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Preface

The title of the Fifth INGENIC Workshop is “Cocoa Breeding for Farmers’ Needs”. The
workshop topics are related to farmers’ knowledge on their planting materials and criteria
for selection of new varieties, identification and exploitation of genetic diversity in farmers’
fields, and participatory selection of new varieties including on-farm trials. 

Most (approximately 90%) cocoa farmers are smallholders, receiving low income.
Plantations suffer from destructive diseases and pests. Technologies to improve cocoa pro-
ductivity are labour and capital intensive, and often physically difficult to be implemented
by ageing farmers. The workshop papers will address the possibilities of how better varieties
can improve farmers’ livelihoods.  

We are glad that in association with the Fifth Workshop, the INGENIC Working Group
on Molecular Biology has organised a day-long seminar on Sunday, October 15th. The
objectives of the meeting were to provide a venue for technical presentations and to hold
discussions on collaboration among the cacao molecular biology community and the future
of a cacao genome project.  The papers that were presented have been posted on the
INGENIC web-site. For more information please contact Mark Guiltinan (mjg9@psu.edu). 

Since its creation in 1994, the mandate of INGENIC has not changed, i.e. firstly promo-
tion of exchange of information and, secondly, enhancing collaborative approaches in the
field of cocoa variety improvement and genetic research. INGENIC likes to consider itself
as a platform linking cocoa geneticists as well as other interested persons. Currently,
INGENIC’s mailing list contains approximately 250 addresses.

We are pleased to note the large audience that this Fifth INGENIC Workshop and the
Second Meeting of the INGENIC Molecular Biology Working Group has attracted. 

INGENIC is grateful for the financial and other types of support received from many
institutions including CRA Ltd (formerly BCCCA), CATIE, CIRAD, COPAL, CRIG, CRU,
CTA, Bundesverband der Deutschen Susswarenindustrie (Germany), PennState University,
Mars Inc., MCB, UESC, USDA and WCF. Without this support, INGENIC would not have
been able to organise the current workshop.

INGENIC Board
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Welcoming Addresses
Presented at the joint opening of the 5th INCOPED International seminar, 
1st INAFORESTA meeting and 5th INGENIC Workshop

Hope Sona Ebai
Secretary General of Cocoa Producers’ Alliance (COPAL)

The Chairman of INCOPED, The Chairman of INGENIC, The Chairman of INAFORESTA,
distinguished scientists, ladies and gentlemen, 

I am very happy and honoured to be present at this joint opening ceremony. I am also
happy to note that with the birth of INAFORESTA, our international working groups are
growing in number and in output. Agroforestry brings us hope for additional income gener-
ation for farmers but I do believe that it is an opportunity to raise awareness of our collective
environmental responsibilities.

As we fine-tune the various tools that are meant to enhance efficiency in cocoa growing,
let us, as best as we can and where applicable, give consideration to farmers’ participation.
In the same vein, I think it is important for the governments of the producer countries to be
aware of on-going research and trials, because at a certain point in time, they would need to
fit these results into their development programmes and technology transfer schemes. The
earlier they buy in, the easier it would be eventually to step up or step out or adopt the new
technology. On our part, we will continue to play the role of the link to the policy makers of
our member states and provide through these international cocoa research conferences an
opportunity for your groups to meet and interact.

COPAL has set in motion an ambitious action plan to increase its membership so that we
can have a larger exchange and debate on our respective efforts towards a sustainable world
cocoa economy as well as provide a single address for the collection, documentation and
dissemination of new technologies coming out of our research efforts.

I would like to salute industry for their efforts towards sustaining research through fund-
ing as well as their increased participation in COPAL activities especially our workshops
and seminars. I would equally like to thank the governments of consuming countries for
their continuous support to the cocoa sector. We will continue to promote dialogue so that
the needs and concerns of the final consumer of cocoa products and those of farmers are
taken on board as we set research priorities. As the need to properly manage scarce resources
become more and more evident, we would need to encourage more collaborative efforts and
a regional approach to problem solving.

Let us continue to work towards a sustainable cocoa economy. I wish you successful
meetings and on this note declare open the 5th INGENIC Workshop on, Cocoa Breeding for
Farmers’ Needs, the 5th INCOPED International Seminar on ‘Developing Effective
Sustainable Crop Protection Systems for Cocoa Production, and the 1st INAFORESTA
group meeting.

