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Once the centre of economic activities in the Mayan and Aztec civilizations,
cocoa has become one of the main modern-day agricultural exports from the
humid tropics. The cocoa tree, from which it is produced, has adapted to
numerous situations and, despite its high susceptibility to pests and diseases, it is
grown throughout the equatorial and tropical belt of the planet. The best condi-
tions for its expansion are to be found in Africa, especially in West Africa-
the Ivory Coast and Ghana-which explains why more than two-thirds of world
production now comes from that continent.

The large amount of research devoted to the cocoa tree has considerably
enhanced our knowledge of its origin, its functioning, its requirements, and its
potential, though it has not yet been possible to raise yields on a scale seen for
many other cultivated crops. For instance, despite the existence of a few rare plan-
tations based on an intensive system, the current average yield per hectare
worldwide is no doubt not much more than it was in Central America prior to the
Spanish conquest. Indeed, the enormous increase in volume has so far been
achieved exclusively by increasing the areas planted, which still remains the most
cost-effective solution. Most new plantations have been set up using traditional
techniques on cleared forestland. This system was particularly advantageous
when immense expanses of virtually virgin territory were available. Such zones
still exist on a world scale even today, though they are becoming increasingly
rare. However, this headlong pursuit will soon reach its limits. Major producing
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countries, such as the Ivory Coast and Ghana, are already faced with a lack of
new land for planting. Maintaining their production levels, which is as important
for their economies as it is for world market stability, now entails the rehabilita-
tion or renewal of plantations, many of which are already old (Petithuguenin and
Despréaux, 1994). Moreover, environmental awareness is increasing among
producers and consumers, and farming systems are now being considered for
more than their productivity, with thought being given to the sustainable man-
agement of natural resources.

One of the main challenges for new crop management sequences will be their
ability to control pests and diseases effectively, since the installation of a mono-
culture over long periods inevitably leads to an increase in the incidence of
parasites associated with it. Cultivated ecosystems lead to a concentration of one
species in a limited space, reducing natural biodiversity. Such conditions are
propitious to pathogen multiplication. In some cases, parasite pressure can
become such that a crop loses all its competitiveness. It is then abandoned, or
becomes marginalized within the farming system.

Such devastating endemics have existed and continue to exist for cocoa. Witches'
broom is very serious in Latin America, especially in Brazil, pod borers devastate
plantations in Southeast Asia, but the most severe damage on a world scale
remains that caused by Phytophthora diseases, which occur in all producing
countries. The most serious situations are found in central Africa or West Africa,
where a particularly destructive species develops, Phytophthora megakarya.
Losses in some zones can amount to virtually the entire crop.

The ultimate aim of the international research project coordinated by the Centre
de coopération internationale en recherche agronomique pour le développement
(CIRAD) was to develop crop management sequences that sustainably limit the
incidence of Phytophthora diseases in cocoa plantations. To that end, it was
initially necessary to enhance scientific knowledge of cocoa genetic resistance to
Phytophthora, in order to acquire the necessary tools for creating new cultivars
less susceptible to epidemics.

This first chapter describes where research stood in terms of cocoa cultivation and
Phytophthora diseases when the project was launched. The information provided
enables the reader to see how the work conducted fits into a context of wider
knowledge.

The cocoa tree and its cultivation

The cocoa tree

The cocoa tree belongs to the order of the Malvales, the family of the Sterculi-
aceae, the tribe of the Byttneriaceae and the genus Theobroma. This genus
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Ecuador, with the Nacional variety, then in the state of Pard in Brazil, with
Bravo cocoa, a Lower-Amazon Forastero, in the state of Bahia. The seeds were
apparently brought by a Frenchman, Frederick Warneau, in 1746. However, the
rapid production increase in Bahia did not occur until the end of the 19th cen-
tury. It continued into the 20th century, raising Brazil to second in the world pro-
duction league table. Socio-economic changes, and the explosion in witches'
broom disease, have contributed to the recent decline in Brazilian production.
The entire American continent now accounts for less than 15% of world pro-
duction.

The cocoa tree made its way to the African continent via the islands of the Gulf
of Guinea. Some plants from Brazil were first planted on Principe in 1822
(Wood and Lass, 1985). The transfer to Sdo Tomé occurred a few years later in
1830, followed by Fernando Po in 1854. However, the first seeds introduced on
the African continent in 1857 seem to have been imported directly from Suriname
to Ghana by Swiss missionaries, although this first attempt, which may have
opened up the way for subsequent developers, was unsuccessful. In 1869, a
Ghanaian labourer came back from Fernando Po with a few pods. This very lim-
ited introduction, backed by further contributions in 1886 from Sao Tomé, gave
rise to the African Amelonados, whose cultivation zone extends throughout
the forest zone of West Africa. In Cameroon, the history of cocoa cultivation
began at Limbe, when a collection was set up by the German colonizers. This dif-
ference in origin explains why Cameroonian cocoa plantations have the partic-
ularity, for Africa, of not being primarily composed of Amelonados, but of
Trinitarios. Cocoa cultivation prospered in Ghana, and to a lesser degree in
Nigeria, right from the end of the 19th century. There was considerable devel-
opment throughout the 20th century with the emergence of the Ivory Coast ,
which has now become the world's leading cocoa producer with an export
volume of more than 40% of world production at the end of the 1990s. African
countries as a whole account for more than 60% of global cocoa bean supplies.

