-6
mm long, caducous; petiole and rachis almost glabrous; petiolules 1-2 mm long; leaflets alternate to opposite, obovate to elliptical, 1-5(-5.5) cm x (0.5—)1—3(-5) cm, leathery, shorthairy below but glabrescent. Inflorescence a terminal or axillary panicle 2-12 cm long, laxly
branched, short-hairy to almost glabrous, many-flowered. Flowers bisexual, papilionaceous,
4—6 mm long, almostsessile; calyx campanulate, 2—3(—4) mm long, lobes shorter than tube,
lower lobe longest, upper lobes fused; corolla whitish, with obovate standard and clawed
wings and keel; stamens usually 9, fused into a tube, but free in upper part; ovary superior,
with distinct stipe at base, style short. Fruit a flat, elliptical to oblong, papery pod 3-7 cm x
1—1.5(—2) cm, with stipe 3-7 mm long, glabrous, greyish brown, laxly veined, indehiscent, 1—
2(—4)-seeded. Seeds kidney-shaped.
Other botanical information Dalbergia is a large pantropical genus comprising about
250 species. Tropical Asia and tropical America have about 70 species each, continental Africa about 50 and Madagascarslightly over 40.
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Dalbergia hostilis Benth. is a spiny liana or straggling shrub occurring from Guinea Bissau to
DR Congo and Angola. Its wood resembles that of Dalbergia melanoxylon, but is only available in small pieces, which are used for making walking-sticks, handles and small implements. In Central Africa a root decoction is taken to treat gonorrhoea, a maceration of the
spines to treat tuberculosis, and ash of twigs together with palm oil and salt to treat cough. In
Côte d'Ivoire stem pieces are used to treat toothache.
The blackish heartwood of Dalbergia oblongifolia G.Don, a liana occurring from Sierra Leone
to Benin and in Gabon, is also used for walking-sticks, handles and small implements. Leaf
poultices are applied to wounds and burns.
Dalbergia microphylla Chiov. is a slightly spiny shrub distributed in southern Ethiopia, Somalia, Kenya and northern Tanzania. In East Africa the wood is used for building traditional
houses, for agricultural implements, and also as firewood and for charcoal production. Dalbergia microphylla serves in Ethiopia as a shade plant for crops and as forage, and the Pokot
people in Kenya chew the leaves to treat mouth ulcers.
The stems of Dalbergia obovata E.Mey., a liana up to 30 m long or shrub to small tree up to 6
m tall occurring from Tanzania to eastern South Africa, are used for makingtraditional fish-

ing baskets and woven hut walls, and the heavy reddish wood is used for sticks and stools. A
root infusion is administered to treat stomach-ache and toothache. The bark is used to treat
sore mouth in babies, whereas the ash of burnt bark is added to snuff and the bark is also
used for making rope. Dalbergia obovata is an interesting garden ornamental with showy
inflorescences and infructescences. It is browsed by livestock.
The stems of Dalbergia ealaensis De Wild., a large liana from denseforest in Central Africa,
are used in hut construction in DR Congo.
Anatomy Wood-anatomical description (IAWA 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); (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; 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
ring-porous; 47: 5-20 vessels per square millimetre; (48: 20-40 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; (79: axial parenchyma vasicentric); (80: axial parenchyma aliform); (82: axial
parenchyma winged-aliform); 86: axial parenchyma in narrow bands orlines up to threecells
wide; (89: axial parenchyma in marginal or in seemingly marginal bands); 90: fusiform parenchymacells; 91: two 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. Storied structure: 118: all rays storied; 120: axial parenchyma and/or vessel elements storied. Mineral inclusions: 136: prismatic crystals present;
138: prismatic crystals in procumbent ray cells; 142: prismatic crystals in chambered axial
parenchymacells.
(E. Ebanyenle, A.A. Oteng-Amoako & P. Baas)
Growth and development Seedlings require light and regeneration is absent in closed
forest. Regeneration is often plentiful after land clearance in regions where Dalbergia
melanoxylon is common, not only resulting from the establishment of seedlings but also of
coppice shoots and root suckers. Regular fires reduce regeneration considerably. Trees grow
slowly. It has been estimated that trees reach a size large enoughto yield a fair amount of
heartwood only after 70-100 years. However, in natural woodland in Tanzania mean annual

diameter incrementovera period of 4 years was almost 1 cm, and a diameter incrementof 1.5
cm/year has been recorded for cultivated trees. In Malawi Dalbergia melanoxylon trees
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reached an average height of 3 m 7 years after planting, and in Senegal and northern Cameroon 2.8 m, with the highest trees being 4 m tall. In the Casamance (Senegal; annual rainfall
1400 mm) trees were 3 m tall at an age of 45 months. In natural vegetation in Tanzania the
mean tree height was 8.9 m and mean bole diameter 22 cm, with a maximum height of 19 m
and maximum diameter of 68.5 cm. Seedlings develop an extensive root system, which enables survival during the long dry season and during fires. The roots have nodules containing
nitrogen-fixing bacteria. The trees are often multi-stemmed, and the average number of
stems per tree in burned localities is higher than in unburned ones. Trees shed their leaves
during the dry season and new growthstarts at the beginning of the rainy season. Theinflorescences develop just before or together with new flushesof leaves. Flowersare pollinated by
bees. Fruits mature about 7 months after flowering. Trees generally exhibit heavy annual
seed production.
Ecology In East and southern Africa Dalbergia melanoxylon is mainly found as an understorey tree in open miombo woodland, dominated by Brachystegia, Julbernardia and Isoberlinia spp. It is often found on dry, rocky sites and termite mounds, but is most common near
water or in valleys of impeded drainage. It occurs from sea-level up to 1350 m altitude, in
Ethiopia up to 1900 m, in regions with a mean annual rainfall of 700-1200 mm, on loamysandy to clayey soils including black cotton soils. In South Africa Dalbergia melanoxylon prefers clayey, moderately leached, alkaline andslightly sodic soils. Mature trees are fairly fire
tolerant, although the barkis thin (c. 3.5 mm) and soft; young seedlings are very susceptible
to fire. In the Sahel zone in West Africa many Dalbergia melanoxylon trees died during
droughts in the 1970s.
Propagation and planting Dalbergia melanoxylon can be propagated by seed, cuttings
androot suckers. Wildlings are sometimes also collected for planting. Pods should be collected
soon after maturing, when they have turned greyish, to avoid damageby insects. It is difficult
to extract the seeds from the pods; usually the pods are broken into 1-seeded pieces and
soaked in water for about 6 hours before sowing. There are 16,000—42,000 seeds per kg. Normally seeds remain viable for about 6 months, but they store well in a cool and dry place free
from insects. Seeds can be stored for several years at 3°C and 9-12% moisture content. They
germinate 8-20 days after sowing, with a germination rate of 50-60%. Although pretreatment of seeds is not necessary, soaking the seeds in water accelerates germination. Seedlings can best be grown in a mixture of sand and clay. They should remain in the shade during germination, but can be placed in full sun 2 weeks after sowing. The seedlings should be
watered at least once a day for 2 weeksafter initial establishment, and subsequently every 1—
2 days. Seedlings can be raised in pots, but frequent root pruning (every 2—3 weeks) is then
recommended. They can be planted into the field after 4-7 months, when they are 30-35 cm
tall, preferably in the rainy season. In Tanzania 2-year-old stumps comprising 12 cm of root
and 2 cm of stem have been used for planting in the early or middle part of the rainy season,
followed by intensive weeding. Results from tests showed that stumps andseedlings are both
good planting materials with moderate to high survival rates, but after 7.5 years stock raised
from stumps had significantly higher survival rate than seedlings. Root cuttings had very
low survivalrates. Initial spacing is 2—4 m X 2—4 m.
ManagementIn plots in Tanzania naturally growing adult Dalbergia melanoxylon trees
were found at a mean density of 8.5 trees/ha. They tend to grow in clusters. Regeneration is
usually fair under natural conditions whenthere is no burningof the vegetation.
Thorough weeding is important in plantations until the diameter of the root collar is 5 cm.
Medium shade provided by Pinus caribaea Morelet trees resulted in improved bole shape.
Side-pruning promotes the developmentof a clear bole. Trees can be coppiced, but it has been
reported that the coppicing power is reduced by the time trees reach sizes prescribed for exploitation.
In India and western Australia, where Dalbergia melanoxylon has been introduced, it has
become naturalized. In western Australia it behaved as a very aggressive weed and was
quickly eradicated.
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Diseases and pests Somelogs show heart rot caused by fungal infection after fire damage. The logs may be affected by tunnel-boring larvae of cerambycid beetles. Numerous herbivores including large mammals feed on the leaves and youngshoots.
Harvesting In Tanzanialogs of at least 70 cm long and 22 cm in diameter are considered
exploitable by sawmills, but the mean length of logs free from obvious defects processed in
these sawmills is 2 m and the maximum length 8 m. Severe end checking of the log may develop soon after felling; this can be prevented by immediate application of an end coating. The
dry months of May—Septemberare most suitable for logging in Tanzania.
Yield In a comparison between coastal and inland forests in Tanzania, it was shown that
the inland forests have twice as much total wood volume of Dalbergia melanoxylon, i.e. 10
m?*/ha versus 5 m®*/ha for coastal forests. The merchantable volume is, however, much lower:
4.4 m#/ha and 1.7 m*/ha, respectively. Moreover, the wood quality is generally better in African blackwood harvestedin drier inland regions, probably as a result of slower growth.
Handling after harvest The logs usually have a small diameter (less than 40 cm) and
are often bent or twisted. This makes sawing difficult and sawmills generate large amounts of
waste. The recovery rates of African blackwood sawn for export in Tanzania have been rated
at only 9%.
Genetic resources In many regions Dalbergia melanoxylon trees are selectively felled for
their valuable timber. In Senegal Dalbergia melanoxylon is protected by law, but it is still
used for carving. In Mali it is still fairly common, but it has come under pressure becauseof
successive droughts and large-scale felling. In Sudan it was rated as endangered in 2000. In
Kenya commercial stocks of Dalbergia melanoxylon have become almost completely exhausted, and in Tanzania it was considered appropriate to regard the species as threatened,
or at least commercially no longer exploitable in the near future, after a study of prevalence
and standing volume; it is protected by law in Tanzania, but permits can be obtained forfelling. In Malawi it was widespread in lowland areas, but here the human population density is
high and the numberof trees has been reduced considerably in recent years. In Malawi it has
preliminarily been assessed as endangered. It is included in the IUCN Redlist of threatened
species, where it is classified as a lower-risk species but close to threatened. The constant
removalof older and larger individuals with straight boles may result in serious genetic erosion as well as lack of natural regeneration.
Prospects Dalbergia melanoxylon provides one of the most valuable timbers in Africa. Its
wood hasa long tradition of use for artistic objects and is of high economic as well as cultural
value. The international trade in African blackwood timber has been relatively stable for
many decades and there is no immediate cause for concern. However, the declining numbers
of mature trees occurring almost everywhere within the area of distribution of Dalbergia
melanoxylon can only be stopped by developing sustainable methods of harvesting, for which
more research on growth rates and propagation is needed. This important and typical African
plant resource (which is the national tree of Tanzania) should be saved for future generations
of wood carvers and artists. Its high value on the market is on the one hand an incentive to
develop sustainable methods of harvesting, but on the other hand promotesillegal cutting.
Monitoring of the harvest of African blackwood seems warranted, although attempts in 1994
to include it in the CITES lists (Appendix II) failed because of lack of information on the exact
status of the species. It is necessary to involve local people in the development of appropriate
forest management practices. There are already some initiatives to replant Dalbergia
melanoxylon in areas where it has disappeared, e.g. by the African Blackwood Conservation
Project (ABCP) in Tanzania. However, the slow growth makes plantations unattractive from
an economic point of view. Moreover, optimal growth conditions seem to reduce the wood

quality, resulting in lighter-coloured and lower-density heartwood.
Authors R.H.M.J. Lemmens
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ERAGROSTIS TEF (Zuccagni) Trotter
Protologue Boll. Soc. Bot. Ital. 1918: 62 (1918).
Family Poaceae (Gramineae)
Chromosome number 2n = 40
Synonyms Eragrostis abyssinica (Jacq.) Link (1827), Eragrostis pilosa (L.) P.Beauv.

subsp. abyssinica (Jacq.) Asch. & Graebn. (1900).
Vernacular names Tef, teff, teff grass (En). Tef, teff (Fr). Tef (Po).
Origin and geographic distribution Tef originated in northern Ethiopia, where it is
widely cultivated. Details of its domestication are unknown,but it may predate the introduction of wheat andbarley to the region. Tef is perhaps descended from theclosely related wild
Eragrostis pilosa (L.) P.Beauv., which is a tetraploid (2n = 40) annuallike tef, and which has
a cosmopolitan distribution. Grain cultivation of tef has been confined mainly to Ethiopia and
to some extent the highlands of Eritrea. It is also grown in northern Kenya. Small-scale
commercial tef production takes place in South Africa, the United States, Canada, Australia,
Europe (the Netherlands) and Yemen. Tef is grown as a forage grass, for instance in South
Africa, Morocco, Australia, India and Pakistan. It has been introduced experimentally into
other tropical countries, either for its grain or for hay, e.g. in other parts of East Africa and in
southern Africa. It is commonly found as an escape from cultivation.
Uses In Ethiopia and Eritrea tef flour is mainly used to prepare‘injera’, a thin, flat, pancake-like bread, made from dough fermented for 2—3 days. ‘Injera’ is prepared in a range of
sizes and is consumed with various sauces (‘wot’), based on meat or pulses. Tef flour produces
the best quality ‘injera’: pliable, soft with glossy appearance, which does not fall apart under
handlingor stick to the fingers, and has a slightly sour taste. Fenugreek (Trigonella foenumgraecum L.) can be added to tef flour in a small proportion to improve the ‘injera’ flavour. It
also increases the lysine content. Tef flour is also mixed with barley or sorghum flour to make
‘injera’. Other traditional preparations from tef flour include ‘kitta’ (unleavened bread), ‘atmit’ or ‘muk’ (gruel), porridge and local alcoholic beverages. Several recipes that fit Western
tastes have been developed from tef flour particularly in the United States, where it has
found niches in the health food market and as a gourmetfood. Tef flour is used as a thickening agent in a range of products, including soups, stews, gravies and puddings.
In Ethiopia tef straw is used as forage, especially during the dry season. Mixed withclayit is
used as plastering material for local houses and to makebricks, stoves, granaries, beds and
pottery.

Outside Ethiopia tef is mainly grownfor hay (e.g. in South Africa) and as green fodder(e.g. in
Morocco and India). In South Africa it is planted for erosion control, often in mixtures with
Eragrostis curvula (Schrad.) Nees or other grasses.
Production and international trade In 1992-1998 tef was annually cultivated on 1.9
million ha in Ethiopia, which is about 30% of the total acreage of cereals in the country. With
an average annual production of 1.6 million t of grain, tef constitutes 22% of the annual cereal grain production in Ethiopia. Annually, an average of 4 million t of forage (27% of national production) is produced from tef. In Ethiopia tef is grown by smallholders, mainly for
the local market and home consumption. Statistics for 1997/98 and 1998/99 indicate that
1800 t of tef grain was exported each year. Though recent statistics are not available, there is
an export market for this crop in the Middle East, North America and Europe, mainly for
Ethiopian expatriates.
Properties The composition of whole tef grain per 100 g edible portion is: water 11 g, energy 1407 kJ (336 kcal), protein 9.6 g, fat 2.0 g, carbohydrate 73 g, fibre 3.0 g, Ca 159 mg, Mg
170 mg, P 378 mg, Fe 5.8 mg, Zn 2 mg, thiamin 0.3 mg,riboflavin 0.2 mg, niacin 2.5 mg and
ascorbic acid 88 mg (National Research Council, 1996). The essential amino-acid composition
per 100 g edible portion is: tryptophan 146 mg, lysine 273 mg, methionine 246 mg, phenylalanine 474 mg,threonine 334 mg, valine 491 mg, leucine 724 mg and isoleucine 378 mg (FAO,
1970). Tef starch grains are conglomerates of many polygonal simple granules 2—6 um in di-
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ameter. Their amylose content is 25-30%. The Kofler hot stage gelatinization temperature
range is 68°C (onset) — 74°C (peak) — 80°C (conclusion), which is similar to that of other tropical cereal starches, but narrower than that of maize. The viscosity of the starch is considerably lower than that of maize starch, its water absorption index is higher, and its water solubility index lower.
Due to the small size of its grains, tef is almost always made into a whole-grain flour (bran
and germ included), resulting in a high nutrient content. The amino acid composition oftef
flour is favourable andits protein is easily digestible. It is a good source of minerals, particularly Ca and Fe, and tef has been implicated in the low incidence of anaemia in Ethiopia. Tef
does not contain gluten, making it a suitable substitute for wheat in foods for people with
coeliac disease. Several species of yeasts and bacteria are involved in the preparation of ‘injera’, but little is known about their identity and relative importance. In Ethiopia, whitegrained types are preferred for food, but consumption of ‘injera’ from red- or brown-grained
typesis on therise, especially for health-conscious urban people.
Tef straw is preferred by cattle over straw of other cereals, and its quality is comparable to
good natural pasture. Analyses have showna relatively high digestibility (65%), but a relatively low protein content (1.9-5.2%).
Description Annual, tufted grass, up to 150(—200) cm tall, with a shallow, fibrous root
system; stem (culm) usually erect, simple or sparsely branched. Leaves 2-6 per culm, alternate, simple; leaf sheath glabrous; ligule 0.5-1 mm long,ciliate; blade linear, 25-45 cm x 0.1—
0.5 cm, glabrous. Inflorescence a panicle 10-65 cm long, with 10-40 slender primary
branches, very loose with central rachis fully exposed to very compact with central rachis
completely hidden, with 30-1100 spikelets per panicle. Spikelet long-stalked, narrowly oblong, 4-9 mm x 1-3 mm, 2-12(—20)-flowered; florets bisexual; glumes unequal, lanceolate,
acuminate, the lower 1—-2.5 mm long, the upper 1.5-3 mm long; lemma 2-3 mm long, 3veined, scaberulous on the keel and towards the acuminate tip, pale green to dark purple;
palea similar to lemma, but with 2 veins; stamens 3, anthers up to 0.5 mm long, 2-celled;
ovary superior with 2 stigmas. Fruit a caryopsis (grain), ovoid to ellipsoid, 1-1.5 mm x 0.5-1

mm, yellowish-white to deep brown.
Other botanical information Little is known on the biosystematics of Eragrostis, a
large and taxonomically complex genus comprising more than 350 species mainly in tropical
and subtropical regions, of which 14 are said to be endemic to Ethiopia. Tef is the only Eragrostis species cultivated for its grain. The grains of several forage species are sometimes
eaten by humans, mainly as famine food, particularly Eragrostis cilianensis (All.) F.T.Hubb.,
Eragrostis ciliaris (L.) R.Br., Eragrostis curvula (Schrad.) Nees, Eragrostis cylindriflora
Hochst., Eragrostis gangetica (Roxb.) Steud., Eragrostis pilosa (L.) P.Beauv., Eragrostis
tremula Steud. and Eragrostis turgida (Schumach.) De Wild.
Crossability relationships among the species are largely unknown. Hybridization of tef is a
tedious process which is a disincentive to making large numbersof crossing attempts. Eragrostis tef is an allotetraploid of which the diploid progenitors are unknown.
Tef cultivars have been recognized and described based on the colour of the grains andinflorescences, ramification of the inflorescences and thesize of plants. For marketing purposes,
tef is classified on the basis of seed colour: ‘netch’ (white), ‘tikur/ka’y’ (red-brown) and ‘sergegna’ (mixed). The molecular variation as determined using DNA markers (RFLP, RAPD
and AFLP) is not commensurate with the morphological variation.
Growth and development Germination of tef normally takes place in 3—4(—12) days after sowing. In experiments germination was above 90% at temperatures of 15-35°C; no germination occurred at 10°C. A booting stage is not noticeable in tef: the inflorescences emerge
suddenly from the upper leaf sheath without boot formation. The flowers open in the morning
(7-9 am) in response to light and temperature. Tef is predominantly self-pollinating, with a
very low degree of outcrossing (up to 1%), and pollen is set free in the early morning. In the
inflorescence floral maturity starts from the top and progresses downward, whereas in the
spikelet it progresses from the base upward. Seeds mature within a month after pollination.
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The total growth cycle from sowing to maturity is 2-5(—6) months. Tef follows the Ca-cycle
photosynthetic pathway.
Ecology Tef is a very versatile cereal and grows in a wide range of environments, from
sea-level up to 2800 m altitude. The highest yields are obtained at altitudes of 1800-2100 m,
an annual rainfall of 750-850 mm, a seasonal (July—December) rainfall of 450-550 mm and
an average daily temperature range of 15—27°C. Yields decline when the seasonalrainfall
drops below 250 mm, the mean temperature during pollination exceeds 22°C, and when the
growing period drops below 90 days, in which case early-maturing cultivars become necessary. Despite its shallow root system, tef is drought resistant, due to its ability to regenerate
quickly after moderate water stress and to producegrain in a relatively short period. Its rapid
vegetative growth and short life cycle make tef particularly suitable for areas subject to
drought after short rains. Floweringin tef is delayed at long daylengths. In Ethiopia the bulk
of tef production takes place during the main rainy season (‘meher’) between July and November. Tef is mostly grown on Vertisols (dark, heavy clay soils with well-developed horizons)
and Andosols (young, shallow soils, weathered from volcanic ash under humid conditions).
Vertisol-grown tef gives higher yields provided that prolonged waterlogging does not prevail
andsufficient nutrients, particularly N, are available. Farmers usually alleviate the effects of
waterlogging by adjusting their planting date or using surface drainage systems (furrows).
Micronutrient deficiencies can also be limiting factors on Vertisols. Tef is normally grown on
soils of neutral pH, but it has been observed that it tolerates soil acidities below pH 5. Differences exist between cultivars for response to saline conditions. Tef can be found as an escape
from cultivation along roadsides and railway lines, and in dry grassland on sandy loam soils.
Propagation and planting Tef is propagated by seed. There is no seed dormancy and
germination is rapid. The 1000-seed weight is 200-500 mg.A single inflorescence can produce
over 1000 seeds and a single plant over 10,000 seeds. Tef seeds remain viable for several
years provided direct contact with moisture and sunshine is avoided. In Ethiopia centuries-old traditional practices are used in tef production. An oxen-drawn plough (maresha’) is
used to till the land, with 2-5 passes made before sowing. Studies indicate that tef can be
successfully grown under reducedtillage conditions (one ploughingto bring the seeds in contact with the soil) provided non-selective herbicides are used. To enhance germination and
seedling establishment on Vertisols, a firm seedbed is made by trampling with farm animals.
Normally farmers sow tef by broadcasting on a moist, fine seedbed. A seed rate of 15-30
kg/ha is sufficient, but farmers often use 40-50 kg/ha, because it is difficult to distribute the
seed evenly, the viability of farmers’ own seed is reduced, and it helps to suppress weeds at
early stages. The seeds are left uncovered or covered lightly by pulling branches over the field
using oxen. Tef can also be drilled in rows using adjusted machinery. Row planting minimizes
lodging under good growth conditions. Sole cropping is the usual practice, but occasionally
early-maturing tef cultivars are used in intercropping systems, including relay- and alleycropping.
Successful in-vitro somatic embryogenesis and plant regeneration procedures have been developed, using leaf, root or seed material to initiate callus cultures on Murashige and Skoog
medium.
ManagementAfter crop establishment, most farmers control weeds through hand weeding once or twice. Some farmers use herbicides such as 2,4-D to control broadleaf weeds, supplemented with hand weeding to remove grass weeds. Onlight soils the following applications
are recommended: 25—40 kg N and 10-18 kg P per ha; on heavy clay soils 50-60 kg N and 10—
15 kg P per ha. Tef responds to N more than to P, by producingtall plants and large amounts
of biomass; as a result, high N-rates promote lodging. To reducethe risk of lodging, farmers
reduce the N-application or plant tef after pulses with no additional fertilization, and they
delay the planting time so that rains have stopped by heading stage. Rotation of tef with
other cereals, pulses and Niger seed (Guizotia abyssinica (L.f.) Cass.) is common practice in
Ethiopia.
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Diseases and pests A number of diseases (mainly caused by fungi) and pests are known
to attack tef, but only a few are of economic importance, mostly in specific localities and production years. Amongthe diseases, leaf rust (Uromyces eragrostidis), head smudge (Helminthosporium miyaket) and damping off (Drechslera spp. and Epicoccum nigrum) are the most
important. Low plant densities and early sowing reduce the damage causedbyleaf rust and
dampingoff, respectively. Fungicides that control these two diseases have been identified at
experimental level, although there are no knowncases offield applications. Breeding for resistance has not been carried out because of limited genetic variation in resistance and the
sporadic nature and environmentalspecificity of the diseases. No viral or bacterial diseases
are known.
Pests known to attack germinating tef seeds and seedlings include the Wollo bush-cricket
(Decticoides brevipennis), the red tef worm (Mentaxya ignicollis), grasshoppers, ants and termites. The black tef beetle (Erlangerius niger) attacks the inflorescence. Among the weeds,
annual grasses cause the biggest damage. The parasitic weed Striga hermonthica (Delile)
Benth., the recently introduced invasive weed Parthenium hysterophorus L. and the cosmopolitan weed Convolvulus arvensis L. have also become problematic. Hand weeding and crop
rotation, particularly with pulses, are the most common methods in dealing with these weeds
in tef; the use of herbicides is very limited. Stored tef grains are not attacked by storage insects, but rodents can be a problem.
Harvesting Tef is harvested 2-5(-6) months after sowing, when the vegetative parts turn
yellow. Yellowing of the stalk of the spikelet is a good indicator of maturity. If harvesting is
done after physiological maturity, shattering of seed is inevitable, particularly in windy and
rainy conditions. In Ethiopia harvesting starts in November and continues until early January. Harvesting is done by hand using sickles. Farmers cut the plants at ground level, heap
them in thefield and transport them to a threshing ground. When grown for hay, tef can
normally be harvested 9-12 weeksafter sowing.
Yield The average tef grain yield is less than 1 t/ha, but farmers using improvedcultivars
and recommended management practices easily get 1.7—2.5 t/ha. Yields over 2.5 t/ha have
been recorded from several regions in recent extension programmes in Ethiopia. In experiments, grain yields up to 4.6 t/ha have been obtained. Normal straw yields are about 3 t/ha,
but straw yields up to 20 t/ha have been recorded.
Handling after harvest Threshingis carried out by trampling by farm animals. Some
farmers rent combines used for other cereals for threshing. Tef is stored in any locally available storage facility. Because tef is not attacked by storage insects, no chemical protection is
required. Sometimes farmers even mix tef seeds with pulses to protect the latter from weevils. Tef in Ethiopia is traditionally sold in the form of grains, not as flour. The straw is piled
up near farmers’ housesto be fed to animals during the dry season; a small proportion may be
sold.
Genetic resources The Institute of Biodiversity Conservation (IBC), formerly known as
Plant Genetic Resources Center of Ethiopia (PGRC/E), holds 2541 tef accessions collected
from different agro-ecological regions and 1497 accessions acquired through donations and
repatriations. IBC currently has no collection of the wild Eragrostis spp. The majority of the
tef germplasm collections are conserved ex situ; seeds are dried to a moisture content of 3-7%
and stored in laminated aluminium foil bags at —10°C for long-term and at 4°C for short-term
storage. In-situ conservation and enhancement programmes are used in some regions of
Ethiopia, primarily to help farmers maintain crop diversity and to protect major cultigens
from extinction while improving the yield potential. Debre Zeit Agricultural Research Center,
part of the Ethiopian Agricultural Research Organization (EARO), has selected 320
core-accessions that represent the phenotypic diversity of tef for genetic studies and breeding
purposes. Outside Ethiopia, smaller tef collections are held in Brazil (Centro de Pesquisa Agropecuaria dos Cerrados (CPAC), Planaltina; 400 accessions), the United States (Western
Regional Plant Introduction Station, USDA-ARS, Washington State University, Pullman),
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Germany (Federal Centre for Breeding Research on Cultivated Plants (BAZ), Braunschweig;
30 accessions) and Japan (National Institute of Crop Science, Tsukuba; 30 accessions).
Breeding Major breeding work on tef has been going on at Debre Zeit Agricultural Research Center in Ethiopia since the 1960s. The main objectives have been the developmentof
high-yielding cultivars for the major tef-growing agro-ecological zones and the improvement
of resistance to lodging. Conventional breeding has not solved the lodging problem. So far 15
cultivars have been developed throughdirect selection from the landraces and trait recombination. A crossing technique for the crop was developed in 1974 and since then hybridization
of selected parents has resulted in the release of 5 cultivars. The majority of farmersstill
grow landraces. Among the improved cultivars, ‘Magna’ (DZ—01-196), ‘Enatite’ (DZ—01-—354),
‘Dukem’ (DZ—01-974), ‘Tseday’ (DZ—Cr—37) and ‘Ziquala’ (DZ—Cr—358) are the most widely
grown. Genotype-environment interaction is high in tef production, especially due to environmentaleffects on the time to flowering and maturity.
Interspecific hybridization with wild Eragrostis spp. has been tried, but success was obtained
only with Eragrostis pilosa; short-stature and early maturity were the favourable traits
transferred to tef. Eragrostis curvula may potentially provide stalk strength and large seed
size, but hybrids with tef do not set seed. Attempts are being made to construct a genetic
linkage map for tef. Anther/microspore culture and subsequent breeding of double-haploid
cultivars is also being attempted. Inter simple sequence repeats are more promising than
other DNA-based markers for the quantification of genetic diversity and identification of tef
genotypes.