Thank you for inviting me and thank you for your kind attention.
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Howard-Yana Shapiro
Chairman of the International Working Group on Cacao Trees, Forests and the
Environment (INAFORESTA)

Distinguished guests, Dr. Har Adi Basri, from the Indonesian Cocoa Commission, members of
the COPAL and CATIE organizing committees, and scientists from around the cacao world, 

I am honored to address you this historic evening and to introduce you to INAFORESTA,
the International Working Group on Cacao Trees, Forests and the Environment. How did this
vision come about? It is only two years since the 1st World Congress of Agroforestry where
many of us gathered for the first time to discuss the formation of a group to be a partner with
INGENIC and INCOPED in the future of cacao globally. Recognizing the urgency, we held a
discussion at the World Agroforestry Centre (ICRAF) in Nairobi in 2005. This led to a second
meeting at the Forest Research Institute of Ghana (FORIG) in mid 2006. From this meeting
came the Kumasi Cocoa Quorum which formulated what it meant to be a partner in cacao sci-
ence. There was universal agreement that a forum was needed within cacao agroforestry in its
myriad of meanings and models to drive understanding of intensification of production, diver-
sification of incomes and habit preservation and rehabilitation for biodiversity and environ-
mental services. CATIE, The World Agroforestry Centre (ICRAF), IITA, CI, CIRAD and Mars
working together have tonight launched Inaforesta. Over the next two days, we will discuss
how to lead the scientific endeavor in these disciplines. We need to learn from INGENIC and
INCOPED how to promote this collaboration. We need to challenge our best thinking with all
stakeholders from the cacao farmers to governments to donors to industry to policy makers on
these critical issues and decisions. 

There is no single model! There are many models to consider and understand. We must analyze,
synthesize and disseminate the ideas through a series of filters or tests for the benefit of all stake-
holders. What works in W. Africa will likely be different in the Americas and E.Asia. What works
in the Americas will be probably different from W. Africa and E. Asia. What works in E. Asia will
probably be different in W. Africa and the Americas, and so on. But what is clear is a simple truth:
We will all learn from each other and build models that will help the crop, the producers, their com-
munities and landscapes to be economically viable, preserve and improve the production systems,
maintain the habitat and forests outside the production systems, reduce the threat to fragile ecosys-
tems and change the consumers perspective of what may be considered a maligned production sys-
tem. Every option needs consideration without prejudice. 

Tonight INGENIC and INCOPED begin their 5th respective meetings. We have to catch up
fast. We cannot expect results tomorrow, but we can and will tackle the issues. We as a group
must consider the past, examine the present and suggest a series of models for the future to the
myriad of questions that need answering. We have real knowledge but not all that is needed.
Even with the best knowledge, it still must be disseminated and put into practice with the cacao
farmers’ enthusiasm. The landscape of cacao production is under attack climatically, by soil
depletion, boom and bust cycles, long term productivity and social non-sustainability. 

We are here tonight to launch INAFORESTA. The complications are many. The will to suc-
ceed is great. Join us in this endeavor in cacao agroforestry to improve the livelihood of cacao
farmers globally through economic diversification, environmental and biodiversity services to
society. The first step has been taken. COPAL has a third sibling. Please allow us the chance to
influence the future. 

Thank you.
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João Louis Pereira
Chairman of the International Permanent Working Group for Cocoa Pests and
Diseases (INCOPED).

Mr. Chairman, Fellow Scientists, Ladies and Gentlemen, it is a pleasure to welcome you all
on behalf of INCOPED,

We select different seminar themes to help assemble our thoughts, directed at attending,
contemporary and future needs of the farmer. In this INCOPED 5th International Seminar we
decided on ‘Developing Effective Sustainable Crop Protection Systems for Cocoa
Production’. In this address, I normally list achievements made in our Group, committed to
manage pests and diseases of cocoa. However, as our theme suggests, we do not operate on
a single objective, but work towards improved production, productivity and sustainability of
the cocoa farmer. Therefore, I opt to show that the three INs Specialized Groups (INGENIC,
INCOPED and INAFORESTA) have to, and do, work jointly.

We have to understand that crop protection - the INCOPED mandate - in itself, does not
increase production. In fact, the professionals in this area aim at protecting a potential crop,
thus guarantee healthy development of flower buds to pods, subsequently provide a lucra-
tive harvest, and/or ensure cocoa trees are in a state of health to produce. Therefore, to
achieve sustainable cultivation of cocoa there has to be a strong link between INCOPED
protective systems and other economic productive systems. 

Implementing an entire crop protection schedule involves cost, which the farmer has to
assume, and therefore, generating recommendations is not sufficient, if they cannot be
applied in full in the field and thus be effective. However, in times as present, when sustain-
ability is in question, this is difficult to accomplish. Cocoa prices are low, relative to crop
protection inputs, and plantations in greater part are managed in a low-input manner. As a
result, farmers due to no fault of their own, seldom apply scientifically based recommenda-
tions in full. 

