
^o^JOltZVl-V 

Propositions 
being part of the Ph.D. thesis 

'Diversity and dynamics of mycorrhizal associations 
in tropical rain forests with different disturbance regimes' 

by Neree Awana Onguene 

1. Trees in rain forests do not survive and reproduce as individuals but as groups of 
organisms connected by common mycorrhizal networks. 

2. The occurrence of dual mycorrhiza is rare because the mycobiont that occurs with low 
colonisation (arbuscular mycorrhizal fungus) is perceived as a cheater, while the 
mycobiont with high colonisation (ectomycorrhizal fungus) functions as a true 
mutualist. 

3. Both the continuous distribution of arbuscular mycorrhizal fungal inoculum and the 
patchy distribution of ectomycorrhizal fungal inoculum should be taken into account 
for the management and preservation of plant diversity in Cameroon's rain forests. 

4. The greatest threat to survival of populations of rare species, viz. habitat 
fragmentation, has also been the means by which the diversity of ectomycorrhizal 
associations in tropical rain forests has been preserved. 

5. Multifunctionality of the arbuscular mycorrhizal symbiosis is indirectly related to the 
entropy of forest ecosystems. 

6. Models that show that the evolution of mutualism is impeded if benefits are shared 
among non-conspecific neighbours have their roots in mathematics, not in biology. 

7. If the well-known adage "Ventre affame' n'a point d'oreilles" is taken into account, 
sustainable forest management is doomed as long as alternatives to the strong 
dependence of extremely poor local communities on forest resources are not 
implemented. 

8. Successful approaches to sustainable forest management are bound to full 
involvement and cooperation of all stake holders, which includes taking into account 
the traditional rights of local populations. 

9. Forest resources in Africa are constantly winding down owing to deforestation, which 
is a crime towards future generations as it reduces their subsistence means and well-
being. African countries must find solutions in a large development perspective. The 
world community should also take part in this effort through efficient cooperation. 

10. Modem life is increasingly dependent of human-made shackles, such as telephone, 
fax, computer, electronic communication, air transport. All the same, this project 
would have been impossible without these manacles. 
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ABSTRACT 

N.A. Onguene 

Diversity and dynamics of mycorrhizal associations in tropical rain forests with 
different disturbance regimes in south Cameroon 
The present study documents the occurrence of mycorrhizal associations in the rain 
forests of south Cameroon. All species investigated are mycorrhizal. Most timber 
species form arbuscular mycorrhiza, but some timber species, which usually occur in 
clumps, form ectomycorrhiza. Species diversity of ectomycorrhizal fungi in the 
undisturbed rain forest is substantial, with more than 125 species having been 
recorded. Inoculum potential of arbuscular mycorrhizal and ectomycorrhizal fungi is 
high in the undisturbed rain forest. The shifting cultivation cycle increases inoculum 
potential of arbuscular mycorrhizal fungi, but lowers inoculum potential of 
ectomycorrhizal fungi to various extent. On sites of forestry practices (skid trails, 
landings) inoculum potential of arbuscular mycorrhizal and ectomycorrhizal fungi is 
very substantially reduced and recovery rates are low. Mycorrhizal colonisation and 
seedling growth are positively correlated with mycorrhiza inoculum potential. 
Inoculum potential of arbuscular mycorrhizal fungi and performance of seedlings of 
arbuscular mycorrhizal trees can be boosted after inoculum addition. Both inoculum 
quantity and inoculum quality are important criteria for inoculation practices. 
Ectomycorrhizal inoculum potential cannot be increased through inoculum addition 
and management of the intact ectomycorrhizal network is necessary for maintenance 
of the ectomycorrhizal tree species. 

KEY WORDS: Arbuscular mycorrhiza, ectomycorrhiza, disturbance, rain forest, 
diversity, inoculum potential, Cameroon, forestry practices 



CONTENTS 

1. GENERAL INTRODUCTION 

2. MYCORRHIZAL ASSOCIATIONS IN THE RAIN FOREST OF 
SOUTH CAMEROON 15 

3. SPECIES DIVERSITY OF ECTOMYCORRHIZAL FUNGI OF RAIN 
FORESTS OF SOUTH CAMEROON WITH A PROVISIONAL KEY 
TO THE SPECIES OBSERVED 29 

INOCULUM POTENTIAL OF ARBUSCULAR MYCORRHIZAL 
FUNGI FOLLOWING SHIFTING CULTIVATION AND 
SELECTIVE LOGGING PRACTICES 53 

INOCULUM POTENTIAL OF ECTOMYCORRHIZAL FUNGI IN 
AN AFRICAN RAIN FOREST IN RELATION TO CONSERVATION 
AND MANAGEMENT OF ECTOMYCORRHIZAL TREE SPECIES 
DIVERSITY 69 

IMPORTANCE OF THE ECTOMYCORRHIZAL NETWORK FOR 
ECTOMYCORRHIZA FORMATION AND SEEDLING SURVIVAL 
IN RAIN FORESTS OF SOUTH CAMEROON 85 

7. GROWTH RESPONSE OF THREE NATIVE TIMBER SPECIES TO 
SOILS WITH DIFFERENT ARBUSCULAR MYCORRHIZAL 
INOCULUM POTENTIALS IN SOUTH CAMEROON. 
I. INDIGENOUS INOCULUM AND EFFECT OF ADDITION OF 
GRASS INOCULUM 95 

8. GROWTH RESPONSE OF TWO NATIVE TIMBER SPECIES TO 
SOILS WITH DIFFERENT ARBUSCULAR MYCORRHIZAL 
INOCULUM POTENTIALS IN SOUTH CAMEROON. 
II. INDIGENOUS INOCULUM AND EFFECT OF ADDITION OF 
HOST TREE SPECIFIC INOCULUM 107 



9. GENERAL DISCUSSION 123 

SUMMARY 133 

RESUME 139 

SAMENVATTING 145 

REFERENCES 153 

CURRICULUM VITAE 167 



PREFACE 

Four years have gone like a wave runs aground the beach and sets off harbour, 
leaving behind on the hot yellow sand all sorts of debris, useless and useful ones, 
brought from the open sea. My stay on the seaside resort of Kribi within the 
Tropenbos Cameroon Programme (PTC) looks a bit like such a wave. 

En 1995, le directeur adjoint de l'ex-Institut de la Recherche Agronomique (IRA), Dr 
Joseph Bindzi-Tsala, m'avait demande un expose sur ma formation a l'Universite 
d'Hawaii (USA). Apres m'avoir longuement ecoute, il m'informa sur le projet 
"Mycorhizes" du Programme Tropenbos Cameroon (PTC) et ses besoins en emploi. 
Ce projet etant supervise par la partie neerlandaise du Programme, les Pays-Bas 
devaient s61ectionner le candidat. Et pour selectionner un candidat camerounais, il fut 
requis de la partie camerounaise de le decharger de toutes autres fonctions 
administratives pendant toute la duree du dit projet. Ce que fit le directeur de l'ex-
IRA, Dr Jacob Ayuk Takem. C'est avec beaucoup d'emotion que j'evoque ces 
anecdotes aujourd'hui afin de relever avec Kafka que, "Et quelqu'un qui se tient 
derriere l'arbre me dit tout bas: tu ne ferais rien sans les autres". Je saisie done cette 
opportunity pour exprimer a leur endroit, et a travers eux, a tout l'lnstitut de la 
Recherche Agricole pour le Developpement (IRAD), ma profonde gratitude et 
reconnaissance infinie dans l'accomplissement de ma carriere scientifique. 

In April 1996, one of the engines of a Swissair airplane stopped to function upon 
arrival at Yaound6-Nsimalen International Airport. Fortunately, there was no crash 
but the plane could not take off again without serious repairs. Among the passengers, 
there were two important partners of the Mycorrhizal project of the TCP, Prof. Dr 
Lijbert Brussaard and Dr Thomas W. Kuyper (Thom), my promotor and co-
promotor, respectively. Owing to unforeseen circumstances, we missed one another 
at the airport. But the next day, we met in a local hotel. After a short introduction, 
Thom and I began to discuss on the plan of visit and on the project. A spontaneous 
and cordial complicity arose from that first meeting and few days later, the three of 
us were sitting in Ebom, in the middle of the rain forest of south Cameroon, that soon 
became our common field of interest for the past 48 months. Most discussions 
centered around this forest, trying to understand how tiny fungi in associations with 
roots of higher plants could influence the functioning and diversity of big trees, in 
spite of human interferences. 

