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Foreword

Forty years of research and control of the most serious diseases affecting the major tropical tree crops are encapsulated here! Too long a period from the viewpoint of the evolution of socio-economic contexts, practices, methods and techniques, but the minimum or nominal for one or two crop cycles, rarely more. How to durably protect a resource essential for the economy of a number of developing countries from threats posed by diseases? This book deals precisely with this problem.

By compiling this impressive synthesis of studies, many of which are still unpublished, the authors have not only produced a compendium on diseases of tropical tree crops, but also provided an approach whose usefulness needs no demonstration: purposeful research proposing the scientific approach necessary for agricultural application, based on practical situations encountered in the field.

Moving clearly away from academic studies, D. Mariau and his collaborators do not propose an encyclopaedia of tropical pathogens. By avoiding the standard monographic presentation by species, they have shown how a thematic presentation can lead from a preliminary diagnosis to basic knowledge on the life-cycles of parasites, and implementation of protection strategies adapted to technical and socio-economic contexts in real situations.

The novel presentation, easy reading and willingness to consider application of the results are certain to attract protectors of perennial crops, be they researchers, technicians or producers.

Beyond the banal compilation of information on diseases and control methods, what struck me most while reading the manuscript was its comprehensive presentation of knowledge and methods, with hallmark beginnings of a reflection on integrated protection of perennial crops.

In this sense this book constitutes a reference base, similar to the one in insect pests1, on which new domains in the evolution of sciences can depend, be it cellular and molecular biology or sociology of agricultural practices, to obtain efficient and durable protection systems.


 Michel Dron 
Scientific Director, CIRAD




Preface

For several decades, plant pathologists of renowned research organisations (IRCC, IRFA, IRHO, IRCA, CTFT), amalgamated into CIRAD since 1985 (Centre de Cooperation Internationale en Recherche Agronomique pour le Développement), have been studying the major diseases of tropical perennial crops, viz., avocado, coffee, coconut, hevea, mango, oil palm, papaya and tea, sometimes in collaboration with entomologists and often with breeders. To these crops must be added citrus, which also grows in Mediterranean type of climate, and tropical agroforestry.

The results of all these studies, in both field and laboratory, have been published in a number of articles in CIRAD’s publications, as well as in international journals. Vast amounts of data are contained in papers presented at scientific meetings or in reports that are not easily accessible and therefore forgotten. These results and information are of varied importance and the objective of this book is to bring together the most significant among them. For purely geographic reasons, some diseases have been little or not studied by CIRAD. To make coverage as exhaustive as possible, these diseases have nevertheless been listed at the end of the book along with some brief information and important bibliographic references.

Several presentation formats were considered. The one we have used, less classic than plant by plant study, appeared to be interesting for more than one reason. It helps to compare pathogen types, several of which affect different plants and could be the subject of similar control methods. This thematic presentation also enables a better demonstration of the great importance given by researchers to the characterisation of pathogens and selection of resistant plant material, which is an important control method for plant pathologists. To facilitate reading of this work, Chapters 1 and 4 (‘Symptomatology and Economic Incidence’ and ‘Pathogens’) contain recapitulative tables listing the major diseases of plants, their symptoms and causal agents, while a table summarising the control methods per plant and per disease and maps showing the global distribution of these diseases are given in the Annexure. Lastly, the general index can be consulted.

It is always salutary for researchers to review their work so that the reflection and investigations of tomorrow are based on a good synthesis of yesterday’s studies. It is therefore for them, their successors and their colleagues in other scientific organisations that the authors have made their contribution here.

This book was also written for teachers, and hence for their students, in such a way that their teaching can be supported by concrete examples taken from the field of tropical agronomy.

Lastly, the authors have also given thought to users in the wider sense of the term, because the vocation of CIRAD is to take the results of their research up to the agriculturist. In this book they will find that in the great majority of cases, solutions are offered—even if they are sometimes only provisional—for solving their problems concerning protection of their plants against diseases.

In the field of chemical control, recommendations for use of various pesticides should naturally be adopted in accordance with the phytosanitary regulations of each country and adapted following the advances made in their knowledge over the years.