Prospects In Ethiopia the expansion of tef to new production areas has continued unabated, despite farmers being encouragedto cultivate other well-known cereals insteadoftef.
Tef cultivation has expanded to the lowland areas, where sorghum and maize cultivation has
frequently failed due to severe moisture stress. Outside Ethiopia, tef cultivation has started
to a limited extent in the United States and Europe, targeting immigrant Ethiopian communities and its use as a gluten-free substitute for wheat. There is reasonable optimism that, if
investments are madein scientific and developmental research, tef can rise to the status of a
specialty crop in developed nations. Proneness to lodging is the biggest drawback oftef; the
use of appropriate machinery and agronomic practices may be temporarysolutions. In the
long run, biotechnological approaches - using cloned dwarfing genes from othercereals - seem
necessary to arrive at non-lodging tef genotypes in thefield. Increasing the inflorescence:culm
ratio could also be a suitable approach, althoughtef straw is important too. Knowledge of the
influence of environmental factors on the nutritional quality of tef and of variation in feed
quality is still very limited.

AuthorsH. Tefera & G. Belay
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GNETUM AFRICANUM Welw.
Protologue Trans. Linn. Soc. 27: 73 (1869).

Family Gnetaceae
Synonyms Thoa africana (Welw.) Doweld (2000).
Vernacular names Eru (En). Koko (Fr). Nkoko (Po).
Origin and geographic distribution Gnetwm africanumoccurs naturally in the humid
forest zones from Nigeria to the Central African Republic and to Angola.
Uses Fresh leaves of Gnetum africanum and the very similar Gnetum buchholzianum
Engl., both called eru (koko in French), are widely used as a vegetable. They are usually
cooked with meat or fish and occasionally consumed as a salad. Leaves are shredded into thin
strips and are often eaten as part of a mixture in, for example, a groundnut-based stew. To
soften this rather tough vegetable, people often mix it with waterleaf (Talinum triangulare
(Jacq.) Willd.). Shredded leaves can be dried and preserved for later use. The seeds are eaten
in Cameroon and DR Congo.
In Nigeria, eru is used for treatment of piles and high blood pressure and also as medicine
against enlarged spleen, sore throat and as a purgative. In the Central African Republic the
leaves are eaten to treat nausea and as an antidote to arrow poison made from Periploca nigrescens Afzel. In Cameroon the leaves are chewed to mitigate the effects of drunkenness and
they are taken as an enema against constipation andto ease childbirth. They are also used to
treat boils and fungal infections on the fingers. The supple stem is sometimes used as rope.
Production and international trade In trade, consignments of Gnetuwm africanum and
Gnetum buchholzianum are often mixed. Traders will pay more for the thick dark green
leaves of the latter, but much variation is also caused by growing conditions. Most eru is consumed locally, but intensive trade has developed from Cameroon and more recently also from
Gabon and the Central African Republic to meet the large demand in Nigeria. Most eru from
Cameroon, Gabon and the Central African Republic is transported to Idenau, a coastal village
in Cameroon, and from there by boat to Nigeria. Estimates for the annual export of eru leaves
(both species) to Nigeria range between 2500 t and 4000 t. Another major marketing centre is
the Koilo Region in Congo. Other marketing centres in Cameroon are Campo near Kribi for
export to Gabon and the Mfoundi market in Yaoundé. Dried shredded leaves are exported,
mainly from Nigeria to the United States and to a lesser extent from other countries to

France and the United Kingdom.
Properties The composition of Gnetum africanum leaves is probably comparable to Gnetum africanum. The dry matter content of fresh leaves is much higher than for other dark or
medium green leaf vegetables. This gives a feeling of firmness during preparation, hence certain consumers consider eru as a substitute for meat. The leaves of Gnetum africanum are
somewhat thinner and paler than the dark green leaves of Gnetum buchholzianum. Consequently, the content of micronutrients in the latter might be somewhat higher. Eru leaves
contain C-glycosylflavones, including 2"-xylosylisoswertisin and 2"-glucosylisoswertisin, compounds that are only known from these two species; characteristic of Gnetum africanum is
the presence of 2"-O-rhamnoylisoswertisin and apigenin-7-hesperidoside and the absence of
vitexin and 2"-O-glycosylvitexin.
Adulterations and substitutes The leaves of Gnetum africanum can be replaced by
those of the other eru species, Gnetum buchholzianum, or leaves of the shrub Lasianthera
africana P.Beauv., which impart a similar taste to the dish.
Description Dioecious liana up to 10 m long but sometimes longer; branches somewhat
thickened at the nodes, glabrous. Leaves decussately opposite, sometimes in whorls of 3, simple; stipules absent; petiole up to 1 cm long, canaliculate above; blade ovate-oblongto elliptical-oblong, rarely lanceolate, 5-14 cm x 2-5 cm, base attenuate, apex abruptly acuminate,
obtuse or minutely apiculate, entire, thick-papery, glabrous, pale green above, paler beneath,
with 3-6 pairs of strongly curved lateral veins looped near the margin. Inflorescence an unbranched catkin, axillary or terminal on a short branch, solitary but male inflorescences at
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apex of branches often in groups of 3, up to 8 cm long, jointed, peduncle 1—1.5 cm long, with a
pair of scale-like, triangular bracts; male inflorescence with slender internodes and whorls of
flowers at nodes; female inflorescence with slightly turbinate internodes and 2-3 flowersat
each node. Flowers small, c. 2 mm long, with moniliform hairs at base and an envelope; male
flowers with a tubular envelope and exserted staminal column bearing 2 anthers; female
flowers with cupular envelope and naked, sessile ovule. Seed resembling a drupe, ellipsoid,
10-15 mm X 4-8 mm, apiculate, enclosed in the fleshy envelope, orange-red whenripe, with
copious endosperm.
Other botanical information Gnetum comprises approximately 35 species of small
trees, shrubs or most often lianas, found in tropical South and Central America (about 7 species), Africa (2 species) and Asia (about 25 species). They look much like dicotyledonous flowering plants (having opposite leaves with a net venation and cherry-like seeds), although in
fact they are gymnosperms. The 2 African species, which are very similar, have been classified in section Gnetum, subsection Micrognemones. Gnetum africanum has leaves which are
relatively thin and pale green. Its male catkins have slender internodes of equal width from

the base to the tip. Gnetum buchholzianum has thick dark green leaves. The male catkins
havethick internodes widening towardsthe terminalpart.
It was recently proposed that all Gnetum species be transferred to Thoa, except two Asiatic
species, mainly based on seedcoat structure.
Growth and development Both African Gnetum species are lianas with two different
types of stems. The orthotropic ones have small, scale-like leaves and rapidly grow vertically,
reaching the main branches of a tree where they produce plagiotropic stems with fully developed leaves. The orthotropic stem continues climbing until it reaches the canopy where it
branches into several leafy stems. Female plants often show more vigorous growth with
stronger stems than maleplants. This is more obvious in Gnetum africanum than in Gnetum
buchholzianum.
Eru continues to grow during the dry season and new shoots may develop wherethe stem has
been cut or where side shoots have been removed. New shootsare also formed from rhizomes
that spread alongtheforest floor. The distinctly coloured drupe-like seeds are probably dispersed by birds and other animals.
Ecology Eru can be foundin rainforest from sea-level up to 1200 m altitude, and prefers
an annualrainfall of about 3000 mm. It is usually found with other climbers on middle- and
under-storey trees, frequently forming thickets. It can also be found in riverine forest in areas
that are otherwise too dry for the species. Gnetum africanum is mostly found at the periphery
of primary forest and in secondary forest. Today, it is more common than Gnetum buchholzianum, which is mainly found in primary forest, especially near openings created by fallen
trees.

Propagation and planting Experimental plantings for domestication are being made

with both species. Nurseries are now concentrating their efforts on Gnetum buchholzianum
becauseit is preferred by traders and is more vigorous. Moreover, male vines of Gnetum africanum are less appreciated because of their smaller, thinner and paler leaves, and because of
their less vigorous growth. For Gnetum buchholzianum there is no need to harvest only female plants. However, the field trials might show that Gnetum buchholzianum is more difficult to cultivate than Gnetum africanum because the former probably requires more shade
than the latter. In experiments in Cameroon, propagation by seed was difficult because the
seed is reluctant, germination taking one year or more. It is assumed that seeds need pretreatment, such as passing through the intestines of a bird, fruit bat, squirrel or other animal, before they germinate. Seed is normally found only in the tree canopy. Seed collection is
thus far from easy, a further reason why eru is hardly cultivated.
Methods of vegetative propagation using leafy stem cuttings have recently been developed. It
is recommended that leaf blades of cuttings be trimmed in half. Nursery beds under shade
and madeof well-decomposed sawdust or fine river sand can be used for propagation. Ectomycorrhizae assist the roots in absorption of nutrients; the most commonspeciesreported is
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Scleroderma sinnamarense. After about 6 weeks the rooted cuttings are transferred to polythene sleeves, bamboo pots or other containers where they remain for a further 2-3 months.
The soil mixture for these containers consists of 25% sand and some compost, supplemented
with forest soil. Field planting, preferably next to a young tree or shrub, takes place at the
beginningof the rainy season.
ManagementEruisstill mainly collected from wild stands, but farmers often retain it
when clearingfields. If cultivated, farmers need to provide support, e.g. by using commercial
plantations of rubber trees, oil palm and other tree crops. Fences were only found to be successful when there is enough shade, and they are generally too expensive. Fully exposed
plants do not grow well; their leaves are thin and pale green, and traders reject them. In experiments, nutrients, especially nitrogen, have shown a positive effect on growth andrate of
leaf development.
Diseases and pests Mealy bugs are the main pest in the nursery. When eru is grown
along dead poles attacked by termites, these insects will damage adjacent leaves. Diseases
have not been foundto reduce productivity of eru.
Harvesting The current method of harvesting, especially for export trade, is to pull the
stems or branches from trees. This leads to large-scale destruction of natural stands. Occasionally, trees have to be cut to reach leafy stems in the canopy. This is mainly done during
the dry season when the forest is more accessible and whenthereis little work on the farm.
Controlled harvesting, in which only side shoots or parts of stems are collected, is clearly better than destructive harvesting. After controlled harvesting, new shoots may develop where a
stem has been cut or where side shoots have been removed. Preliminary observations indicate
that 3-4 harvests per year are possible, still allowing for substantial regrowth. More frequent
harvesting will result in thin leaves that are considered inferior. The first harvest may take
place 6-9 monthsafter planting. The total lifespan of eru is estimated at over 10 years.
Yield Preliminary observation indicates that in cultivation during thefirst harvest year
the fresh leaf yield may reach 20 t/ha. This may double in subsequentyears.
Handling after harvest Leafy stems remain fresh for at least a week. Stems collected
from the forest are brought to collecting points from where theyare either sold in the local
market or exported. For this trade, whole leafy stems are packed in large bales. Selection
takes place for size and texture of the leaves, and is mainly determined by species. Gnetum
buchholzianum is more popular with consumers and more expensive because its leaves are
generally thicker than those of Gnetum africanum. Leaves are shredded before consumption
or prior to drying.
Genetic resources Eruis hardly cultivated at all at present, but there is massive exploitation of the remaining natural stands, which have almost disappeared in Nigeria and are
becoming scarce in Cameroon, Gabon and the Central African Republic. There is an urgent
need to collect and preserve the diversity found within the two African Gnetum species, preferably throughout their natural range. Accessions need to be evaluated for their agronomic
potential and for their ability to germinate without the need for interventions. A small collection is currently held at the Limbe Botanic Garden, Limbe, Cameroon.

Prospects Alternatives to destructive harvesting of eru should be found. Once the new
methods of propagation and cultivation have been adopted, there will be scope for developmentof eru as a newcrop, for which there is already a high demand and for which anattractive price could be paid. Diversity found between accessionsis considerable, offering scope for
improvement of both quality and productivity. Research work is currently being done at
Limbe Botanic Garden, Limbe, Cameroon.
Authors R.R. Schippers & M.T. Besong
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IRVINGIA GABONENSIS (Aubry-Lecomte ex O’Rorke) Baill.
Protologue Traité Bot. Méd. Phan. 2: 881 (1884).
Family Irvingiaceae

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 Jrvingia 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 Cote 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 made
into 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 andis a good cattle feed. Unlike the fruit pulp of most other /rvingia spp. whichis 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 dyefor cloth.
Irvingia gabonensis is commonly preserved on farms to provide shade for crops, especially
cocoa and coffee. The medicinal uses of Irvingia spp. are many, but it is difficult to assign
them to individual species. Preparations from the bark are rubbed on to the bodyto 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 thelocal forest, but are also commonly imported from Cameroon
and Equatorial Guinea. The wood of 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% and oleic 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 components of the fruit pulp are
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zingiberene and ot-curcumene, ethyl and methyl esters of cinnamic acid, dodecanal and decanol imparting spicy-earthy, fruity and wine-yeast flavour notes. The pulp yields about 75%
juice. Wine produced from it was found to be of good colour, mouthfeel, flavour and general
acceptability.
Heartwood of Irvingia gabonensis and Irvingia wombolu is pale greenish brown or orangeyellow fading to greyish brown; sapwoodis lighter, but not always clearly differentiated. The
grain is straight or interlocked, texture fine to medium.
The wood is 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/mm?, 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?, cleavage 19-34 N/mm. The timberis 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 supplementof 4 g/day of ‘dika bread’ to the diet of type-2 diabetes patients reduced plasma glucose
and lipid levels.
Adulterations and substitutes The kernels of all Jrvingia species are used as a thickener for soups and stews. Groundnuts and okra are used similarly in West and Central Af-

rica.
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 smooth to scaly, grey to yellow-grey,
innerbark yellow, fibrous; crown spherical or taller than wide, dense. Leaves alternate, simple and entire; stipules up to 4 cm long, unequal, forming a coneprotecting the bud, caducous,
leaving an annular scar on the branches; petiole up to 5 mm long; bladeelliptical, 4.5—8 cm x
2—4 cm, base cuneate, apex acuteor 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 whenripe; pulp bright orange, soft, juicy, sweet
to slightly bitter, with a few weakfibres, 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 /rvingia 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 hasedible fruit pulp while that of Irvingia wombolu is
bitter and inedible. Both species are called bush mango: rainy season bush mangofor 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. Becauseof 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, stiff-fibrous 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 flow-
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ering 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. The oil-rich seeds are
eaten raw in the Central African Republic and DR Congo. The woodis 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 throughouttheraycell; 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 andfibres:
61: fibres with simple to minutely bordered pits; 66: non-septate fibres present; 70: fibres very
thick-walled. Axial parenchyma: 85: axial parenchyma bands more than three cells wide; 86:
axial parenchyma in narrow bands orlines up to three cells wide; 93: eight (5-8) cells per
parenchyma strand. Rays: 97: ray width 1—8 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 chambered axial 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 annual rainfall of 2400 mm, 12year-old 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 season is 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
months later. In cultivation in Côte d’Ivoire some trees flower year-round. The flowers are
pollinated by a variety of insects and self-pollination is rare. In the wild trees start fruiting
when 10-15 years old, but planted trees mayfirst fruit after 4 years. After the fruits fall the
pulp rots away quickly. Successful germination in elephant dung is common. Thethicknessof
the kernel wall varies from strong and thick to thin andbrittle. 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 annual rainfall 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 well-drained sites. Often 2—3 trees grow together and in
someareasit is reported to be gregarious. The presenceof Irvingia gabonensisis often associated with former humanhabitation. Treesarefire tender.
Propagation and planting I/rvingia gabonensis is mainly propagated by seed. When
farmers plant 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. Methods of vegetative propagation throughrooting of leafy stem cuttings under mist have been developed, and micropropagation, grafting and marcotting experiments are in progress. Preliminary results show that
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plants from bush mango marcotts can fruit 2-2.5 years after transplanting.
Management Although in most areas Jrvingia gabonensis occurs in wild stands or 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) and fertilization.
Diseases andpests Nodiseases 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 prevent infestation.
Harvesting IJrvingia 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 kernel yields 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 andis ready for
use. If well dried, it can be stored for more than a year. Sometimes womenplace a 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
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 range of Irvingia gabonensis have led to the creation of gene
banks in Cameroon and Nigeria by ICRAF and its collaborative partners in the region.
Irvingia gabonensis is fairly widespread. It does not seem to be in dangerof genetic erosion. It
is classified in the IUCN RedList 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 Cameroon indicates that farmers havetraditionally selected for large fruit and kernel size and easy extractability. ICRAF has started a systematic programmeof domestication
of Irvingia gabonensis. This programmeutilizes 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 and trees 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
expand its market.
Authors Z. Tchoundjeu & A.R. Atangana
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MORINGA OLEIFERA Lam.
Protologue Encycl. 1(2): 398 (1785).
Family Moringaceae
Chromosome number n = 11, 2n = 28
Synonyms Moringa pterygosperma Gaertn. (1791).
Vernacular names Drumstick tree, ben oil tree, horseradish tree (En). Mouroungue, ben
ailée, moringa ailée, pois quénique, néverdié (Fr). Moringa, moringueiro (Po). Mzunze,
mronge, mlonge (Sw).
Origin and geographic distribution Moringa oleifera is indigenous in northern India
and Pakistan. It has been introduced throughout the tropics and subtropics and has become
naturalized in many African countries.
Uses Whereas in Asia the fruits are the most important part of Moringa oleifera, the
leaves are preferred in Africa. The leaves are eaten as a salad, cooked, and in soups and
sauces. In the MascareneIslands it is known as ‘bréde mouroungue’or ‘bréde médaille’. Flowers are sometimes eaten as a vegetable, added to sauces or used to make tea. In Sudan the
flowers are made into a paste by crushing and then fried. The young fruits are eaten as a
vegetable (‘drumsticks’ or ‘batons mouroungue’), older fruits are added to sauces. In West
Africa some health projects fight malnutrition quite successfully by promoting a numberof
measures including the use of Moringa oleifera leaf powder in the diet of children and pregnant and lactating women. The tuberous root cores can be a substitute for horseradish (Armoracia rusticana Gaertn., B.Mey. & Scherb.).
The whole or pounded seeds have long been used to purify water in Sudan, and this practice
is promoted elsewhere in Africa. The seed cake, a residue from oil extraction, can also be used
for water purification.
The fried seeds are eaten in Nigeria and are said to taste like groundnuts. The seeds are
addedlocally to sauces for their bitter taste. The seed oil, knownas ‘Benoilor ‘Behenoil’, can
be used for cooking, in hair-dressing, as a lubricant and in the perfumeindustry as a base for
fragrant volatile compoundsin perfumes. ‘Moringaacid oil’, consisting of fatty acids from the
seed oil, is used as a lubricant and to make soap.
Almost all parts have traditional medicinal applications. Especially the uses as an anodyne,
anthelmintic, antispasmodic and disinfectant (bactericidal, fungicidal) are widespread. The
bark exudes a white to reddish gum (‘Ben gum’ or ‘Moringa gum’) with the properties of tragacanth (Astragalus) oil, which is used for tanning, in calico printing and is sometimes added
to sauces to make them thicker.
Moringaoleifera is used for living fences, in alley cropping and as a sourceof nectar for bees.
The leaves are eaten by livestock, especially goats, camels and donkeys. The seed cakeis considered unsuitable as animal feed because of the high content of alkaloids and saponins and
is mainly used as fertilizer. The soft wood burns smoke-free and yields a blue dye. In India its
pulp has been used to make paper.
Production and international trade In Africa local trade is mainly restricted to the
leaves. In Kenya, some 2000 mostly small-scale farmers produce Moringaoleifera green fruits
for the Asian community. In Tanzania an enterprise has started with the aim of producing oil
and a flocculating agent. There is considerable international trade, mostly from India, in
canned and fresh fruits, oil, seeds and leaf powder, but statistics on the volumes and value
are not available.
Properties Theleafy tips of Moringa oleifera contain per 100 g edible portion: water 78.7
g, energy 268 kJ (64 kcal), protein 9.4 g, fat 1.4 g, carbohydrate 8.3 g, total dietary fibre 2.0 g,
Ca 185 mg, Mg 147 mg, P 112 mg, Fe 4.0 mg, Zn 0.6 mg, vitamin A 7564 IU, thiamin 0.3 mg,
riboflavin 0.7 mg, niacin 2.2 mg, folate 40 ug, ascorbic acid 51.7 mg. The raw fruits contain
per 100 g edible portion: water 88.2 g, energy 155 kJ (87 kcal), protein 2.1 g, fat 0.2 g, carbohydrate 8.5 g, total dietary fibre 3.2 g, Ca 30 mg, Mg 45 mg, P 50 mg, Fe 0.4 mg, Zn 0.4 mg,
vitamin A 74 IU, thiamin 0.05 mg,riboflavin 0.07 mg, niacin 0.6 mg, folate 44 ug, ascorbic
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acid 141.0 mg (USDA, 2003). The dry seeds contain on average: protein 29%, fibre 7.5% and
oil 36-42%: of the total fatty acid content oleic acid 65-75%, behenic acid 9%, palmitic acid
9%, stearic acid 7% and small amountsof lignoceric acid and myristic acid. The oil is clear
and odourless and does not become rancid quickly. Seeds of Moringa oleifera contain a glucosinolate that on hydrolysis yields 4-(a-L-rhamnosyloxy)-benzyl isothiocyanate, an active
bactericide and fungicide. The seeds of Moringa oleifera yield a lower amount (4—5% of dry
weight) of glucosinolate than those of Moringa stenopetala (8-10% of dry weight) and should
therefore be used at a higher dosage. This isothiocyanate gives the crushed seeds the pungent
horseradish smell. Glucosinolates are of interest for human health as their hydrolysis metabolites have both positive (e.g. anti-carcinogenic) and negative (e.g. toxic) effects. The seed
contains a protein (cationic polyelectrolyte) that acts as a flocculant in water purification. It
also contains a non-protein flocculant that is more effective in purifying low-turbidity water.
A numberof compounds with medicinal properties have been isolated. The fruit and leaf contain oxalic acid, the bark moringinine, the stem vanillin, the flower kaempferol and quercetin
andthe root spirochin and pterygospermin.
The wood is white and soft, and has a specific gravity of 0.27.
Adulterations and substitutes Moringa oleifera and Moringa stenopetala (Bakerf.) Cufod. have manycharacteristics in common. Uses as a vegetable and waterpurifier are similar.
They share several medicinal uses and both have high contents of oil in the seeds. Moringa
oleifera has a faster development and yields fruits and seeds quickly. Moringa stenopetala is
better suited to a drier climate; yields of seeds are higher with a higher yield of coagulant.
Moringa peregrina (Forssk.) Fiori, the Ben-oil producer of ancient Egypt, produces seeds with
similar oil content and hasseveral medicinal uses as well.
Description Deciduous to semi-evergreen shrub or small tree up to 10 m tall; trunk up to
45 cm in diameter; bark whitish, grey or pale buff, smooth or rarely rugose, corky; young
shoots purplish or greenish white, puberulous. Leaves alternate, 6.5—60 cm long, 2—3-pinnate,
with 4-6 pairs of pinnae; stipules absent, but petiole with stipitate glands at base; leaflets
elliptical to obovate, 0.5—2(—3) cm x 0.3—1.3(-2) cm, rounded to cuneate at base, apex rounded
to emarginate. Inflorescence a spreading, many-flowered panicle 8-30 cm long. Flowers bisexual, zygomorphic, 5-merous; sepals free, 7-14 mm long, often unequal; petals free, oblongspatulate, 1-2 cm long, unequal, the largest erect, velvety pubescent, white or cream; stamens5, filaments 7-8 mm long, anthers waxy yellow or orange, alternating with 3—5 staminodes; ovary superior, stalked, cylindrical, 3-5 mm long, pink at base, densely hairy, 1-celled,
style slender, glabrous, without stigmatic lobes. Fruit an elongate 3-valved capsule 10-50 cm
long, 9-ribbed, brown when ripe, many-seeded. Seeds globose, 1—1.5 cm in diameter, with 3
thin wings 0.5—2.5 cm long.
Other botanical information Moringais the only genus of the Moringaceae, a family
related to Brassicaceae. It comprises 13 species, of which 8 are endemic to the Horn of Africa.
Moringa oleifera is most closely related to Moringa concanensis Nimmo (also from India) and
Moringa peregrina (Forssk.) Fiori (from the region around the Red Sea, the Horn of Africa,
Yemen and Oman). These 3 species share a slender tree habit and the zygomorphicflowers.
Growth and development Germination rates for fresh seeds are around 80%, going
down to about 50%after 12 months storage, but no seeds survive 2 years of storage. Initially
the tree grows at a remarkable rate; 3-4 m growth in a year is not unusual. Young trees
raised from seed start flowering after 2 years. In trees grown from cuttings the first fruits
may be expected 6-12 monthsafter planting. Flowering often precedes or coincides with the
formation of new leaves. In Nigeria flowering occurs throughout the year.
Ecology Moringa oleifera grows well at lower elevations. In East Africa it is found up to
1350 m altitude, but its adaptability is shown by a naturalized stand at over 2000 m in Zimbabwe. It is drought tolerant and is found in locations with aslittle as 500 mm annual rainfall. It can be grown in a wide rangeofsoils but fertile, well-drained soils are most suitable.
Light frost is tolerated.
Propagation and planting In Africa Moringa oleifera is mostly propagated by seed; in
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India the use of cuttings is more common as trees raised from seed produce inferior fruit.
Seed is either sown directly in the field at the onset of the rainy season or in an irrigated
nursery during the dry season. It is sown at a depth of 2 cm. Germination takes (3—-)7-14
days and seedlings benefit from shade (about 50%). Initially they are watered twice a day, but
this is reduced to once a day when seedlings are 10-15 cm tall. Seedlings grow to 15-25 cm in
2 months; after 3 months they are 40 cm tall and ready for planting out. Planting out should
coincide with the onset of the rains. Manureis applied in each hole.
Cuttings are primarily used for the establishment of live fences. Branches 1—1.5 m in length
with a diameter of up to 4 cm will root readily in just a few months. When grownas a shortduration crop in monoculture Moringa oleifera is planted at a spacing of 0.7-1 m; when
planted for long-term production a common spacing is 3-5 m either way. In Tanzania Moringa oleifera is grown for the production of seed for oil and flocculant at a recommended density of 800 trees per ha. In alley cropping an intra-row spacing of 2 m is used. In the wet season cereals are grown betweenthelines, in the dry season vegetables.
Management Moringa oleifera usually receiveslittle care apart from watering. If planted
during the dry season half-shade should be provided and watering should be done regularly
until the trees are established. Manure application is essential to obtain good yields. Manure
is spread over the whole field, so associated crops benefit too. Some farmers apply chemical
fertilizers, mainly NPK (e.g. 15-15-15) and urea, but only at the base of the trunk. Pollarding, coppicing and lopping or pruning are recommended to promote branching, increase production and facilitate harvesting. Because its shade can be controlled well Moringa oleifera is
suitable for planting in alley cropping and in vegetable gardens. When trees reach 1.5 m,
farmers prune them (at 50 cm from the ground or at ground level for older ones) once or twice
a year. A second pruning usually takes place before ramadan because demand andprices are
high during that period. After pruning, it takes about 3 weekstill leaves can be harvested.
Pruned poles are used for fences around fields or houses, or to build corrals. Weed control is
done manually with a hoe. In Niger Moringa oleifera has become so important that it is
grown as field crop.
Diseases and pests In Nigercaterpillars are the main pest of Moringa and timely pruning provides some control. Termites may be a problem locally. The tree is not seriously affected by diseases in India. Root-rot, related to poor drainage and caused by Diplodia sp., has
been observed. The hairy caterpillar Hupterote molifera can cause defoliation and requires
spraying to control it. Other pests include aphids, other caterpillars (e.g. Heliothis armigera),
a scale insect, a borer and a fruit fly.
Harvesting In Niger harvesting of leaves starts two and a half months after sowing.
Leaves are pulled from the branches, then put in bags and transported to the market. Harvesting is done twice a month. Harvesting of green fruits may start 7 months after planting;
harvestingof dry fruits for seed about 6 weekslater.
Yield Leaf production in Niger is highest during the rainy season, when a plot of 1000 m2
yields 13-14 bags per harvest, which amounts to about 27 bags or 600 kg per month. In the
dry season monthly yields drop to 2—4 bags in the cool months and to 10-15 bags during the
warmer months if irrigated. This is equivalent to an annual production of 27 t/ha fresh
leaves. In Tanzania the seed yield of a 4-year-old tree is about 3.3 kg. In India a good tree
yields 1000 fruits.