I would like to thank Prof. Dr Lijbert Brussaard who led my promotion with much 
availability, conviviality, and simplicity. Despite his tied schedule, he always found 
some time to send a post-card of encouragement, to meet with me when I traveled to 
Wageningen, or to go over the different manuscripts. 



I am deeply indebted to Dr Thomas W. Kuyper who conceived and made this project 
a reality. He intelligently guided my beginning steps and actions through the sinuous 
path of scientific investigations of the roles of tropical mycorrhizas in ecosystem 
functioning: You have been, not the boss, but the "elder" brother into knowledge 
acquisition. You endured so many sacrifices to see this work come through. You 
abandoned your faculty duties and many other students to travel to Cameroon no less 
than seven times and at least for two completed weeks, to take care of my work 
alone. By doing so, you did not avoid all the difficulties with travelling on bad and 
slippery roads during the rainy seasons, or to spend several hours in the forest under 
heavy tropical rain showers and thunders in the search for tropical symbiotic 
mushrooms or to discuss field trials. Nor did you stay at camp to avoid trekking long 
distance in the forest. Waiting before departing from Kribi became your favorite 
hobby. With the sense of Dutch humour, you went over all these to insure a complete 
success to our project. Your technical assistance in the lab, data analyses, writing up 
of manuscripts are just a few skills I learnt from you and I wish not to keep them for 
me but to transmit them to others. You spent so many hours to review all chapters of 
this thesis. A Beti proverb claims that "A well-seasoned soup does not require too 
much salt". If the F6 project is successful, it is because of its good coach. Even the 
words cannot express with much strength my deep gratitude. Simply, I rather say, 
THANKS, BOSS! 

I would like to thank the TCP team leaders. I recall smooth and efficient working 
conditions, in spite of some inevitable squeaks. My sincere gratitude goes to Mr Wim 
van Driel who helped a lot with initial contacts with Wageningen and setding in 
Kribi; Dr Oscar Eyog Matig qui m'a bien accueilli; Mr Jean Pierre Tsimi Mendouga 
dont les conseils et les discussions techniques en matiere sylvicole m'ont beaucoup 
eclaire; Dr Pieter Schmidt who went over initial versions of the introduction and 
general discussion of this thesis, and discussed them with me; Dr Wyb Jonkers with 
whom numerous discussions were held anytime he traveled to Kribi or in 
Wageningen, and with the purchase of several important equipments (microscope, 
centrifuge,...); Dr Bernard Foahom, qui a aimablement critiqu6 le deuxieme chapitre 
de cette these, et a gracieusement mis a la disposition du Projet F6, son binoculaire 
pendant pres de trois ans. 

J'ai quotidiennement appris de nombreuses discussions avec mes collegues 
chercheurs, notamment, Gart van Leersum (grace a qui les serres ont ete rapidement 
construites), Marc Parren, Roger Bibani Mbarga, Charles Mbonjo, Richard Eba'a 
Atji, Guillaume Lescuyer (qui a aimablement et gracieusement mis a ma disposition 
son ordinateur afin d'achever d'ecrire cette these), Jean Pierre Fines, Barend van 
Gemerden, Han van Dijk, Jean Claude Ntonga, Ibrahima Adamou, Humphrey 
Mbelli, Gerard Hazeu, Maarten Waterloo, Martin Yemefack, Ton de Winter, 
Gregoire Ngono, Marturin Tchatat, Karen Biesbrouck, Francois Tiayon, Yolanda van 
den Berg, Fabien Mballa... J'en oublie certainement d'autres, mais qu'indulgence me 



soit accordee. Ce fut une belle equipe de travail a laquelle je suis fier et heureux 
d'avoir appartenu. 

Ajout6 a ceux-ci, un nombre important d'etudiants camerounais (neuf), neerlandais 
(un) et allemand (un) ont contribue tant soit peu a la realisation des objectifs du 
Projet F6. Cinq etudiants de l'Ecole des Eaux et Forets de Mbalmayo (Anatole Fono, 
Serge Benjamin Epape, J. J. Alain Foe, Blaise Sandjong, Maxime Balla Edzoa) ont 
deblay6 le terrain sur les tests de germination de graines de quelques essences 
forestieres tropicales, le test d'application de la fiche de description des champignons 
sur le terrain, et l'etude des mycorhizes de l'Okoume (Aucoumea klaineana) en 
regeneration artificielle. Un 6tudiant de l'Universite de Yaounde I (AmbroiseYene 
Mbarga) a 6tudi6 la diversity et l'abondance des champignons a arbuscules dans deux 
sites; Trois etudiants de la Faculte d'Agronomie et des Sciences Agronomiques 
(FASA) de l'Universite' de Dschang ont effectue des etudes sur les relations 
mycorhiziennes du Movingui (Distemonanthus benthamianus) dans des sols a 
differents potentiels mycorhiziens infectueux (Jervais Nkoulou), des relations entre 
les proprietes physiques des sols et leurs potentiels mycorhiziens infectueux (Prosper 
Asaa Nguegang), et les relations mycorhiziennes du cacaoyer {Theobroma cacao) en 
fonction de l'age de plantation, du d6gr£ d'ombrage et de l'application des fongicides 
(Serge Clement Onana Owona). Deux etudiants etrangers, l'un de l'Universite de 
Wageningen, Hinse Boonstra, qui a 6tudie le statut mycorhizien des especes de 
Uapaca en fonction de 1'habitat et des conditions ecologiques, et enfin, Mile 
Christine Schmitt, de l'Universite de Muenster en Allemagne, qui a procede a une 
investigation visant a elucider la specificite ecologique des associations 
mycorhiziennes arbusculaires. Cette description detaillee de vos etudes respectives, 
chers 6tudiants (chercheurs potentiels de demain), illustre 1'importance de vos 
contributions dans l'execution du Projet F6. II ne me reste plus qu'a vous inviter a me 
rejoindre pour continuer a elucider la signification fonctionnelle et taxonomique de 
ces petits etres vivants filamenteux et obligatoirement symbiotiques, dans la 
productivite biologique et la diversification floristique des ecosystemes forestiers 
tropicaux, afin de produire des connaissances pour une gestion ecologiquement saine 
des forets humides de la region Guineo-congolaise. Cependant, je garde un souvenir 
emouvant de cet autre etudiant de l'Universite de Dschang, Marc Edoa, qui apres 
avoir passe un mois au Projet F6, nourrissait de grandes idees pour decouvrir la verite 
fonctionnelle des mycorhizes. Mais, quelques mois apres seulement, sans avoir eu le 
temps d'y arriver, a et6 rappele au Royaume des Cieux. Paix a son ame. 

Tout travail de recherche est travail d'6quipe, composee a la fois d'administrateurs, 
de chercheurs, du personnel technique et d'appui. Je peux m'estimer heureux d'avoir 
rencontre au PTC un staff technique et un personnel d'appui competents, 
consciencieux, volontaires au service et devours a la tache. Vous etes si nombreux 
pour citer ici tous vos noms sur cette page; Seuls les noms de quelques-uns me 
reviennent, Martin Zogo, Aristide Diaddy Ntonga, Mme Angele Mbamba. Vous 



m'aviez tous servi avec beaucoup de bonheur et de sourire. Je n'ai pas de mots assez 
forts pour exprimer a votre endroit mes sentiments d'infinie reconnaissance. Je dis 
simplement Merci. 

S'il y avait un autre personnel d'appui dont je conserve un lot infini de souvenirs, ce 
sont nos chauffeurs, notamment, Johannes Djon Djon (te souviens-tu encore de notre 
odyssee sur la route Kumba - Mundemba en compagnie de Thom pour visiter le Pare 
National de Korup? Six heures de route sur une distance de 120 km seulement en 
Decembre 1999?), Paul Ekani (penses-tu aux quatre heures de temps passees a Grand 
Zambi a pousser ton vehicule embourbe sous une pluie battante un dimanche de 
Novembre 1997, quelques semaines seulement apres ton embauche au Programme? 
Quel bapteme de feu!), Sylvestre Tsoungui (rappelle toi nos 15 kms a pieds lorsque 
les lames de ton vehicule s'etaient cassees de retour de "12" un apres-midi), Jean 
Owona dit "Petit Jean" (Souviens-tu de nos retours de labo d'Ekona vers 23 heures 
apres y avoir passe dix heures de boulot?), Theodore Atangana, Apollinair Enyegue, 
et Maurice Mimbila: Vous avez assure ma securite, alors que moi, assis a cote de 
vous, je somnolais; vous avez aussi grandement participe au succes de mon Projet: 
j 'en conserve un souvenir inedit et ineffacable de vous tous. 