Ten years ago to the month, when invited to speak at one of the early INGENIC
Workshops, that followed the 12th ICRC, I did say then (Dr. Eskes might recall), that the
field applied components in strategies used for pest and disease management, by nature, are
only stopgap measures while waiting for less cost-intensive recommendations. However,
what we needed was to strengthen the genetic component in management strategies.
Planting material, with inherent resistance to pests and diseases, not only maintains disease
at lower levels, but also requires less farmer-borne inputs; obvious, as we would then need
to function on less intensive infections or infestations levels.

Therefore, the good news is with members of the INGENIC Group it was possible to
work jointly in intensive multi-disciplined projects undertaken in many countries, and as a
result, demonstrated that by strengthening the genetic component in management, it is pos-
sible to have a more cost-effective IPM strategy. 

Since then, we also have field use of a biological agent; the cost-effectiveness of which is
demonstrated in that; farmer demand is greater than available supply. Consequently, the
major benefits are: 1. A lower burden in recurring cost to be sustained by the farmer;  2. In
the process of introducing improved genetic material, poorly-managed plantations can also
be easily modernized at relatively little additional cost; 3. greater probability of overcoming
existing or new disease crises is provided. 

When dealing with a mono-crop one has to be aware of the obvious risk one takes. Cocoa
cultivation in greater part is monoculture - an important and often sole money-earner in the
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humid belt of the tropics. But, we have seen disasters, for lack of alternative crops or ven-
tures to tide us over difficult times. 

Therefore, to further add to the good news, we are now witnessing the 1st INAFORESTA
meeting, showing a further link in our specialized groups towards sustainability. This,
through diversification within the cocoa planted areas of farms, and/or surrounding land in
farms, provides sources of additional income and thus ensures stability. 

With this ladies and gentlemen, on behalf of INCOPED, I thank the Cocoa Producers’
Alliance for continued assistance, which from the start has taken INCOPED under its
umbrella; our host CATIE for their grateful local support; for vital grants towards staging
the event, the British Mycological Society, Mars Inc., United States Department of
Agriculture and the World Cocoa Foundation for its monetary pledge towards meeting the
cost of preparing our Seminar Proceedings.

Also, I am sure you will join me in appreciating the dedication given by the National
Organising Committee of INCOPED in this 5th International Seminar. 

I thank you! 

Bertus Eskes
Chairman of the International Group for Genetic Improvement of Cocoa 
(INGENIC)

Dear Mr. Andreas Ebert, Chairman of this joint opening ceremony, dear Mr. Sona Ebai ,
Secretary General of COPAL, dear Organizers of the INCOPED and INAFORESTA events,
and dear Ladies and Gentlemen,

It is with pleasure that I welcome you here on behalf of the local organizing committee of
the 5th INGENIC workshop, chaired by Wilbert Phillips, and on behalf of the INGENIC
Board. INGENIC is very glad about the joint arrangements between the COPAL conference
and the “IN” workshops. This has certainly helped to simplify and synergize the organiza-
tion of these events. We are happy that the “IN” family is growing and wish INAFORESTA
a very good start! 

Since its creation in 1994, the mandate of INGENIC has not changed, i.e. firstly promo-
tion of exchange of information and, secondly, enhancing collaborative approaches in the
field of cocoa variety improvement and genetic research. INGENIC likes to consider itself
as a platform linking cocoa geneticists as well as other interested persons. Currently,
INGENIC’s mailing list contains more than 300 addresses.

So what has INGENIC achieved in the 12 years that it has existed?” To summarise, we
have organized four workshops and published ten newsletters. We can say that collaboration
between cocoa breeders and other scientists has considerably increased; for example, the
CFC/ICCO/Bioversity International cocoa projects that were set up through discussions ini-
tiated at INGENIC workshops.

And what is new since the last workshop held in Accra in 2003? 
Firstly, a Molecular Biology Group was created in 2003 and this group has already held

two meetings, the second one was earlier today. This group implemented two collaborative
activities; an INGENIC micro-array study and the agreement for a coordinated approach for
the French Genoscope project. 

Secondly, INGENIC has set up a web site through the good services of Mark Guiltinan.
At http://ingenic.cas.psu.edu/ you will find information on INGENIC, on its membership,
on e-mail discussion lists including archives, the main conclusions from the workshops,
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scanned workshop proceedings, newsletters, lists of publications on cocoa genetics and
breeding, and links to other related organizations and activities.