Handling after harvest Leaves can be dried and stored. Powdering the leaves before
storing is locally common. Stored seeds are susceptible to insect damage and require protective measures.
Genetic resources Most genetic variation in Moringa oleifera is found in north-western
India, but in the wild it is probably extinct. As it is a cross-pollinated tree, high heterogeneity
in form and yield is common. Research into genetic variation in populations from Kenya, Malawi and India concluded that germplasm from at least two sources has been introducedinto
Kenya. Thehigh levels of population differentiation suggest that provenance source is important in the conservation and exploitation of genetic resources. The species is widespread in
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the tropics and subtropics and there are numerous accessions in genebanks, e.g. in the Centre
National de Semences Forestiéres (CNSF), Ouagadougou, Burkina Faso. In the Philippines,
where the leaves are popular, a sizeable collection is maintained at the National Plant Genetic Resources Laboratory, IPB/UPLB, College, Los Banos.
Breeding No breeding work has been undertaken in Africa. In India ‘Jaffna’ types are
popularfor their long fruits (60 cm to more than 1 m long). In India a short-stem type of Moringa oleifera, released as PKM1, has also been developed for the production of immature
fruits. Many farmers grow this type as an annual (two harvests per year). For Africa the most
importantselection criteria would be high leaf yield, whereas selection and breeding have so
far concentrated on optimizing fruit yield. There is potential for hybridization with other Moringa species. Moringa stenopetala contains flocculating agents similar to those in Moringa
oleifera and produces bigger seeds, so it may be possible to increase yields by hybridization
with this species. It may be possible to increase the oil yield of Moringa oleifera by producing
hybrids with Moringa peregrina (Forssk.) Fiori, which has higheroil content (c. 50%). So far,
no results of hybridization trials have been published.
Prospects Moringaoleifera is likely to become an even more important multipurpose crop
in Africa than it is at present. Research interest in several Moringa species is enormous. The
use as a low-cost water purifier is highly valuable for sanitary improvement in remote villages. Cultivar selection and the development of hybrids have great potential. Many of the
local medicinal applications are not fully substantiated by pharmacological research and warrant further research. The industrial demand for Moringa oil is likely to increase as novel
applications are developed.

Authors C.H. Bosch
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ORYZA GLABERRIMA Steud.
Protologue Syn. pl. glumac. 1(1): 3 (1853).
Family Poaceae (Gramineae)

Chromosome number2n = 24
Vernacular names Africanrice, red rice (En). Riz africain, riz de Casamance (FY).
Origin and geographic distribution Oryza glaberrima was derived from the wild annual Oryza barthii A.Chev. (synonym: Oryza breviligulata A.Chev. & Roehr.). Oryza barthii

probably grew abundantly in lakes that existed in what is now the Sahara from 8000-4000
BC, and it was harvested as a wild cereal. When the climate became drier, Oryza glaberrima,
which had gradually developed from Oryza barthii (probably around 1500 BC or later), was
grown as a rainfed homegarden crop in oases. When the population took refuge in the interior
delta of the Niger river (around 1500 BC) and became much larger, Oryza glaberrima was
transformed into the current floating rice crop.
African rice is now grown in a zone extending from the delta of the River Senegal in the west

to Lake Chad in the east. To the south-east its range is bordered by the river basins of the
Benue, Logone and Chari, but it has also been recorded from the islands of Pemba and Zanzibar (Tanzania). The areas of most intensive cultivation of African rice are the floodplains of
northern Nigeria, the inland delta of the Niger river in Mali, parts of Sierra Leone and the
hills on the Ghana-Togo border. African rice was probably introduced into the New World
during the slave trade era, and it is still occasionally cultivated there, e.g. in Brazil, Guyana,
El Salvador and Panama.
Uses In parts of West Africa the grain of African rice is a staple food, highly appreciated
for its taste and culinary qualities. It is also used in traditional and ritual ceremonies, e.g. in
the Casamance region of southern Senegal. The finer parts of the bran and broken grains are
given as feed to chicken and other livestock. In the Central African Republic the root is eaten
raw to treat diarrhoea.
Production and international trade In statistics on rice production in West Africa no
distinction is made between African rice and Asianrice (Oryza sativa L.). It is estimated that
African rice is grown in less than 20% of the total area allocated to rice in West Africa. As a
traditional food grain it is not traded internationally, but only within the region of production.

Properties The composition of whole African rice grain (hulled) per 100 g edible portion
is: water 11.3 g, energy 1524 kJ (364 kcal), protein 7.4 g, fat 2.2 g, carbohydrate 77.7 g, fibre
0.4 g, Ca 38 mg, P 294 mg, Fe 2.8 mg, thiamin 0.34 mg and niacin 6.5 mg. Milled African rice
contains per 100 g fresh edible portion: water 11.4 g, energy 1532 kJ (366 kcal), protein 6.3 g,
fat 0.3 g, carbohydrate 81.6 g, fibre 0.2 g, Ca 22 mg, P 98 mg, Fe 1.7 mg, thiamin 0.06 mg,
niacin 2.0 mg and tryptophan 110 mg (Leung, Busson & Jardin, 1968). African rice is superior to Asian rice in its content of the important vitamin thiamin andin iron. The degree of
gelatinization depends on the amylose content, which ranges from 14—30%, and influences

consistency of the rice in cooking and thus consumer choice. Most cultivars of African rice
have red-skinned grain and some are strongly scented.
Adulterations and substitutes In most regions of West Africa, at least in commercial
farming, African rice has been replaced by Asian rice, which is more productive, shatters less
easily and has a softer grain that is easier to mill. Small-scale farmers in West Africa, however, often still prefer to grow African rice for its taste and culinary properties, its ability to
withstandflooding, and its resistance to several diseases andpests.
Description Annual grass up to 120 cm tall (up to 5 m in somefloating types), often
tufted; dryland types with simple culm often rooting at lower nodes, floating types often
branching and rooting at upper nodes too. Leaves alternate, simple; sheath terete, up to 25
cm long, with transverse veinlets; ligule c. 4 mm long, truncate, membranous; blade linear,
flat, 20-25(-30) cm X 6-9 mm, sagittate at base, rugose beneath. Inflorescence a terminal,
ellipsoid, stiff and compact panicle up to 25 cm long, with ascendent racemose branches.
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Spikelets ellipsoid, c. 9 mm x 4 mm, moreorless persistent, 3-flowered but 2 lowest florets
reduced to sterile lemmas separated from the lemmaofthefertile, bisexual upperfloret by a
stipe; glumes absent or strongly rudimentary; lemma hispidulous, 5-veined, usually without
apical awn; palea 3-veined; lodicules 2; stamens 6; ovary superior, with 2 plumose stigmas.
Fruit a laterally compressed caryopsis (grain) up to 9 mm X 3 mm, often reddish, tightly enveloped by lemma andpalea.
Other botanical information Oryza comprises about 20 wild species distributed
throughout the tropics and subtropics, and 2 cultivated species, Oryza sativa and Oryza glaberrima. Severalclassifications of Oryza have been made. Most recently the genus has been
divided into 3 sections: sect. Padia, sect. Brachyantha and sect. Oryza. Section Oryza is subdivided into 3 series: ser. Latifoliae, ser. Australiensis and ser. Sativae. Oryza glaberrima, its
direct ancestor Oryza barthii A.Chev. and the rhizomatous perennial Oryza longistaminata
A.Chev. & Roehr. are classified in ser. Sativae, together with Oryza sativa. Morphologically,
Oryza glaberrima can be distinguished from Oryza sativa by its shorter ligule and lessbranched panicle.
Growth and developmentAfrican rice seedlings normally emerge in 4—5 days after sowing. The vegetative phase of African rice consists of a juvenile phase of about 3 weeks followed
by tillering phase of 3-4 weeks. Vegetative growth is rapid. Tillering, high leaf area index
and high specific leaf area contribute to its high competitiveness against weeds. However,
culms tend to be weak andbrittle, making African rice prone to lodging. African rice is selffertilizing. The duration of the crop varies from 3-6 months depending on cultivar and type of
culture. Some cultivars selected for rainfed conditions are of very short duration, shorter than
cultivars of Oryza sativa. Cultivars for deep water conditions tolerate flooding up to 2.5 m
deep and culms may grow up to 5 m long. Some shattering of seed occurs in manycultivars.
EcologyAfrican rice grows well above 30°C, but above 35°C spikelet fertility is noticeably
reduced. Temperatures below 25°C reduce growth and yield; temperatures below 20°C do so
markedly. African rice is grown from sea-level to 1700 m altitude. It is generally a short-day
plant, but photosensitivity varies between cultivars from day-neutral to strongly sensitive.
African rice is grown on a wide rangeof soils. Although preferring fertile alluvialsoils, it tolerates low soil fertility. Some cultivars can produce higher yields than Asian rice on alkaline
and on phosphorus-deficient soils. They are also more tolerant to iron-toxicity. Floating riceis
planted on loam orclaysoils.
Propagation and planting African rice is propagated by seed. The weight of 1000 seeds
is 20-27 g. Seed dormancy disappears a few months after maturity; for experimental purposes, dormancy can be broken by removing the lemma and palea and about one-thirdof the
albumen, allowing germination in 2-3 days. Before sowing the soil may be prepared with a
hoeor, as in Senegal, Gambia and Guinea, with a long-handled spade, but soil preparation is
rarely practised. Seed is mostly broadcast and transplanting is rarely practised. For floating
rice, seed is densely sown in soil that has been recently weeded and that may or may not have
been ploughed or hoed. Cultivars are selected according to expected flood duration and generally have a growing period of 4-6 months.
In West Africa from Senegal to northern Cameroon, where rainfall generally exceeds 1000
mm/year, African rice is mostly planted as an upland crop, dependingsolely on rain and surface run-off. In some regions short-duration cultivars are grown that are adapted to annual
rainfall amounts as low as 700 mm. In Senegal and Gambia the crop is sown in moist locations, often under palm trees, after simple soil cultivation. This is locally called ‘riz de plateau’. ‘Riz de montagne’ is grown throughout the forest zone covering western Cote d'Ivoire,
Liberia, the Fouta Djallon and eastern Guinea mountains. It is grown in shifting cultivation,
often following logging, even on steep slopes. The undergrowthis cut and at the end of the dry
season fields are burned. Sowing is mostly carried out without any soil cultivation. Rice is
grown in pure standsor intercropped with othercrops, e.g. maize. After 2-3 years, the field is
used to grow cash crops such as cacao or coffee, or left fallow. Farmers return after 10-20
years, or later, depending on the recovery of the vegetation andthesoil. In suchfields, culti-
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vars of shortest duration are grown and Africanrice is only rarely replaced by Asianrice, e.g.
in the forest zone of Guinea and western Céte d’Ivoire.
Irrigated rice systems depend more on river water than on rainfall and are found in areas
with a much drier climate; the degree of control of irrigation is variable. Floodplain rice on
hydromorphic soils is found in Guinea, Céte d’Ivoire, Mali, Burkina Faso and Nigeria. Floating rice cultivars are very commonin theinterior delta of the Niger river in Mali, andis also
planted in Senegal, Gambia, Niger and Nigeria. It grows sometimes very rapidly in length as
the flood water rises, tolerating submersion for several days. Cultivars grown have a crop
duration of 4-5 months.
Along the rivers in northern Senegal and in Mali, in the northern part of the interior delta of

the Niger river south-west of Timbuktu, in a zone stretching from Diré and Goundam to the
series of lakes Faguibine, Gouber and Kamango, rice is grown onfloodplains after floods have
receded. In this cropping system, rice is sown in moist soil and the crop developmentrelies on
ground water (‘riz de décrue’). Weeds are few. Both Oryza glaberrima and Oryza sativa are
grown and have a duration of 4-5 months. Along the Atlantic coast, e.g. in Sierra Leone, African rice is grown in mangrove swamps.
Management Weeding of African rice in non-flooded areas is manual and often late. In
some regions, such as the Basse Casamance, weed control is combined with land preparation:
a first light irrigation favours the germination of weeds, which can subsequently be eradicated. Mechanization and fertilizer application are rarely practised. In floodplain and wet rice
cultivation neither crop rotation nor fallow is practised, contrary to the practice for upland

rice.
Diseases and pests The most important and widespread disease of African rice is rice
blast (Pyricularia grisea; synonyms: Magnaporthe grisea, Pyricularia oryzae). Rice yellow
mosaic virus (RYMV) and soil parasites (nematodes) often cause large losses. There are few
control measures, but some cultivars are resistant to such pathogens. In floodplain and wet
rice systems the main problems are rizophagous fish (Distichodus, Tilapia), while birds cause
serious damage in all rice cropping systems. Children armed with pebbles and slings offer
some protection. Rodents, buffaloes, elephants and hippopotamuses can all cause serious
damage. African rice gall midge (Orseolia oryziphora), crickets and grasshoppers are also important pests, as are stem-borers that destroy the apex of the plants and so prevent the formation of inflorescences.
Annual wild rice (Oryza barthii) is very commonin wetrice fields. It can be recognized by its
red awnsbutit is then too late to removeit. It is characterized by very strong shattering and,
as it often ripens before the cultivated rice, it multiplies and spreads throughout the rice
field. It is sometimes harvested with the rice crop. If the seed is not cleaned carefully, the
field will be infested with wild rice within a few years. Annual wild rice readily crosspollinates with Oryza glaberrima; the resulting red grains shatter more easily and have to be
milled more tightly, resulting in more weight loss and higher costs. Under conditions of deep
flooding, perennial wild rice (Oryza longistaminata) is cut below the surface of the water in
orderto kill it.
Harvesting The harvesting season for African rice is October-December. Uplandrice is
harvested first. Panicles are bundled and stacked in elevated granaries under which a smoking fire is maintained to keep away storage insects. After manual or mechanical threshing,
grain can also be stored in bulk in bags. Floating rice is harvested in several rounds mostly
from canoes, which leads to considerable losses.
Yield Yields of African rice obtained under traditional conditions rarely average more
than 1 t/ha. In experiments with deep waterrice cultivars carried out in Gao and Timbuktu
(Mali) from 1984-1987, yields of 1—4 t/ha were obtained.

Handling after harvest The produce of African rice, whether stored before or after
threshing, should be protected against pests, mainly insects and rodents. The paddy should
be dried well to reduce the moisture content to a maximum of 14% to achieve good storage
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and a high milling yield. The grain of African rice is more brittle than that of Oryza sativa,
making it more difficult to mill.
Genetic resources IRD (Institut de Recherche pour le Développement, formerly
ORSTOM) and CIRAD (Centre de Coopération Internationale en Recherche Agronomique

pour le Développement) collected cultivated and related wild types of rice (both African and
introduced) throughout their area of distribution. Between 1974 and 1983, over 3700 samples
were collected in Africa and Madagascar, of which 20% are Oryza glaberrima and 12% related
wild species. These collections are kept in cold storage (4°C, 20% humidity) for medium-term
conservation andpartly frozen at —20°C for long-term storage at IRD in Montpellier (France).
The collection is duplicated at CIRAD in France and at the International Rice Research Institute (IRRI), the Philippines. The International Institute of Tropical Agriculture (IITA),
Ibadan, Nigeria keeps almost 2800 accessions, and the Africa Rice Center (WARDA), Bouaké,
Cote d'Ivoire, almost 1900 accessions. Collections of Oryza glaberrima germplasm are also
kept at the Bangladesh Rice Research Institute, Dhaka, Bangladesh (200 accessions) and the
USDA-ARS National Small Grain Collection, Aberdeen, Idaho, United States (174 accessions). African rice shows orthodox seed storage behaviour. Currently no in-situ conservation
programmesofrice of African origin exist but they would be desirable.
Breeding While the genetic variation in Oryza glaberrima is small in comparison with
that of Oryza sativa, types with important characteristics have been identified: resistance to
RYMV, rice blast (Pyricularia grisea), African rice hispa (Trichispa sericea), the African rice
gall midge (Orseolia oryziphora), and to several stem-borers and nematodes, including Heterodera sacchari, Meloidogyne graminicola and Meloidogyne incognita. African rice shows
resistance to salinity, drought and iron toxicity and it competes well with weeds. Various cultivars have shown partial resistance to and tolerance of parasitic plants of the genus Striga.
In general, hybrids between Oryza glaberrima and Oryza sativa are highly sterile in the Fi
and early generations. However, in a hybridization programmeinitiated in 1992, WARDA
succeeded in crossing the two species into stable and fertile progenies through backcrossing
and doubled haploid breeding. Interspecific progenies, which are called ‘New Rice for Africa’
(NERICA), are now being grown by farmersin Africa. They are more productive than Oryza
glaberrima, but retain favourable characteristics such as competitiveness against weeds, resistance to diseases and pests, tolerance to poor soils, and high grain quality. Few genetic
improvement programmes of Oryza glaberrimaitself have been undertaken.
Extensive genetic linkage maps have been madefor rice, and IRD and WARDAare working
together in a programme to systematically integrate the genome of Oryza glaberrrima into
that of Oryza sativa. The objective is to follow the introgression of small genome fragments of
Oryza glaberrima into the genetic base of Oryza sativa using molecular markers.
Prospects For over 30 years it has been predicted that African rice would disappear under the pressure of widespread introduction of improved cultivars of Oryza sativa, but this
has not happened, although in Burkina Faso, for example, a strong decline of African rice has
been observed. The explanation for the resilience of African rice is that it is highly appreciated by the people of West Africa, who continueto grow Africanrice for its taste and culinary
properties, and that it is highly adapted to particular growing conditions, e.g. as floatingrice.
Cross-breeding of Oryza glaberrima and Oryza sativa should continueto include programmes
aiming at the transfer of genome fragments. Such breeding programmesshould be carried out
in association with a programme of in-situ conservation of genetic resources of wild and cultivated rice of African origin. For specific objectives certain regions should be identified, e.g.
Guineafor its diversity of rice cropping systems, the regions of southern Chad/northern Cameroon and theinterior delta of the Niger river in Mali for the contacts between wild and cultivated types, and the valley of the Ferlo in Senegal to study spontaneous populations of the
annual Oryza barthii away from all rice cultivation. Improvement of African rice cultivation
should aim at decreased lodging, increased yield, less seed scattering and decreasedbrittlenessof the grain.

Authors G. Bezangon & S. Diallo
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OXYTENANTHERA ABYSSINICA (A.Rich.) Munro
Protologue Trans. Linn. Soc. London 26: 127 (1868).
Family Poaceae (Gramineae)

Chromosome number 2n = 72
Synonyms Oxytenanthera macrothyrsus K.Schum. (1895), Oxytenanthera braunii Pilg.
(1907), Oxytenanthera borzii Mattei (1909).
Vernacular names Savanna bamboo, Bindura bamboo, West African bamboo (En).
Bambu africano (Po). Mwanzi (Sw).
Origin and geographic distribution Oxytenanthera abyssinica is distributed throughout tropical Africa outside the humid forest zone, from Senegal east to Eritrea, and south to
Angola, Mozambique and northern SouthAfrica. It is often planted.
Uses The stems are widely used for construction, fencing, furniture and fish-traps. They
are also used for stakes, trellises, tool handles, household implements and arrow shafts. The
use of dry stems as fuel is widespread and they are sometimes madeinto charcoal. The stems
have some potential as raw material for paper making. Split stems are used for basketry. Sap
from the plantis collected for wine making in Tanzania and Malawi, the fresh or dried leaves
are used as fodder, and the seeds and young shoots as famine food. Oxytenanthera abyssinica
is used in shelterbelts and windbreaks, and as a complementary crop in plantations of Cordia
africana Lam., Eucalyptus microtheca F.Muell. and Khaya senegalensis A.Juss. in Sudan, for
erosion control in land rehabilitation in Sudan and Tanzania, and as an ornamental plant.
The rhizome is used in the treatment of dysentery and the leaves are marketed for treating
diabetes, colic and rheumatism. In Ethiopia the root is applied in the treatment of skin diseases on the head. In Senegal leaf decoctions are taken to treat polyuria, oedema and albuminuria.
Production and international trade Only limited production information is available
and most estimates of the amount of bamboo produced in Africa do not separate Oxytenanthera abyssinica from other species. Oxytenanthera abyssinica populations extend over
850,000 ha in western Ethiopia, over 44,000 ha in Tanzania, at least 10,000 ha in Malawi,
and 20,000 ha in Senegal. Ethiopian Oxytenanthera abyssinica stands possibly constitute over
half the total area under bamboo in Africa. These stands reportedly comprise approximately
5300 living stems (and 2700 dead stems) per ha. It has been calculated that the Ethiopian
standing crop (dry weight above-groundfor living stems) is 16.6 million t, and that there is
potential for sustainably exploiting 5.5 million t annually. There is no export trade in Oxytenanthera abyssinica and it is used mostly near where it grows. In the past, however, there has
been transportation of stems over long distances from southern Sudan to supply demand in
Khartoum, and formal commercialization of harvests in Senegal. Price information for
Oxytenanthera abyssinica materials, or products derived from them, is not available.
Properties The air-dry density of the stem wall is 0.7—0.9 g/em®. At 47% moisture content, the modulus of rupture is 82 N/mm2?, modulusof elasticity 14,600 N/mm?, compression
parallel to grain 49 N/mm? and shear (split stem) 11 N/mm2?. Dried stems and fences made
from the stems are susceptible to termite and borer attacks.
The stem contains approximately: holocellulose 53-60%, pentosans 12—33%, lignin 15-27%
and ash 1—4%. Solubilities are 6.5% in hot water, 2.7% in alcohol-benzene and 27.6% in 1%
NaOH. Stem fibre cells of Oxytenanthera abyssinica have an average length of 2.0-2.8 mm,

an average diameter of 12-17 um, a lumen width of 3-5 um anda cell wall thickness of 5 um.
In trials with different alkaline pulping methods, chlorine-free bleached pulps were obtained
of 82% ISO brightness and suitable for writing and printing paper grades. The Oxytenanthera
abyssinica pulps weresimilar to hardwood kraft pulp.
Leaves and twigs contain per 100 g dry material: crude protein 12.8-14.2 g, ether extract 2.8—
3.0 g, crude fibre 28.0 g, N-free extract 36.4 —40.0 g, ash 14.6-18.6 g, P 0.11—0.13 g, K 0.60—
0.66 g, Ca 0.25-0.40 g and Mg 0.32-0.35 g. Digestible protein and net energy levels are esti-
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mated, respectively, at 8.2 g and 3.7 MJ per kg dry matter. The fodder quality is low, due to
low energy value and highsilica content.
Description Clump-forming bamboo with a robust rhizome up to 10 cm in diameter;
clump dense, typically consisting of 20-100 stems; stems (culms) erect, ascending or leaning
outwards, 5—-10(—15) m tall and 3—8(—10) cm in diameter, internodes 15—30(—40) cm long, the
basal ones solid, the distal ones thick-walled, glabrous at maturity; young shoots grey-green,
densely silky hairy. Leaves alternate, simple; sheath up to 15 cm long, with 2-5 mm long
bristles at top; ligule short, c. 0.5 mm long; blade linear-lanceolate to oblong, 5—20(-26) cm x
1-5 cm, base tapering into a short false petiole, apex long-acuminate and pungent, somewhat
glaucous, with numerous longitudinalveins. Inflorescence a dense star-shaped cluster 4-9 cm
in diameter, with 10-20 spikelets. Spikelets sessile, narrowly lanceolate, 1.5—4.5 cm long,
pungent, 1—4-flowered with upper floret bisexual and lower florets male or sterile; lower
glume 5-8 mm long, upper glume 8-10 mm long, lemmanarrowly lanceolate, the lowest 12—
20 mm long, the uppermost about as long as spikelet, tapering into a rigid spine up to 7 mm
long, palea narrowly lanceolate, somewhat shorter than lemma; floret with 6 stamens, filaments united into a tube, and a glabrous ovary extending into a hollow style terminating in 3
stigmas. Fruit a spindle-shaped caryopsis (grain) 10-15 mm long. Seedling with a short
mesocotyl and a loose coleoptile, the first leaves without lamina; primary root a pale taproot
bearing short lateral roots.