We cordially thank Dr. M. Dron, Professor of Phytopathology and Scientific Director (CIRAD) for writing the foreword. We wish to express our gratitude to Drs. R.-A. Muller and E. Laville (Honorary Scientific Directors of ex-IRCC and IRFA) for reviewing the book and offering suggestions. Their wide knowledge, especially in the domain of the pathology of the plants studied by these institutions, was an important input for this book. Dr. J. Meunier, Deputy Scientific Director of CIRAD, after a long career at IRHO, and Dr. J.-C. Follin, Plant pathologist at CIRAD, also reviewed the manuscript. We are grateful for their invaluable comments. We also thank Drs. M-L. Caruana, M. Grisoni, M. Delabarre, O. Pruvost, J-M. Thevenin and Tran van Canh for their contribution.
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Introduction

Dominique Mariau

ECONOMIC IMPORTANCE OF TREE CROPS

During the last few decades, the cultivation of tropical tree crops has expanded extensively not only in Asia, but also in Africa and Latin America, generating a substantial revenue for these countries. To mention just a few examples: in 1997, in the Indo-Malaysian peninsula, about four to five million hectares were under oil palm cultivation, representing ten times the area planted in the early 60s. In 1996, the Ivory Coast produced more than one million tons of cocoa beans, i.e., twelve times more than the production thirty years earlier. In 1990, with a production less than the current production, cocoa represented 40% of the agricultural exports of this country. During the same period, coffee production in Colombia was nearly one million tons, representing almost 50% of the agricultural exports of the country. With a citrus production of one million tons, Morocco can expect a revenue of 1.3 billion dirhams corresponding to 20% of the food exports of this country. All these crops constitute the basic resources of tens of millions of families throughout the world.

In the majority of the cases, the wide expansion of these crops is at the expense of forests which have been too extensively and too rapidly exploited. In the last few decades, tens of millions of hectares of forests have disappeared in the tropical zones, and the reconstitution of a forest park, similar to that which could be done in some European countries in the twentieth century, would require considerable input from specialists. These pioneering fronts are being abandoned in several countries. It would be advisable to engage in replantation with plant materials which are more productive and more resistant to such and such disease, as has been done, for example, for oil-palm, instead of going in for new land clearing for cultivation. Moreover, the carrying capacity has often led some planters to embark on an intensification programme, enabling them to improve the competitiveness of their plantation.


IMPORTANCE OF PLANT SANITATION

At the global level, it is very roughly estimated that about 30-50% of the plant production managed by man is destroyed before or after harvest by insects, diseases and weeds. Data are available for some major annual crops. To cite just two examples: 30% of the global production of rice, i.e., the equivalent of 300 million tons, is lost and we are quite aware of the impact of diseases and weeds on this crop. Similarly, the wheat lost is around 150 million tons, corresponding to three times the production of France.

Similar statistics are not available for tropical tree crops. However, we can cite a few figures which show the magnitude of the havoc caused by certain diseases. The lethal yellowing disease of coconut destroyed more than 5 million trees in Jamaica, while the cadang-cadang disease destroyed 12 million trees in the Philippines. Also, 150 million cocoa trees affected by the swollen shoot disease had to be uprooted in Ghana.

Ravaging insects can kill a tree, especially when it is young, as is sometimes the case with Oryctes (Coleoptera, Scarabaeidae), one of the major destroyers of coconut. However, most often the impact of insects as ravagers is only on production, either directly by attacking the fruits, or indirectly by reducing the foliar surface or weakening the plant. The situation is quite different when it comes to insect vectors of diseases, but that is a special case.

The effects of diseases are much more harmful. They may directly affect the fruits which, at the global level, is the case with the brown rot disease of cocoa pods, or they may affect the foliage, as in the case of Phaeoramularia cercosporiosis of citrus, with direct or indirect incidence on the production or plant growth.

