
C onservation, evaluation and utiliza-
tion of germplasm are the three 
basic stages in the cocoa breeding 

process, which is a fundamental aspect in 
developing a sustainable high-yielding crop-
ping system. Since April 1997, fourteen na-
tional or international research centres, in-
cluding CIRAD and those of the main 
10 producing countries in Latin America, 
Africa and Asia providing 80% of world 
cocoa supplies, have been focusing their ef-
forts on that objective. lt is the first time in 
the history of cocoa research worldwide 
that such a wide-ranging international pro-
ject has been implemented. 

The project 
The five-year CFC/ICCO/IPGRI project on 
the use and conservation of cocoa 
germplasm is funded by the partner re-
search institutions and by the Common 
Fund for Commodities (CFC), and is coordi-
nated by IPGRI. Its aim is to enhance the 
assessment of cocoa germplasm using tradi-
tional selection methods to obtain im-
proved clone and hybrid varieties with im-
proved resistance to diseases. 

The operations involve: 
• setting up international and local clone 

trials in the ten countries taking part in 
the project, 

• hybrid trials in five of those countries, 
• germplasm enhancement and population 

improvement programmes in five of the 
countries. 
Improved populations and selected geno-

types will be distributed to user countries. 
After actively taking part in the prepara-

tory phase, CIRAD-CP is now involved in in-
ternational coordination of the project and 
in conducting certain research activities, in 
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Montpellier,Trinidad and Côte d'Ivoire. The 
working methods used for joint activities 
under the project were defined at an initial 
workshop in 1998. 

Germplasm evaluation, 
identity checking and 
exchange 

ldentity 
Twenty-five clones were selected for the in-
ternational clone trial. The clones were 
multiplied in 1997 and distributed to ail 
the project partners in 1998 and 1999 
from quarantine centres at CIRAD in 
Montpellier and the University of Reading 
in the UK. Over the last two years, CIRAD 
and the University of Reading have 
analysed 200 and 100 samples respectively, 
to check genetic identity using microsatel-
lite markers. In around 20% of these clones 
in the collections of different countries, 
the sample did not correspond to the refer-
ence, indicating the existence of off-types 
in the collections. 

The same clones were used to study their 
resistance to 25 strains of Phytophthora 
spp. from countries taking part in the pro-
ject ring test. Three sets of trials were con-
ducted at CIRAD in Montpellier using 
inoculations on leaf dises. An analysis of 
the first results revealed highly significant 
effects for the P. palmivora strains, and 
for the cocoa clones, but there was no 
pathogen-host interaction. The aggress-
iveness and identity of the Phytophthora 
spp. strains were also investigated . This 
work is continuing with inoculation tests 
on nine international clones recently 
introduced from the University of 
Reading. 
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Genetie diversity 
Ali the information available on the agro-
nomie value of accessions of the interna-
tional collection in Trinidad (ICGT) were 
used to select the most promising clones, in 
order to build up a "CFC/ICCO/IPGRI 
Project Collection". This collection, con-
taining around a hundred clones, is avail-
able to ail those taking part in the project. 
Apart from their agronomie value, the 
clones were also selected for the genetic di-
versity they represent. High genetic diver-
sity is maintained through representation 
of a large number of populations (stratifica-
tion), and through a choice based on the re-
sults of genetic diversity analyses using 
morphological traits, biochemical markers 
(isozyme electrophoresis) and molecular 
markers (RAPD) . The degree of diversity 
observed within the cocoa populations in 
the ICGT made it possible to determine the 
number of clones to represent each of them 
(N strategy). A study of how genetic diver-
sity was organized, using multivariate analy-
ses, then made it possible to choose clones 
that ensured maximum maintenance of that 
diversity. The detection of off-types in the 
ICGT collection is also under way, using 
RAPD techniques, giving priority to those 
clones that are candidates for inclusion in 
the CFC project collection. 

Resistance ta diseases 
Montilly field observations of resistance to 
witches' broom disease (Crinipellis perni-
ciosa) and black pod rot (Phytophthora 
palrnivora) began in November 1998 on a 
batch of 228 clones. After a 12-month ob-
servation period, the results were analysed 
in terms of the percentage of pods affected 
by Phytophthora and Crinipellis, and the 
percentage of branches affected by 
Crinipellis. Resistance categories were de-
fined according to the levels of attack on 
contrai clones. The results showed average 
productivity of 14.l pods per tree, a mean 
of 15.3% of pods affected by Phytophthora 
(from 0 to 87.5% for clones producing more 
than 10 pods per tree), 10.8% of pods 
affected by Crinipellis (from 0 to 49.5% for 
clones producing more than 10 pods per 
tree) and 0.72 % of branches affected 
by Crinipellis (from 0 to 13.9%). In No-
vember 1999, observations continued on 
226 clones, this time including 50 contrai 
clones from the first batch (variables for 
their resistance) , 45 clones from the first 
batch that revealed a good level of 
resistance to black pod rot and 131 new 
clones included in the list of clones to be 
studied as a priority. 