Other botanical information The delimitation of Oxytenanthera is unclear. Sometimes
it is considered to comprise a single species, but some authorsinclude up to 15 species, most
of them described from tropical Asia. It has also been stated that Oxytenanthera abyssinica
together with another African bamboo, Oreobambos buchwaldii K.Schum., should be transferred to Dendrocalamus, a large Asian genus.
Growth and developmentA single shoot, which may reach 1 m in height, is produced in
the first year from a rhizome. From the third season onwards, several shoots are produced
annually. Rhizomes penetrate 30 cm in 3 years. Stems reach 1.2 cm in diameter and 1.8—3.0
m in height within a few years of germination, reaching full height and diameter in 4-8
years. New stems break throughthesoil surface in the rainy season. Extension growth slows
down after 3-4 weeks, and ceases after 2-4 months. Branches develop from the upper nodes
from about thefifth week of active stem growth. Foliage is mostly shed in the late dry season.
The stems mature in 3 years and maysurvive for 8 years, but they are over-mature and unsuitable for harvesting from 6 years of age onwards. Clump diameters range from 1 m to 8 m,
and clumps may contain 20-100 (exceptionally up to 200) stems. New shoots appear at the
peripheries of clumps. A clump longevity of 30 years has been estimated for Oxytenanthera
abyssinica in Sudan, but is less when mass flowering occurs and rhizomes die with the stems.
Mass flowering of Oxytenanthera abyssinica occurs every 7 years (Uganda), 14 years (Zambia)
or 20-21 years (Malawi), while sporadic flowering has been widely and frequently noted. Both
subsequent death of entire clumps (Chad, DR Congo) and regeneration of shoots from surviving rhizomes (Uganda) have been recorded. The fruit is dispersed as a larger propagule (25—
30 mm xX 3—4 mm)includingseveral glumes; it is dislodged by animals and adheresto fur.
Ecology Oxytenanthera abyssinica is a lowland bamboo, occurring from sea-level up to
2000 m altitude, but mainly at 300-1500 m. It occurs in savanna woodland subject to a climate with an average annualrainfall of over 800 mm and 3-7 dry months (average rainfall
less than 50 mm). It is absent from closed forest and extends little into semi-arid wooded
grassland and thicket. Prevailing average annual temperatures are 20—27°C, with monthly
average daily maxima of 30-—36°C and daily minima of 7—17°C. Locally occasional frost may
occur; if severe, this may scorch leaves.
Oxytenanthera abyssinica grows on soils from various types of parent rock, but over much of
its distributional range parent rock belongs to the old crystalline basement complex. Soil fertility is not a major influence. Oxytenanthera abyssinica is associated with impoverished acrisols and ferralsols, moderately fertile luvisols, and younger relatively nutrient-rich cambisols and nitisols. The species is essentially absent from arenosols that have poor moisture

OXYTENANTHERA ABYSSINICA 119

retention and gleysols having poor drainage. Key site factors are good drainage combined
with access to a reliable water supply. Characteristic habitats are areas along rivers and
drainagelines, termite mounds androckyslopes. Typical rocky slope microhabitats are wellilluminated gullies with deep soil accumulated between boulders. Saline conditions are unfavourable.
Propagation and planting Oxytenanthera abyssinica is usually raised from seed. The
weight of 1000 grains is 70-110 g. They remain viable for 6-18 months if stored at ambient
temperatures under dry and pest-proof conditions. Storage for some months before use has
been advised. Germination percentages vary from 30% to 80% and germination periods from
11 days in warm moist conditions to 4 months in cool dry conditions. Seeds are sown in nurseries when the mean daily temperature is 20°C or higher. The nursery period may last 8-24
months. Transfer to field sites is done in the early part of the rainy season, suitable plants
having twoshoots, the larger one at least 30 cm long.
Where flowering is infrequent, rhizome division is a realistic option for establishing new
clumps andit is used traditionally to establish clumps in farmland. It has also been used by
the forestry service in Uganda. Early in the rainy season, rhizome sections 12-30 cm long
bearing healthy buds, or the lowest 45 cm of a stem, are excavated and transplanted without
delay. Oxytenanthera abyssinica can also be propagated by stem cuttings.
Management Oxytenanthera abyssinica is rarely managed systematically, but weeding of
newly established clumps, and removalof overhead shade, is recommended. Spacing of nursery raised seedlings has been 3.8 m X 3.8 m or 5 m X 5 m in experiments and in arboreta. In
mixed plantations with hardwood trees the spacing is 6 m X 6 m. Clumps takeupto 6 years
(from rhizome offsets) or 8 years (from seedlings) to reach the stem harvesting stage. From
the third year, thinning (50% of shoots from previous years) appeared justified in a planted
stand in Kenya, because individual stems were smaller when stem numbers were high.
Clumps for sap (‘wine’) production are typically established within areas cropped for maize,
potatoes, pyrethrum or wheat. These clumps are thinned from the second year onwards to
prevent stem congestion, while pruning branchesto around 2 m favours access, and loosening
peripheralsoil promotes rhizome extension and unhindered shoot emergence.
A pure stand of Oxytenanthera abyssinica contains up to 750 clumps and 30,000 stems per ha.
Diseases and pests Leaf rust caused by the fungus Kweilingia divina (synonym: Dasturella divina) has been recorded.
Harvesting Harvesting of clumps starts when they contain 4-year-old stems; it continues
at intervals of 1-3 years, with 4—6-year-old stems being cut. In a management system designed to improve the productivity of natural stands with well-established clumps, rotational
harvesting is practised duringthefirst 4 years. Each year shoots of all ages in one quadrant
are cut; this treatment progresses round the clump yearby year. Stems older than 6 years are
used as fuel, those 4-6 years old as building material, and those 2-3 years old may have
value for weaving. After the initial phase, 4-year-old stems can be harvested annually or, for
stems that are 4 or more yearsold, at 2-year or 3-year intervals. Apart from culling dead or
deformed stems, it is usual to leave unharvested stems which are 3 years old or younger,although clump congestion, or demand for supple material, may justify exploiting some of
these.
To collect wine in Tanzania, the tips of young shoots are cutoff, and the stem is bruised twice
a day during a week. The exudatefrom thebruises is collected and left to ferment for 2 days.
The resulting wine (‘ulanzi’) contains 5—5.5% alcohol.
Yield Yield estimates for natural vegetation where Oxytenanthera abyssinica is abundant
are 10-33 t dry stems per ha per year in Senegal. Experimental dry stem yields have been
reported equivalent to 8-11 t per ha per year from DR Congo, and 14—28 t per ha per year
from Kenya. After a clump has reached an age of 6 years such yields are sustainable under
appropriate harvesting.
Genetic resources An equatorial disjunction and intervals east of Lake Chad and south
of Ethiopia separate units of the range of Oxytenanthera abyssinica. There are contrasting
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reports of annual flowering cycles in some places and monocarpic clumps flowering at long
intervals elsewhere, which could reflect genetic differences. This fact coupled with the fragmentation and wide range of the species, suggest that there is appreciable genetic variation,
prompting suggestions of subspecific taxa. There are no indications that Oxytenanthera abyssinica is currently threatened, but declines in abundance have been reported, e.g. in Senegal
and Uganda. Oxytenanthera abyssinica has been excluded, so far, from consideration by the
FAO Panel of Experts on Forest Gene Resources although it is included in FAO's
REFORGEN information system, which signifies endangered status in Guinea. In responseto
over-exploitation, bambooforest reserves have been gazetted in Uganda. The species has been
grown in a numberof arboreta, but not as an explicit conservationinitiative.
Prospects For savanna regions in Africa Oxytenanthera abyssinica has major attractions
as a natural product amenable to sustainable management. Straight, strong, light construction materials can be generated in as little as 3 years, and more items can be produced by
splitting stems with simple household tools. Undemanding propagation options are available.
Community bamboostands established and harvested following protocols optimizing product
quality and quantity can be combined with land rehabilitation. Nevertheless, despite wide
rural significance, Oxytenanthera abyssinica remained neglected in the forestry and agricultural sectors until the International Network for Bamboo and Rattan (INBAR) recently included this species among 38 priority bamboos of economic importance. Through INBAR
there have now been appraisals of bamboos in several African countries. Prospects for crossborder management collaboration have resulted. Certain key areas of study are relevant to
continent-wide initiatives to secure and improve Africa’s savanna bamboo resource, increasing its rural significance and value. Oneis clarification of geographic variation in features of
utility interest, particularly stem size at maturity, a second one flowering cycles and their
interaction with clump survival, and a third is clarification of the conservation status.
Fourthly, using knowledgeof the distribution to decide which geographic areas should be represented, reciprocally planted, range-wide provenancetrials monitoring growth and reproduction should be undertaken with the aim of identifying superior germplasm sources for various
ecological conditions.
Authors T. Inada & J.B. Hall
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PHYTOLACCA DODECANDRAL’Heér.
ProtologueStirp. nov. 6: 148, pl. 69 (1791).
Family Phytolaccaceae

Chromosome number 2n = 36
Vernacular names Endod, soap berry, African soap berry (En). Phytolaque, endod (Fr).
Fitolaca, endod (Po).
Origin and geographic distribution Phytolacca dodecandra is native to sub-Saharan
Africa and Madagascar. It has been introduced in Asia and tropical America.
Uses In Central and East Africa and Madagascar various parts of Phytolacca dodecandra
are widely used as a medicine for numerous ailments, despite the toxicity of the plant. An
extract of the roots, leaves, fruits and seeds is taken as a purgative for humans and animals,
as an anthelmintic and to treat oedema andintestinal problems such as diarrhoea and abdominal pain, as a laxative, emetic, sudorific and diuretic. The leaf sap, and sometimes the
crushed roots andfruits, are applied to wounds andskin ailments such as ringworm, scabies,
eczema, psoriasis, leprosy, boils and vitiligo; the sap is cicatrizing and haemostatic and
causes a burning sensation on the skin. In DR Congo the fresh, dried or powdered leaves are
used for the same purposes. An infusion of the fruit or roots is taken orally and the young
leaves and shoots are chewedto induce abortion. A large lump of butter is taken to stop further contractions. An infusion of the fruit or the root decoction is also widely taken to treat
venereal diseases, bilharzia, rabies, malaria, sore throat and other respiratory problems,
rheumatic pain, jaundice, as well as anthrax and leeches in animals. In southern Nigeria the
leaf decoction is given to newborn babies as a gentle laxative. In Central Africa the mashed
leaves are eaten with banana as a stimulant and tonic, especially after childbirth. In Congo
the leaf sap is used as eye drops to cure conjunctivitis and river blindness. In Rwandaleaf sap
is used as ear drops to treat otitis. In DR Congo the boiled leaves with chicken are given to
children with asthma andtuberculosis. In East Africa ground leaves are applied to tumours;
the root decoction is also drunk to cause vomiting as treatment of enlarged glands. In Tanzania macerated leaves or root bark are used to treat epilepsy. In Madagascar a decoction of the
aerial parts is applied to treat haemorrhoids. In South Africa the root infusion is taken to
treat infertility. In Uganda and DR Congo certain cattle tribes use the plant to increase milk
production of cows.
The fruits, when dried, powdered and mixed with water, yield a foaming detergent, traditionally used in Ethiopia, Somalia and Uganda for washingclothes, and also to wash the body.
Soap has also been made from the ashes of burnt plants in southern Nigeria, or from the
fresh leaves in Angola.
In Ethiopia and Zimbabweunripefruits are widely applied to control bilharzia-transmitting
snails, as they contain molluscicidal saponins. It is a cheaperandless toxic product than synthetic molluscicides. In East Africa the poundedplantis also used as a poison to catchfish.

There is considerable difference in opinion about the edibility of the leaves. In Côte d'Ivoire
and southern Nigeria a sauce or soup is prepared from the young shoots and young leaves,
and in DR Congo the leaves are cooked as a vegetable. In eastern and southern Africa the
whole plant is considered poisonous, and it is said to have caused accidental death of people
eating the leaves as a vegetable. In West Africa and Ethiopia the leaves are considered edible
for cattle and goats, whereas in most of eastern and southern Africa they are considered poisonous. In Gabon the fruits are eaten. In East Africa the stems are used asties in the con-

struction of huts and fences. The fruits yield a red dye andthe leaves a yellow dye. In Zimbabwe the most common useof the fruits is to colour the floor in houses. In Ethiopia Phytolacca dodecandra is planted as a hedge, and the leaf or fruit extract is sometimes added to
drinks and foods as a stimulant, and to curdle milk. The plant is usually not used as firewood,
as the smoke is believed to reduce the male sexual ability.
Production and international trade Small plantations of Phytolacca dodecandra exist
in Ethiopia, Zambia, Zimbabwe and Swaziland, and in Ethiopia the fruits are commonly sold
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in the market for washing clothes.
Properties The leaves, fruits and roots contain numerous saponins (triterpenoid glycosides). These compounds cause haemolysis of red blood cells. The aglycones of the glycosides
are mainly composed of oleanolic acid (66%), bayogenin (15%), hederogenin (9%), and 2hydroxyoleanolic acid (6.5%). On a dry weight basis the fruit pulp contains 25% saponins, and
the non-saponin fraction contains a lipid fraction (palmitic acid, oleic acid, stearic acid and a
non saponifiable bright orange, waxy material), sugars, starches, pectins and gums and a
water insoluble fraction. The saponins have become important as they have strong molluscicidal activity against a range of water snails, and are readily soluble in water and easy to
isolate. These properties are useful in the destruction of these snails, including vectors of
humandiseases suchas bilharzia (schistosomiasis), which is caused by parasitic Schistosoma
worms. However, the saponins are not active against the egg clusters of the snails. The active
saponins haveoleanolic acid as the aglycon, the 3 most important being oleanoglycotoxin A,
lemmatoxin and lemmatoxin-C. The saponinsin the fruit pulp are not molluscicidal, but becomeactive after hydrolytic removal of one of the sugars. The hydrolytic enzymeis contained
in the seed and to secure contact between saponins and enzyme andensuretherelease of the
molluscicidal saponins it is important to finely crush the fruits before soaking them in water.
Green unripe fruits contain more active saponins than ripe ones.
Eating fruits or leaves may cause acute poisoning resulting in nausea, bloody diarrhoea, intense congestion of the stomach and intestines, vomiting, weakness, weak and irregular
pulse, dilated pupils, swelling of the mucous membranein the mouth and stupor; death may
occur within a few days. Although the solutions of crushed fruits kill a range of aquatic life
forms, including small fish, leeches, mosquito larvae, other stages of the bilharzia life-cycle
(miracidia and cercariae), zebra mussels and tadpoles, the active ingredients are easily biodegradable and are eliminated from the water within 48 hours. Insect larvae and tadpoles are
not affected at the concentrationsthat kill fish and snails. The molluscicidal potency remains
stable over a wide range of pH (5-9), in the presence of various concentrations of organic and
inorganic matter and also after irradiation with ultraviolet light. In acute mammalian toxicity tests the fruit extracts were classified as either non-toxic or slightly toxic, except for the
eye, in which they can cause severe irritancy. Eye protection is therefore recommended during fruit crushing and handling of dry powders. Ecotoxicity tests indicated that the crushed
fruits are no more toxic than currently recommended synthetic molluscicides. Toxicological
studies also showedthat thefruit extracts do not have mutagenic or carcinogenic properties.
The roots contain saponins of the phytolaccoside or esculentoside types. These compounds
showed anti-inflammatory activity. The aqueous extract from the roots showed fungicidal
activity against Trichophyton mentagrophytes. Hydroalcoholic extracts of the aerial parts
showed significant activity against Staphylococcus aureus, Pseudomonas aeruginosa and
Histoplasma capsulatum var. farciminosum, which causes epizootic lymphangitis. The leaf
extract showed moderate activity against coxsackie virus in vitro. Butanol extracts of the

fruits inhibit the growth of Trichomonas vaginalis, but fermented fruits were inactive. Butanol extracts of the fruits showed spermatocidal properties in vitro and blastocidal activity
wheninjected directly into the uterus of rabbits. Oral administration of a water extract of the
aerial parts did not show significant effect on reproduction in mice.
The leaves and stems produce the antiviral protein dodecandrin, which is a ribosomeinactivating protein (RIP), similar to pokeweed antiviral protein (PAP), isolated from Phytolacca americana L.
Application of the fruit and leaf extract reduced the levels of damage caused by larvae of the
maize stalk borer (Busseola fusca), but 2 applications were not sufficient to provide complete
protection of maize against second generation larvae.
Studies with callus and cell suspension cultures of Phytolacca dodecandra haveestablished
that significant amounts of triterpenoid saponins are produced and retained intracellularly
by these cultures. These cultures also produce dodecandrin.
Adulterations and substitutes Several other plant species contain saponins with mol-
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luscicidal activity, including Sapindus saponaria L. and Crossopteryx febrifuga (G.Don)
Benth., but the compounds responsible for the activity are often potent fish poisons and
harmful to the environment.
Description Climbing or scrambling dioecious, semi-succulent shrub, sometimes a liana
with stems up to 10(-20) m long, with a taproot; trunk sometimes up to 35 cm in diameter;
stems usually glabrous. Leaves alternate, simple and entire; stipules absent; petiole 1-4 cm
long; blade ovate to broadly elliptical, 3-14 cm x 1.5-9.5 cm, base rounded to slightly decurrent into the petiole, apex acute to rounded, mucronate, glabrous to shortly hairy. Inflorescence an axillary or terminal raceme 5-30 cm long, many-flowered, axis hairy; bracts up to
2.5 mm long, shortly hairy. Flowers functionally unisexual, 5-merous, sweet-scented; pedicel
2-8 mm long; male flowers with narrowly oblong, c. 2.5 mm long, reflexed, whitish to yellowish green sepals, petals absent, stamens 10-20 in 2 whorls, free, filaments 3-7 mm long,
ovary usually rudimentary; female flowers with oblong to ovate, c. 2.5 mm long, reflexed sepals, accrescent in fruit, turning yellow to red, petals absent, stamens 8-12, rudimentary,
ovary superior, consisting of (4—)5 free, ovoid carpels, styles 1-2 mm long, curved, stigmas
linear. Fruit consisting of (4-)5 1-seeded berries fused at base, up to 15 mm in diameter,
fleshy, remains of style pointing outwards at apex, ripening orange or purplish red. Seeds
kidney-shaped, laterally flattened, 2-4 mm long, shinyblack.
Other botanical information Phytolacca comprises about 25 species, most of which are
native to the tropical and subtropical regions of South and Central America, with a few species in Africa and Asia. Phytolacca dodecandra shows extreme morphological variability in
leaf hairiness, plant size and growth form.
Another medicinally used Phytolacca species with partly free carpels is Phytolacca heptandra
Retz., occurring in Zimbabwe and South Africa. The Xhosa people in South Africa consider
the plant very poisonous. A leaf or root extract is commonly drunk as a purgative and emetic.
A leaf paste in beer or pulverized root in water is drunk to treat venereal diseases in men. A
root decoction is used as an enema to treat enlarged prostate glands. Small amountsof plant
pulp are taken as an emetic and applied externally to snakebites. A root maceration is drunk
to treat chest pain and delirium. Therootis used as bait to kill crows, jackals and stray dogs.
In Zimbabwethe plant is also used as a purgative. Lung ailments in cattle are treated by letting them drink a root maceration. Thefruit is edible.
Growth and development In Ethiopia Phytolacca dodecandra flowers and fruits
throughout the year, but with a peak during the dry season, from October to April. However,
in some parts of Ethiopia it fruits twice a year, in December—Februaryandin June—July. Pollination is effected by insects such as ants, flies and spider wasps. The fruits are often eaten
by birds and monkeys, which disperse theseed.
It is reported that the female flowers open later than the male flowers. A well-established
plant has only a few but long roots that reach great depths.
Ecology Phytolacca dodecandra occursin forest, forest margins, riparian forest, thickets,
wetter bushland, in fences along cultivated land and aroundhouses, on mountain slopes and
in open fields, at (0-)1500-3000 m altitude. The plants grow best under direct sunlight in
humid, weakly acidic soils that contain high levels of organic matter, in areas with an annual
rainfall of about 1400 mm anda distinct dry period. In areas with high evapotranspiration,
especially at lower elevations (below 1500 m) partial shade should be available so that the
plants do not burn and wilt. Full shade substantially lowers both fruit yield and saponin concentration.
Propagation and planting Propagation of Phytoloacca dodecandrais by seed or by cuttings. Seed propagation results in equal chances of producing male and female plants, and
plants start flowering 2 years after sowing. Germination can be improved by scarification
with sand. Fruits can be stored for up to one year without loss of viability, but after 4 years of
storage, germination declines by 14%. Propagation by seed is only appropriate for selection
purposes. Seed of Phytolacca dodecandra takes about 14 days to germinate. Clonal propagation is possible through non-woody cuttings with 2-3 nodes taken from the top or middle part

PHYTOLACCA DODECANDRA

125

of the plant. Rooting occurs with or without application of plant growth regulators. Rooted
cuttings flower after about 6 months. Tissue culture has been successful for propagation, but
the plants take about 18 months to flower. Procedures for routine micropropagation by shoot
tip and nodal culture have been developed.
In Ethiopia six-week-old cuttings are transplanted in the field in holes of 60 cm X 60 cm, in a
mixture of soil and manureor peat, at the beginning of the rainy season. Survival of transplants depends on availability of water for irrigation during the first and possibly during the
second dry season, control of pests, evapotranspiration and soilsalinity.
ManagementPlantations of Phytolacca dodecandra must be shaded in the first weeks
after planting. Occasional watering and weeding are important until the crop has become
established. For large-scale cultivation, plants should be spaced 2 m between rows and 1-2 m
between plants. For each 10 female plants 1 male plant must be planted to ensure pollination. Annual pruningis necessary to maintain size and shape and to obtain maximumyield.
Without pruning the plants become a tangled mass and thefruits are difficult to harvest.
Pruning is done by removing the long horizontal branches and shortening erect branches.
Intercropping with annualcrops is possible because the plant develops few and deep taproots
and does not compete much with annual crops for moisture and plant nutrients.
In a field test the best growth and the highest fruit yield were obtained with plants grown in
full sunlight, under irrigation and with application of cattle manure. Irrigation was beneficial
to fruit yield but reduced the saponin concentration; however, irrigation is beneficial for the
total saponin yield. Addition of manuresignificantly increased growth and fruit yield, but the
saponin concentration was lower. The combination of cattle manure and irrigation resulted in
the highest total saponin yield.
Diseases and pests Phytolacca dodecandrais attacked by the larva of different stemand leafminers (Gitona spp.), which bore through the stem and leaves into the phloem and
tunnel in a spiral downwards, leaving a hollow sprout which is easily broken, killing the
young shoots. Wilting of young shoots and abortion of inflorescences and fruits are symptoms
of infestation. The insects can be chemically controlled by spraying insecticides. Some plants
seem to have some natural resistance to the miner; the hairinessof the plant, the presence of
raphid crystals in the tissue or the saponin content might contribute to this resistance.
Nematodes are also a problem and caninfest entire plantations, after which a new plantation
site needs to be found.
Harvesting The fruits of Phytolacca dodecandra are harvested when full grown, butstill
green, because the saponin content is then highest. Also, ripe fruits are hard to harvest as
they fall from the plant and are eaten by birds. Complete fruit bunches are collected manually.
Yield Annualfruit yield increases with the age of the plant up to about 15 years, with the
greatest increase occurring between thefirst and third year.
In Ethiopia several highly molluscicidal and productive cultivars have been selected, and agronomic trials have been effected in eastern and southern Africa. In a field trial in Ethiopia
different cultivars yielded between 1050 kg/ha to 2750 kg/ha of dried fruits, with a saponin
content of 20-25%. The yield of dry fruits can increase to 3000 kg/ha 4 yearsafter planting,
slowly rising to a maximum of about 4000 kg/ha. The content of saponins varies seasonally:
fruits harvested during the dry season just before the onset of the rains have the highest content.
Handling after harvest The harvested fruits must be dried immediately after collection
in the open undershadeor in the sun. Whole and powdered fruits can be stored at room temperature for up to 4 years without losing potency. Crushed fresh fruits or solutions prepared
from them lose their potency within a few days. While grinding the dried fruits care should be
taken protect the eyes from theirritating dust.
There are 2 ways of applying the fruits for snail control. The first is to make a slurry of the
dried and ground fruits in water. Shortly before application the solution is diluted with river
water and administered by siphoning the liquid into the river from a barrel. The rivers are
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treated whenthe waterlevel is low and the snails are concentrated in relatively small areas.
The second wayis to extract the active principles only. This method is suitable for larger water bodies such as lakes, where focal application of the molluscicide is required and sprayers
haveto be used. In order to avoid blockage of the spray nozzle, an extract has to be prepared.
The best results are obtained by soaking the dried and powdered fruits overnight and using
butanol to makethe extract.
Genetic resources Phytolacca dodecandra is widespread in Africa and is unlikely to be
liable to genetic erosion. A major threat is the loss of habitats due to increasing demand for
agricultural land. In Ethiopia most populations of Phytolacca dodecandra disappeared during
the severe droughts in the 1970s and 1980s. Surviving populations are now almost exclusively confined to protected areas. It is important to preserve the genetic variation of the remaining plants.
In Ethiopia, germplasm collections of Phytolacca dodecandra are maintained at the Institute
of Pathobiology and the Ethiopian Plant Genetic Resources Centre in Addis Ababa.
Breeding Among 500 different accessions from Ethiopia, 3 strains - E3, E17 and E44 have been selected for exceptional growth, molluscicidal potency, yield and resistance to insect pests and drought. Based on the colour of the fruits, two types of plants can be distinguished in Ethiopia: ‘Arabe’ with pinkish to red fruits, and ‘Ahiyo’, with yellowish green
fruits. The first type has a higher saponin content than thelatter one.
A breeding programme needs to be launched to obtain cultivars with high fruit and saponin
yields, pest resistance and the ability to grow underthe agro-ecological conditions of the lowlands.
Prospects Phytolacca dodecandra fruits have great potential as a molluscicide. Agronomic studies to select cultivars with high fruit and saponin yields and pest resistance have
been effected, but more research is needed to find ways of makingthefruits serve as a supplementor substitute for other detergents. Socio-economic research is needed to evaluate the
use of the fruits for local schistosomiasis control.