Arrive a Ebom en Fevrier 1996, j 'ai rencontre de jeunes gens en quete de travail: 
Jean Baptiste Mva, Serge Aba'a Aba'a et Edouard Nsomoto, et bien d'autres dans les 
autres villages du site. Pendant tout le temps qu'ont dure les activites de terrain du 
Projet F6, vous etes devenus fideles et tres devou6s a ma modeste personne, en plus 
d'etre de dignes travailleurs acharnes. Votre contribution a la realisation de nos 
objectifs depassent largement les modiques sommes percues en contre partie. Je 
quitte vos villages en gardant de vous un souvenir tres fort de tranche collaboration et 
d'amitie. Pour tout votre soutien, merci et a bientot dans d'autres forets du 
Cameroun. 

In autumn 1996,1 spent a month at the Biological Station, Wijster, The Netherlands, 
for a short training. I met there very nice people who not only helped in training but 
also made life so much easier and agreable, in spite of the "dutch cold". These are 
Eef Arnolds, Bernhard de Vries, Ron de Goede, and Gerda Weijenberg. During my 
training period, I also met other Ph.D. students, Duur Aanen and Liesbeth van der 
Heijden, and many others during subsequent visits. In Wageningen, Ali Ormel very 
kindly opened her home to host and feed me during my stay. I met Raoul Douwes in 
Cameroon for about three weeks and in Beilen we met again to have a wonderful 
dinner in one typical Dutch village. All of you had helped me to grow intellectually 
in an ever growing scientific family. I am very grateful to all of you. 

Fulfillment of important commitments necessarily imposes sacrifice of some other 
indispensable things of life. To successfully conduct this project, I necessarily had to 
sacrifice my "little" family. I hope one day, Christelle Yolande with her brothers and 



sister will forgive and understand why I had to do it this way, always leaving every 
single month for three years the family roof, for at least a week, to go either in the 
"forest" or in Ekona or to some other places. 

Quelqu'un soutient que le succes d'un homme dans la vie resulte de la chance 
concommittante au talent. J'ai certainement eu beaucoup de chances dans l'execution 
de ce projet d'avoir un autre moi-meme en la personne de Mme V6ronique Onguene, 
pour assurer la "cuisine interne" du Projet F6. En effet, Mme Onguene a ete la 
cheville ouvriere du Projet F6. Sa motive 6tait d'une autre dimension, a savoir sa 
contribution au succes d'un travail b6nefique pour sa famille: elle travaillait comme 
pour apporter sa quote-part a la construction familiale. Aussi, n'a-t-elle pas hesite un 
seul instant a travailler meme les jours de weekends et non ouvrables pour venir 
monter des essais en serre, recolter des donnees et colorer les racines,... Ce qui m'a 
permis d'harmoniser sejours r6guliers en foret et activitds a Kribi, car "mes bases" 
arrieres etaient assurees. En somme, c'est une autre forme d'association 
mycorhizienne qui est nee de notre collaboration. My dear, thanks very much for all, 
from the bottom of my heart. 

Au cours de mon sejour a Kribi, le destin m'a beaucoup eprouve en 1998 et 1999. Je 
remercie tous ceux et celles qui ont partage mes larmes a la mort de plusieurs 
membres de ma famille. 



General Introduction 

1. GENERAL INTRODUCTION 

Degradation of habitat and loss of biological diversity in tropical rain forests 
following shifting cultivation and logging practices have become a world-wide 
environmental concern, thereby prompting the need for planning for the wise use and 
conservation of forest lands. Though awareness has been raised about consequences 
of forest destruction at various scales from the local silting up of streams to changes 
in global climate (Bruijnzeel and Critchley, 1994; WCFSD, 1999), little attention, 
however, has been given to the below-ground components, processes, and 
interactions that play important roles in the regulation of the composition, structure, 
and functioning of rain forests, notably mycorrhizal associations. 

MYCORRHIZAL ASSOCIATIONS 

A mycorrhiza is a morphologically and physiologically distinct organ resulting from 
an intimate and (usually) mutually beneficial symbiosis between particular soil-
inhabiting fungi (called mycorrhizal fungi) and roots of most higher plants. In almost 
all cases, the mycorrhiza is an obligately mutualistic relation because both the 
mycorrhizal fungus and mycorrhizal plant are unable to exist independently and 
complete their life cycle under natural conditions (Smith and Read, 1997). The 
benefit for the fungus is the receipt of photosynthetically derived carbon compounds 
(energy) from the plant. The plant benefits by increased uptake of mineral nutrients. 
The immediate outcomes of mycorrhizal formation and improved nutrient uptake are 
increased growth rate of host plants because they obtain necessary nutrients from 
poor soils in an effective way and at relatively low cost in ecosystems where external 
amendment inputs are scarce. Experimental evidence indicated, as a consequence of 
this improved nutrient uptake and growth status, increased survival, reduced 
phenotypic variation of seedlings, and increased drought resistance of young plants. 
In such situations increased production of growth-stimulating substances has also 
been reported (Sampangiramaiah, 1990), and fertiliser inputs can be decreased. 

Initially, it was assumed that all mycorrhizas function in similar ways by enhancing 
uptake of the immobile ion phosphorus, implying that additional benefits were 
consequent upon the improved phosphorus status of the plant (Tinker et al., 1992). 
However, it has become clear that mycorrhizas can have a suite of different 
beneficial roles for the plant, depending both on the fungus concerned and on 
characteristics of the root system of the plant (Newsham et al., 1995). Such further 
benefits include protection against biotic (pathogens) and abiotic (heavy metals, 
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aluminium) stress, mineral weathering, uptake of organic nitrogen and phosphorus 
compounds, and soil aggregate stability. Hence, mycorrhizal fungi are key 
components of both plant and soil development (Bethlenfalvay, 1992). 

Two types of mycorrhizal associations have been described based on the sitting of 
the fungus vis-a-vis the root surface: ectomycorrhizas (sheath-forming) with 
intercellular colonisation and endomycorrhizas with intracellular colonisation. 
Ectendomycorrhizas combine characters of both types as they possess an external 
sheath and harbour both inter- and intracellular colonisation. Endomycorrhizal 
associations differ from ectomycorrhizal ones in that they do not form mantles and 
cannot be seen with the naked eye. Based on differences in anatomical structures of 
the endomycorrhizal fungus (presence or absence of septa in the hyphae) and host 
plant taxonomy, five endomycorrhizal associations can be distinguished: arbutoid 
(Ericales), ericoid (Ericales, but also in a group of liverworts), monotropoid 
(Monotropaceae, an achlorophyllous family in the Ericales), orchid (Orchidaceae), 
and arbuscular mycorrhiza (various vascular plants, but also some mosses and 
liverworts). Internal mycorrhizal structures in orchid and ericoid endomycorrhizas 
consist of hyphal coils, while arbutoid and monotropoid mycorrhizas can harbour 
sheaths, Hartig net, and septate hyphae in host cells. In fact, the fungi forming 
arbutoid and monotropoid mycorrhizas are the same as those forming 
ectomycorrhizas. Differences between ectomycorrhizas and arbutoid and 
monotropoid mycorrhizas are apparently dependent on the anatomy (and physiology) 
of the plant root, and not on the fungal taxa involved. The same observation can be 
made for some orchid mycorrhizas as several achlorophyllous orchids (Corallorhiza) 
are colonised by fungi that form ectomycorrhizas on neighbouring trees (Taylor and 
Bruns, 1997). The ericoid mycorrhizal fungus Hymenoscyphus ericae was recently 
reported as forming ectomycorrhizas on spruce, called Piceirhiza bicolorata 
(Vralstad et al., 2000). 

Both ecto- and endomycorrhizal associations are ubiquitous soil inhabitants. In fact, 
the non-mycorrhizal condition of plants is exceptional. Presence of mycorrhizas is 
considered to be the primitive condition that made the evolution of land plants 
possible. The non-mycorrhizal habit is most likely due to a number of independent 
evolutionary losses. 

In natural and agricultural ecosystems, the predominant mycorrhizal association is 
arbuscular mycorrhiza, also known as vesicular-arbuscular mycorrhiza (VAM). 
Some disagreement persists about the appropriate name for these associations (Smith, 
1995; Walker, 1995). In this thesis I will use the name arbuscular mycorrhiza. 