Spotlight on tree crops 

Assessment of clones in the international 
collection for resistance to witches' broom, 
by artificial inoculation, began in July 1999. 
The method adopted by ACRI was the spray 
inoculation system developed by the 
University of Florida. At ACRI's request, the 
clone grafting and inoculation programme 
was launched directly on a large scale. In 
ail, 221 clones were grafted up to the end of 
December 1999. Four series of 40 clones 
were inoculated at the standard dose 
of 350,000 basidiospores/ml at a rate of 
1 ml/plant. No symptoms were seen in the 
four months following inoculation. This re-
sult was attributed to unsuitable inocula-
tion and incubation conditions. The method 
was improved, primarily by modifying the 
conditions for incubation and symptom 
development, and by carrying out prelimi-
nary trials to ascertain the optimum inocu-
lation stage. Screening was resumed in 
February 2000 using a dose of 250,000 ba-
sidiospores/ml and 2 ml/plant. Research is 
also under way, outside the CFC project, to 
develop another early laboratory test to as-
sess resistance to witches' broom. 

Clone trials 
Budwood from some 25 international clones 
was introduced in each of the countries, 
and clone trials (international and local 
clones) were set up in Ecuador, Malaysia 
and Papua New Guinea. Selection of new 
local clones has begun in ail the countries 
and observation plots have already been set 
up in Brazil, Ghana and Papua New Guinea. 
Trials on the interaction between root-
stocks and scions are being prepared in 
Ecuador and Ghana. Assessment of the 
level of resistance to black pod rot in clones 
and hybrid progenies has begun in Trinidad, 
Brazil, Ghana, Nigeria, Papua New Guinea, 
and France. The genetic diversity and 
pathogenicity of isolates of Phytophthora 
palrnivora, P. rnegakarya and P. capsici 
collected in the different countries are 
being studied in Montpellier. An assess-
ment of resistance to mirids is under way in 
Côte d'ivoire, Ghana and Cameroon, where 
significant differences have already been 
found between clones. A ring test to mea-
sure resistance to witches' broom is being 
carried out in Brazil, Trinidad and at the 
University of Reading. 

Hybrid trials 
Around 250 crosses have been created and 
planted in Cameroon, Ecuador, Nigeria and 
Papua New Guinea. Variations have been 

found between hybrids for black pod resis-
tance in Nigeria and in Papua New 
Guinea. 

Field resistance data for 230 genotypes 
in the international collection in Trinidad 
were used to choose the most resistant 
genotypes to be crossed with each other, 
and over 1,000 plants derived from 30 of 
these crosses have already been evaluated 
by leaf inoculation tests. The 150 most re-
sistant plants are then to be planted out 
for further observations. 

lmprovement 
of populations 
In Brazil, the main objectives are to re-
combine genes of resistance to witches' 
broom, using two mating designs, selec-
tion in the field of trees identified in the 
trials, and screening of the progenies for 
resistance. 

Under the recurrent selection pro-
gramme in Côte d'ivoire, involving a tech-
nique developed by CIRAD in 1991, obser-
vations of the two base populations were 
completed in 1999 and a second selection 
cycle has begun. The selection of second 
cycle parents is based on the performance 
of first cycle parental clones, on the pro-
genies of these clones, and on the charac-
teristics of individuals within the best 
progenies. Forty parents from each popu-
lation were used in 1999 to carry 
out 160 crosses in incomplete factorial 
designs. Analyses of the data from the 
first cycle were also used to identify 
between-group crosses (Upper-Amazon 
x Criollo or Lower-Arnazon Amelonado x 
Guianese crosses) and within-group 
crosses of potential interest for variety 
creation. Crosses were carried out for a 
preliminary between-group combination 
trial (16 families plus contrais). A trial 
including within-group and between-group 
crosses for selection based on resistance 
to Phytophthora spp. is to be set up 
in 2001 at Abengourou. 

In Ghana, around 500 within-population 
and between-population crosses have 
been carried out and an assessment of re-
sistance to Swollen Shoot virus and to 
black pod rot has begun. Almost 200 pro-
genies had already been planted out in 
1999. 

In Malaysia, 56 progenies were obtained 
to combine traits of resistance to Vascular 
Streak Dieback and black pod rot with the 
fat content trait. More than 70 clones 
have been grafted for resistance tests and 
field trials have been set up. 



Conclusion 
After operating for only two years, the 
achievements of the CFC/ICCO/IPGRI pro-
ject are already impressive: more than 
20 hectares of trials have been set up in a 
concerted manner at research centres in 

producing countries, notably using 
clones of certified origin; the breeding 
programmes in Côte d'ivoire , Ghana, 
Brazil and Malaysia have been 
relaunched; and common procedures 
have been defined for the characteriza-
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tion and evaluation of genotypes. At the 
same time, good headway has been made 
in defining a "working collection" of 
around a hundred clones to be made avail-
able to project partners. • 
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