Thirdly, at the Accra workshop a proposal was launched for increased regional collabora-
tion in cocoa breeding (America, Africa and Asia). Coordinators were identified for each
region and meetings were held during which activities were proposed. Unfortunately,
financing to allow these activities to progress has not yet been obtained

Fourthly, INGENIC has participated actively in the discussions on the CacaoNet initia-
tive to establish a Global Network for Cacao Genetic Resources and we are represented on
the Steering Committee of this new network. Last Friday, INGENIC organized an open
meeting to discuss “Cacao Germplasm Conservation, Evaluation, Utilisation and
Exchange”. It was agreed that INGENIC should collate opinions expressed on the develop-
ment of the CacaoNet Conservation Strategy through its internet discussion group. The out-
come will be circulated to the discussion group and shared with the CacaoNet Steering
Committee. 

Can we feel satisfied with what has been achieved? I think we should always ask our-
selves the question: “What have we done that can have a real impact on the livelihoods of
small cocoa farmers?”. This brings us to the central topic that we wish to address in the fifth
INGENIC workshop, which has as its title “Cocoa Breeding for Farmers’ Needs”. The topic
of the workshop is in line with the increased involvement of farmers in the selection of new
cocoa varieties. Examples are the selection for witches’ broom resistant clonal varieties on
farms in Bahia, Brazil and the participatory selection approach adopted in the
CFC/ICCO/Bioversity project “Cocoa Germplasm Utilisation and Conservation: a Global
Approach”. The main topics of the workshop are: 
• Farmers’ perceptions and use of planting materials,
• Genetic diversity in farmers’ fields, and
• Participatory selection of new cocoa varieties.
• INGENIC is grateful for the financial and other types of support received from many

institutions including BCCCA (now CRA), CATIE, CIRAD, COPAL, CRIG, CRU, CTA,
Bundesverband der Deutschen Susswarenindustrie (Germany), PennState University,
Mars Inc., MCB, UESC, USDA and WCF.
I thank you for your attention and I am confident that the presence of so many of you will

make the events very fruitful! 
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Workshop Synthesis, Conclusions and
Recommendations

Session 1. Cocoa breeding is profitable: Ghana as a case study 

Topic

The invited speaker (Dr. Rob Lockwood) presented a detailed history of cocoa and cocoa
breeding in Ghana (1859–2003), and demonstrated the obvious success of consecutive
breeding trials of the Cocoa Research Institute of Ghana (CRIG), since the early on-farm
and on-station selections made by Posnette between 1938 and 1942.

Conclusions on breeding progress

• There has been much progress in the breeding programmes carried out by the Cocoa
Research Institute of Ghana.

• The Upper Amazon (UA) selections were found to be more precocious and higher-yield-
ing than West African Amelonado (WAA) and locally selected Trinitarios. 

• Mixed Amazon progenies (“F2” and “F3” Amazon generations) have been developed
with excellent results. 

• F2 and F3 generations were evaluated in “Gentlemen’s Agreement” plots on farms. All these
evaluations were conducted in conjunction with quality assessment by chocolate manufac-
turers, which facilitated success and ensured acceptance of the improved material.  

• The best “hybrid” varieties selected over a period of 31 years (in terms of yield and black
pod incidence) were crosses between Amazon and Amelonado genotypes.  

• These crosses, known as Series II Hybrids, along with mixed Upper Amazon progenies,
were released to farmers during the 1960’s and 1970s.

• Breeding for yield and Cocoa Swollen Shoot Virus (CSSV) resistance resulted in the
selection of inter-Amazon crosses, released from the 1980’s onward. One of the fre-
quently used parental clones, T85/799, possesses a good combination of these traits. 

• The CRIG seed gardens functioned best when mass manual pollination was performed.
Currently, 4.5 million pods are produced annually through manual pollination in seed
gardens. The production of cocoa has now attained a value of USD 924 million/annum. 

• The inheritance of resistance to CSSV has been found to be additive.
• Effective virus control has been achieved with the inter-Amazon crosses.

Major economic returns of breeding in Ghana

• A baseline comparison of productivity of selected varieties (pre- and post-1980) has
revealed a 42% increase over time.

• There has been a rapid adoption by farmers of seed material from the CRIG seed gardens
(making up 47.2% of materials planted on farms).

• The value of breeding in Ghana has been conservatively estimated as USD 127,490,000
per annum.



Recommendations

• Provenance trials should be established to investigate adaptation of selected breeding
populations to different environments.

• Continuous support for breeding is necessary for consistent improvement. This has been
the case in Ghana, which enjoys stable support from the government.

• Breeding programmes require proper management and the materials released should be
monitored continuously.

• Close interaction between co-ordinators of breeding programmes and industry is crucial
to ensuring that the consumers’ needs are met.

Session 2. Farmers’ perceptions, criteria for selection and use of cocoa
planting materials

Topics

Presentations were given on farm surveys carried out in Ghana, Côte d’Ivoire, Ecuador and
Trinidad.