General Introduction 

ARBUSCULAR MYCORRHIZA 

Arbuscular mycorrhizal associations are formed between fungi of zygomycetous 
affinity, belonging to the order Glomales, and roots of a wide diversity of plant life 
forms, including herbs, shrubs, lianas, and trees. The arbuscular mycorrhizal 
association evolved only once, more than 400 million years ago. Worldwide there are 
around 150 species of arbuscular mycorrhizal fungi. 

Arbuscular mycorrhizal fungi consist of spores, auxiliary bodies, and a weft of 
intricately branched, non-septate runner and absorptive hyphae in soil, and in host 
plant roots of inter- and intracellular non-septate hyphae that sometimes form hyphal 
coils or ramify within the cortex to produce intricately branched haustoria called 
arbuscules, and followed in a number of taxa (suborder Glomineae, as contrasted to 
the suborder Gigasporineae) also by storage structures named vesicles. This sequence 
of arbuscular mycorrhizal colonisation development was formerly recognised and 
broadly classified into two types: Aram-type with a considerable intercellular phase 
of hyphal growth and production of terminal arbuscules on intracellular hyphal 
branches, and Para-type with extensive intracellular hyphal growth yielding hyphal 
coils. Differences between both types are apparently dependent both on the anatomy 
of the plant root and the identity of the fungal taxa involved (Smith and Smith, 1997). 
While most of the (agricultural) plants that have been intensively used in mycorrhizal 
research exhibit the Aram-type, under natural conditions the Pans-type occurs more 
frequently. In tropical trees arbuscules are usually rare or absent (St John, 1980) 
whereas hyphal coils are much more evident (Alexander, 1989a). Considering the 
small number of tropical rain forest taxa investigated for mycorrhizal colonisation, 
such claims need to be further investigated. 

Arbuscules are considered as the major sites of biotrophic exchange between host 
plants and mycorrhizal fungi but their role in nutrient exchange is still debated, as no 
clear specialisation between arbuscules and hyphal coils has been demonstrated 
(Smith and Smith, 1997). 

ECTOMYCORRHIZA 

Ectomycorrhizal associations are formed between basidiomycetous and 
ascomycetous fungi and gymnosperm and angiosperm plant species belonging to 
certain tree, shrub, and liana families of both temperate and tropical regions. A few 
herbaceous plant species, mainly from arctic and alpine regions also form 
ectomycorrhizal associations. The ectomycorrhizal symbiosis evolved repeatedly 
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with multiple (more than 10) independent origins both for the plants and fungi 
involved. World/wide there might be as many as 10,000 species of ectomycorrhizal 
fungi. 

Ectomycorrhizal fungi consist of three structural components: a sheath or mantle of 
fungal tissue that encloses the root, a labyrinthine hyphal network between root 
epidermal and cortical cells called the Hartig net, and the extramatrical mycelium, an 
outwardly growing, intricately branched system of fungal hyphae, sometimes 
aggregated in linear organs called rhizomorphs that form essential connections with 
the soil and with the fruitbodies (Smith and Read, 1997). The Hartig net is the site of 
nutrient exchange between the symbionts. The mantle, which shows a large variation 
in structure, colour and thickness, covers root tips of host plants and provides 
outstanding roles in nutrient and water storage and root protection against biotic and 
abiotic stress factors. The extramatrical mycelium and rhizomorphs are the sites of 
nutrient uptake and long-distance transport of nutrients and water. But these 
characteristic structures of ectomycorrhizal fungi may not always be present or be 
developed to the same extent in all ectomycorrhizal associations (Ashford and 
Allaway, 1982; Malajczuk et al., 1987; Smits, 1994; Warcup, 1980). Substantial 
differences seem to exist in size and structural organisation of ectomycorrhizas from 
cold and warm climates. Alexander and Hbgberg (1986) noted that the sheaths of 
tropical angiospermous ectomycorrhizas usually comprised a larger proportion of the 
composite organ than that of temperate trees, both due to thicker mantles and thinner 
plant roots. Tropical ectomycorrhizas also showed more prolific rhizomorph 
development. Comprehensive reviews of ectomycorrhizal characterisation based on 
anatomical features of mantle and emanating hyphae are covered in Agerer (1994, 
1995). 

The combined presence of both arbuscular and ectomycorrhizal fungal structures has 
been noted in the roots of several woody species, both in temperate and tropical 
regions (Alexander, 1989b; Allen et al, 1999; Chilvers et al., 1987; Lodge, 1989; 
Moyersoen and Fitter, 1999; Van der Heijden, 2000). Such plants are called dual 
mycorrhizal. While dual mycorrhizas are structurally defined, the interesting question 
is whether dual mycorrhizas are functionally mutualistic symbioses. Increased 
benefit of dual mycorrhizal colonisation has been often suggested but only 
convincingly demonstrated for Salix repens (Van der Heijden, 2000). For tropical 
trees, it is still unknown how common and how consistent dual mycorrhiza is, 
especially in plants hitherto considered as ectomycorrhizal. 
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MYCORRHIZAL ASSOCIATIONS IN TROPICAL RAIN FORESTS 

Read (1991) has noted that different biomes are characterised by different 
mycorrhizal types: in the high arctic and alpine biomes ericoid mycorrhiza prevails, 
in boreal and temperate forest biomes ectomycorrhiza prevails, although on better 
soils in the more southern part of the temperate forest biomes arbuscular mycorrhiza 
might be dominant, whereas in the tropics and subtropics arbuscular mycorrhiza 
prevails, except on extremely infertile sandy soils (white sands), where 
ectomycorrhizal trees might again be dominant. This shift has been related to a shift 
in the main limiting nutrient for plant production, where under cold climates nitrogen 
mineralisation is hampered and where tropical soils are usually limited by 
phosphorus availability. 

Most soils in the tropics are qualified as nutrient-poor, owing to strong acidity, high 
clay content, high exchangeable aluminium, and low available phosphorus and 
micronutrients (Sanchez and Salinas, 1981). The major input of mycorrhizal 
associations in tropical rain forests consists then in improved access to soil nutrients, 
especially phosphorus and other slowly diffusible nutrients such as zinc, copper, 
boron, and molybdenum. Increased nutrient uptake is due to the extension of the 
nutrient-absorbing organ of host plants by the external mycelium, beyond the reach 
of the depletion zone by roots. In view of the very low nutrient availability in most 
tropical soils, it is not surprising that very few woody species of tropical trees are 
non-mycorrhizal (Alexander, 1989a; Janos, 1980a). 

While most forests in the tropics are indeed dominated by arbuscular mycorrhizal 
trees, a few notable exceptions occur both in Asia, where large patches of dipterocarp 
forest can be found, and in Africa, where large forest stands of caesalps occur both in 
the savanna (miombo) and rain forest region. In the neotropics, forests dominated by 
ectomycorrhizal trees are much rarer. If ectomycorrhizal and arbuscular mycorrhizal 
undisturbed forests (young secondary forest is almost always characterised by 
arbuscular mycorrhizal trees) in the tropics coexist, they can usually be partitioned in 
patches with either ectomycorrhizal or arbuscular mycorrhizal canopy dominants. 

The majority of tropical tree species forming ectomycorrhizal associations belong to 
two families, viz. Dipterocarpaceae (mainly in south-east Asia, but with two genera, 
Monotes and Marquesia, in east Africa, and one genus, Pseudomonotes, in South 
America) and Caesalpiniaceae (mainly tribe Amherstieae; almost exclusively 
occurring in the Guineo-Congolian and Sudano-Zambezian region of Africa, but with 
two genera, Intsia and AJzelia, in Asia, and one genus, Dicymbe, in South America). 
In Africa the family Uapacaceae (the genus Uapaca occurs in tropical Africa and 
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Madagascar) is an important component as well. Native ectomycorrhizal fungal 
genera in tropical Africa and Asia belong to a large extent to the same basidiomycete 
taxa as those that provide the fungal partners of temperate ectomycorrhizal plants. 
Common ectomycorrhizal taxa in the tropics belong to the Cantharellaceae, 
Boletaceae, Russulaceae, Amanitaceae, and Sclerodermataceae. On species level 
hardly any ectomycorrhizal fungal species (except when introduced) is shared 
between tropical and temperate regions. Native arbuscular mycorrhizal fungal taxa 
from the tropics, classified as members of the Glomaceae, Acaulosporaceae, and 
Gigasporaceae, belong to the same taxa found worldwide. Several species of 
arbuscular mycorrhizal fungi are reported to have a worldwide distribution. 
However, as only a limited number of spore characteristics are available for species 
recognition, such observations of cosmopolitan distribution might as well reflect 
inadequate knowledge and understanding of the taxonomy of the arbuscular 
mycorrhizal fungi. In general, little information is available on the diversity, 
abundance, and distribution of ectomycorrhizal and arbuscular mycorrhizal fungal 
species in natural forests of the Guineo-Congolian region of Africa and their 
variation with disturbance regimes and stages. 