AuthorsC. Zimudzi
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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 Infusions of the stem bark of Sacoglottis gabonensis are commonly taken to treat
fever, diarrhoea, gonorrhoea and abdominal pain, and sometimes they are used to treat hypertension 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 enemato
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 andit also
used as a spice in food to induce heat in nursing and pregnant mothers. In coastal Céte
dIvoire the diluted stem sap is used in hipbaths to promote muscle tone in womenafter
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 asa fish poison.
The wood of Sacoglottis gabonensis is widely, though locally, used for house and bridge construction, flooring, interior trim, joinery, mine props, electricity poles, shipbuilding, vehicle
bodies, furniture, cabinet work, railwaysleepers, toys, novelties, turnery and pattern making.
In Liberia and Nigeria, it is used to make canoes and in Gabonfor the ribs of boats. The wood
is a good firewood and producesa valuable charcoal.
The fruit is edible, sweet and tastes like bananabread. 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 sweetnessof the resin stored in the cavities of the stone is much sought by bees.
Production and international trade Stem bark is sold for medicinal purposes in local

markets. Quantities traded are unknown. Timber of Sacoglottis gabonensis is known in the
internationaltrade as ‘ozouga’, but volumes tradedare small.
Properties Bergenin, an isocoumarin, was identified as the main active compoundof 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 ofintermediates of the lipid peroxidation pathway (lipid hydroperoxide aldehydes, carbonyls) as well
as complementing the primary anti-oxidant enzymescatalase 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-DNPH-induced 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 thrombinlevels of blood plasma.
Further analyses of stem bark extract have shown tannins in appreciable amounts with a
trace of saponins. They have also revealed the presence of 2 cis/trans isomers of lignans (calopiptine and galgravine) which mayplaya 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.
The heartwood is brown to purplish red and rather indistinctly demarcated from the narrow
sapwood. Thegrain is straight or wavy, texture fine and even.
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The woodis heavy, with a density of 870-920 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
high, from green to oven dry 5.8% radial and 10.0% tangential. Once dry, the woodis fairly
stable in service.
At 12% moisture content, the modulus of rupture is 114-233 N/mm?, modulus of elasticity
13,330-18,520 N/mm2, compression parallel to grain 72-104 N/mm?, shear 10-13 N/mm’,
cleavage 22—22.5 N/mm, Janka side hardness 9065-11,005 N and Janka end hardness 12,495

N.
Considering its high density and hardness, the wood is not difficult to saw and work. It is
difficult to nail and screw, but the holding poweris good. 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.
Adulterations and substitutes Bergenin is commercially extracted from Ardisia and
Bergenia spp. (Siberian tea and marlberry bush) andis used as a weight-loss product, e.g. in
body building, and in Chinese medicineto increase body heat.
Description Large, evergreen 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 in youngtrees fairly smooth with horizontal lenticels,
in old trees brown to dark brown, very scaly; crown very large, wide-spreading, heavily
branched, rounded andfairly open. Leaves alternate, simple; stipules c. 1 mm long, earlyfalling; petiole 6-10 mm long; blade ovate to elliptical or oblong, 6-15 cm x 2.5-6 cm, base
cuneate, apex acuminate, margin crenate, pinnately veined with 6—12 pairs of lateral veins.
Inflorescence a short axillary cyme up to 5 cm long. Flowers bisexual, regular, 5-merous;
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 stamens 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 8-4 cm X 2.5-3.5 cm, smooth, green to yellow;
stone with 10 grooves and manyresinouscavities, 1-3-seeded. Seeds oblong, c. 15 mm x 3
mm. Seedling with epigeal germination; hypocotyl 6-9 cm long, epicotyl c. 2 cm long; cotyledons leafy, 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 be closely related to Sacoglottis
amazonica Mart. from South America and the Caribbean. Thefruits of Sacoglottis amazonica
are eaten in Venezuela to cure diarrhoea. The timber is 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 oneof the most illustrative cases of dispersal by water from South
America to Africa. The resin-filled chambers of the stone makeit 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 Hm); 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; 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 (8-4) cells per parenchyma
strand); 93: eight (5-8) cells per parenchyma strand; (94: over eight cells per parenchyma
strand). Rays: 97: ray width 1-8 cells; (100: rays with multiseriate portion(s) as wide as
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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 marginalcells; (109: rays with procumbent, square and upright cells mixed throughout the ray); 115: 4-12 rays per mm. Mineralinclusions: 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 a favourite food of elephants and mandrills, and are adapted
for dispersal by elephants. The fruits develop slowly over the dry season, ripening in September—December in Liberia and remaining dull green. They fall to the ground when ripe and
develop a strong yeasty smell. Like Lophira alata Banks ex P.Gaertn. and Aucoumeaklaineana Pierre, Sacoglottis gabonensis is able to establish in the edges of moist savanna andit is
common in youngerforest 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 edgeoften have multiple trunks because they have coppiced after being
broken by elephants which feed on their leaves andbark.
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). It is usually found in small pockets, but occasionally in quite large and almost purestands.
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 may take 4 months to germinate.
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
stump coppices vigorously. Poisoning thetree is difficult because of the fluted and ingrown
bark, which hindersthe application of the toxic substance.
Harvesting The stem bark and woodof Sacoglottis gabonensis is harvested from the wild.
Handling after harvest 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 The stem bark extracts of Sacoglottis gabonensis and its main isolated compound bergenin have interesting hepatoprotective and anti-oxidant 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 information concerninghealth risks.
Sacoglottis gabonensis plays an importantrole in the succession in and regeneration of natural forests. As a widespread and often commonspecies it is important in the local economy as
a timber and for firewood and charcoal production. Because of the poor shape of the bole,
commercial exploitation of the timber for international trade is limited. Selection for bole
shape and researchinto proper management practices could lead to better shaped boles with
higher commercial value in the timbertrade.
Authors E. Dounias
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SOLANUM AETHIOPICUM L.
Protologue Cent. pl. II: 10 (1756).

Family Solanaceae
Chromosome number 2n = 24
SynonymsSolanum gilo Raddi (1820), Solanum incanum auct. non L.
Vernacular names African eggplant, garden egg, scarlet eggplant, bitter tomato (En).
Aubergine africaine, aubergine écarlate, tomate amère, djakattou (Fr). Jiló, jagatú tunga (Po).
Ngogwe, nyanya chungu (Sw).

Origin and geographic distribution Solanum aethiopicum was domesticated from the
wild Solanum anguivi Lam., via the semi-domesticated Solanum distichum Schumach. &
Thonn. Both are found throughouttropical Africa, Solanum anguivi in disturbed vegetation
and Solanum distichum in gardens. Solanum aethiopicum is grown throughouttropical Africa and South America (mainly Brazil), and occasionally elsewhere, e.g. in southernmost
France andItaly. It is one of the leading vegetables in tropical Africa. In the humid zone of
West Africa it is mainly grownfor its immature fruit (garden egg), in the savanna areafrequently for both its leaves and immaturefruits (often called ‘djakattou’), and in East Africa,
especially Uganda, mainly as a leaf vegetable (called ‘nakati’).
Uses The immature fruits of Solanum aethiopicum are used as cooked vegetables in
stews, and sometimes eaten raw. The leaves and shoots are used as a cooked vegetable. They
are picked from the sameplants that provide the fruit vegetable or from special leafy cultivars. Fruits of bitter cultivars are used as medicine in many African countries. Medicinal applications includethe use of roots and fruits as a carminative and sedative, and to treat colic
and high blood pressure; leaf juice as a sedative to treat uterine complaints; an alcoholic extract of leaves as a sedative, anti-emetic and to treat tetanus after abortion; and crushed and
macerated fruits as an enema. Igbo people in south-eastern Nigeria traditionally welcome
visitors into the family house by offering fruits. Solanum aethiopicum is sometimes cultivated
as an ornamental. Some cultivars (Aculeatum Group) are occasionally used as a rootstock for
tomato and eggplant.
Production and international trade African eggplant is one of the most commonlyconsumedfruit vegetables in tropical Africa, in quantity and value probably the third, after tomato and onion, and before okra. Reliable statistics for sub-Saharan Africa are not available.
A rough estimate for a few countries indicates an annual fruit production of 8000 t in Senegal, 60,000 t in Côte d'Ivoire and 4500 t in Burkina Faso. Commercial production to supply
cities Is increasing, as is export to Europe, e.g. from Uganda, Côte d'Ivoire and Senegal.
Small-scale growers account for at least 80% of the total production. Leaves of Solanum
aethiopicum are especially important in south-eastern Nigeria, Cameroon and Uganda. It is
the most popular leafy vegetable of the market in Kampala. Bitter Solanum aethiopicum
fruits, called “jiló’, are important as a market vegetable in tropical Brazil, where at least 7000
ha are cultivated.
Properties Solanum aethiopicum fruits contain per 100 g edible portion: water 90.6 g,
energy 135 kJ (32 kcal), protein 1.5 g, fat 0.1 g, carbohydrate 7.2 g, fibre 2.0 g, Ca 28 mg, P 47
mg, Fe 1.5 mg, B-carotene 0.35 mg, thiamin 0.07 mg, riboflavin 0.06 mg, niacin 0.8 mg, ascorbic acid 8 mg. The composition is comparable with that of eggplant. The composition of fresh
leaves per 100 g edible portion is given as: water 82.1 g, energy 215 kJ (51 kcal), protein 4.8 g,
fat 0.3 g, carbohydrate 10.3 g, fibre 2.4 g, Ca 523 mg, P 94 mg, Fe 6.0 mg, B-carotene 6.40 mg,
thiamin 0.23 mg, riboflavin 0.44 mg, niacin 1.8 mg, ascorbic acid 67 mg (Leung, W.-T.W.,
Busson, F. & Jardin, C., 1968). This composition is within the range of other dark-green leafy
vegetables.
Betulin and sterolin (sitosterol glucoside) have been isolated from the fruits and several sesquiterpenoids from the roots. Among these compounds are lubimin and epilubimin, which
have antifungal activity. The leaves contain oxalate and alkaloids, e.g. solasodine, which has
glycocorticoid effects. Their concentration is reduced by cooking. The characteristic bitter
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taste has been attributed to furostanol glycosides.
Adulterations and substitutes In dishes African eggplant fruits can be replaced by eggplant (Solanum melongena L.). The leaves can be replaced by other Solanum leafy vegetables,
mainly Solanum americanum Mill., Solanum scabrum Mill. and Solanum villosum Mill.
Description Shrub to perennial or annual herb, up to 200 cm tall, often much-branched;

root system extending both vertically and laterally; branches and leaves with or without
prickles and stellate hairs. Leaves alternate, simple; stipules absent; petiole up to 11 cm long;
blade broadly ovate, (6—)12—30 cm x (4-)7—21 cm, obtuse or cordate at base, acute to obtuse at
apex, slightly to deeply lobed at margin, pinnately veined; upper leaves smaller, narrower,
less lobed and often subopposite. Inflorescence a lateral, racemose cyme, up to 5(-12)flowered; peduncle often short or even absent, rachis short to long. Flowers bisexual, regular,
(4—)5—8(—10)-merous; pedicel (2—)4—12(-15) mm long, up to 27 mm long in fruit; calyx campanulate, lobes 4-10 mm long; corolla stellate, 6-15 mm long, white, sometimes pale purple;
stamensinserted near the base of the corolla tube and alternate with corolla lobes, filaments
short and thick, anthers connivent, yellow, opening by terminal pores; ovary superior, 2—6celled, style as long as or slightly longer than stamens, stigma small, obtuse. Fruit a globose
to depressed globose, ellipsoid, ovoid or fusiform berry 1-6 cm long, smooth to grooved, red or
orange, usually many-seeded. Seeds lenticular to reniform, flattened, 2-5 mm in diameter,
pale brown or yellow. Seedling with epigeal germination; cotyledonsthin, leafy.
Other botanical information The genus Solanum comprises over 1000 species and is
almost cosmopolitan, with at least 100 indigenous African species. Solanum aethiopicum belongs to subgenus Leptostemonum section Oliganthes, which comprises about 45 species. Four
cultivar-groups are recognized within Solanum aethiopicum, three of which are importantfor
Africa:
— Gilo Group. Mature leaves covered with stellate hairs, generally not prickly; fruit subglobose to ellipsoid, 2.5-12 cm long. The fruits are consumed. This is the most important cultivar-group, which includes cultivars with smooth fruits that are popular in West and East
Africa, and cultivars with more or less strongly ribbed fruits. Depending on thelocation,
preference is given to cultivars with pure white, creamy white, pale green, dark green,
brownor purple fruits, or cultivars with fruits striped in two or morecolours. Cultivars of
Gilo Group are grown throughouttropical Africa in the more humid areas.
— Kumba Group. Mature leaves glabrous apart from minute glandular hairs, not prickly;
fruit depressed globose, deeply furrowed, frequently multilocular, 5-10(—15) cm broad. The
fruits are consumed, as well as occasionally the leaves. Locally the same plants are used
for fruits and leaves, whereas other cultivars are only used as a leafy vegetable. Cultivars
of Kumba Group are mainly found in hot, semi-arid regions of the Sahel. They are frequently referred to as ‘djakattou’, ‘djakhattow’ or ‘jakhatou’ in francophonecountries, but
these names canalso refer to cultivars of Gilo Group.
— Shum Group. Mature leaves glabrous apart from minute glandular hairs, not prickly; fruit
subglobose, 1-3 cm in diameter. It is mainly a leafy vegetable, and occasionally the ripe
fruits are also consumed. It is most widespread in Central Africa, popular in Cameroon
and Nigeria and still more so in Uganda whereit is called ‘nakati’. It is mainly found in
warm, high-rainfall areas or underirrigation.
— Aculeatum Group. Stems and leaves prickly, mature leaves covered with stellate hairs;
fruit subglobose, furrowed, 3-8 cm in diameter. It is not eaten, mainly cultivated as an ornamentalor as rootstock for tomato or eggplant, but not cultivated in Africa.
Intermediate forms between the three African cultivar-groups or between Solanum aethiopicum andits wild ancestor Solanum anguivi occur. Forms that do not fit in any of the cultivar-groups occur in humid regions of south-western Congo and northern Angola. These are
shrublike with sweet fruits having the size of Gilo Group but hollow inside; their leaves are
eaten. Further investigations are needed into thesecultivars.
Plants of these four cultivar-groups can be crossed mutually as well as with Solanum anguivi
and Solanum distichum to produce fully fertile hybrids, and therefore might be considered as
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a single biological species. The non-prickly semi-domesticated Solanum distichum may well
be treated as a cultivar-groupof the prickly wild progenitor Solanum anguivi.
Growth and development Germination is epigeal, after which the cotyledons expand
andthe first true leaves form a rosette. New leaves rapidly increase in size and flowering
starts (40—-)70—100 days after sowing.Asthe first flowers are initiated, branching and subsequent production of smaller leaves occurs. Most cultivars of Kumba Group in dry hot savanna
areas have a shorter growthcycle and flower earlier. Unlike Solanum melongena, all flowers
are functionally bisexual and can set fruit. They are bee-pollinated, mainly by the genera
Exomalopsis and Apis. Growth and flowering may continue indefinitely, but are suppressed
once sufficient fruits have set. The small fruits of Shum Group ripen rapidly, turning red;
they are eaten by birds, which disperse the seeds. The muchlarger fruits of Gilo Group and
Kumba Group ripen moreslowly and stay firm even whenred or yellow, and can be stored for
weeks or even months. In the dry season, plants may become dormant and appear to be dead,
but can revive in the next rainy season, although they are then not very productive.
Ecology Solanum aethiopicum Gilo Group thrives in full sun in woodland savanna on
fairly deep and well-drained soils with pH 5.5-6.8, and in temperatures of 25-35°C during
the day and 20—27°C at night. Kumba Group grows in hotter conditions (up to 45°C day temperature) with air humidity sometimes as low as 20%, especially if irrigated. Shum Group
thrives under warm, humid conditions. It will drop its leaves when it gets dry. In Uganda it is
grown in swamps during the dry season. None of these cultivar-groups survive cold or very
wet conditions. Waterlogging is not tolerated. Sometolerance of irrigation-induced salinity is
reported from Senegal.
Propagation and planting Seeds should be taken from fully ripe fruits, washed, and
then dried on cloth or paper. They should not be exposed to direct sunlight. Seeds stored dry
and cool are viable for years. Seeds also store well inside air-dried fruits, which is the traditional form of seed storage by farmers. The 1000-seed weight is 2-4 g. Germination takes 5-9
days for Gilo Group and Shum Group, but only 3-5 days for Kumba Group, althoughthelatter may show seed dormancy and tends to have few seeds per fruit. Seeds are sown in sandy
soil in nursery beds or boxes. Seedlings are transplanted to the field after 30-385 days, when
they have 5-7 leaves and are 15-20 cm tall. Plants of Kumba Group grown in dry savanna
regions are often spaced at 1 m X 1 m, whereas those of Gilo Group can be spaced at 50-100
cm in the row and 75-100 cm between rows, depending on the cultivar. They can be grown

either on flat land or on ridges. The cultivation of Shum Group is rather different. Cultivars
of the latter cultivar-group are grown for their young shoots, which are frequently harvested,
and the crop can thus be spaced at 20-30 cm in the row and 60—75 cm between rows. Analternative is to broadcast seeds of Shum Group, whereby thinned plants are used as thefirst
harvest. Seed is sometimes broadcast together with amaranths (Amaranthus spp.) and spider
plant (Cleome gynandra L.), where the latter two crops are harvested early by uprooting and
the plants of Solanum aethiopicum Shum Group remain.
Management Manual preparation of the soil and hand weedingare sufficient, but largescale production in Senegal necessitates mechanized soil preparation. Plants do not need
staking. If possible, NPK 15-15-15 or 10-10-20 fertilizer may be applied at 150 kg/ha 10
days after transplanting and at 50 kg/ha at first flowering, and then at monthly intervals.
Soluble fertilizers may be fed by drip irrigation. Farm or poultry manure can be applied at a
rate of 10-20 t/ha. Plants grown as leaf vegetables (Kumba and Shum Groups) require extra
nitrogen to be applied as top dressing at a rate of 50 kg/ha NPK 15-15-15 every two weeks.
In the dry season, the crop needs about 5 mm water per day; irrigation twice per week is appropriate. Plants of Shum Group especially need a regular water supply. The growing season
of Gilo Group and Kumba Groupis extended whenirrigation is applied during dryspells and
towards the end of the rainy season. In addition, the fruit quality can be much improved by
maintaining adequatesoil moisture.
Diseases and pests Solanum aethiopicum is susceptible to several diseases and pest,
although much less than eggplant. The most serious soil-borne diseases are wilt caused by
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Ralstonia solanacearum, collar rot and wilting caused by Sclerotium rolfsii and Verticillium
dahliae, and root-knot nematodes (Meloidogyne spp.). These soil-borne diseases and pests can
be controlled by crop rotation, e.g. with cereals or other starch crops or with amaranth,
groundnut or onion, adequate drainage and a goodsoil structure. Root-knot nematodes are
particularly problematic in areas where vegetables are grown year-round and unless crop

rotation is taken seriously, production of African eggplant fruits, tomatoes and capsicums
may not be economic. A serious disease, e.g. in Cote d'Ivoire, is Stemphylium floridanum; it
causes small brown angular leaf spots causing a devastating defoliation. In Tanzania the
chilli veinal mosaic virus (ChiVMV) spread by the green peach aphid (Myzus persicae) caused
considerable damage. Spider mites (Hemitarsonemus and Tetranychus) are a serious problem
in drier regions; acaricide sprays can control them. Other serious pests include grasshoppers
(Zonocerus sp.), fruit and flower borers (Leucinodes and Scrobipalpa), leaf hopper (Jacobiasca
lybica) and caterpillars (Selepa docilis). In Uganda the leaves of Shum Group are sometimes
eaten by monkeys.
Harvesting The fruits are collected when full sized but still immature; some sweet culti-

vars are harvested when the fruit colour changes to orange but at the stage when seeds are
still immature and soft. The fruits are picked once per week. It is important to continue harvesting fruits even when the market is slack. Fruits that are left on the plant will change
colour from pure white to creamy white or pale yellow, fill with seeds, and become less palatable. They will also hamper the development of new fruits. Leaves of Kumba Group are
picked from young plants before flowering. Shoots with several leaves and flower buds of
Shum Group are picked repeatedly throughout the wet season. Ratoon cropping whereby the
main shoots are harvested and allowing new shoots to develop is practised frequently for
Shum Group and less often for Kumba Group. This process can be repeated up to six times, as
long as there is adequate irrigation and a top dressing with nitrogen is applied. Alternatively,
Shum Group plants are uprooted when they are 40—50 cm tall whenthefirst flowers tend to
open. They are marketed as young plants with their roots attached. Irrigated crops may be
harvested year-round.
Yield The preferred weight for fruits of Gilo Group and Kumba Group is 30—40 g. One
plant may produce from 500g to about 8 kg of fruits, depending on the cultivar and growing
conditions. Withoutirrigation, yields are 5-8 t/ha, and with irrigation 12-20 t/ha. Improved
cultivars grown under favourable conditions may yield 50-80 t/ha. Improved cultivars of ‘jild’
in Brazil yield 20-30 t of marketable fruits. Fruits of Kumba Group have mean weightsof 70—
120 g, sometimes even over 200 g; yield is 10-20 t/ha. Under good management, farmers
growingcultivars of Shum Group can get up to 75 leaf bundles of 30 kg each per 100 m?. This
means that the crop has a yield potential of 225 t/ha. The average leaf yield during the dry
season for a once-over harvest, however, is only 30 t/ha.
Handling after harvest Fruits free of rot or damage can be transported long distances,
and stored for several days or even weeks under well-ventilated conditions. Provided that
fruits are of good quality, standardization is not necessary; market womenoften mix different
batches of fruits to make an attractive display. During periods of shortage, the market pays
higher prices for small fruits because there are more of them per unit of weight whereas during periods of oversupply, larger fruits are appreciated. Mixtures of small and large fruits are
common, but not mixturesof fruits with different colour. However, fruits for export are sorted
and graded after collection from local markets, and then stored in cold rooms. Fruits and
leaves are not normally processed or preserved for long periods. Fresh leaves are taken immediately to the market. The roots of uprooted young plants of Shum Group are washed and
left on the plant, which helps to keep the crop fresh at the market when left standing in water. Shoots should preferably be harvested early in the morningor late in the afternoon. The
product should be dry during transport and be dipped in cold water on arrival at the market
to reabsorb enough moisture to retain its fresh appearance. The leaves can be sun dried and
ground into powder for use in soups duringthe off-season. Ripe fruits of Shum Groupare collected and dried in a similar way to those of Solanum anguivi. Fruits are dried and ground
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into powderfor use as a medicine against high blood pressure.
Genetic resources A wealth of genetic diversity is maintained by small-scale farmers
throughout Africa. Little work has yet been done on the characterization of the genetic resources of Solanum aethiopicum and allied species, however, in particular with respect to
disease and pest resistance. The large-scale commercialization of a few cultivars, such as ‘Sodefel’ (Gilo Group) in Céte d'Ivoire and ‘Soxna’ (Kumba Group) in Senegal, often in monoculture, has led to the disappearance of somelocal cultivars but manylocal landracescan still be
found throughout the African continent. Variation in Kumba Group is less than in Gilo
Group, possibly due to less cross-pollination in the former. Extensive collections of genetic
resources were made under the aegis of International Plant Genetic Resources Institute
(IPGRI) from 1981-1986. In 2001, efforts were started to regenerate and evaluate the collections as part of the EGGNET project, an international project for managementof the genetic
resources of eggplant. A rich germplasm collection is held at INRA in Montfavet, France. A
collection is kept at AVRDC in Arusha, Tanzania, and plant breeders in Ghana, Cote d'Ivoire,
Nigeria, Senegal and elsewhere in Africa also maintain some accessions.
Breeding Although small-scale farmers have selected many diverse cultivars of Solanum
aethiopicum and germplasm collections exist, little breeding has been undertaken. Selection
criteria are consumers’ preference for fruit size, form, colour and taste (sweet or bitter), skin
toughness, shelf life, as well as yield potential, disease resistance, earliness and duration of
harvest season, plant architecture and fruit location, and for Shum Group ease of leaf harvest. In Senegal, mite-resistant very hairy cultivars of Kumba Group have been bred. Resistance to nematodes and insects, such as flower borers, is urgently needed. Tolerance orresistance to various pests and diseases is being sought amongst wild relatives of Solanum aethiopicum, and more especially Solanum melongena, and crosses between these two and other
species have produced many hybrids, someof which arefertile. In Brazil, crosses of local cultivars of Gilo Group with Solanum melongena were more successful when the latter was used
as female parent; the F: wasself-sterile but could be backcrossed with plants of Gilo Group.
For breeding purposes, flowers must be bagged to prevent cross-pollination, and must be
emasculated to prevent self-pollination. Molecular markers have revealed relatively little
diversity within Solanum aethiopicum or its immediate progenitors, although morphological
diversity and its inheritance have been studied intensively; wild-type characters such as
prickles, hairs and long racemose cymesare often dominant. The Crops Research Institute in
Ghana, jointly with the Natural Resources Institute (United Kingdom), selected ‘Dwomo’, the
fruits of which have the shape andsize of an egg. ‘Dwomo’ wascrossed with Solanum anguivi

and some promising high-yielding cultivars were selected. Technisem Seed Company in Senegal commercializes improved African eggplant cultivars. Three popular cultivars of Kumba
Group are ‘Ndrowa’ (flat ribbed green-yellow fruits of 70-80 g, diameter 5 cm, with a mild
taste, plant height 60-100 cm, harvestable 50-70 days after planting during 3-4 months,
yield potential 25 t/ha, resistant to mites), ‘Ngalam’ (flat strongly ribbed pale green to white
fruits of 120-180 g, diameter 7 cm,slightly bitter taste, plant height 60 cm, harvestable 50—
60 days after planting during 6 weeks, yield potential 10 fruits per plant, resistant to mites),
and ‘Jaxatu Soxna’ (flat ribbed pale green to white fruits of 40-50 g, diameter 5-6 cm, bitter
taste, plant height 50 cm, harvestable 40-60 days after planting during 6 weeks, yield 20—25
fruits per plant or 30 t/ha, or used as leafy vegetable, resistant to mites, drought, high rainfall and high temperatures). In Japan ‘lizuka’ of Aculeatum Group was selected as a rootstock
for tomato and eggplantin protected cultivation because ofits resistance to wilt.
Prospects All three cultivar-groups Gilo, Kumba and Shum are important vegetables in

tropical Africa. As the fruits can be easily stored and transported, they are increasingly important products for the urban markets. Hitherto, Solanum aethiopicum has been rather neglected in research and breeding, except in breeding programmes for Solanum melongena.
With more attention to breeding, agronomy and crop protection ([PM-research) in a cooperative effort by the public and private sector, its potential as a market vegetable can be further
developed. Cultivars are needed for different ecological areas and consumer preferences in
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taste and degree of bitterness, and with resistances, e.g. to Stemphylium. The popularity of
improved cultivars has led to increased risk of genetic erosion in the local cultivars, making
the need for germplasm collections more urgent.
Authors R.N. Lester & A. Seck
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TABERNANTHEIBOGABaill.
Protologue Bull. Mens. Soc. Linn. Paris 1: 783 (1889).
Family Apocynaceae