Conclusions

• Farm survey in Ghana (1,500 farmers)
• Farmers are aware of types of varieties, the variability present on their farms, present in

their farms and potentially useful traits of individual cocoa trees;
• Farmers identify priority traits and use these to select materials on their farms; and 
• Farmers are willing to assist in selecting outstanding materials as part of a participatory

selection programme.
• Farm survey in Côte d’Ivoire (approximately 600 farmers)
• Farmers select high-yielding trees during the harvest season after many years of observa-

tion on the number of healthy pods per tree, number of beans per pod and bean size;
• Farmers use ‘natural’ screening for disease resistance traits based on severity of attack;

and 
• On-station resistance tests have confirmed resistance to Phytophthora palmivora in 50%

of the trees selected by farmers for low field incidence of black pod.
• Farm survey in Ecuador (90 farms)
• Farmers in the central region are interested in getting selected INIAP clones, whereas

farmers in other areas are unaware of such clones; 
• Farmers are more advanced in age (> 55 years) in traditional cocoa growing areas;
• Farmers with more advanced education are more interested in improving the productivity

of their farms;
• The main factor limiting productivity appears to be the incidence of diseases;
• Farmers do not generally use pruning as a tool to reduce disease incidence; 
• Most farmers are willing to learn and participate in an on-farm cocoa selection pro-

gramme.
• The majority of cocoa growers is interested in planting new clonal cocoa varieties.
• Farm survey in Trinidad and Tobago (102 farms)
• Small cocoa farmers still predominate in Trinidad;

The Fifth INGENIC Workshop - Cocoa Breeding for Farmers’ Needs2
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• Labour problems, high disease incidence, and poor husbandry contribute to low
yield;

• Cocoa farms are planted with of a mixture of old, new and diverse Trinitario
materials;

• Farmers are satisfied with existing varieties with respect to large pods and large beans,
however they dislike susceptibility to black pod disease;

• The farmers’ preference for outstanding trees is linked to yield and bean size irrespective
of resistance level;

• Farmer-selected materials are planted solely as seedlings;
• Most farmers are unaware of the names of cocoa varieties.

Recommendations

Ghana
• Scientists should be encouraged to cooperate with farmers and other stakeholders;
• Scientists and extension workers should assist farmers to improve their managerial skills

to increase their yield and income, for example through the use of Farmer Field Schools.

Côte d’Ivoire
• There is a good possibility of identifying new sources of promising planting materials;
• The resistance level of improved materials could be enhanced by using the farmers’ best

selections.

Ecuador
• Locally available planting materials could be the starting point for selecting new vari-

eties;
• This approach might be particularly suitable for regions where mainly traditional vari-

eties are still grown with recognised quality features (e.g. the Northern region of the
country).

Trinidad and Tobago
• The outcome of the survey report supports the use of farmer-participatory approaches;
• There is a need to train farmers in vegetative propagation by budding and grafting;
• There is a need to focus on disease resistance in new selections of TSH clones;
• There is a need to exploit the potential of very old cocoa populations in the Eastern and

Northern areas of Trinidad.

Session 3. Studies of genetic diversity in farmers’ fields

Topics

Presentations were given on genetic diversity studies, using SSR markers, of farm acces-
sions collected in Côte d’Ivoire, Ghana, Nigeria and Cameroon. Furthermore, a study on the
characterisation of the Bolivian Nacional variety using botanical and agro-morphological
markers was presented.

Conclusions

Côte d’Ivoire
• Most farmers’ planting material is composed of hybrid populations between Upper

Amazon and of Lower Amazon or Trinitario;
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• The entire population diversity is high;
• The plant material is genetically similar across the main cocoa growing regions in the

country.

Ghana
• During the farm survey to collect leaf samples, high levels of black pod were found all

over the country;
• Very interesting genetic materials were found on the farms, including trees with low lev-

els of black pod infection, which may be useful in breeding programs;
• Farmers have adopted improved varieties on a fairly large scale;
• Upper Amazon material has a high significance in replacing Series II hybrids.
• Breeders’ materials have had a significant impact on yield in farmers’ fields, but to differ-

ent degrees in the regions.
• A high level of genetic diversity was found in general, but there is still a deficit in het-

erozygosity.

Nigeria
• Gene diversity is moderately high in farmers’ fields;
• The genetic makeup of the farm-accessions varies between regions;
• Gene diversity is also relatively high in genebank collections;
• The diversity study results prove that there has been little diffusion of breeders’ materials

to farmers’ fields;
• Certain accession groups? (e.g. SCA, IMC, GU and ICS) have been under-utilised in

breeding programmes.

Cameroon
• High allelic richness was found within the total population of the study (both in farmers’

fields and in genebank accessions);
• The study seems to confirm the validity of farmers’ knowledge with regard to the variety

grown (traditional and hybrid varieties) and field characteristics (resistance to black
pod);

• Thanks to this study, the extent of farmers’ adoption of released varieties and the degree
of out-crossing that has occurred in seed gardens could be assessed.