ECOLOGICAL DIFFERENCES OF MYCORRHIZAL ASSOCIATIONS 

The causes and consequences of the coexistence of ectomycorrhizal and arbuscular 
mycorrhizal forest types have not been clarified. Newbery et al. (1988) argued that 
these co-occurring forests would gradually shift (in the absence of climatic changes 
and large-scale, human-induced disturbance) towards ectomycorrhizal forests, 
whereas Janos (1996) hypothesised that the balance between ectomycorrhizal and 
arbuscular mycorrhizal forests is stable. Coexistence of both mycorrhizal forest types 
depends on both their competitive abilities on soils with various chemical, physical, 
and biological characteristics, and on their regeneration potential after disturbance. If 
disturbance regimes (on various temporal scales from local gap formation to periods 
of climatic deterioration) are more important than edaphic specialisation in 
determining the competitive ability of arbuscular mycorrhizal and ectomycorrhizal 
host trees, coexistence of both forest patches is possible even if ectomycorrhizal trees 
are more efficient nutrient scavengers. 

Large differences in plant and fungus species diversity, nutrient status, and litter 
inputs have been noted between the two types of mycorrhizal forests. Arbuscular 
mycorrhizal forest patches are rich in phanerogam taxa (many different families, 
genera, and species) but poor in mycorrhizal fungal species and may be found 
preferentially on soils where phosphorus is the main limiting nutrient. On the other 
hand, ectomycorrhizal forest stands are usually poor in plant taxa (usually only one 
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or two plant families, a limited number of genera, and in some cases such stands are 
even dominated by a single tree species) and rich in ectomycorrhizal fungal species. 
No hypothesis has been proposed to explain the inverse relationship of diversity of 
the phytobiont and diversity of the mycobiont. Ectomycorrhizal forest patches may 
dominate old forests with closed canopy where leaf litter accumulation is more 
common. Such patches have been related both to nitrogen and phosphorus limitation 
of the vegetation. Litter accumulation could lead to distinct nutrient pulses, 
benefitting plants with a better nutrient storage capacity below-ground (e.g. in the 
ectomycorrhizal sheath) and promoting conditions in which ectomycorrhizal fungi 
are likely to be effective competitors for nutrients, especially in organic forms 
(Connell and Lowman, 1989; Newbery et al., 1997, 1998). Litter accumulation could 
also give rise to soil surface conditions that subsequently reduce the regeneration of 
non-ectomycorrhizal host plants. 

A number of studies reported that the extramatrical mycelia of mycorrhizal fungi can 
form networks that physically interconnect individuals from the same or different 
plant species (within the same mycorrhizal type) and allow transfer of both carbon 
and nutrients (nitrogen and phosphorus) between plants via hyphal connections 
(Eason et al, 1991; Francis and Read, 1984; Newman, 1988; Simard et al, 1997a, 
b). While demonstration of gross transport has been relatively easy, demonstration 
and quantification of ecologically significant amounts of net transport has been very 
much harder. The question has also been raised whether materials transferred 
between plants might primarily benefit competitively inferior plants (Grime et al, 
1986) or tree seedlings integrated in the mycorrhizal network of their mother trees 
(Yasman, 1995), or whether they primarily enhance the fitness of the mycorrhizal 
fungus, even though this could still indirectly affect competitive relationships 
between, and allow coexistence of, plants because of different costs. It is possible 
that the functioning of mycorrhizal interconnections is different for arbuscular 
mycorrhizal and ectomycorrhizal systems (Robinson and Fitter, 1999). 

DIVERSITY AND ABUNDANCE OF MYCORRHIZAL ASSOCIATIONS 
UNDER FOREST DISTURBANCE 

Regimes and stages of forest disturbance by man could possibly negatively affect soil 
physical, chemical, and biological properties. In particular, forest disturbance 
induced by commercial logging practices may reduce or even eliminate mycorrhizal 
fungi from forest sites (Alexander et al, 1992; Reeves et al, 1979; Schramm, 1966; 
Smits, 1994). Such reductions of indigenous mycorrhizal fungal populations could 
have far-reaching implications for the establishment and survival of naturally 
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regenerating seedlings that are dependent on mycorrhizas. There is also some 
evidence that forest clearance and burning of the woody biomass for growing annual 
crops, fallowing several years after the cropping period, and permanent plantations in 
monocropping could affect the quantity and quality of indigenous mycorrhizal 
populations (Asbjornsen and Montagnini, 1994; Egerton-Warburton and Allen, 2000; 
Helgason et al., 1998; Johnson, 1993; Thompson, 1987) thereby constraining forest 
regeneration. However, data on the influence of traditional shifting cultivation, 
commercial logging activities, and cocoa plantations on the diversity and abundance 
of native mycorrhizal fungal propagules of soils from tropical rain forests are still 
lacking. Such information is crucial to assess the impacts of forest land use on the 
capacity of soils to carry mycorrhizal propagules that are needed to colonise 
germinating seedlings. 

MYCORRHIZAL INOCULUM POTENTIAL 

Assessment of mycorrhizal inoculum potential (MIP) provides a way to investigate 
the role of mycorrhizal associations in ecosystem processes across different habitats 
or microsites. The amounts and kinds of infective propagules of mycorrhizal fungi of 
a site constitute its inoculum potential, i.e. the energy for the growth of an organism 
at the surface of its host (Garrett, 1956), which is a consequence of the number of 
active propagules of that organism and their nutritional status. Mycorrhizal inoculum 
potential can be conceived as the capacity of infective propagules of arbuscular 
mycorrhizal or ectomycorrhizal fungi present in soils to become established within or 
on the roots of host plants, to give rise to mycorrhizal colonisations (Infectivity) and 
to provide benefits (Effectivity) (Brundrett et al., 1996; Janos, 1996; Liu and Luo, 
1994). Infective propagules of AM fungi may include spores, dead root fragments, 
colonised organic matter, and hyphal external networks. Ectomycorrhizal infective 
propagules include networks of mycelial strands, old mycorrhizal roots, sclerotia, and 
spores (BS et al., 1991; Brundrett et al., 1996). But the relative importance of these 
propagules is likely to depend strongly on the relationship between plant, soil, and 
mycorrhizal fungus. Soils may differ in MIP depending on the amount, type, and 
effectivity of mycorrhizal fungal propagules. Soil disturbance is likely to affect MIP 
as well (Alexander et al., 1992; Musoko et al., 1994). Evaluation of MIP will not 
automatically yield comparable data if different methods are employed. 

Several approaches have been used to assess MIP with all showing some limitations 
(Dalpe, 1992). For example, enumeration of spore populations provides information 
on a fraction of MIP since other mycorrhizal propagules are not accounted for. The 
most probable number (MPN) procedure (Porter, 1979) loses information on small 
scale heterogeneity in inoculum potential by homogenising the distribution of inocula 



General Introduction 

through the soil. The MPN technique enumerates all propagules that have the ability 
to colonise the test host plant but fails to detect dormant spores and is sensitive to 
host species selectivity, in addition to many other problems (Liu and Luo, 1994; Van 
der Heijden, 2000). A method with acceptable biological meaning appears to be the 
intact soil core which allows to measure total mycorrhizal infectivity due to intact 
hyphal networks as well as to disturbance-tolerant propagules such as spores and 
colonised root fragments (Abbott and Robson, 1991; Brundrett, 1991). However, if 
applied in the field, other factors could hamper comparability, such as different light 
levels between sites, and if soil cores are taken to the lab, the diameter of the cores 
might not be large enough to prevent disturbance of the mycorrhizal mycelia. Spatial 
variability could also be problematic if only a limited number of intact soil cores are 
sampled, compared to mixed soil samples for spore extraction. Use of different 
methods to compare MIP among different sites, preferably combined with a test how 
well the different methods correlate, may circumvent such inherent limitations and 
allow to assess more accurately impacts of land use practices on infective 
mycorrhizal propagules. 