Chromosome number 2n = 22
Vernacular names Iboga, eboka, bitter grass, sacred wood, leaf of God (En). Iboga,
eboka, éboga, eraga, bois sacré, bois amer, dibughi (Fr). Dihoa, lihoka (Po).
Origin and geographic distribution Tabernantheibogais distributed naturally in Central Africa, from Cameroon east to eastern DR Congo and south to central Angola. It was once
collected in Tanzania. Tabernanthe iboga is cultivated in several countries in West Africa, e.g.
Côte d'Ivoire.
Uses Tabernanthe iboga is well known in Central Africa, as the root is very important in
the initiation ceremonies of the Bwiti tradition in Gabon, which has expanded to southern
Cameroon, Equatorial Guinea Congo and DR Congo. The root bark is eaten whole, or crushed
and ground, rolled into small balls, sometimes mixed with other ingredients; sometimes a
decoction of the crushed roots is taken. The root is mainly employed as a hallucinogenic, a
catalyst for spiritual discovery, and to seek information from ancestors and the spirit world,
hence ‘coming to terms with death’. After the initiation ceremony, the initiate is reborn as an
adult in the tribe, having been cleansed of illnesses and socio-psychological blockages accumulated during childhood. Iboga is taken in these ceremoniesin large quantities. Ceremonies
are also held for diagnostic or therapeutic reasons, and the quantities of iboga taken there are
in general much lower, allowing the participant a certain agility and endurance. A root decoction can also be taken as a tonic to combat tiredness, hunger and thirst when it is necessary
to overcomephysical stress, e.g. for hunting or formerly in tribal wars. It is also considered
aphrodisiac, as is the leaf decoction. A root decoction is taken as a febrifuge. In DR Congothe
decoction is used for eye drops to treat conjunctivitis. The pounded roots are also used in the
curing ceremony (called ‘zebola’) for psychosomatic afflictions. In Congo a root macerate in
palm wine is taken to soothe coughs, and the root decoction is drunk to treat urinary infections. In traditional medicine, the latex is taken as an anthelmintic and warmed leaves are
rubbed on the gums to calm toothache, as they have an anaesthetic activity. The latex is
mixed with Periploca nigrescens Afzel. and/or Strophanthusspp. and is used as arrow poison.
In the 1980s iboga became popular in the United States and Europe as a non-addictive interrupter of drug dependency, but soon thereafter it was classified as a hallucinogen and dangerous substance in the United States, where it is therefore illegal to buy, sell, or possess it
without a licence. Its possession is also prohibited in Belgium, Switzerland, Sweden and Australia. There has been renewedinterest in ibogasince the late 1990s.
Production and international trade The roots or root bark of Tabernanthe iboga can
be found commonly in local markets and pharmacies. At present, the market for Tabernanthe
iboga is increasing becauseof the use of iboga outside Africa for the treatment of addictions to
tobacco, alcohol and drugs, and also to treat psychological disorders. The trade of Tabernanthe iboga products is most important in Gabon.
Tabernanthe iboga products, particularly the rootbark, are mostly bought and sold by members of the Bwiti society and traditional healers. Statistical information on tradeis scarce.
Powdered iboga root bark wassold on the local market of Libreville (Gabon) in 2005 at 5000
Fefa (US$ 7.6) for 200 ml, while 1 1 is sold at 15,000 Fefa (US$ 22.8). In 2004 a Gabonese
trader exported root bark to Europe with an estimated value of 6 million Fcfa (US$ 9100).
The roots are imported by several countries, e.g. France, Netherlands, Germany, United
Kingdom, Canada and countries in the Caribbean. On internet, prices of powdered root
ranged in 2005 from US$ 2.35 per g to US$ 1.5 per g depending on the quantity; prices of
powdered root bark ranged from US$ 4.7 per g to US$ 2.6 per g also depending on the quantity; prices of ibogaine hydrochloride (98% pure) range from US$ 150 per g to US$ 300 perg;
seeds were sold in packages of 5 seeds for US$ 19.
Properties The active compounds in the root, root bark, stem bark, leaves and seeds of
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Tabernanthe iboga are indole alkaloids. About 20 have been identified so far; the highest concentrations occur in the root bark (5—6%), followed by the roots (1-2.5%), stem bark (2%), seed
(1%) and leaves (0.4—0.8%). Ibogaine (ibogan class) is the most important alkaloid present in
all plant parts except the seeds. Ibogaine can be synthesized from nicotinamide via a 18- or
14-step process, but the yield is too low to be economically attractive. The main activities of
ibogaine are on the central nervous system and on the cardiovascular system. Alkaloids
structurally similar to ibogaine have analogouseffects.
At low doses, ibogaine exerts primarily a stimulant effect, increasing alertness and reducing
fatigue, hunger and thirst. At higher doses, the primary effects are hallucinations, with unpleasant possible side effects such as anxiety and depression with fear or rage. The peak effect is reached 1-3 hours after swallowing the drug; it subsides gradually, ending in complete
insomnia and lethargy. These effects can last for 2-5 days. Apart from the psychological effects, the physical effects include tremor, light sensitivity, nausea and vomiting, loss of muscular coordination and prolonged and often painful muscle spasms, all in a dose-dependent
way. Toxic doses may produce convulsions, paralysis and death from respiratory arrest. Most
activities have been tested with purified ibogaine, but during initiation ceremonies powdered
root bark is usually taken, which is more powerful as it contains a range of related alkaloids.
Ibogaine is a potent cholinesterase inhibitor, and the root extract is even 100 times stronger
in its inhibitory effect because of the additional effects of the alkaloids tabernanthine,
ibogamine and the more distantly related iboluteine. This property contributes to the antifatigue properties of ibogaine, and results from an increased sensitivity to adrenaline, bringing about a transient excited state of the sympathic nervous system. Despite the reputation of
iboga as an aphrodisiac, ibogaine did not produce a stimulation of sexual functions in tests
with dogs, cats and sheep. Not does ibogaine have a significant analgesic effect in mice
Recent research indicates that ibogaine has a novel pharmacological mechanism of action,
acting strongly on a variety of different receptors in the brain, resulting from complex interactions between neurotransmitter systems. There is no consensus yet on how ibogaine works
precisely, but it is known to inhibit the re-uptake of the neurotransmitter serotonin, which
can cause hallucinations. However, the suggestion by laymen that ibogaine has considerable
potential in the field of psychotherapy is premature. Research on animals and humansreveal
that ibogaine is converted in the liver to noribogaine, which fills opiate receptors, thus eliminating withdrawal symptoms. Ibogaine also stimulates nicotinic receptors in the cerebellum,
which contributes to modulating the dopamine rewardcircuit. At high doses though, ibogaine
is toxic as it destroys neurons in the cerebellum.
Research with animals and anecdotal reports of humans suggest that ibogaine has considerable potential in treating addictions to heroin, cocaine, alcohol, nicotine, caffeine, amphetamine, desoxyephedrine or methadone, or combinations of these. Several methodsto arrest the
physiological and psychological aspects of dependency on drugs by using ibogaine have been
patented in the United States. Treatments are claimed to be effective for 70-100% of the
cases. However, the serious side effects of ibogaine make its use potentially harmful and additional clinical studies are needed to determine if and how it can be used safely. The side
effects of ibogaine are not present in the ibogaine congener 18-methoxycoronaridine (18-MC),
nor in the metabolite noribogaine, and these compounds thushave potential in safe and effective treatments. Meanwhile, there are someclinics, e.g. in the Caribbean, that offer a controlled ibogaine treatment, and in Europe illicit treatments are available without medical
facilities. In addition, ibogaine and iboga extracts have become available through the internet.

Adulterations and substitutes Several other Apocynaceae genera also contain compoundsrelated to ibogaine, but they contain ibogaine as a minor compoundonly, e.g. Tabernaemontana and Voacanga.
Description Shrub up to 4 m tall, repeatedly dichotomously branched, with white latex in
all parts, glabrous to hairy; trunk up to 10 cm in diameter; bark pale to dark grey, smooth.
Leaves opposite, simple andentire; stipules absent; petiole 1-13 mm long, with three or more
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rows of colleters in the axils; blade narrowlyelliptical, elliptical or narrowly obovate, 2.5-22
cm X 1-10 cm, base slightly cordate to cuneate, apex acuminate, pinnately veined with 7—20
pairs of lateral veins. Inflorescence an irregularly corymb 3-7 cm x 2—4 cm, 2 together just
above the forks of the branches, few- to many-flowered; peduncle 0.5—4.5 cm long, fairly slender; bracts as long as the sepals, sparsely hairy at the apex. Flowers bisexual, regular, 5merous, fragrant; pedicel 2-17 mm long, thickened at apex; sepals almostfree, ovate to triangular, 1-3 mm long, apex acuminate, persistent in fruit; corolla tube almost cylindrical to
urn-shaped 5.5-8.5 mm x 1.5-3.5 mm, contracted at base, lobes orbicular to obliquely ovate,
2.5-6 mm long, with obtuse or rounded apex, in bud overlapping to the left, undulate, spreading and recurved later, hairy inside from the insertion of the stamens to the mouth, white or
cream, usually with red to purple dots or stripes in 5 groups in the throat; stamens inserted
2.5-4 mm abovethe corolla base, included, anthers almost sessile, base sagittate; ovary superior, only basally 2-celled, surrounded bya disk, style slender, pistil head composedof a basal
ring, an almost globose central part with 5 grooves and 2 slender apical lobes. Fruit a globose,
ellipsoid or ovoid berry 3-6.5 cm long, apex rounded, obtuse, acute or acuminate, pendulous,
smooth orless often bumpy, glabrous, yellow to red, many-seeded, with the seeds in spongy,
white pulp. Seeds ellipsoid, 7-10 mm long, brain-like deeply indented. Seedling with epigeal
germination, taproot firm, cotyledonsleafy, rounded, epicotyl 3.5—7.5 cm long, glabrous.
Other botanical information Tabernanthe comprises 2 species, both restricted to Central Africa: Tabernanthe iboga and Tabernanthe elliptica (Stapf) Leeuwenb. Tabernanthe elliptica occurs in Congo, DR Congo and Angola and differs mainly from Tabernanthe iboga in
having only 4-7 pairs of lateral leaf veins and havingfruits consisting of 2 separatefollicles
bearing soft blunt prickles. Of the total alkaloids in the root bark (5.6%) and stem bark
(2.4%), about 80% is ibogaine. The leaves do not contain ibogaine. Hybridization occurs between the 2 species, resulting in plants with the carpels moreor less fused in fruit, without or
with a few blunt prickles. The fruits of Tabernanthe iboga are quite variable; in Gabon plants
with ovoid fruits are most commonly used in ceremonies.
Growth and development The seedling of Tabernanthe iboga grows rhythmically, extending by flushes, becoming about 60 cm tall in 3 years. The juvenile period lasts 5-6 years.
The plant develops according to the architectural growth model of Leeuwenberg characterized
by a monopodial orthotropic trunk, which ends in a terminal inflorescence. After flowering
the 2 uppermost axillary buds develop into branches, so that the growth is sympodial and the
infructescence seems to be axillary. Flowering and fruiting occurs almost throughout the
year, but mostly between September and February. The fruits take 5-6 months to mature.
Tabernanthe iboga regenerates well by forming shoots from the trunk.
Ecology Tabernanthe iboga occurs in the forest understorey, sometimes in riverine or
swamp forest or relatively wet savanna, from sea-level to 1500 m altitude. In Gabon it is
dominant in forest along the Atlantic coast, between Cocobeach and Ndindi. The seeds are
dispersed by elephants as they feed on the fruit.
Propagation and planting Propagation of Tabernanthe iboga is by fresh seed or by cuttings. Germination is slow and irregular, ranging from a few weeks to a few months. Scarification prior to sowing increases the germination rate considerably, although this is rarely
done in home gardens. After a few months the seed coat dries out, makingit difficult for the
seedling to emerge. Seedlings need to be protected from the sun. They can be transplanted to
their final location after 2-3 months, when the root has becometwice as long as the stem.
Cuttings of about 25 cm long and 1 cm in stem diameterroot easily in humid soil. These cuttings flower already after 4 months. Tabernanthe iboga can be propagated through tissue
culture.
Management Tabernanthe iboga is commonly cultivated in home gardens. Once established, individual plants grow fast and require little maintenance, but need to be protected
from fire.
Harvesting In the wild, whole plants of Tabernanthe iboga are uprooted to harvest the
roots. This leads to large-scale destruction of natural stands. In home gardens, only a part of
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the roots is harvested. The roots can be harvested throughout the year although it is easier
during the rainy season between October and May,asthesoil is easier to work. Larger quantities are mainly collected from wild stands.
Handling after harvest The fresh roots are transported in jute bags. They are washed
and sun-dried for local use or for the market. The bark of the root is then separated, andis
again left to dry in the sun for 7-10 days, after which it is pounded and sieved through a
coarse mesh. The powderis kept dry in bottles.
Genetic resources No germplasm collections of Tabernanthe iboga exist, and as large
quantities of the plants are harvested from the wild, it is likely that the genetic diversity will
be threatened in the near future. Also, an inventory of the morphological variation is needed
to clarify the diversity within in the species, especially in the shapeof the fruit. The government of Gabon considers iboga a national patrimony; however, there is no law protecting it
against overexploitation.
Prospects Tabernanthe iboga is a plant with considerable socio-economic importance in
Gabon and neighbouringparts of Africa becauseof its role in the Bwiti tradition, and outside
Gabon because the root bark or purified ibogaine is used in Europe and America in treating
addictions to drugs, alcohol and smoking. Apart from the need to investigate whether
ibogainereally does suppress the craving for drugs, its toxic side-effects need to be elucidated.
Tabernanthe iboga is not yet threatened in its natural environment, but as most plants are
harvested from the wild, and whole plants are uprooted, it may become endangered in the
near future when demand remains high. Moreresearch on cultivation practices and methods
of propagation of superior plant types is warranted. Iboga has ornamental value, especially
whenin flower andfruit.
Authors H.P. Bourobou Bourobou
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TRIPLOCHITON SCLEROXYLON K.Schum.
Protologue Bot. Jahrb. 28: 331 (1900).
Family Sterculiaceae (APG: Malvaceae)

Chromosome number 2n = 40
SynonymsTriplochiton nigericum Sprague (1909).
Vernacular names African whitewood, African maple, ayous, obeche, wawa (En). Ayous,
obeche, samba(Fr).
Origin and geographic distribution Triplochiton scleroxylon is widely distributed in
the West and Central African forest zone from Guinea east to the Central African Republic,
and south to Gabon and DR Congo. It is commonly planted in its natural area of distribution
(e.g. in Cote d'Ivoire, Ghana and Nigeria), and occasionally elsewhere, e.g. in the Solomon
Islands.
Uses The wood is widely used for interior joinery, panelling, moulding, furniture, boxes
and crates, sculptures, matches, pencils, peeled and sliced veneer for interior and exterior
parts of plywood, fibre and particle boards, and blockboard. It is of great importance for house
building, for beams, posts and planks, and is also used for roof shingles. The wood from the
buttresses is used to make doors, platters, bowls and sandals, and thebole is used for dugout
canoes. The wood pulp can be used to produce paper of moderate quality.
The leaves are prepared as a cooked vegetable or sauce in traditional cuisine in Cote d’Ivoire
and Benin. The bark is used to cover the roof and walls of huts. It is also applied in traditional medicine to treat oedemas and as an anodyne. Triplochiton scleroxylon is a food plant
of the silkworm Anaphe venata, the larvae of which are a good source of protein and commonly eaten. Sawdust is used for the production of edible fungi (Plewrotus spp.). The trees are

often preservedin cocoa plantations to serve as shadetrees.
Production and international trade Triplochiton scleroxylon used to be the major timber tree of West and Central Africa. In 1959 Ghana exported 650,000 m3 of logs and 30,000
m?® of sawn timber, while the export of logs from Nigeria was 350,000 m3, from Céte d’Ivoire
91,000 m* and from Cameroon 1750 m®. In 1973 Céte d’Ivoire exported over 1 million m? of
logs and Ghana, Nigeria and Cameroon together 400,000 m3 of logs and 40,000 m3 of sawn
timber. In 1983 export from Côte d'Ivoire decreased to 230,000 m3, reflecting the loss in forest
area. Currently, it is economically the most important timber species of Ghana and Cameroon, making up about 70% of the volumeof timber products exported from Ghana and 35%
from Cameroon. In 1996 the volumeof Triplochiton scleroxylon timber (‘ayous’) exported from
Cameroon (mainly as logs) was estimated at 700,000 m? and in 1998 475,000 m2. In 2001 the
export of logs and sawn timber from Cameroon amounted to 29,000 m3 and 11,000 m?, respectively, according to ITTO statistics, with a mean price of US$ 93/m? for logs and US$ 435/m?
for sawn timber. Also in 2001, the export of sawn Triplochiton scleroxylon timber from Céte
d'Ivoire (‘samba’) was 109,000 m®, with a meanprice of US$ 220/m3, and 2000 m® veneer was
exported, with a mean price of US$ 287/m?; the export of sawn timber from Ghana (‘wawa’)
was 114,000 m? in 2001, with a mean price of US$ 246/m3, and 80,000 m? in 2002. In 2003
export from Cameroon was 86,000 m? of logs, mainly to Italy and China, and 282,000 m3 of
sawn timber, mainly to Italy and Spain.
Properties The heartwood is whitish to pale yellow, indistinctly demarcated from the
sapwood, which is up to 15 cm thick. The grain is usually interlocked, sometimes straight,
texture moderately coarse. The wood has a ribbon-like aspect on quarter-sawnfaces, and is
lustrous. Fresh wood has an unpleasant smell, which disappears upon drying.
The wood of Triplochiton scleroxylon is lightweight, the density is 320—440(—490) kg/m3 at
12% moisture content. The shrinkage rates are moderately low, from green to oven dry 2.5—
4.1% radial and 4,2-6.6% tangential. The timber dries easily and rapidly, with only a slight
risk of distortion and checking. The use of large spacer sticks is recommended during air drying to allow goodair circulation. Once dry, the woodis stable in service.
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At 12% moisture content, the modulus of rupture is 52-110 N/mm?, modulusof elasticity
4800-9200 N/mm?, compression parallel to grain 24-43 N/mm?, shear 3-8 N/mm?, cleavage
5-15 N/mm, Janka side hardness 1910-2100 N and Janka end hardness 3070-3600 N.
The wood works easily with hand and machine tools; ordinary saw teeth and cutting tools can
be used. However, sharp edges are needed for a smooth finish, and the wood tends to tear in
mortising. A cutting angle of 15° is recommended when planing to prevent tearing. The peeling and slicing properties are good. The wood stains and polishes well. Filling is recommendedto obtain a good finish. The nailing and screwing properties are rather poor; splitting
mayoccur. Gluing does not cause problems, although it must be done carefully as the woodis
absorbent. The carving characteristics are good.
The woodis not durable, being liable to fungal attack (e.g. blue stain), and susceptible to termites, powder-post beetles and dry-wood borers. It should not be used in contact with the
ground or exposed to the weather. The heartwood is somewhat resistant to preservative
treatment. In an autoclave, the wood absorbs 140 |/m? of preservative.
The sawdust may cause occupationalallergic contact dermatitis, allergic rhinitis and asthma.
The pulping properties of the wood are moderate. Unbleached and bleached kraft pulps of
good yield and quality were made from a mixture of wood chips including Triplochiton scleroxylon.
Fresh leaves have a moisture content of 74.7%, and they contain per 100 g dry matter: energy
668 kJ (160 kcal), protein 29.2 g, fat 2.2 g, starch 3.0 g, sugar 2.3 g, fibre 51.0 g, Ca 1114 mg,
Mg 551 mg, Fe 9.2 mg, B-carotene 16.5 mg, riboflavin 0.78 mg and ascorbic acid 165 mg
(Herzog, Farah & Amado, 1993). The mucilage content of the leaves per 100 g was 4.2 g, compared to 9.1 g in the fruits of common okra (Abelmoschus esculentus (L.) Moench).
Adulterations and substitutes The wood of Triplochiton scleroxylon can be replaced by
other lightweight and whitish wood such as that of Alstonia boonei De Wild., Antiaris toxicaria Lesch. and Ceiba pentandra(L.) Gaertn.
Description Large deciduous tree up to 50 m tall; bole straight, often angular and
strongly ridged, branchless for up to 30 m, up to 150(-210) cm in diameter, with low to very
high (up to 8 m) buttresses; bark 7-30 mm thick, grey to yellowish brown, smooth when
young, becoming scaly with age, often with vertical lines of lenticels; crown dense and
rounded, with heavy, not far-spreading branches. Leaves alternate, simple; stipules linear, 2—
4 cm long, early caducous and leaving annularscars; petiole (1.5—-)3-10 cm long; blade palmately 5—7-lobed, up to 20 cm long and wide, cordate at base, lobes broadly ovate or triangular, obtuse to acute at apex, brown stellate hairy when young but soon becoming glabrous.
Inflorescence an axillary or terminal panicle up to 10 cm long, densely hairy; bracts c. 0.5 cm
long, early caducous. Flowers bisexual, regular, 5-merous; pedicel 3-4 mm long,articulate at
base; sepals triangular, c. 7 mm long, brownstellately hairy; petals broadly obovate, c. 1 cm
long, pinkish white but purple at base, densely silky hairy; androgynophore c. 3 mm long,
hairy; stamens 30—40, connate at base in pairs; ovary surrounded by 5 petal-like staminodes,
consisting of 5 free carpels, styles connate. Fruit consisting of 1-5 rhombic nuts c. 2 cm x 1 cm
with a large wing 4-6 cm x 1-2 cm. Seedling with epigeal germination; hypocotyl c. 7 cm long,
epicotyl 1.5-2 cm long; cotyledons leafy, rounded, 2.5-3 cm in diameter, 3-5-veined from the

base.
Other botanical information Triplochiton comprises only 2 species. It resembles Mansonia, which differs in its entire leaves and spathaceous calyx. Triplochiton zambesiacus
Milne-Redh. occurs in southern Africa.
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); 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 tim; 43: mean tangential
diameter of vessel lumina > 200 tim; 46: < 5 vessels per square millimetre; (47: 5-20 vessels
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per square millimetre); (56: tyloses common). Tracheids andfibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres present; 69: fibres thin- to thick-walled. Axial
parenchyma: 77: axial parenchyma diffuse-in-aggregates; (86: axial parenchyma in narrow
bands or lines up to three cells wide); (89: axial parenchyma in marginal or in seemingly
marginal bands); 90: fusiform parenchymacells; 91: two cells per parenchyma strand; 92: four
(38-4) cells per parenchyma strand. Rays: 98: larger rays commonly 4- to 10-seriate; (99: larger
rays commonly > 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 marginalcells; 110: sheath cells present; 111: tile cells present; 115: 4-12 rays per mm. Storied structure: 119: low rays storied, high rays non-storied;
120: axial parenchyma and/or vessel elements storied; 121: fibres storied. Mineral inclusions:
136: prismatic crystals present; 137: prismatic crystals in upright and/or square raycells;
141: prismatic crystals in non-chambered axial parenchyma cells.
(N.P. Mollel, P. Détienne & E.A. Wheeler)
Growth and development Under natural conditions seedlings may reach 15 m tall and
15 cm in stem diameter after 4 years. Mean annual diameter increment in the forest averages
1 cm, but in Nigeria mean annual diameter increments of up to 2.5 cm have been recorded
and in the Central African Republic as low as 0.3 cm. In a 19-year-old plantation in Ghana
with 600 stems/ha, the trees were on average 21.8 m tall with a bole diameter of 27 cm. In
Nigeria half of the annual diameter increment takes place from mid April to mid July.
The bole and branches of Triplochiton scleroxylon are all orthotropic and branching is rhythmic, corresponding to Rauh’s model of tree architecture. Normally, the trees do not flower
until 15 years old. In Ghana and Nigeria flowering occurs during the long dry season between
November and March whenthetrees havea leafless period. In Liberia trees flower in Decem-