In a large number of diseases, the irreversible evolution of symptoms leads to the death of the tree and these losses may extend over vast areas. Such is the case of the disease called heart rot of oil palm in South America which has wiped out, or greatly endangered, a large number of plantations over several thousand hectares in at least five countries. Before the development of tolerant plant material—most probably the only solution to this problem—this disease greatly restricted the development of oil palm cultivation in many regions as investors could not take ill-considered risks. The same is true in the case of citrus greening which is a major problem in Asia and continues to spread in Africa.

Similarly, large rubber (Hevea) plantations were rapidly eliminated in South America after the Second World War. The cultivation of rubber is confined to zones that are often marginal and represents only a few thousand hectares in the whole of South America compared to the millions of hectares in South-East Asia. Such vast areas could have been planted in the greater Amazon region (which is after all the area of origin of Hevea), but the presence of the fungus Microcyclus ulei has prevented such expansion until now. This example shows that the presence of a disease can also have an indirect effect on production by limiting or even prohibiting the development of a crop.

Lastly, implementation of pioneer fronts and sedentarization of crops have resulted in stronger disease pressure, which often becomes a limiting factor at the time of replantation.


IDENTIFICATION OF PATHOGENS

Development of a control method first of all requires very good knowledge of the causal organism which has to be characterised precisely, first by its taxonomic position and knowledge of its life cycle, and then in a more detailed manner by using biochemical techniques such as enzyme electrophoresis, as well as molecular biology techniques for studying the genome. Species which cause a disease showing the same or almost the same symptomatology in all the countries, could exhibit an extremely variable degree of aggressiveness. This is the case, for example, with Phytophthora disease of cocoa: the losses resulting from the disease caused by P. megakarya in Cameroon is unacceptable, whereas the damage caused by the fungus P. palmivora in the Ivory Coast is more tolerable. Similarly, for developing an appropriate control method it is important to know if the Phytomonas species observed in coconut trees affected by hartrot disease are the same as those detected on euphorbias growing in the same coconut plantation, and which should be eliminated if they act as storage hosts.

A consequence of the stopping of pioneering fronts and the sedentarization of crops is greater disease pressure, which is often a limiting factor during replanting.


VARIETAL SENSITIVITY TESTS

For a good number of diseases, we have recourse to the selection of tolerant or resistant plant material, which means conducting tests that are as quick, simple and precise as possible. Hence these researches often require good knowledge of host-parasite relationships. Considering the wide variability that can be observed among pathogenic organisms, it is very important that these tests are conducted outside cultivated zones in order to study the virulence of strains of different origins, operations that are naturally prohibited in producing countries. The results of these tests should of course be confirmed later in the field under natural environmental conditions, all the more because we are sometimes obliged to perform a test on a plant part which is not normally affected by the pathogen.


CONTROL METHODS

Whenever we speak of control methods, we think first of chemical control, and until very recently the use of chemical pesticides was widely favoured. Without ignoring the usefulness of these precious tools, researchers are striving very hard to restrict their spread in time and space and to retain only the least toxic and most specific active materials in the most appropriate doses in order to limit their impact on the environment as much as possible. The recommendation of a rational chemical control is now widely accepted.

With or without the support of chemical control, agronomists have worked a great deal on cultural techniques with the constant aim of limiting the impact of pathogens or modifying the environment in such a way that the physical conditions of the environment become unfavourable for the development of the pathogen.

In the domain of biological control, the means available to entomologists are much more varied than those available to plant pathologists. They can, for example, use indigenous or introduced parasitoid insects in order to regulate the populations of a ravager, favour the development of an entomopathogenic disease as specifically as possible, disturb insect behaviour by using certain substances, etc. In plant pathology, and especially in Mycology, we can envisage using a hyperparasitic fungus, but application of this method is still very limited. Nevertheless, it offers a path that should not be ignored.

The royal path of plant pathologists remains, with the cooperation of geneticists, the selection of more or less resistant plant material. However, this involves long term researches which, as we have seen, require good knowledge of the pathogens and perfecting tests to evaluate behaviour. Moreover, this material will be available only for future plantations and in.the meantime the existing crops have to be protected, even if it is by means of provisional control techniques, without forgetting that in the domain of tropical perennial crops what is provisional could last a few decades. For some diseases, this selection process is obligatory, for example, fusarium wilt of oil palm in a number of cases in Africa, but tolerant plant material is available. It is the same for the foliar disease (leaf blight) of Hevea caused by Microcyclus in Latin America, but in this case planters have to still wait for some more years.