MYCORRHIZAL RESPONSIVENESS AND DEPENDENCY 

The quality (in contrast to the sheer quantity) of mycorrhizal inoculum in soils can 
best be expressed in the responsiveness of host plants to mycorrhizal colonisation. 
This response depends on the degree to which test plants rely on mycorrhizas to 
achieve maximum growth at a given set of soil conditions. Mycorrhizal dependency 
refers to the inability of a host plant to grow without mycorrhiza at its natural level of 
soil fertility, whereas mycorrhizal responsiveness refers to the difference between 
mycorrhizal and non-mycorrhizal plants grown under the same environmental 
conditions. Dependency, an intrinsic property of a plant species, may be correlated 
with seedling survival. Responsiveness, an emergent property of the interaction 
between plant, mycorrhizal fungus, and soil characteristics, may be more important 
for the enhancement of plant primary production. Dependency and responsiveness 
need not be correlated (Janos, 1993). Data on mycorrhizal responsiveness of 
seedlings of economically, socially, and ecologically important tree species of 
tropical rain forests are still lacking. Such information is essential to understand the 
roles of mycorrhizas in natural forest, to assess effects of land use practices on the 
regeneration of mycorrhiza-dependent plants, and to evaluate the sustainability of 
such activities on below-ground processes. 

It has been observed that soils with the highest MIP are not always most effective in 
enhancing plant growth (Asbjornsen and Montagnini, 1994). Such discrepancies 
could be a consequence of differences in specificity between mycorrhizal fungi or 
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higher carbon costs of more heavily sporulating species (Johnson, 1993). Lack of 
positive correlation between mycorrhizal colonisation and seedling performance 
might be expected if the costs for mycorrhiza (in terms of plant carbon) outweigh the 
benefits (Koide and Elliott, 1989; Koide, 1991) in soils with weedy mycorrhizal 
species that produce numerous spores. It remains unclear whether mycorrhizal 
inoculum under weedy vegetation is sufficiently beneficial for regenerating tree 
species. It has been suggested that prolific spore-forming arbuscular mycorrhizal 
fungi could exert a larger carbon drain from the plant or effect a larger 
immobilisation of essential nutrients like nitrogen and phosphorus than the 
mycorrhizal fungal species of soils from undisturbed forest stands. On the other 
hand, the concept of "good weeds" (weedy species that contribute to maintenance of 
soil fertility and apparently facilitate succession), as used by local people, could 
suggest that at least some of these arbuscular mycorrhizal fungi can sufficiently 
enhance tree seedling establishment and subsequent growth. 

Specificity is not common with mycorrhizal asssociations. The concept of specificity, 
however, can be used in different meanings. Molina et al. (1992) described six 
phenomena that have a bearing on the problem of specificity. From the perspective of 
a host plant or fungus two aspects are paramount, viz. taxonomic specificity (the 
diversity of mycorrhizal fungi accepted by a host plant or the diversity of host plants 
acceptable to a mycorrhizal fungus) and ecological specificity (the influence of biotic 
and abiotic factors on functional mycorrhizas between particular plants and fungi 
under natural conditions). It is important to note that (taxonomic) specificity 
phenomena could be quite different between ectomycorrhizal and arbuscular 
mycorrhizal systems. Ectomycorrhizal plants could still be receptive to arbuscular 
mycorrhizal fungi, although the opposite is very unlikely. Most, if not all, arbuscular 
mycorrhizal fungi are able to form functional relationships with a very broad range of 
plant species, at least under controlled conditions. Ecological specificity, however, 
could still play an important role, as different arbuscular mycorrhizal fungi 
selectively colonise certain plants in species-rich vegetation or determine specific 
plant responses (Bever et al, 1996; Giovannetti and Hepper, 1985; McGonigle and 
Fitter, 1990; Van der Heijden et al, 1998a; Zhu et al, 2000). 

Ectomycorrhizal fungi have, on average, smaller ranges of host trees, although the 
full spectrum from species with very broad to very narrow host ranges has been 
observed. Smits (1994) claimed that tropical ectomycorrhizal fungi showed a larger 
degree of specificity than temperate fungi, but support for this claim has been 
extremely weak. Data by Thoen and Ba (1987) could be taken as support for that 
claim, although their data are also consistent with different habitat preferences for the 
various fungi. However, if mycorrhizal fungi of the tropical rain forest exhibit a 
larger degree of specificity, it will undoubtedly have far reaching consequences for 
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rain forest dynamics and for the management and regeneration of ectomycorrhizal 
timber trees. Yet, knowledge is lacking on the mycorrhizal regeneration requirements 
of seedlings of currently exploited timber species, especially ectomycorrhizal ones. 

ECOLOGY AND LAND USE OF AFRICAN RAIN FOREST 

Present African rain forests extend as a broad quadrilateral band north and south of 
the equator from the Atlantic coast eastwards to the "dorsale du Kivu", forming the 
Guineo-Congolian rain forest refuge. It includes Gabon, both Congo States, 
Equatorial Guinea, major areas of Central African Republic and southern part of 
Cameroon, and small satellites in Nigeria, Ghana, Liberia, Guinea, and Cote d'lvoire. 
They occur in lowlands with altitude less than 1000 m and on isolated hills. The 
substratum is underlain by precambrian rocks. The region shows a high degree of 
endemicity. The greater part of the Guineo-Congolian region was formerly covered 
with rain forests on well-drained sites. Today, little undisturbed rain forest remains 
while secondary vegetation at various stages of forest regrowth is extensive. 
Although some Guineo-Congolian tree species are deciduous the forests themselves 
are evergreen or semi-evergreen (Richards, 1996; White, 1983). 

The Guineo-Congolian rain forest is subjected to different land use practices 
including large habitations along road sides and small settlements within the forest, 
permanent agricultural plantations of cash crops like coffee {Coffea spp.) and cocoa 
(Theobroma cacao), and of banana (Musa spp.), rubber (Hevea brasiliensis) and 
palm oil (Elaeis guineensis), traditional shifting cultivation of food crops, selective 
commercial logging, collection of non-timber forest products, and fishing and 
hunting. So far, little information is available on the impacts of these land use 
practices on below-ground components and processes that significantly contribute to 
the functioning of rain forest ecosystems, in particular on diversity and dynamics of 
mycorrhizal associations. 

11 
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DESCRIPTION OF THE RESEARCH AREA 

The studies described in this thesis were carried out within the Tropenbos Cameroon 
Programme (TCP) research area. Administratively, the TCP area is found in the 
South province of Cameroon, sitting astride the Mvila division (subdivision 
Ebolowa) and the Ocean division (subdivisions Bipindi, Lolodorf, and Akom II). 
Accessibility to the area is irregular during wet seasons. Landforms, vegetation, and 
landscape ecology have been compiled in a 1: 100 000 map (Van Gemerden and 
Hazeu, 1999). Population density is about 12.5 inhabitants per km2 (Lescuyer et ah, 
1999) and irregularly distributed. Habitation is mainly located along main road axes 
forming large and small villages. The population consists of a majority of Bantu 
people and a minority of Bagyeli (Bakola) pygmies. Bagyeli live in small settlements 
in forests (or in few mixed villages). They survive on gathering of non-timber forest 
products, fishing, hunting, and product exchange with the Bantu. Four native Bantu 
ethnic groups are found, the Bulu, Fang, Ngumba, and Bassa. Bulu form the majority 
and the Bassa the minority. All Bantu groups practice traditional shifting cultivation 
for subsistence agriculture and cocoa plantation as cash crop. Major food crops 
include oil-seeds like peanut (Arachis hypogaea), starchy plants like cassava 
(Manihot esculenta), plantain (Musa spp.), macabo (Xanthosoma sagittifolium), 
numerous condiments and spices, vegetables, food wrapping leaves, and numerous 
fruits. In addition, Bantu people also collect wild nuts, tree barks, and mushrooms, 
and practice fishing and hunting. An extensive description of non-timber forest 
products used by local populations in the TCP area is given by Van Dijk (1999). 
Large plantations of palm oil (Elaeis guineensis) and plantain have recendy been 
introduced by local elite and common interest cooperative groups (CIG) formed by 
village inhabitants. The only industrial activity in the area is commercial timber 
exploitation. 