ber—January, when the leaves are usually shed. It has been observed that flower initiation is
associated with changing temperature. The fragrant flowers open late in the day and wither
within 18 hours; they are pollinated by insects. Cross pollination is needed for the production
of viable seed. The trees produce fruits very irregularly, but mast production occurs with intervals of several years. Fruit development extendsinto the start of the rainy season, and is
frequently impaired by pests, such as the fruit-boring weevil Apion ghanaensis and pathogens
including the smut fungus Mycosyrinx sp. The fruits are dispersed by wind. In Liberia ripe
fruits are present in January—March.
Ecology Triplochiton scleroxylon is characteristic for semi-deciduous forest, where it often

grows gregariously, but it can sometimes be foundin clearings in dense evergreen forest and
in dry forest. In Nigeria it is almost exclusively limited to moist forest areas at low and medium altitudes. It occurs up to 900 m altitude in regions with an annual rainfall of up to 3000
mm, but is most abundant at 200-400 m altitude and in areas with an annual rainfall of
1100-1800 mm and 2 rainy seasons. It prefers morefertile, well-drained, ferruginoussoils
with light or medium texture and acid to neutral pH. It does not tolerate waterlogging, and in
general avoids swamps. It is a light-demanding pioneerspecies. Seedlings may be very abundant in forest gaps of larger sizes, and thetree is characteristic of secondaryforest.
Propagation and planting Mostfruits collected from the ground have been attacked by
insects. The fruits can be collected from the trees when still green just before maturation.
One kg comprises about 3000 wingedfruits. Seeds start to germinate 1-2 weeksafter sowing,
but the germination rate is often low. Fruits stored at —18°C fully retained their viability for
18 months. However, at 25°C viability drops from about 80% to 15% after 6 months. Fruits
stored at 8-15% moisture content lost only a little viability after 12 months, but soon thereafter viability declined sharply; when stored at 30% moisture content they lost their viability
quickly. More than 50% of the seeds maystill germinate after being stored for 7.5 years in
sealed containers at 4°C. Germination rate and speed increase when theseeds are pre-treated
by moistening between layers of damp cotton wool. Fruits with wings removed are shallowly
buried in pots, which are placed under shade. Theseedlings are pricked out whenfirst leaves
appear. They are fragile and sensitive to damping off. They develop a taproot, whichis often
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forked, with few lateral roots in the upper 15 cm of the soil. The taproot of a 2 m tall sapling
may be 1 m long. Seedlings of 1-8 years old with their tops intact but the root system severely cut back to permit planting in 40 cm x 40 cm x 40 cm holes were successful. However,
it has also been observed that cutting the primaryroot for planting causes serious drawbacks;
new roots form slowly, which makes the plant liable to parasitic attacks. Single-node cuttings
with one leaf were rooted successfully under mist; rooting was improved by a hormone dip
and a high temperature in the bed (30°C). Cuttings 10 cm long with 2—4 leaves taken from 2month-old branchesare also used. These are placed in a nursery under 40-60% shade under
mist. It takes about 12 weeks to obtain a rooted and hardenedplantlet. Marcotting is possible
by ringing a branchat an internode; results are optimal whenthefoliage is at maximum density, between August and October, with up to 50% success in 12-year-old trees.
Planting out is usually done at the beginning of the rainy season. Normally potted seedlings
of about 30 cm tall are planted in holes 40 cm wide, after cutting the base of the pot to remove
deformed roots. In 2-3 weeks the stumps develop several sprouts, of which one takes the lead.
The survival rate of stumps of one year old (2.5—4 cm in diameter) is usually 50-60%. They
are liable to termite attack and to suppression by weeds. When planted at 3 m X 3 m spacings, the canopy canclose after 3 years.
In Ghana planting under a taungya management system hasgiven good results. Silvicultural
practice in Côte d'Ivoire is directed towards maximum sunlight for tree crowns and limiting
competition by early and regular clearings. In general 50% of the trees are cut when they
have reached 6-7 m tall.
ManagementProduction of Triplochiton scleroxylon timber is usually in natural forest
underselective logging. In Côte d'Ivoire Triplochiton scleroxylon has been planted since 1930
in mixed timber plantations, e.g. with Khaya and Terminalia spp. From 1967 to 1995 about
3000 ha wasplanted in Cote d'Ivoire. Plantations have a cutting cycle of less than 40 years.
In Nigeria Triplochiton scleroxylon is planted in agroforestry systems with cocoa. Theresults
of plantations in the Solomon Islands have been rated as good, with well-formed, fast growing
and self-pruning trees.
Diseases and pests The roots are very sensitive to fungal rot. In Nigeria the cricket
Gymnogryllus lucens, the grasshopper Zonocerus variegatus and the psyllid Diclidophlebia
sp. can cause serious damage to seedlings, and the wood borers Eulophonotus obesus and
Trachyostus ghanaensis to adult trees. The silkworm Anaphe venata is a defoliator of the
trees. Beetles such as the bostrychid Apate monachus bore holes up to 1 cm in diameter into
the wood.
Harvesting Harvesting is done throughout the year. It involves felling and cross-cutting
of the logs using power chain saws and skidding the log parts to a central log yard. The
minimum diameterlimit for cutting is 60 em in Côte d'Ivoire, 80 em in Cameroon and 90 cm
in Ghana. Defects of logs include brittle heart, ring shakes, black holes and grub holes.
Yield In Ghana the total standing volume was estimated at 3930 m°/km? in inventories in
2001, and exploitable volume 1650 m?°/km?. The annual allowable cut has been fixed at 816
m?°/km?. In the 1960s, total standing volumes above 60 cm diameter were estimated at 2350
m?/km? in Cameroon, 1410 m?/km? in Côte d'Ivoire, 1350 m?/km? in the Central African Republic and 610 m?/km? in Congo.
The final harvest in plantations in Côte d'Ivoire yields 200-250 m?/ha of timber, of which
170-200 m? from the bole, with an annual volume increment of 8-13 m°/ha.
Handling after harvest Logs should be removed from the forest or treated as soon as
possible after cutting because they are susceptible to fungal and insect attacks. Logs of Triplochiton scleroxylon float in water, and can therefore be transported by river. In Ghana logs
are usually transported to processing mills or log markets by means of articulated hauling

rigs.
Genetic resources As a widely distributed pioneer species Triplochiton scleroxylon is not
easily liable to genetic erosion, but in many regions within its distribution area it is under
pressure because of excessive exploitation. In Ghana it is considered vulnerable; it is still
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common, but under profound pressure. In Liberia stocks are limited. Gene banks andclonal
trials representing the whole geographical range of Triplochiton scleroxylon have been established at 5 sites in Nigeria. In Cote d’Ivoire slightly over 100 superior trees have been selected from a stand of over 50,000 trees to serve as mothertrees for the large-scale production
of cuttings.
Breeding Selection of superior germplasm using DNAtechniques is currently being pursued in Ghana.
Prospects There are good opportunities for highly productive clonal timber plantations of
Triplochiton scleroxylon. In tests, wood material from plantation-grown trees was found not
inferior to that from trees harvested in natural forest. The erratic seed production is a major
drawback for the establishment of plantations, but methods of relatively cheap vegetative
propagation are possible and will offer great opportunities when superior germplasm becomes
available. The high growth rates, allowing comparatively short cutting cycles, the generally
good form of the boles, and the possibility of planting in mixtures with other timber species
make Triplochiton scleroxylon even more promising.
AuthorsP.P. Bosu & E. Krampah
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VIGNA SUBTERRANEA(L.) Verdc.
Protologue Kew Bull. 35(3): 474 (1980).
Family Papilionaceae (Leguminosae - Papilionoideae, Fabaceae)
Chromosome number 2n = 22
Synonyms Glycine subterranea L. (1763), Voandzeia subterranea (L.) DC. (1825).
Vernacular names Bambara groundnut, bambarra groundnut, earth pea, jugo bean (En).
Voandzou, pois de terre, pois bambara (Fr). Mancara de Bijagó, jinguba de Cabambe (Po).
Njugu mawe (Sw).
Origin and geographic distribution The centre of origin of bambara groundnut is
probably north-eastern Nigeria and northern Cameroon. It is found in the wild from central
Nigeria eastwards to southern Sudan, and is now cultivated throughout tropical Africa, and
to a lesser extent in tropical parts of the Americas, Asia and Australia. Its use as a pulse in
West Africa was recorded by Arabic travellers in the 14» Century. Its importance declined
after the introduction of groundnut from the New World tropics.
Uses Bambara groundnut is grown primarily for its seeds, which are used in many types
of foods, some of which are an important part of the diet and play a role in traditional ceremonies (e.g. funeral rites) and gift exchanges. Mature, dry seeds are boiled and eaten as a
pulse. Dried seeds, either whole or split, are also mixed with maize or plantains and then
boiled. The seeds may be ground into flour, sometimes after roasting, to prepare a porridge.
They are also added to maize flour to enrich traditional preparations. Sometimes seeds are
soaked in water and ground into a paste which is used to prepare fried or steamed dishes.
Immature seeds are often boiled with salt and eaten as a snack. They are eaten during the
‘hungry gap’ during the growing season, when stores are empty and crops are not yet ready
for harvest. Vegetable milk and fermented products similar to tempeh (from Glycine max L.)
and dawadawa (Parkia biglobosa (Jacq.) R.Br. ex G.Don) can be madefrom theseeds.
The seeds are fed to pigs and poultry, and the leafy shoots are used as fodder. In Senegal leaf
preparations are applied to abscesses and infected wounds, leaf sap is applied to the eyes to
treat epilepsy, and the roots are sometimes taken as an aphrodisiac. Pounded seeds mixed
with water are administered to treat cataracts. The Igbo in Nigeria usethe plantto treat venereal diseases.
Production and international trade Reliable production figures for bambara groundnut are difficult to obtain, because the crop is mainly grown for home consumption andsale at
local markets. In the early 1980s the estimated annual world production was 330,000 t, 45—
50% of which was produced in West Africa. The major producers are Burkina Faso, Chad,
Côte d'Ivoire, Ghana, Mali, Niger and Nigeria, but the crop is also widely grown in eastern
and southern Africa and in Madagascar. The main exporting countries are Burkina Faso,
Chad, Mali, Niger and Senegal; they supply markets in Benin, Ghana, Nigeria and Togo.
Properties Raw immature bambara groundnut seeds contain per 100 g edible portion:
water 57.3 g, energy 636 kJ (152 kcal), protein 7.8 g, fat 3.1 g, carbohydrate 30.0 g,fibre 3.0 g,
ash 1.8 g, Ca 14 mg, P 258 mg and Fe 1.2 mg. The composition of mature dry seeds per 100 g
edible portion is: water 10.3 g, energy 1537 kJ (367 kcal), protein 18.8 g, fat 6.2 g, carbohydrate 61.3 g, fibre 4.8 g, ash 3.4 g, Ca 62 mg, P 276 mg, Fe 12.2 mg, B-carotene 10 ug, thiamin
0.47 mg, riboflavin 0.14 mg, niacin 1.8 mg and ascorbic acid traces (Leung, Busson & Jardin,
1968). The content of essential amino acids per 100 g food is: tryptophan 192 mg, lysine 1141
mg, methionine 312 mg, phenylalanine 991 mg, threonine 617 mg, valine 937 mg, leucine
1385 mg and isoleucine 776 mg (FAO, 1970). As in other pulses, the sulphur-containing
amino acids cystine and methionine are limiting. The main fatty acids in the seed oil are
palmitic acid 18-24%, stearic acid 5-12%, oleic acid 18-24%, linoleic acid 34-40%, linolenic
acid 2-3% and behenic acid 3—7%. A content of 21% linolenic acid and no oleic acid, however,
hasalso been recorded. The ratio of saturated to unsaturated fatty acids is approximately 1:2.
The oil content is too low for the seed to be used as a source of oil. Trypsin inhibition occurs.
The seeds contain tannins, mainly in the seed coat. In comparative studies in Botswana and
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Ghana, tannin levels were found to be lowest in cream-coloured seeds, intermediate in red
seeds and highest in black seeds. Cooking and other forms of processing (e.g. soaking, milling,
hulling, germination, fermentation) reduce the concentration of antinutritional factors. Ripe
seeds are very hard and usually have to be cooked longer than those of other legumes. Creamcoloured seeds are often preferred to red and black seeds, because they are less bitter
(‘sweeter’) and take less time to cook. Large seeds are preferred over smaller ones, e.g. for use
as snack; smaller seeds are groundinto flour for use in various recipes. Dried leaves for fodder contain crude protein 15.9%, crude fibre 31.7%, ash 7.5% and fat 1.8%.
Description Annual herb with creeping stems branching just above ground level; root
system consisting of a tap root with lateral roots lower down, with rounded and sometimes
lobed nodules. Leaves alternate, 3-foliolate, glabrous; stipules c. 3 mm long, spurred, striate;
petiole erect, grooved, up to 30 cm long, thickened at base, rachis (0.1—)1—2.5 cm long: stipels
ovate-oblong, up to 3 mm long; petiolules 1-3 mm long;leaflets elliptical to oblanceolate, 3-10
cm X 1-5 cm. Inflorescence an axillary false raceme, close to the ground, (1—)2(—3)-flowered;
peduncle 0.5-2 cm long. Flowers bisexual, papilionaceous, shortly pedicelled; calyx with tube
c. 1 mm long and 5 lobes c. 1 mm long; corolla whitish-yellow, standard obovate, 4-7 mm long,
wings and keel slightly shorter; stamens 10, 9 with filaments fused for more than half their
length and 1 free; ovary superior, 1-celled, style bent. Fruit an almost globose indehiscent pod
c. 2.5 cm in diameter, usually 1-seeded. Seed 8.5-15 mm Xx 6.5-10 mm * 5.5—9 mm, variously
coloured from white to cream, red, black or brown, sometimes mottled, blotched or striped;
eye around the hilum sometimes present, colour and shape variable. Seedling with hypogeal
germination.
Other botanical information Vigna comprises about 80 species and occurs throughout
the tropics. However, it is likely that the American species will be placed in a separate genus
in the near future. There are considerable morphological difference between wild and domesticated types of bambara groundnut. Wild bambara groundnut produces long runners, the
pods are thin and do not wrinkle upon drying, and the seeds are small (9-11 mm long) and
uniform in size. Domesticated types are more compact, with longer, less slender and more
erect petioles, fleshy pods which wrinkle on drying, and larger seeds (11-15 mm long). Morphological and isozyme data indicate a gradation from wild to domesticated bambara groundnut through weedy populations. Wild and domesticated types are sometimesdistinguished as
var. spontanea (Harms) Hepper (wild) and var. subterranea (cultivated). No cultivars of bambara groundnut have been named, but genotypes are distinguished on the basis of seed attributes (colour, size, hardness) and plant form (bushy or spreading). Sometimes names are
based on the location where the seed was collected.
Growth and development The optimum temperature for germination of bambara
groundnut is 30-35°C; below 15°C and above 40°C, germination is very poor. Emergence
takes 5-21 days. Vegetative development may continue after reproductive development has
started. Flowering starts 30-55 days after sowing and may continue until the plant dies. Selfpollination is the rule. After fertilization, the peduncle grows and pods form on or below the
ground. Pods reach their maximum size in about 80 days. The seeds expand and reach maturity during the following 10 days, when the parenchymatous layer surrounding the embryo
has disappeared and brown patches appear on the outside of the pod. Seeds are mature 3-6
months after germination. Bambara groundnutis able to fix atmospheric nitrogen by nodulating with bacteria of the Bradyrhizobium group.
Ecology Bambara groundnut is cultivated in the tropics at altitudes up to 2000 m. A
frost-free period of at least 3 months is necessary. Average day temperatures of 20—28°C and
full sun are preferred. The crop tolerates drought andis cultivated successfully in areas with
an average annual rainfall of 600-750 mm, though optimum yields are obtained when rainfall is higher (900-1200 mm/year). It is also grown in humid conditions, e.g. in northern Sierra Leone, where the annual rainfall exceeds 2000 mm. There are considerable differences
between genotypes in their response to temperature and photoperiod. In many genotypes,
flowering is photoperiod-insensitive, while the onset of podding is retarded by long photo-
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periods. In some genotypes both flowering and the onset of podding are delayed by long
photoperiods. Podding mayalso be delayed by drought.
The plant grows on any well-drained soil, but light sandy loams with a pH of 5.0-6.5 are most
suitable. Soils rich in phosphorus and potassium are suitable, but calcareous soils are not.
Nitrogen-rich soils promote vegetative growth at the expense of seed yield. Sandy soils enhance pod penetration into the soil, but nematode incidence is generally higher on sandy than
on loamysoils.
Propagation and planting Bambara groundnut is propagated by seed. The seeds are
orthodox and can be stored below 0°C. The 1000-seed weight is 500—750 g; sowing rates range
from 25-160 kg/ha, depending on cropping system and climate. Seed to be sown is usually
retained from the previous harvest or bought at local markets. Planting material is usually
selected after harvesting on the basis of seed characteristics and not on plant characteristics.
Often large seeds are selected for planting. Seeds are stored in bags, bottles, gourdsor calabashes sometimes sealed with mud. They should be shelled just before sowing to retain
maximum viability, but otherwise are rarely pretreated.
Bambara groundnutis not usually sown immediately after the first rains, because staple food
and cash crops tend to receive priority. Sowing dates vary considerably within locations. In
Zambia and Botswana, for example, sowing takes place from November to February. Late
sowing, however, mayresult in large yield reductions. Sometimes phased plantingoccurs, e.g.
in Sukumaland, Tanzania. Land is cleared, and may be ploughed and ridged before sowing.
In Botswana, fields are sometimes ploughed after the seed has been broadcast. The crop performs best on deeply ploughed fields with a fine seedbed, eventually allowing the plant to
bury its developing fruits. Ridgingis advisable if the soil is shallow or prone to waterlogging.
Bambara groundnut may be sown on mounds, e.g. in Ghana. When sowing a newfield, inoculation with soil from an old bambara groundnut field is reeommended to promote nodulation
with rhizobial bacteria.
Bambara groundnut is sown in rows or broadcast; densities range from 2,500 plants/ha
(intercropping in Botswana) to 250,000 plants/ha (sole cropping in Nigeria). Rows can be 20—
40 cm apart (Nigeria) to 50—100(—400) cm apart (Botswana). Spacings can be 20—40 cm within
rows (Nigeria) to 10-100 cm (Botswana). Dry matter production of bambara groundnutis low,
so high plant densities are recommended. However, high densities are only possible where
rainfall and soil fertility are adequate. Furthermore, close spacing makes earthing up difficult. Seed is often dibbled, dropping 1—4 seeds in the hole and covering with soil. Sometimes a
planter is used, or the seed is sown immediately behind a plough. Underrainfed conditions in
sandy soils a sowing depth of at least 6 cm is advisable, but farmers often sow less deep.
Thinning may be practised, often in combination with weeding. When establishment problems occur, gaps are sometimes filled in with seedsor plants thinned out elsewhere. Bambara
groundnut may be grownin intercropping with cereals, other pulses, root and tuber crops, or
vegetables. It is often grown together with maize, sorghum, pear! millet, groundnut and cowpea. Bambara groundnut is mainly grown by smallholders, often women, usually on small
fields (less than 0.5 ha).
Management Weeding of bambara groundnut takes place 1-3 times, often with a hoe.
Earthing up to cover the young pods is common, and may be done by hand, with a hoe or with
ox-drawn equipment. Earthing up improves yields, but is labour intensive; it is often combined with weeding. Nitrogen needs may be met by symbiotic nitrogen fixation. Nitrogenfixation rates of up to 100 kg/ha have been reported, but sufficient phosphorus availability is
essential for nodulation. The use of animal manureor chemicalfertilizers is not common. Research in Botswana has shown that under the prevailing conditions nitrogen fertilization is
not advisable, whereas phosphorus application is only beneficial when it is done close to the
seedlings within 2 weeks of sowing and whenthesoil duringthis period is moist.
Bambara groundnutis used in rotations, e.g. with maize, sorghum, pear] millet, cassava and
yam. Farmers in Swaziland and in parts of South Africa prefer to sow bambara groundnut
immediately after fallow, to maximizeyields.
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Diseases and pests Although bambara groundnut is considered to be generally less affected by diseases and pests than groundnut or cowpea, several diseases and pests can cause
serious damage to the crop. The most important fungal diseases are Cercospora leaf spot
(Cercospora spp.), powdery mildew (Erysiphe polygoni) and Fusarium wilt (Fusarium oxysporum). Symptoms of Cercospora leaf spot are reddish-brown circular spots on the leaves, as
well as lesions on the stems, petioles, peduncles and pods. The lesions may coalesce to give
the appearance of blight. In cases of severe attack, defoliation occurs and plants may die
prematurely. Crop rotation and burning of crop debris of the previous season are recommended to reduce damage, but the best solution is to use more resistant types. Symptoms of
powdery mildew are a whitish powder on bothsidesof the leaves, especially on the upper surface. Infected leaves dry out and die. Treatment with a chlorothalonil-based fungicide has
sometimes been effective. Fusarium wilt causes vascular discolouration, yellowing, necrosis
and wilting and plants become stunted and eventually die. Crop rotation may help, but planting more resistant types is the best control. Other fungal pathogens affecting bambara
groundnut include Macrophomina phaseolina (charcoal rot), Phomopsis sp.(blight), Phyllosticta spp. (Phyllosticta leaf spot) and Sclerotium rolfsii (southern blight and pod rot). Virus
diseases include cowpea mottle virus (CPMoV), cowpea aphid-borne mosaic virus (CABMV)
and peanut mottle virus (PeMoV). Genotypes resistant to cowpea mottle virus have been
identified. Root-knot nematodes (Meloidogyne incognita, Meloidogyne javanica) can seriously

affect yields.
Pests of germinating seeds include rodents, termites, ants and cutworms (Agrotis). The standing crop may be attacked by insect pests such as aphids, groundnut jassid (Empoasca facialis), groundnut hopper (Hilda patruelis), brown leaf beetle (Ootheca mutabilis), and bean
leaf webber (Hedylepta indicata, synonym: Lamprosema indicata). A serious pest in Swaziland is the American bollworm (Helicoverpa armigera). Control measuresof insect pests include the use of insecticides, e.g. malathion against aphids. Leaves may also be eaten by
mammals, such as duikers. Maturing seeds may be attacked by rodents, ants, wild pigs,
monkeysand bush babies (Galagospp.).
Important storage pests are the bruchid beetles Callosobruchus maculatus and Callosobruchus subinnotatus, and the maize weevil Sitophilus zeamais. Infestation often begins in
seeds ripeningin the field and is later carried into the stores. Seeds stored in the pod shell
suffer less from deterioration and infestation by insects than shelled seeds. Stored seeds are
sometimes protected by applying ash, chemical products (malathion, carbamyl) or plant products, such as ground tobacco leaves, ground peppersor the leaves of basil (Ocimum basilicum
L.). The parasitic plants Alectra vogelii Benth. and Striga gesnerioides (Willd.) Vatke may
reduce yields considerably.
Harvesting Bambara groundnut is harvested 90-180 days after sowing, depending on
genotype, ecological conditions and farmers’ objectives. As the seeds may be consumed either
unripe or ripe, different harvesting methods exist. Unripe seeds may be harvested in several
rounds from the same plants. Mature seeds are harvested when the leaves turn yellow and
fall, and when the pods have become hard. In the latter case, harvesting is usually done by
uprooting the plants by hand or with a hoe. The leaves areleft in the field or fed to animals.
Yield Yield fluctuations between years are large in bambara groundnut and mainly depend on rainfall. The highest recorded seed yield underfield conditions is 4 t/ha. Average
yields are 300-800 kg/ha, but yields of less than 100 kg/ha are not uncommon. Bambara
groundnut still gives some yield under conditions (poor soils, drought) which are submarginal
for groundnut.
Handling after harvest The pods of bambara groundnut are sun-dried to a moisture
content of 12% and stored in bags or drums in granaries or in the house. They may be shelled
first with mortar and pestle, flails or modified groundnut shellers. The shelling percentage
ranges from 70-77% by pod weight. Bambara groundnut is a typical dual-purpose crop: usually part of the harvest is sold and the rest is kept for own consumption. Canning of bambara
groundnut seeds has been done in Ghana and Zimbabwe.
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Genetic resources The largest germplasm collection of bambara groundnut (2000 accessions from sub-Saharan Africa) is held by IITA (International Institute of Tropical Agriculture), Ibadan, Nigeria. Most of the accessions (1400) in this collection have been characterized, evaluated and documented. Other large collections are found at the IRD (Institut de
Recherche pour le Développement), Montpellier, France (about 1200 cultivated and 60 wild
accessions from Cameroon, of which 50 were morphologically characterized), the University of
Zambia, Lusaka, Zambia (460 accessions), the Grain Crops Institute, Potchefstroom, South
Africa (200 accessions) and the Plant Genetic Resources Centre, Accra, Ghana (170 accessions). In many African countries smaller collections are maintained.
In studies of genetic diversity in cultivated bambara groundnut with RAPD and AFLP markers, considerable genetic variation was found, with accessions clustering mainly according to
their geographical origin. Sometimes, e.g. in Swaziland, farmers sow a mixture of landraces
as a buffer to biotic and abiotic stresses, thus helping to maintain the diversity of the crop.
Breeding Bambara groundnut breeding has mainly been confined to selection between
and within populations for yield, disease resistance (Fusarium wilt and Cercosporaleaf spot)
and drought tolerance. From the IITA germplasm collection genotypes have been identified
with a longer and denser root system, which maybe useful in breeding for drought tolerance.
Breeding of genotypes with a shorter growth period also seems useful for drier regions. Selection of the most effective combinations of genotypes and rhizobial strains seems promising to
improve nitrogen fixation and increase cropyields.
Artificial hybrids between cultivated genotypes and between cultivated and wild accessions
have been madein the United Kingdom and Swaziland, but success rates are generally low. A
genetic linkage map of bambara groundnut using AFLP markers is being developed in the
United Kingdom as well. Micropropagation of bambara groundnut is possible using stem
nodal cuttings or embryo axes.
Prospects Bambara groundnutis a suitable crop for semi-arid regions, because it tolerates drought and poor soil conditions and appears to be less affected by diseases and pests
than cowpea or groundnut. Farmers also value its multiple uses and good taste. Although
bambara groundnut will remain an important secondary food crop in Africa, the area under
cultivation will probably decline, because of high labour requirements, especially for earthing
up and harvesting, the absence of an export market outside Africa, and the competition from
groundnut and cowpea. The prospects of bambara groundnut as a food crop can be improved
by developing high-yielding cultivars with improved disease resistance and lower antinutritional factors. The development of new food product composites with cereals may also
lead to increased use of the crop.
Authors M. Brink, G.M. Ramolemana & K.P. Sibuga
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VITELLARIA PARADOXA C.F.Gaertn.
Protologue Suppl. carp.: 131, t. 205 (1807).
Family Sapotaceae
Chromosome number2n = 24
Synonyms Butyrospermum niloticum Kotschy (1865), Butyrospermum parkii (G.Don)
Kotschy (1865), Butyrospermum paradoxum (C.F.Gaertn.) Hepper (1962).
Vernacular names Shea butter tree, shea tree, bambouk butter tree, galam butter tree
(En). Karité, arbre a beurre (Fr). Cárei, carité (Po).
Origin and geographic distribution Vitellaria paradoxa is indigenous to the Guinea
and Sudan savanna zone from Senegal to Sudan, and to western Ethiopia and Uganda, in a
belt 500-700 km wide. It is found in the interior, separated from the Gulf of Guineaby forest;
only in Ghana and Nigeria doesit occur within 50 km from thecoast.
Uses The kernel of the seed (often incorrectly called ‘nut’) contains a vegetable fat known
as shea butter. High quality shea butter is consumed throughout West Africa as a cookingfat.