Due to the length of the vegetative cycle of tree crops, researches have to be conducted over a long period of time. Development of tests meant for measuring the resistance of varieties to pathogens should often be made on plant parts in order to avoid cluttering, which are not necessarily affected under natural conditions. Furthermore, the permanence of the crop leads to a quasi-constant selection pressure of the pathogenic organisms which could theoretically circumvent resistance more quickly than with an annual crop. The stability of resistance is therefore of very great importance. Acquiring it necessitates long and delicate studies on the genetic determinism of host resistance as well as on the diversity of pathogen populations.

Plant pathologists thus have a certain number of means at their disposal for controlling the numerous diseases affecting tropical tree crops. Perfecting the most appropriate method requires very long and extensive researches in the field as well as in the laboratory, which should be carried out in perfect harmony.





1 Symptomatology and Economic Importance

Jean-Luc Renard




 The term disease applied to a plant expresses an abnormal state of the whole or a part of the plant due to the influence of the environment. Parasitic diseases, in contrast to physiological diseases which are caused by physical factors (especially soil and climate), are caused by the aggression of an organism which is both parasite as well as pathogen. This change, which may be temporary, permanent or fatal depending on the case, has the potential of becoming contagious and developing into an epidemic. This phenomenon is the result of direct contamination, gradually getting closer and closer, or through the mediation of a vector of the pathogen. Fungi, bacteria, phytoplasmas, trypanosomas, viruses, viroids and nematodes are responsible for causing the diseases presented in this work.

The tropical environment, with its hot and humid seasons, which may be more or less prolonged depending on the regions, is favourable for the development of parasites, especially fungi and bacteria. These organisms go into the resting stage in various resistant forms (chlamydospores, oospores, cysts, etc.) during dry periods. When the conditions become favourable again, the parasite resumes its activity and sporulates profusely. These spores are easily disseminated by wind and rain at a time when the plant is also extremely susceptible to infection (liquid water on the surface of the leaves, open stomata, etc.). In contrast to annual crops which are absent during a part of the year, perennial crops remain standing and constitute a permanent storage host of the parasites, which serve as the primary inoculum when infection recommences with the onset of rains, Regions without a real dry season are particularly favourable for the development of pathogens.

Symptoms of parasitic diseases are of various kinds: necrotic spots, rots, wilts, blights, etc. They depend on the type of parasitic activity and the part that is infected. Disease incidence on the production is variable. It depends on the part that is affected, intensity of the symptoms and the pathogenic ability of the causal agent organism. Death of the tree is the ultimate stage in the evolution of symptoms. It may be sudden or result from a slow and general decay. In both cases the damage caused to the productive capital is irreparable. Infection of fruits results in low yields and often changes the quality of the produce. Diseases of leaves and branches reduce the vigour of the plant and affect the yield. In some cases, repeated infections on the leaves weaken the plant and ultimately lead to its death.

Thus, the heavy investment made by the agriculturist by planting a tree crop, whichever it may be, could be quickly compromised or even wiped out.

This is why a planter should be specially vigilant with respect to the health of the crop, so that he can do everything possible to arrest the development of an epidemic at the right time. Moreover, he should ensure that the plant material selected by him has, as much as possible, all the characteristics for resistance to a disease present in the region under consideration.

The first part of this chapter will be devoted to the description of the various symptoms caused by pathogenic organisms on tropical tree crops. The consequences of the disease on the vegetative growth of the plant and on its production will be indicated in function of the symptoms expressed. Because of the diversity of the pathogens as well as of the concerned crops and for a coherent presentation, the affected plant parts are presented in the same order throughout this chapter.


GENERAL DECAY

These diseases inevitably lead to the death of the plant more or less quickly. All kinds of pathogens may be responsible for general decay.