Bolivia
• The study based on morphological traits showed that there is genetic variability among

the Bolivian Nacional cocoa types;
• Three sub-groups were found in Nacional cocoa using cluster analysis; these sub-groups

showed significant differences for several traits;
• Some traits were more important for discriminating genotypes;
• Bolivian Nacional cocoa showed low incidence of disease compared with introduced

Forastero and Trinitario materials.

Recommendations

Côte d’Ivoire
• The search for trees in farmers’ fields with potential resistance to black pod disease

should be increased;
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• The genetic diversity of trees selected for productivity should be compared with that of

trees selected for their resistance to black pod disease.

Ghana
• There is an urgent need to breed for black pod resistance and to release disease-resistant

material to farmers;

• The seed gardens need to be rehabilitated and renovated, including the use of new supe-

rior parental materials selected by breeders.

Nigeria
• An effective variety delivery system needs to be established in Nigeria;

• The genetic basis of the germplasm collections needs to be broadened by the introduction

of new accessions;

• New parental materials, such as SCA, IMC and GU, need to be used in developing new

varieties.

Cameroon
• Further investigation into farmers’ knowledge is required to confirm the validity of its

use in participatory selection and breeding;

• Comparisons must be made between information provided by the farmers on farm acces-

sions with phenotypic and molecular data obtained on the same materials;

• It has been suggested to evaluate preferred farmers’ materials selected on-farm in field

trials, after screening tests have been performed; 

• The use of farm accessions with confirmed high yield potential and low black pod inci-

dence in further breeding is recommended.

Bolivia
• Further studies on the Bolivian Nacional populations are required, with the inclusion of

accessions collected from the wild;

• Conservation of the Nacional germplasm in ex-situ collections is to be carried out;

• An evaluation of the Nacional germplasm is needed for possible further use, in relation to

resistance and quality aspects.

Session 4. Participatory selection of new cocoa varieties: methods and results

Topics

Five presentations were given in this session including results from Ghana, Cameroon,

Indonesia (South Sulawesi), Dominican Republic and Colombia. Two presentations on

results from Brazil and Papua New Guinea could not be delivered and are not reviewed

hereafter.  Readers are referred to the abstract and full paper on these two topics, respec-

tively, which are included in these Proceedings.
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Conclusions

Ghana
• Participatory breeding has been practiced in Ghana for over 65 years;
• Analysis of two clone trials in Ghana established with clonal on-farm and on-station

selections shows wide range of variability in the data for both yield and black pod disease
incidence;

• Individual tree heritability estimates for yield are low, but slightly better for black pod
incidence;

• Trinitarios selected on-station outperform the on-farm selections in one trial, illustrating
the value of family/provenance level selection.

Cameroon
• The leaf disc test is a valuable tool for dealing with resistance testing of farmers’ acces-

sions;
• The introduced gene bank accessions proved to be, on average, much more resistant than

the local populations;
• However, approximately 10% of farmers’ selections turned out to be as resistant as the

average of the introduced gene bank accessions.
• The farmers’ knowledge on identifying trees with low infection of black pod was vali-

dated.

Indonesia (South Sulawesi)
• Large numbers of farm selections should be screened for the first round of evaluation,

because in general only around 10% of originally selected clones show to be worthwhile
of further testing.  

• Farmers are selecting effectively for bean size and large pods, but the butterfat content of
these selections is generally low; some of the farmers’ selections were showing reason-
able precocity;

• Farmers’ selections vary quite significantly in degree of infestation by the cocoa pod
borer;

• Through the on-farm selection, good sources of resistance to cocoa pod borer and VSD
have been identified, that are worth to be used in further breeding;

• There is a difficulty in combining multiple traits in on-farm selections; however a few
farmers’ selections showed promise for large bean size, reasonably high fat content and
precocity of production.

Dominican Republic
• Twenty-eight candidate clones have been selected from farmers’ fields on the basis of

desirable yield and quality characteristics (including white bean colour);
• This material will be conserved and further tested in farmers’ fields.

Colombia
• Five to 10% of the best on-farm selections have been cloned and used together with other

clones to rehabilitate Colombian cocoa plantations.
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Recommendations

Ghana
• Participatory breeding must be used within the established principles of genetics and

plant breeding.
• At the outset of breeding programmes, large populations should be used, ideally based on

family level selection, and thousands rather than hundreds of candidate clones should be
assessed. During evaluation, these numbers will decline rapidly through successive gen-
erations of selection. 