Refined fat has been marketed as margarine and bakingfat. It is used for pastries and confectionery because it makes the dough pliable. It is a substitute for cocoa butter, which has
similar properties. Many cosmetic products, especially moisturizers, lotions and lipsticks,
have shea butter as a base because its high unsaponifiable matter content imparts excellent
moisturizing characteristics. Low-quality shea butter, often mixed with other oils, is a base
material for soap. It is also very suitable for making candles because of its high melting point.
Shea butter is a suitable base for topical medicines. Its application relieves rheumatic and
joint pains and heals wounds, swellings, dermatitis, bruises and other skin problems. It is
used traditionally to relieve inflammation of the nostrils. Shea butter is given externally and
internally to horses to treat sores andgalls.
As a waterproofing agent, shea butter is used as daubing for earthen walls, doors and windows. Theblack sticky residue, left after oil extraction, is used to fill cracks in walls and also
as a waterproofing material.
Waste water from shea butter production haspesticidal properties and has been mixed with
stored cowpea seeds in Burkina Faso to protect them from being eaten by the weevil Callosobruchus maculatus. The press cake is unsuitable as livestock feed because it contains antinutritional compounds. However, detoxified meal can be given as feed in low proportions. In
Europethe cakeis utilized as a non-nutritional bulk for compound cakes. The press cake and
the husksare also potential fertilizers and fuels.
The flowers and fruits are important foods. The flowers are sometimes madeinto fritters. In
spite of their slightly laxative properties, mature fresh fruits are commonly eaten in savanna
regions as they ripen during the land preparation and planting season. The sweet pulp of
fallen ripe fruits can also be fed to livestock.
The leaves are used to treat stomach-ache. They are also added to vapour baths to treat
headache and as an eye bath. Leaves soaked in water produce a good lather for washing.
Ground roots and bark are used to treat diarrhoea, jaundice and stomach-ache. Roots are
used as veterinary medicinefor horses.
Bark infusions have medicinal and antimicrobial properties, e.g. against dysentery. They are
applied as an eyewash to counteract spitting-cobra venom. A bark decoction has been used in
baths to facilitate childbirth and stimulate lactation among feeding mothers.
The reddish latex (gutta shea or red kano rubber) which exudes from deepcuts in the bark is
made into glue, chewing gum and balls for children’s games. Musicians use it to repair
drums.
Only unproductive and unhealthy trees are cut for timber. The wood is used for poles, house
posts, rafters, flooring, domestic utensils and furniture. It is an excellent fuelwood, burning
with great heat, and a source of charcoal.
Shea butter tree is an important source of honey. Beehives placed in its branches are assured
a good supply of nectar and pollen. The widely collected edible and protein-rich caterpillar of
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Cirina butyrospermi feeds solely on its leaves.
The tree is considered sacred by many tribes. The oil is placed in ritual shrines and used for
anointing. In some areas leaves are hung in doorways to protect newborn babies, and are also
used in making masks.
Production and international trade Vitellaria paradoxa is one of the most important
sources of vegetable oil in rural areas of the savanna zone of West Africa. The bulk of the seed
produced is for home consumption and local trading. Nigeria is the leading producer of seeds:
355,000 t in 1999, 58% of the African production, but 10,000 t lower than in 1996. Mali and
Burkina Faso are other leading producers; at the end of the 1990s they produced 85,000
t/year and 70,000 t/year, respectively, followed by Ghana (55,000 t), Cote d’Ivoire (20,000t),
Benin (15,000 t) and Togo (6500 t). Up-to-date statistics on seed production are not available
for most countries. Reports on Burkina Faso show a remarkable increase in production to
222,000 t in 2005. Similar trends probably take place in other West African countries.
In 1998, Africa exported 56,000 t seeds, valued at US$ 10.5 million, of which 60% came from
Ghana. Benin’s exports decreased from 15,000 t in 1995 to 5600 t in 1998, Togo had only a
slight decrease from 6500 t in 1994 to 5100 t in 1998, whereas exports from Burkina Faso
increased from 5000 t in 1994 to 7600 t in 1997 and then to 26,600 in 2008. No export data
have been reported for Nigeria since 1995. Processed shea butter exports in 1998 for the
whole of Africa totalled 1200 t, worth US$ 571,000. Benin was top exporter (1000 t, valued at
US$ 400,000), followed by Céte d’Ivoire (200 t) and Burkina Faso (30 t). African exports of
shea butter have increased to 3200 t in year 2000.
Major seed importers in recent years were Belgium, Denmark, Japan, the Netherlands, Sweden and the United Kingdom.
Properties Shea butter from fresh seeds is white, odourless and of high quality, while
that from stale seeds is dark, and tastes bitter. The approximate chemical composition of the
kernel per 100 g dry matter is: fat 31-62 g, protein 7-9 g, carbohydrate 31-88 g, unsaponifiable matter 2.5-12 g. The fatty acid composition of shea butter is approximately: lauric acid
trace, myristic acid trace, palmitic acid 4—8%, stearic acid 31-45%, oleic acid 43-56%, linoleic
acid 4—8%, linolenic acid trace and arachidic acid 1-2%. The chemical properties of shea butter vary across its distribution range, Burkina Faso and Uganda representing the two extremes. The highest oleic acid content was found in Uganda (57%), the lowest in Burkina
Faso (45%), while shea butter from the Mossi plateau in Burkina Faso has the highest proportion of stearic acid (45%) and that from Uganda the lowest (31%).
Shea butter is a useful cocoa butter substitute because it has a similar melting point (382—
45°C) and high amounts of di-stearin (30%) and some stearo-palmitine (6.5%) which make it
blend with cocoa butter without altering flow properties.
The high proportion of unsaponifiable matter, consisting of 60-70% triterpene alcohols, gives
shea butter creams good penetrative properties that are particularly useful in cosmetics. Allantoin, another unsaponifiable compound, is responsible for the anti-inflammatory and healing effect on the skin. It is used in toothpastes and other oral hygiene products, in shampoos,
lipsticks, cosmetic lotions and creams, and other cosmetic and pharmaceutical products.
Clinical tests with patients suffering from rhinitis, and having moderate to severe nasal congestion, showed that shea butter mayrelieve nasal congestion better than conventional nasal
drops.
The seed cake is a potential source of feed for livestock. Per 100 g dry matter it contains: protein 8-25 g, fat 2-20 g, carbohydrate 48-67.5 g, fibre 5-12 g. However,it has low digestibility
and toxic properties attributed to saponins or tannins. Mouldy seeds contain relatively low
quantities of aflatoxin, while commercial samples have a maximum of 20 ug aflatoxin B: per
kg.
The fruit pulp contains per 100 g: glucose 1-2 g, fructose 1-2 g, sucrose 1-2 g, ascorbic acid
200 mg, Ca 36 mg, Mg 26 mg, Fe 2 mg, and trace amounts of Zn, Mn and Cu. Sweetness of
the pulp is the main quality criterion.
The wood of Vitellaria paradoxa is moderately heavy (density about 720 kg/m’ at 12% mois-
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ture content) and hard. It is liable to crack on drying and needsto be seasoned slowly. It is
difficult to work and tends to split on sawing, but it polishes well. It glues, nails and screws
well, but pre-boring is recommendedto avoid splitting. It is durable and resistant to termites.
Both sapwood and heartwood are resistant to impregnation with preservatives.
Description Small to medium-sized deciduous tree up to 15(—25) m tall; taproot up to 1(2) m long, lateral roots shallow, concentrated at a depth of 10 cm and extending up to 20 m
outward from the tree, secondary lateral roots growing downwards to the same depth as the
tap root; bole short, usually 3-4 m long, up to 100 cm in diameter; bark blackish, greyish or
reddish, rough, deeply fissured and splitting regularly into corky square or rectangular
scales, producing white latex when cut; crown round to spindle-, umbrella- or broom-shaped;
young branches initially pubescent and reddish but becoming glabrous, flowering branches
stout, up to 1.5 cm in diameter, with numerous leaf scars. Leaves arranged spirally, mostly in
dense clusters at the tips of branches, simple; stipules small and caducous; petiole 3-10 cm
long; blade lanceolate to ovate-oblong, 10-25 cm x 4-14 cm, base cuneate to rounded or
slightly cordate, apex rounded to acute, margins entire to wavy, leathery, glabrescent to
slightly hairy at both surfaces, pinnately veined with regularly and closely spaced veins. Inflorescence a dense fascicle at the end of a twig, (8-)30—40(-100)-flowered. Flowers bisexual,
regular, white or creamy white, fragrant; pedicel up to 3 cm long; sepals free, in 2 whorls of
(3-)4, 1-1.5 cm long, pubescent; corolla with short tube and (6—)8 lobes about as long assepals, contorted in bud; stamens (6—)8, inserted at top of corolla tube, free, staminodes (6—)8,
alternating with the stamens, petal-like, with a filiform point; ovary superior, globose to
ovoid, pubescent, (5—)6—8(—10)-celled, style long and slender. Fruit a globose to ellipsoid berry
4-—5(-8) cm X 2.5-5 cm, weight (10-)20-80(-57) g, initially green but turning yellowish green
or brown on maturity, 1(-2)-seeded. Seed globose or broadly ellipsoid, 3-5 cm x 2-3.5 cm,
weight (5-)8-10(-16) g; seed coat rather thin, shining, with broad scar; kernel consisting of
two thick, fleshy, closely adpressed cotyledons and not-exserted radicle. Seedling with hypogeal germination with cotyledons remaining in the seed; epicotyl 3-4 cm long, bearing stipulate rudimentary leaves.
Other botanical information Vitellaria comprises a single species. Two subspecies are
recognized in Vitellaria paradoxa: subsp. paradoxa (synonym: Butyrospermum parkii (G.Don)
Kotschy) and subsp. nilotica (Kotschy) A.N.Henry, Chithra & N.C.Nair (synonym: Butyrospermum niloticum Kotschy). Subsp. paradoxa hasa less dense and shorter indumentum, and
slightly smaller flowers than subsp. nilotica. The former occurs from Senegal to the Central
African Republic, the latter is found in Sudan and Uganda with small populations in Ethiopia
and DR Congo. The ranges of the two subspecies do not overlap, although they come to within
175 km of each other at the divide between the drainage basins of Lake Chad and the Congo
River to the west, and the Nile to the east and north-east.
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; 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 throughouttheraycell; 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); (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: 60: vascular/vasicentric tracheids present; 61: fibres with simple to minutely bordered
pits; 66: non-septate fibres present; 69: fibres thin- to thick-walled; 70: fibres very thickwalled. Axial parenchyma: 77: axial parenchyma diffuse-in-aggregates; 86: axial parenchyma
in narrow bandsorlines up to three cells wide; (87: axial parenchymareticulate); 93: eight
(5-8) 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
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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 uprightcells
mixed throughout the ray); 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; 138: prismatic crystals in procumbent ray cells; 140: prismatic crystals in chambered
upright and/or square raycells; 142: prismatic crystals in chambered axial parenchymacells;
(159: silica bodies present); (160: silica bodiesin raycells).
(L.N. Banak, H. Beeckman & P. Gasson)
Growth and development Seeds of Vitellaria paradoxa are recalcitrant. After water
absorption, the seed coat breaks and 2 dayslater a structure (sometimes called a ‘pseudoradicle’, but anatomically the fused petioles of the cotyledons) emerges and grows downwards
into the soil. When it is 7-8 cm long a shoot with rudimentary leaves arises from it and grows
upwards to the soil surface. The structure itself continues to grow downwards, forming the
taproot with a corky surface and lateral roots. When the shoot pushes through thesoil surface
it starts developing normalleaves. The taproot and secondary root system strongly develop
duringthe first few years of growth. This enables the seedling to produce new shoots when
the original ones are damagedby droughtor fire. Early stem growth is slow; branching occurs
after 4-7 years. Vitellaria paradoxa begins flowering at 10-25 years. Early flowers may be
sterile. Maturity is reached at 20-45 years. The lifespan is 200-300 years.
Growth occurs in flushes, and according to Aubréville’s model. A flush starts with the formation of a short, thick shoot on which a tuft of leaves develops. Branches owe their characteristic appearance to sympodial growth, producing twigs with alternating long, thin sections and
short, compact ones. Leaves and flowers develop on the short, thick terminal section characterized by very short internodes and prominent leaf scars. When leaf development stops,
growth of the branch continues from an axillary bud.
Leaf fall, flowering, flushing and the onset of fruiting occur during the dry season. Leaves
drop mostly at the beginning of the dry season. Trees are rarely completely leafless, or only
for relatively short periods. Flowering occurs from the beginning to the middle of the dry season (between November and January depending on latitude). In Uganda, where rainfall is bimodal, there is also a single flowering season, which peaks in February. Fire may cause defoliation followed by earlier flowering. Flowers attain full size about 3 weeks after their appearance. They are protogynous; styles are exserted from the unopened flowers before the
pollen matures. Pollination is by insects (e.g. bees) or by wind. About 25% of the flowers set
fruit. Fruits develop in 4-6 months; maturation peaksin the rainy season. Fruiting cycles are
variable, 2-5 yearslong.
Ecology Vitellaria paradoxa is characteristic of West African savanna, butis also present
in the southern Sahel. Subsp. paradoxa grows mostly at 100-600 m altitude (mean annual
temperatures 25—29°C), although it also occurs up to 1300 m; subsp. nilotica occurs at 450—
1600 m. Subsp. paradoxa growsin areas with mean annual rainfall of 600-1400 mm and 5-8
months dry season (precipitation less than 50 mm); subsp. nilotica grows in areas with mean
annualrainfall of 900-1400 mm, with 3-5 dry months.
Vitellaria paradoxa grows on a variety of soils, such as clay, sandy clay, sand, stony soil and
laterites. It prefers colluvial slopes with moderately moist, deep soils, rich in organic matter.
Propagation and planting Vitellaria paradoxa is propagated by seed. Seeds should not
be dried, but sown as soon as possible because their viability is very short. When fresh seed is
used, germination is 90-97% at 25-30°C. Storing seed at 25°C for 70 days and 140 daysresulted in 96% and 88% germination, respectively. Seed can be planted directly in thefield or
in the nursery. Seed-beds are made of a mixture of organic compost and sand. Seeds are
planted at 1-5 cm depth and 20 cm x 15 cm spacing or in polythene bags. After 1 year, seedlings are transplanted in the nursery or planted directly in the field. Those grown in polythene bags are transplanted after 1—2 years.
Vegetative propagation has only been successful in experiments. Grafting can accelerate the
fruiting of Vitellaria paradoxa. In experiments in Burkina Faso, some grafted seedlings
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started to bear fruit one year after grafting. Latex exudation interferes with rooting of cuttings and with grafting. A 25% success rate can be achieved in grafting if the scion is soaked
in waterfor a few hoursto allow the latex to drain. Marcotting has been tried with some success; growth hormones improvedthe success rate.
Field spacing depends on the cropping system; recommendations vary from 25 trees per ha
(20 m x 20 m) to 100 trees per ha (10 m X 10 m). Mulching and weeding encourage seedling
growth. Young plants should be protected from livestock and fires. Slow growth and late
maturation have discouraged the planting of Vitellaria paradoxa in plantations.
Management Shea butter tree has been protected by farmers for many centuries in the
West African savanna, particularly where cattle are scarce. Productive shea butter trees are
retained when newfields are cleared, giving rise to the so-called ‘Vitellaria parkland’ in Sudan, in which more than 40% of the trees are Vitellaria paradoxa. Natural regeneration is
favoured by fallow of at least 5 years. Shortening the fallow period leadsto insufficient regeneration. In areas of cultivation, shea butter tree is found in association with annual crops,
such as pearl millet, sorghum, groundnut, cotton, cassava, yams and vegetables.
Pruning, weeding, applying manureorfertilizer, and removing dead and diseased trees can
markedly increase productivity. Recommended fertilizer applications are 2.5 kg ammonium
sulphate, 1.5 kg calcium phosphate and 1.5 kg potassium chloride for 10 trees. Although
Vitellaria paradoxais fire tolerant, its growth and fruiting are affected by fire, so trees must
be protected by ring weeding. Overgrazing by livestock should be prevented.
Diseases and pests Twofungal diseases are potentially important: Pestalotia heterospora
causes leaf spot, while Fusicladium butyrospermi causes dark patches on branches. In Ghana
Botryodiplodia spp. also causes leaf spot.
There are numerous insect pests, the most important being Curimosphena senegalensis
(synonym: Himatismus senegalensis) which attacks young shoots, Xyloctonus scolytoides
which tunnels through the bark of twigs impeding growth of leaves and flower buds, Nephopteryx sp. which damagesfruits, and Cirina butyrospermi which causes defoliation. Fruits are
attacked by maize cob borer Mussidia nigrivenella and the fruit fly Ceratitis silvestrii, which
feeds on the pulp of maturing fruits. Shea butter tree is a host of the nematode Aphasmatylenchus straturatus, which also affects intereropped legumes. Trees are often hosts to strangler figs (Ficus spp.) and hemiparasitic plants (Tapinanthus spp.). In Burkina Faso and Mali,
up to 95% of the trees are infested. Unless controlled by removing and burning affected
branches, infestation will eventually kill the trees.
Harvesting Fruits are gathered in the wet season, usually in June-August depending on
latitude. Harvesting continues for about 2.5 months, and is done mostly by women and children. Fallen fruits are collected from the ground because it is difficult to distinguish between
ripening and fully mature fruit. Harvesting rights depend on tenure. A womancollects 20—45
kg of fruits per day, depending on ethnic group, proximity of trees to the village, and distance
betweentrees. Fruits are brought back to the village in head-loads of about 25 kg.
Yield Productivity of shea butter trees is variable. In a sample taken in Burkina Faso, the
best 25% of the trees produced 60% of the yield, while the poorest 30% of trees producedlittle
fruit. A good tree can bear on average 15-30 kg fruits per year. In a good year this may be as
much as 50 kg, but then only about 15 kg in the next two years. Although a clear production
cycle is not confirmed, observations show a tendency for Vitellaria paradoxa to give only 1
good harvest per 3-4 years.
Handling after harvest In rural areas, seeds are traditionally processed by hot water
extraction, usually the job of women. The fruit pulp is first removed for food, or by fermentation or boiling. The seeds are then boiled and later sun- or kiln-dried. Sun-drying may take 5—
10 days. Seeds are cracked using mortar and pestle, or stones; the kernels are removed by
trampling and redried before being crushed, ground and kneadedto form a paste; the paste is
put in water, heated or boiled and the boiling mass is churned until a grey, oily fat separates
from the emulsion. The fat is skimmed off from the surface and washed to remove impurities.
The congealed fat may subsequently undergo further refining before being moulded in to
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various forms. This traditional method of processing is inefficient and labour intensive.
Mechanization of the various operations, in particular the use of hydraulic or continuous
screw expellers or application of solvent extraction, will improve oil extraction efficiency considerably. Pretreatmentof the kernel paste with enzymes (e.g. proteases and cellulases) may
also result in higher extraction rates.

Genetic resources Thereare indications that genetic variation in Vitellaria paradoxa is
higher within populations than between them andselection of many individualtrees from a
limited number of populations would probably adequately capture the genetic variability,
especially for fruit traits. However, differences between populations have also been found, e.g.
in the fatty acid composition. The genetic diversity is gradually being lost because of bush
fires and overgrazing. Vitellaria paradoxa is designated as one of the African forest genetic
resource priorities. It is the subject of in situ conservation and germplasm exploration. Local
and regional germplasm collections have been made by the Institut National de
Environnement et de Recherches Agricoles (INERA) and the Centre National de Semences
Forestiéres (CNSF) in Burkina Faso, the Cooperative Office for Voluntary Organisations of
Uganda and the World Agroforestry Centre (ICRAF) in Mali. There arealso local collections;
those of Ghana’s Cocoa Research Institute were analyzed for fruit and seed size and fat content.

Breeding The Cocoa Research Institute of Ghana has started a breeding programme to
select and breed cultivars that establish easily in the field and have seeds with high fat content. The long juvenile phase and thedifficulty of vegetative propagation of Vitellaria paradoxa make breeding a long-term process.
Prospects Shea butter tree is of great economic importance in the Guinea and Sudan savanna zones. It grows over a wide area, regenerates well, is traditionally managed and protected by farmers. However, natural regeneration and sustainability of seed production are
threatened by agricultural intensification in the area. Progress made on grafting techniques
suggest that selected vegetative material with specific fruit or butter qualities can be multiplied for small scale clonal plantations to meet market demand for high quality fruit or butter
production. Vitellaria paradoxa has a niche in the international markets as a cocoa butter
substitute in the food, cosmetic and pharmaceutical industries. Recent studies on the variation in fat composition across the species distribution range indicate that the soft shea butter
from Uganda is preferred for cosmetic purposes, while shea butter with a higher stearic acid
content as found in Burkina Faso is more suitable for the chocolate industry. Shea butter is
increasingly popular as an ingredient in cosmetics and soaps, especially in European countries and the United States. Now that the European Union allowsthe use of 5% cocoa butter
substitutes in chocolate, chocolate and confectionery products account for 95% of the shea
butter demand, with only 5 percent currently used for cosmetic and pharmaceutic products. It
is likely that the overall demand for shea butter will continue to rise in the world market as a
result of progress madein better knowledgeof its various properties.
AuthorsA. Nikiema & B.E. Umali
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PROTA publications
Books and CD-Roms (see pages 164-165)
Ordering from developing countries:
— CTA: cta@cta.int; www.cta.int (credit point system)
— Earthprint, UK: www.earthprint.com (at 50% discount)
— PROTA: prota.kenya@cgiar.org (at 50% discount at the ‘door’ of PROTA offices)
Ordering from industralized countries:
— Earthprint, UK: www.earthprint.com

‘PROTA recommends...’ series (see page 166)
Following the knowledge synthesis (web database, books, CDs), conclusions and recommendations per commodity group are formulated on six key issues, each targeting different intermediate target groups (researchers, lecturers, extension workers,
policy makers and people working in NGOs or private companies):
— promising species & technologies,
— development gaps,
— research gaps,
— thesis subjects,
— conservation needs,
— policy issues.
You can obtain a free copy of the brochures by sending a request to PROTA
(prota.kenya@cgiar.org; prota@wur.nl).
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PROTA
PiantResources of Tropical Africa
Ressources végétales de l’Afrique tropicale

PROTAin short

The Plant Resources of Tropical Africa (PROTA) programme wasinitiated in 2000
and developed into an international partnership of 11 institutions in 11 countries
during the Preparatory Phase 2000-2003. Since 19 February 2003, PROTA operates
as an international foundation domiciled in Wageningen, Netherlands.
PROTAis a major ‘information brokerage and knowledgerepatriation’ 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
respect for traditional knowledge and intellectual property rights. PROTA will describe the estimated 7,000 useful plants during the Implementation Phase 2003-—

2015. 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

1:
2:
3:
4:

PROTA 5:

Cereals and pulses (2006)
Vegetables (2004)
Dyes and tannins (2005)
Ornamentals

Forages

PROTA 6:
Fruits
PROTA 7(1): Timbers 1 (2008)
PROTA 8:
Carbohydrates

PROTA9:
PROTA10:
PROTA 11(1):
PROTA 12:

Auxiliary plants
Fuel plants
Medicinal plants 1 (2008)
Spices and condiments

PROTA 18:

Essential oils and exudates

PROTA14:
PROTA15:
PROTA16:

Vegetable oils (2007)
Stimulants
Fibres

PROTA, P.O.Box 341, 6700 AH Wageningen, Netherlands (www.prota.org)
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“recta
partageons les connaissances au profit des communautés rurales
sharing knowledge, improving rural livelihoods

About CTA
The Technical Centre for Agricultural and Rural Cooperation (CTA) was established
in 1983 under the Lomé Convention between the ACP (African, Caribbean and Pacific) Group of States and the European Union MemberStates. Since 2000, it has
operated within the framework of the ACP-EU Cotonou Agreement. CTA’s tasks are
to develop and provide products andservices that improve access to information for
agricultural and rural development, and to strengthen the capacity of ACP countries
to acquire, process, produce and disseminate information in this area.
CTAis financed by the European Union.
CTA
Postbus 380

6700 AJ Wageningen
The Netherlands
www.cta.int
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26. Burundi

ISLANDS

EAST AFRICA

42. Comoros

Senegal
Gambia
Guinea Bissau
Sierra Leone
Liberia
Côte d'Ivoire

10. Mali
11. Burkina Faso
12. Ghana
13. Togo
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27. Sudan
28. Eritrea

31. Somalia
32. Kenya

44, Madagascar
45. Seychelles

29. Ethiopia

33. Uganda

46. Réunion (Fr)

30. Djibouti
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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, CD-Roms, 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. ‘Protabase’ can be searched at: database.
prota.org/search.htm.

Promising African plants
This book has been prepared at the occasion of the tenth anniversary of PROTA.
It presents 3 examplesof species for which the PROTAreviewarticle was the basis
for a stakeholder consultation. They were identified as promising in termsof product
development and market opportunities, and weretried out successfully in pilot projects
in collaboration with grassroots organizations. The other 22 species (belonging to 8
different commodity groups) included in this book havenot (yet) been selected for pilot
projects, but they are all promising and/or interesting and should be promotedfor
research resulting in improved product quality and marketstrategies.
The choice for this anniversary book shows that there is ample scopefor agricultural
diversification in tropical Africa, and that the PROTA three-step approach,i.e. knowledge
synthesis, knowledge dissemination and knowledgeutilization, guides towards the
best opportunities. In this way, people in Africa can makethebest plant utilization and
conservation choices for improved livelihoods and sustainable managementof plant
resources.
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