Diseases caused by fungi

In the quasi-totality of cases, the pathogenic organism grows in the soil. It attacks the plant through the roots or is transported through the vessels which get blocked; nevertheless, it can still be transported to different parts of the plant.


ROT DISEASES

The causal pathogens have similar life-cycles and attack the roots and then the trunk of a large variety of trees.


White root rot of rubber tree

The name of this disease is derived from the white mycelium filaments or rhizomorphs which the fungus, Rigidoporus lignosus (Klotzsch) Imaz (Basidiomycetes, Polyporaceae), commonly called Fomes, produces in the form of a network on the roots and collar of rubber trees. It is possible to see this on an infected tree by clearing the roots and collar of the soil covering them. When the parasite is already well established in the woody part of the roots and base of the trunk, the rubber tree shows yellowing and shrivelling of the leaves (photo 1). The leaves turn reddish-brown before falling off. These symptoms are accompanied by unseasonal flowering. Sometimes the tree gives out new leaves which are smaller and lighter in colour than the leaves of a healthy tree. Defoliation is followed by a gradual wilting of the branches and death of the tree. Fruiting bodies of Fomes can be seen at the base of the trunk before the shrivelling of leaves and wilting of branches (photo 2).

These fructifications are in the form of semi-circular brackets, yellow to orange on the upper side and lighter in colour on the lower side. At this stage, the taproot and base of the trunk are partially or completely rotten and the tree falls down with the slightest wind.

Fomes is a root parasite on a large number of forest tree species. As soon as the forest is felled, the conditions become favourable for the growth of Fomes which invades the stumps of the felled trees. These constitute the primary sources of infection which infect the roots of the rubber tree. Infections by Fomes appear from the end of the first year of the plantation. The disease then gradually spreads from a diseased tree by the transmission of Fomes from infected roots to healthy roots. Once again, primary sources could be formed when the roots come into contact with infected stumps of forest trees.

Mortality increases every year, attaining a maximum towards the sixth year (6% annual mortality). A regression in the disease rate is then observed and the evolution of the disease becomes stabilised at about 1-2% mortality per year. The development of disease centres creates a clearing in the plantations, as a result of which the trees are easily broken by wind leading to considerable losses (Tran Van Canh, 1996) At the age of about twenty years, some infested plantations have no more than 200 trees per hectare, i.e., less than 50% of the trees planted initially.




Crack rot of rubber

Attacks by Armillaria on rubber are manifested by the flow of latex through deep cracks in the bark on the collar and base of the trunk (photo 3). The cortical epidermis becomes grey and dry and shows shallow cracks. Superficial scraping reveals black spots due to necrosis of the primary epidermal cork layers. The bark is reddish brown in colour and encloses a white mycelial mass intermixed with filaments of coagulated latex (photo 4). A white myce-lial mass is also seen on the cortical layer.

When the infection is at an advanced stage, the foliage becomes yellow and takes on a reddish copper-red tinge. Defoliation follows and the branches become dry, eventually leading to the death of the tree (Guyot, 1997).

The disease is caused by Armillaria heimii (Basidiomycetes, Agaricales) which grows on the roots and taproot of the tree. The tree reacts to the infection by producing a mantle of irregular black rubbery substance that grows around the roots, amalgamated with the mycelium of the parasite. It is possible to detect the early stage of the disease by removing the soil covering the roots at the base of the tree (Michels, 1990; Petit-Renaud, 1991).

The economic impact of Armillaria on rubber cultivation is known only in the commercial plantations in Gabon, where the sanitary situation is regularly supervised. The annual infection rate between 3 and 5 years does not exceed 2.5% of the trees present and the mortality rate is only 2.1 trees per hectare per year. This represents just 10-30% of the total mortality due to rots, the most destructive causal organism being Rigidoporus lignosus (Guyot, 1997). In village plantations this rate seems to be higher but no precise data is available.