According to Letouzey (1985), the TCP area is subdivided into mid-altitude natural 
or climax forest rich in Caesalpiniaceae that is mainly ectomycorrhizal, and low 
altitude secondary forest dominated by Lophira alata (Ochnaceae) that is mainly 
arbuscular mycorrhizal forest. Selective logging and traditional shifting cultivation 
activities have been carried out for several decades within the TCP reseach area. It is 
not clear whether the distribution and proportional occurrence of both types of 
mycorrhizal forests have remained stable after several decades of forest land uses. 

12 
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OBJECTIVES OF THE STUDY 

The aim of this thesis is to generate basic knowledge on mycorrhizal fungi and their 
associations with tree species (mycorrhizal associations) of tropical rain forests at 
different stages of disturbance, with particular emphasis on the contribution of 
mycorrhizas to tree establishment and forest recovery after selective logging and 
traditional shifting cultivation. This information is essential for a better 
understanding of ecological processes that regulate natural forest regeneration and 
for the development of appropriate technologies for sustainable forest management. 
Specific objectives were: 
1. To determine the composition and distribution of mycorrhizal associations in rain 

forests of South Cameroon. 
2. To evaluate the influence of man-induced disturbances on mycorrhizal inoculum 

potential (MIP) of forest soils. 
3. To assess the effects of forest soils with different MIP on growth of seedlings of 

important timber species of tropical rain forest and to determine the 
responsiveness of these seedlings to inoculum addition. 

4. To determine the importance of intact hyphal connections as a source of inoculum 
for ectomycorrhiza formation and establishment of seedlings in the field. 

5. To provide an account of species richness of ectomycorrhizal fungal diversity in 
rain forests of South Cameroon. 

OUTLINE OF THIS THESIS 

The thesis is divided in four parts. The first part provides background and actual 
information on mycorrhizal associations in tropical rain forests. Chapter 1 introduces 
the subject of mycorrhiza and mycorrhizal associations, then delineates ecological 
differences of the major types of mycorrhizal forests. Methodologies for assessing 
mycorrhizal abundance and functioning are discussed. An overview of tropical rain 
forests is also provided with a brief presentation of the area investigated and the 
objectives of the study. In Chapter 2, the results of a field survey provide an account 
of the mycorrhizal status of economically, socially, and ecologically important 
timber and other tree species, together with the abundance and distribution of 
mycorrhizal associations in undisturbed forest patches of South Cameroon, 
comparing them with data from Korup National Park (South-West Province, 
Cameroon). In Chapter 3, a provisional key to ectomycorrhizal fungi is presented to 
demonstrate species richness in rain forests of South Cameroon. 
Mycorrhizal inoculum potential in soils from vegetation types of tropical rain forests 
has received little attention. The next part of this thesis (Chapters 4-6) is devoted to 
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mycorrhizal inoculum potentials in relation to the coexistence of both types of 
mycorrhizal forests. Chapter 4 presents variations in inoculum potential of arbuscular 
mycorrhizal fungi following disturbance stages derived from practices of shifting 
cultivation and logging, while Chapter 5 is concerned with changes in inoculum 
potential of ectomycorrhizal fungi in relation to conservation and management of 
ectomycorrhizal tree species diversity. In Chapter 6, the importance of intact hyphal 
connections on the ectomycorrhizal formation and survival and establishment of 
seedlings of indigenous tree species is explored. 

The third part of this thesis details the roles of mycorrhizas in growth and 
mycorrhizal colonisation in seedlings of several important timber species in function 
of indigenous inoculum potential and addition of soil inoculum. Hence, the growth 
and nutrient responses of seedlings of native timber species are analysed in soils with 
inherent inoculum potential and after addition of grass inoculum (Chapter 7) and of 
host tree specific inoculum (Chapter 8). Finally, Chapter 9 analyses issues related to 
tropical mycorrhizal associations and raises scientific and practical questions that still 
need future inquiries. It also provides information for the integration of knowledge 
on mycorrhizas in planning for ecologically sound forest management. 
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2. MYCORRHIZAL ASSOCIATIONS IN THE RAIN 
FOREST OF SOUTH CAMEROON 

ABSTRACT 

Mycorrhizal associations of important tree species were investigated within the 
research area of the Tropenbos Cameroon Programme, situated on the western 
portion of the Atlantic Biafrean forest of South Cameroon. Ninety-seven tree species 
of economic, social, and ecological importance, and 3 lianas were selected in 3 sites 
that differed in altitude, soil clay content, and soil pH. In each site plots were laid out 
in undisturbed forest. In each plot, seedlings, saplings, juvenile, and mature trees 
were identified to species level and counted; girth at breast height measured and 
basal area calculated; root samples were taken and examined for mycorrhizal type 
and extent of mycorrhizal colonisation. All 100 species investigated were 
mycorrhizal- Seventy-four tree species formed exclusively arbuscular mycorrhiza; 
twenty-three and three Gnetum species formed ectomycorrhiza. Five of these 
ectomycorrhizal plants also harboured arbuscular mycorrhizal structures. Extent of 
mycorrhizal root colonisation showed large differences for various arbuscular 
mycorrhizal trees; however, colonisation of more than half of these trees was less 
than 25%. Colonisation of ectomycorrhizal trees was often higher than 75%. The 
contribution of ectomycorrhizal trees to basal area varied between 19 and 35%. 
Ectomycorrhizal trees often occurred in small to large clumps. In sustainable forest 
management plans, existing ectomycorrhizal forest clumps should be given special 
conservation value. 

INTRODUCTION 

The rampant deforestation in the tropics due to increasing shifting cultivation and 
logging practices, urges for the design of appropriate management schemes to 
safeguard remnants of climax tropical rain forests. Effective strategies and solutions 
to sustainable forest management require taking into account economic and social 
interests of all forest dwellers as well as understanding of processes regulating the 
functioning of tropical rain forests. While the volumes of logs extracted and the kinds 
of non-timber forest products are well-known, little information exists on factors that 
sustain growth of trees, determine natural forest regeneration, and maintain floristic 
biodiversity. 

15 



Mycorrhizal Diversity and Dynamics in South Cameroon 

Mycorrhizas (mutualistic associations between specialised basidio-, asco-, and 
zygomycetous fungi and roots of most higher plants) constitute the most efficient 
nutrient uptake facilitators, particularly in nutrient-deficient soils of tropical regions. 
As a consequence, presence of mycorrhizas results in increased plant fitness and 
forest tree productivity (Smith and Read, 1997). 

In the humid tropics, two major types of mycorrhizal associations of trees have been 
reported, viz. ectomycorrhiza (ECM) and arbuscular mycorrhiza (AM). In general, 
AM dominates secondary forests and a large number of primary forests (Janos, 1980, 
1996). ECM occurs either isolated in a mosaic of AM species or in clumps in 
undisturbed forest where they dominate the canopy (Alexander, 1989a; Newbery et 
al, 1988, 1997). In southeast Asia, the major ECM taxa of rain forests belong to 
Dipterocarpaceae, whereas in tropical Africa the major taxa belong to 
Caesalpiniaceae and Uapacaceae (Alexander, 1989a; Fassi and Moser, 1991). Few 
ECM species are found in the humid neotropics (Alexander and Hogberg, 1986; 
Bereau et ah, 1997). In tropical areas, ECM tree species are also encountered in 
introduced pines and eucalypts (Le Tacon et al., 1989). 

Within the Biafrean forest of tropical west Africa, caesalp tree species dominate and 
these species are strongly aggregated (Letouzey, 1968). Clumping is very 
conspicuous for ECM caesalps, and species of Uapaca (Uapacaceae) usually occur in 
the same clumps. Newbery et al. (1997, 1998), following an earlier suggestion by 
Cbnnell and Lowman (1989), hypothesised that the ECM habit and clumping were 
causally related because these ECM caesalps might be superior competitors for 
nutrients. However, little is known about the distribution of these clumps. In the rain 
forest of Korup National Park in southwest Cameroon, 22 caesalp tree species form 
small clumps (Newbery et al., 1988). Basal area of these ECM trees ranged from 3% 
to 28% in various transects. In individual 0.32 ha plots where three caesalp species 
(Microberlinia bisulcata, Tetraberlinia bifoliolata, and T. moreliana) dominated, 
basal area even ranged between 45% and 68% (Newbery et al, 1988, 1997). 