• Large numbers of clones must be developed to provide adequate genetic variability.
• Additional studies are required on self-incompatibility in cocoa and the importance of

self-compatibility to yield under different environments.

Cameroon
• Varieties which showed resistance to P. palmivora in Trinidad were found also resistant to

P. megakarya in Cameroon. 
• Therefore, materials developed for black pod resistance in Trinidad can be efficiently

used also in West Africa and possibly in other environments to develop varieties with
resistance to Phytophthora spp.; 

• Participatory selection of individual trees on-farm appears to be useful in further resist-
ance breeding, especially when the farm selections are carried out in environments with
high disease pressure.

Indonesia (South Sulawesi)
• Negative selection against low butterfat content will be more worthwhile in the Sulawesi

cocoa-breeding programme than introducing more genetic diversity from abroad for high
butter fat content;

• In breeding and selection programmes, due attention should be given to cocoa quality
factors including bean size, fat and shell content, and flavour. All these factors, possibly
with exception of bean size, should be optimised by negative selection, the main selec-
tion parameters still being yield in the presence of local pests and diseases.

• The fact that some few very good clones were identified among the farm selections
appears to justify the participatory farm-based selection. 

Dominican Republic
• Material in collections in the country should be evaluated for resistance to threatening

diseases such as monilia and witches’ broom;
• Detailed organoleptic studies should be undertaken on the farm selections made.

Colombia
• The recently identified farm selections with good quality attributes should be conserved

and further used in breeding.

Session 5. Other topics related to breeding for farmers’ needs

Topics

In this session five presentations were made:
• Studies on the resistance to witches’ broom diseases caused by Moniliophthora perni-

ciosa in Theobroma cacao L. ;



The Fifth INGENIC Workshop - Cocoa Breeding for Farmers’ Needs8

• Development of a simplified method to estimate cocoa productivity in Côte d’Ivoire; 
• Ideotype breeding in cocoa;
• Ten years of the cocoa breeding program at CATIE: Achievements and challenges; and
• A proposal for INGENIC to formulate a list of recommended varieties worldwide,

including their genetic background and traits, and describe prospects to obtain new
varieties.

Conclusions and recommendations

Witches’ broom resistance studies

Conclusions
• Results have been obtained from genetic studies on witches’ broom resistance by

applying a new method of evaluation, based on agar-drop inoculation and the obser-
vation of disease incidence and severity (incubation period and basal broom diame-
ter). The methodology is apparently simple and the results produced seem very
promising; 

• This method contributes to a better understanding of the mechanisms of resistance to
witches’ broom and shows the genetic effects obtained in a crossing scheme with mainly
resistant or moderately resistant parents and the segregation obtained in the progeny;

• No immunity of cocoa to witches’ broom disease has been found;
• Variation for resistance to witches’ broom is present in different cocoa genetic groups;
• Other valuable sources of resistance to witches’ broom, apart from SCA 6, were identified;
• Different levels of resistance might be governed by different mechanisms; 
• Resistance to witches’ broom is apparently polygenic, bi-parental (inherited from the

male and female parents) with high additive effects and highly heritable. 

Recommendations
• In the discussions, it was suggested that that we should include as an important compo-

nent in cocoa breeding programmes to respond better to farmers’ needs;
• Other aspects that might contribute to preventing infection by witches’ broom were men-

tioned, for example:
• escape due to production of new flushes outside the epidemic period 
• the effects of plant structures such as trichomes (hair cells or leaf hairs derived
from specialized epidermal cells on leaf or stem surfaces) and phytochemicals
including phenolic compounds on the infection process 
• the use of cocoa varieties capable of growing in dry conditions where the disease
is less serious. 

Simplified yield estimation

Conclusions
• The study shows the correlation between the results obtained using new, simplified meth-

ods to evaluate pod yield with those obtained using the traditional methods and hence the
utility of these new methods in the selection process; 

• Two methods proved to be useful: counting of pods and estimating the number of active
cocoa flower cushions. These methods present significant correlations with results
obtained with the traditional method. 

• These methods will be particularly valuable in large pre-selection on-station trials and for
on-farm selection trials, where it is difficult to visit the farmer frequently.
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Recommendations
• It is possible to simplify the estimation of the cocoa annual production by counting the

fruits before the main harvesting period (this can account for up to  94% of the pod yield
variation);

• Counting the fruits before the intermediate harvest appears to be of little additional value
in Côte d’Ivoire;

• The application of counting cocoa fruits before major harvesting periods could reduce the
time necessary to evaluate productivity by 70% in comparison to the traditional method.•
Details on the method of application of the simplified methods under other agro-ecologi-
cal conditions need to be studied.