Basal rot of oil palm

Rot disease in oil palm is caused by a Basidiomycete fungus, Ganoderma lucidum (Leyss. ex Fr.) Karst. Depending on the advancing stage of the parasite at the base of the trunk, the palm exhibits a slackening in growth which is expressed by an accumulation of unopened leaves and sometimes the petioles of the lower still green leaves break, thus forming a kind of ‘skirt’ around the trunk. This disease can be recognised as soon as brown carpophores appear at the base of the trunk (photo 5). In the young stage, these fructifications are characterised by white protuberances on the surface of the trunk and evolve into brown brackets. The upper surface of these brackets is shiny and more or less dark, while the lower surface is white to whitish with a porous aspect. At this stage, the interior of the trunk is invaded by the mycelium of the parasite; the tissues have a more or less spongy consistency and become whitish or yellowish in colour.

The disease is found mainly in oil palm plantations in Indonesia and Malaysia. It also devastates plantations in Africa, the Democratic Republic of Congo, Cameroon and Nigeria. Symptoms have been observed in plantations established in forest clearings. The palms suffer considerable damage in the second and third generations. Under these conditions, the first manifestation of the disease could take place from the second year after replanting and the damage becomes devastating from the age of 10 years, sometimes with 50% of the palms infected or dead. An infected tree can survive and continue to yield for two to three years after the appearance of the first carpophores. However, it eventually falls down when the entire base of the trunk is invaded by the parasite. Umar Akbar et al. (1971) have reported the influence of mineral nutrition and plant material on the behaviour of oil palm faced with the presence of Ganoderma.

Besides field observations and their cartographic representation, the occurrence of Ganoderma can be estimated by remote sensing. By calibrating radiometric measurements, in liaison with agronomic parameters from the field and appropriate interpretation of Spot images, a satisfactory relationship can be shown between the percentage of dead trees and leaf area index (LAI) and reflection measurements expressed as vegetation index (Naert et al., 1990).

By eliminating as much dead wood (stumps, large roots) as possible before planting, preventive control against this disease is largely inspired by that which is practised in rubber plantations.




Rots on coffee, cocoa and tea

Several rots affect the roots of coffee, cocoa and tea plants.

Decaying symptoms on coffee plants, due to rot caused by Clitocybe (Armillaria) elegans Heim, are characterised by cracks in the collar and base of the trunk accompanied by longitudinal splitting of the roots. Mycelial fan-shaped patches develop under the bark and the cracks in the wood are invaded by thick xylostroma which are responsible for the splits observed. The fruiting bodies of the fungus arise mainly from the xylostroma at the base of diseased trees (photo 6). Shade trees such as Albizzia malaccocarpa are also infected by C. elegans (Muller, 1959).

On cocoa trees, white rot (Leptoporus lignosus or Fomes) has been observed in the Ivory Coast, whereas Armillaria attacks are seen in the northern (Blaha, 1982) and central (Blaha, 1989) parts of Gabon. Trees with infected taproots collapse suddenly; others show the characteristic radial fissures in the collar region preceding a general wilting of the foliage (photos 7 & 8).

As in all afflictions of this type, these attacks lead first to a fall in yield and then to the death of the sick trees. This results in the loss of the productive potential and investment.

A number of authors have reported the presence of rot disease on coffee plants in Africa. Blaha (1978) has proposed the measures to be adopted to reduce the incidence of rot on coffee cultivated at high elevations in Cameroon, viz., regular disinfection of the disease centres.

The polyphagic nature of these fungi complicates their control: before planting, it is suggested that a crop called “cleansing” crop be cultivated for several years, for example, a herbaceous species capable of completely decomposing the woody debris. It is also recommended that coffee and cocoa should not be planted after a rubber crop, nor in association with cassava.

Rot diseases are also common on tea (Bonheure, 1988). Armillaria mellea (Vahl) Pat. causes radial and longitudinal cracks near the collar and base of trunks, which are responsible for splitting of the wood and hence the name “collar crack” given to this disease.

White mycelial forming fan-shaped patches develop between the bark and wood and on the surface of the roots. The fungus is propagated mainly through the black rhizomorphs which can spread in the soil.

Rosellinia arcuata (Petch) can be recognized by the presence of a mycelial veil on the surface of the collar. The tea plant reacts by excessive growth of the bark forming a cushion-like structure and produces a large number of adventitious roots.