The present study was undertaken to examine the mycorrhizal status of commercially 
important timbers, of tree species with significance for local forest dwellers, and of 
ecologically important tree species of the tropical rain forest of south Cameroon. The 
investigation also aimed at determining the distribution and proportion of major types 
of mycorrhizal associations in undisturbed forest stands within the research area of 
the Tropenbos Cameroon Programme (TCP), a programme directed towards 
sustainable management and use of these forests. 
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MATERIALS AND METHODS 

Research area and sites 
The study was carried out within the TCP research area, which is situated in the 
western portion of the Atlantic Biafrean forest of south Cameroon (Letouzey, 1985), 
lying within the Congo-Guinea refuge. The TCP area covers about 2000 km2 and is 
situated between the cities of Lolodorf (3°14'N, 10°44'E) in the North, Adjap-Essawo 
(3°02'N, 10°52'E) in the East, Akom II (2°48'N, 10°34'E) in the South, and Bipindi 
(3°04'N, 10°25'E) in the West. The climate is humid tropical with two distinct wet 
seasons (mid-August - mid-November, mid-March - mid-May) and two dry seasons. 
The rainfall decreases in an easterly direction, with an annual mean of 2836 mm in 
Kribi to 2096 mm in Lolodorf and 1719 mm in Ebolowa. Average monthly 
temperatures vary between 22.9°C and 27.5°C (Olivry, 1986). 

The landscape gradually shifts from lowlands in the southwest to rolling mountains 
in the central northern portion to abrupt hills in the northeast. Elevation ranges from 
50 m a.s.l. near Bipindi to 1057 m a.s.l. in the Bingalanda mountain, near Nyangong. 
The substratum consists of Precambrian metamorphic rocks and old volcanic 
intrusions (Franqueville, 1973). In the southwestern lowlands (50 - 350 m a.s.l.), 
surface soils are sandy clay loam and moderately acid; between 350 m and 500 m 
a.s.l., surface soils are highly clayey and strongly acid; above 500 m a.s.l., soils are 
very highly clayey and very strongly acid (Van Gemerden and Hazeu, 1999). 

Table 2-1 Location, elevation, rainfall, soil types, and characteristics of experimental sites 

Locality 

Location 
Elevation (m a.s.l.) 
Rainfall (mm) * 
Soil types 
Clay (%) ** 
pH (water) 
Carbon (%) 
Nitrogen (%) 
Available P in H2O (jig/ml 

Ebimimbang 

3o03'N,10o28'E 
100 
1707 
Ultisols 
40-60 
6.1 
1.69 
0.15 

soil) 0.01 

Ebom 

3°05'N,10o41'E 
440 
2019 
Ultisols 
60-80 
4.7 
2.26 
0.18 
0.005 

Oxisols 

Nyangong 

2o58'N,10°45'E 
550 
1780 
Oxisols 
10-40 
4.3 
2.21 
0.19 
0.002 

Notes: * Annual means of rainfall collected from 1995 to 1998 
** Data derived from Van Gemerden and Hazeu (1999) 

Portions of the area have been recently logged by the Houthandel Gebroeders Wijma 
and Zonen B.V. (GWZ) timber company in two concessions. Elsewhere in the forest, 
Bantu populations subsist on shifting cultivation with short fallows of Chromolaena 
odorata (Asteraceae) and long bush fallows, and on cocoa cash crops, while Bagyeli 
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odorata (Asteraceae) and long bush fallows, and on cocoa cash crops, while Bagyeli 
people live in small forest settlements on gathering and hunting. Within the TCP 
research area, three experimental sites were chosen in Ebimimbang, Ebom, and 
Nyangong. Location, rainfall data, and soil physico-chemical characteristics are 
presented in Table 2-1. 

Selection of plant species 
For the mycorrhizal screening, 97 tree species were selected, belonging to several 
categories of trees. They include 40 actually commercialised species and 27 
potentially exploitable timber species. Actually commercialised timbers were 
selected on the basis of the percentage of volumes extracted, as recorded at the Kribi 
Port during the fiscal year 1994-1995 (Anonymus, 1995). Potentially exploitable 
timbers include lesser-known tree species with commercial potential in the future 
according to national standards. One timber tree is completely protected under 
Cameroonian law. Sixteen trees are socially important species that provide non-
timber forest products such as fruits, leaves, bark, and medicines to local forest 
populations; species with cultural values are also included in this category (Van Dijk, 
1999). Some of these might also be potentially exploitable as timber trees. Thirteen 
early-successional trees that could build up mycorrhizal inoculum during forest 
regeneration are included as ecologically important trees. Three Gnetum species 
(Gnetaceae) were added to the list owing to their particular growth form (liana) and 
economic position as a food crop. 

Identification of tree species was done with the help of local assistants trained earlier 
by logging companies to recognise native timber species. Bark, leaves, flowers, and 
fruits were used and these characters were compared with photographs in 
identification manuals (Letouzey, 1983; Letouzey and Mouranche, 1952; Thirakul, 
1983). For some species herbarium material was taken to the national herbarium in 
Yaounde, Cameroon, for additional checks and others were identified at the 
herbarium of Wageningen University, the Netherlands. Nomenclature of trees 
follows Aubreville (1970), Letouzey (1985), and Vivien and Faure (1985); De 
Wildeman (1936) for Uapacaceae and Stevels (1990) for Gnetaceae. 

Plot setting and plant enumeration 
Permanent sampling plots were selected in undisturbed forest stands in each site. 
Selection criteria of these stands included absence of recent man-made or natural 
disturbance and presence of different size classes of selected tree species. In each 
site, 2-ha (200 m x 100 m) plots were laid out in the undisturbed forest. There were 
two plots per site, 5 km distant from one another. Seedlings, saplings, juvenile, and 
mature trees were identified to species level, counted and girth at breast height 
(GBH) determined. Basal area was calculated from GBH. 
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Seedlings were plants of a small size with 3-5 true leaves and < 1 m height. Saplings 
were trees of intermediate size between seedlings and juvenile reproducing trees with 
GBH between 10-49 cm. Juveniles were young reproducing trees different from 
mature trees with GBH between 50-99 cm. Mature trees had a GBH greater than 99 
cm. 

Root sampling and assessment of mycorrhizal colonisation 
Fine roots of saplings, juvenile, and mature trees were collected after tracing larger 
roots from the stem collar of target trees. For seedlings, the whole plant was uprooted 
with the surrounding soil. Collection of root samples was complicated by the 
abundance of intermingling roots of different species near the soil surface and by the 
difficulty to find the tree collar where primary roots are inserted. Triplicate root 
samples of each selected tree species were taken per age class. Root sampling was 
conducted during the periods of July-August 1996, January and July 1997. 

ECM roots were easily recognisable as such, by the presence of obvious ECM root 
surface features (swollen root tips) using a lOx hand lens (Sight Savers and Bausch 
and Lomb Inc., Rochester, NY). The reliability of scoring of ECM roots was 
confirmed in the lab by observing the Hartig net in transverse sections of fine roots. 
ECM roots were placed in a Petri dish containing tap water, gently rinsed to remove 
soil and adhering organic particles, and then observed under a dissecting microscope 
at 6.4-40x magnification. Fractional colonisation (100% times the number of ECM 
root tips divided by the total number of root tips) was estimated from a random 
subsample (containing at least 100 root tips). 

Non-ECM root samples and portions of ECM root samples were first rinsed three 
times with tap water to remove the alcohol. After rinsing they were cleared with 10% 
KOH for 24 hours or over the weekend (Phillips and Hay man, 1970). Heavily 
pigmented root samples were bleached after immersion for 60 minutes in alkaline 
H202 solution at room temperature. Alkaline H202 was prepared by adding 3 ml of 
NH4OH and 30 ml of 10% H202 to 567 ml of tap water (Kormanik and McGraw, 
1982). Roots were thoroughly rinsed in water to remove the H202 (Rajapakse and 
Miller, 1994). The roots were thereafter acidified with 1% HC1 for 3 minutes before 
staining in a solution of acid fuchsin for 2 to 3 days. The acid fuchsin stain was 
prepared from 875 ml of lactic acid, 63 ml of glycerin, 63 ml of tap water, and 0.15 g 
of acid fuchsin (Kormanik et al., 1980). Stained roots were destained for 2 to 3 days 
in a lactic acid solution devoid of acid fuchsin before observation under a dissecting 
microscope at 6.4-40x magnification. Five to six one-cm long stained roots were 
randomly selected, placed on a glass slide, and gently squashed under a cover glass 
to observe the anatomy of AM fungi under a compound microscope at 100-400x 
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