The remaining production comes from the recent boom in cocoa cultivation in
Southeast Asia and the Pacific. It first occurred in Malaysia and Papua New
Guinea in the 1970s-80s, then spread to Indonesia, more particularly the island
of Sulawesi.

Phytophthora diseases

Diseases on cultivated plants can be caused by pathogens that have evolved
along with their hosts. Crinipellis perniciosa, a fungus responsible for witches'
broom disease, belongs to this category on T. cacao. However, cocoa trees are
also highly susceptible to attacks by numerous other organisms encountered
during their dissemination throughout the world. Most of them remain largely lim-
ited to their zone of origin. For instance, each cocoa-growing zone has a par-
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Fungicides can be applied in several ways, depending on the active ingredients
used. Spraying, or even better misting, copper-based products (cuprous oxide,
copper sulphate) offers preventive protection. The persistence of these products
which, under standard conditions (0.5 g of a.i./l), does not exceed 15 days, can
be clearly improved by using much more concentrated solutions (Pereira and
Lellis, 1984; Despréaux et al., 1988). Metalaxyl or cymoxanil increase the efficacy
or persistence of treatments through their ability to penetrate plant tissues.
Lastly, aluminium ethylphosphite or phosphorous acid can be injected directly
into the trunks, ensuring effective protection for periods ranging from 6 months
to a year (Guest, 1994). However, this latter technique, which is also highly effec-
tive in controlling cankers, does not seem to act against all species of Phytoph-
thora, particularly P. megakarya. It may also have a depressive effect on
production potential. Hence, despite a substantial reduction in the number of
rotten pods, final harvests would only seem to increase slightly.

Such phytosanitary intervention is restrictive and expensive. Moreover, the
implementation of such measures does not guarantee acceptable control of
losses in all cases in the most severely affected zones. In some plots, losses con-
tinue to exceed 50%. Thus, it seems essential to develop other approaches,
particularly increasing the genetic resistance of cocoa trees, if a satisfactory
solution is to be found for the Phytophthora disease problem.

Cocoa tree genetic resistance
to Phytophthora

In order to strengthen the genetic resistance of cultivated cocoa trees, it is first
necessary to characterize such resistance. Then, analysis of the parameters of
transmission between generations makes it possible to draw up varietal improve-
ment schemes.

Factors of genetic resistance can be many and varied in nature. Some are
directly involved in host-parasite relations: during infection, on pathogen pene-
tration of the tissues, the volume and duration of sporulation, etc. Others do not
act directly on the infection cycle, but affect the conditions of disease expression.
These include tree architecture, leaf area, the morphological characteristics of the
fruits, distribution of the quantity of fruits, the time taken to ripen, and even resist-
ance to other pathogens.

These factors may be linked or independent, and act in synergy or antagonisti-
cally. It is their combination that provides a given genotype with its overall
potential resistance level. This level will only be expressed in interaction with the
disease, which also depends on the pathogen populations, climatic conditions,
farming system, etc. Thus, evaluating the resistance of a genotype is a complex
business, which involves numerous interacting factors.
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importance of the different components of resistance may vary depending on the
environment in which they are expressed.

Conclusion

Cocoa cultivation has been extended to virtually everywhere in the humid
tropics. The tree has proved to be highly susceptible to diseases and pests,
especially Phytophthora diseases. Several species of Phytophthora can attack
T. cacao, but the most serious damage is caused by P. palmivora, which
exists in all production zones, and by P. megakarya, which is very aggressive
on the African continent.

Most of the damage follows attacks on fruits, but the parasite can also infect
the tree’s other organs, such as the trunk and stems. Disease incidence under
nalural conditions depends on many factors and it has so far proved impos-
sible to establish a satisfactory epidemiological model. The heterogeneity of
the system is such that even the effectiveness of the simplest phytosanitary
interventions is difficult to assess. In any event, this type of intervention is not
enough to control epidemics once conditions are propitious to disease devel-
opment. It is therefore important to develop resistant cocoa trees that are able
to substantially reduce the incidence of the parasite.

No known genotypes have proved to be totally resistant to Phytophthora. The
breeding programmes implemented so far have not concentrated on this
trait, and clone hybrid selections distributed by research centres are as sus-
ceptible as traditional varieties.

However, there is variability among genotypes for resistance levels. This
variability is expressed in the results of artificial inoculation tests, and during
family evaluations based on yield records over several years running. The
overall resistance trait is primarily transmitted in an additive way and it is no
doubt possible to implement effective breeding schemes. As this resistance is
partial, it can be hoped that this trait is polygenic and sustainable.

Even so, the evaluation of overall resistance remains very laborious, requires
appropriate experimental designs and takes at least 10 or so years per selec-
tion cycle. In addition, this type of evaluation does not provide information
about resistance mechanisms and it is not possible to characterize the different
genetic components. Lastly, the differences observed between artificial inoc-
ulation tests and evaluations based on production indicate that the relation-
ships are not simple, and that it is no doubt essential to further our knowledge
in this field in order to develop early selection schemes based on relevant
criteria.
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