Other parasitic fungi such as Phellinus lamaensis (Murr) Heim, Poria hypolateritia (Berk), Ustulina deusta (Fr. Petrak), Sphaerolstilbe repens (B. Br.), are among the organisms responsible for root diseases of tea plants.

Phthiriasis or false rot of coffee, which presents itself in the form of a thick tube of crusty mycelium enveloping the collar, should not be confused with the “true” rot infections described earlier. This disease, which is linked to the development of bugs, is treated in the chapter on insect vectors.




Rots of tropical forest trees

Teak (Tectona grandis) is one of the most susceptible species to rot diseases. Attacks by Rigidoporus lignosus observed in teak plantations in the Ivory Coast are difficult to detect. The diseased trees usually fall down following a gust of wind or after a clearing done to accelerate the growth of the still standing trees (Mallet et al., 1985). It appears that the tree, whose taproot is seriously infected by R. lignosus, strengthens its anchorage by developing lateral roots, which enables it to conserve its foliage. Nevertheless, when the infection of the root system becomes generalised and despite the protection provided by neighbouring trees against wind, the tree ultimately dies standing. Prior to this stage, a careful observation will help to detect the presence of rhizomorphs as whitish fan-shaped patches under the bark in the collar region. The first symptoms of attack by Armillaria and Phellinus on one or several large roots (photos 9 & 10), are expressed by a yellowing and premature but progressive leaf fall. A. heimii and P. noxius (Comer) G.H. Cunn. are the species most commonly implicated in basal rots. Phellinus can be recognized by the presence of cylindrical blackish rhizomorphs in contact with the roots. In the case of Armillaria, the yellow to whitish rhizomorphs, which look like a spider’s web, grow on the roots. Phellinus (and sometimes Armillaria) forms a blackish and granular crust under the bark of the roots; on the other hand, R. lignosus is characterised by whitish fan-shaped patches. These parasites cause the wood and roots to rot. The rots which are spongy in a humid environment and fibrous in drier conditions (Lanier et al., 1976), disturb and completely block the water and nutrient uptake of the tree.

In the forest, rots develop on the roots and collar of trees and gradually destroy the root, bark and wood. Disease symptoms vary depending on the parasite involved and the plant species infected.

Under natural conditions and in forest plantations, the first signs of rot infection are not easy to spot because the crowns are at a great height and overlap one another. Moreover, in moist forests the trees lose their leaves and replace them throughout the year. When the parasites spread to all the roots and go up the trunk, the bark cracks and peels off the trunk. At this stage there is a generalised leaf fall, followed by drying up of the branches. The tree dies one to three years after the onset of the attack (Arbonnier, 1995). Diagnosis is not always easy and other factors should always be taken into consideration (Phytophthora infection, influence of drought and root asphyxiation, attacks by xylophagous insects) to identify the cause of decay with a certain degree of certainty. Baiting with sticks of tender wood (Hevea, Gmelina...) embedded near the foot of diseased trees or girdling the collar of trees with a mantle of grass facilitates identification of the rots implicated in the decay (Samasserou et al., 1981).

The economic impact of rot infections on tropical forest trees is generally considered to be low, considering the mode of exploitation practised. Management of plantations involves the removal (during their growth and hence spaced over time) of a majority of the trees planted as they are growing. For example, in a teak plantation in the Ivory Coast, the trees are planted with a density of 2000 plants per hectare and by the end of twenty to thirty-five years they are gradually brought to a final density of 100 to 125 stems per hectare. If the infection takes place at a young age, the contaminated trees are cut down and integrated in the quota of trees that have to be felled during the clearing operation following the date of observation of the attacks. If the attacks take place at a time when the trees are almost mature, the loss is generally less than 10%.

Treatment of the damages caused in plantations involves the implementation of large-scale and costly measures in terms of labour (necessary for drawing up inventories to localise and quantify the attacks, estimate the quantity of fungicides required...), materials (tractors with tanks and trailers) and chemicals. Treatments against rots are therefore rarely undertaken because the expenses are generally higher than the amount of losses.

In natural forests, the distribution of commercial and exploitable trees is from one to a few...
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