Ideotype breeding

Conclusions
• The type of problems that cocoa producers face are: high production costs (manual

labour, fertiliser, pesticides, etc), low productivity, increasing disease pressure and
low cocoa prices;

• Currently, the contributions obtained from breeding have not yet satisfied the needs of
the farmers;

• Cocoa breeding materials are still near to the “wild cocoa type”; 
• Progress in breeding programmes has leveled off over time;
• Some traits that the ideal cocoa variety should possess are: fast growing young trees,

early production, short branches, low plants, low vegetative growth of adult trees, resist-
ance to pests and diseases, fruits with thin husk produced preferably on the main
branches, self compatibility, good flavour (quality) and high fat content;

• Germplasm accessions exist that express one or more of the above mentioned favourable
traits. Such germplasm should be used as parents in recurrent selection programmes,
allowing for recombination of traits and for continuous progress over time to select for
the cocoa “ideotype”.

Recommendations
• Breeding methods need to be adapted to the environment and to the client.

CATIE breeding programme

Conclusions
• Resistance to monilia is a rare trait in cocoa; only 5% of the clones held in the interna-

tional cocoa collection at CATIE showed some resistance to monilia, whereas up to 28%
of the same clones presented levels of resistance to black pod;

• Monilia resistance is, however, present in different genetic groups of cocoa;
• There is no immunity to monilia in the cocoa clones evaluated;
• Monilia resistance is an additive character; therefore genes from different resistance

sources have been incorporated in the breeding programme.
• Some of the selected superior resistant genotypes (clones) have pod index values below

25, seed weight over one gramme and fat content above 56%;

Recommendations
• The need was emphasized to carry out multilocation (regional) trials in order to ver-

ify the performance of the selected genotypes under different soil and environmen-
tal conditions;
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INGENIC proposal to describe recommended cocoa varieties

• The INGENIC Chairman, Bertus Eskes, made a proposal to formulate a list of the cur-
rently recommended cocoa cultivars worldwide and of new varieties being selected in the
different breeding programmes that may become available for distribution over the next
five years; 

• Information that might be included in the list is: genetic origin, characteristics, level
of distribution, perspectives (candidate varieties), and farmers access to these vari-
eties;

• It was suggested that this information be best published on the INGENIC web site, and a
review presented at the 6th INGENIC Workshop; 

• The decision to participate or not in this initiative is left to the co-coordinators of the dif-
ferent breeding programmes.
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Farmers’ Knowledge, Attitudes, and Perceptions of
Innovation in Cocoa Production and Implications for
Participatory Improved Germplasm Development

Y. Adu Ampomah, E. G. Asante and S. Y. Opoku
Cocoa Research Institute of Ghana., P. O. Box 8, Tafo, Ghana.

Abstract

This paper reports the findings of a survey to elicit information from cocoa farmers on
their cocoa farm activities and possibilities of the existence of cocoa trees which have
adapted to local conditions, possessing outstanding yields and resistance or tolerance to
pests and diseases of cocoa. Current agronomic and cocoa diseases and pest control prac-
tices on cocoa farms as perceived by farmers and farm workers as well as socio-eco-
nomic problems faced by farmers are described. The results indicate that between 2001
and 2003, farmers perceived that cocoa farm sizes and yields increased. Main cocoa dis-
eases reported included black pod disease, cocoa swollen shoot disease and some
unknown disease causing yellowing of leaves, defoliation and subsequent death of cocoa
trees, possibly cocoa swollen shoot virus disease. The main pests were cited as capsids,
stem-borers, mistletoe and termites. Adoption rates of recommended agronomic and pest
or disease control practices were far from satisfactory, thus causing state intervention
with regard to a cocoa pest and disease control programme. With respect to planting
materials, the initial cocoa introductions consisting of Amelonado and local Trinitarios
were being phased out in favour of Amazon types and selected hybrids. Mostly, various
combinations of the cocoa planting materials existed on cocoa farms. The findings also
indicated that farmers took into account high yields, early bearing, big beans and smaller-
sized trees in selecting cocoa planting materials. Additionally, farmers indicated that
they had observed some outstanding cocoa trees, some of which they perceived to be
high-yielding or resistant to black pod disease. Farmers were prepared to pay for plant-
ing materials which are high-yielding and resistant to black pod disease and to capsids. A
large number of farmers showed willingness to collaborate with researchers to test new
planting materials with outstanding qualities on their farms. 

Introduction

Cocoa genetic materials in Ghana

Cocoa genetic materials were introduced into Ghana in the late nineteenth century. The first
type of cocoa introduced was the Amelonado, a Lower Amazon Forastero type. In the
1940’s, new germplasm of the Upper Amazon type was introduced into the country as a con-
sequence of the cocoa swollen shoot virus disease (CSSVD), which was devastating the
industry at that time. The intention was to introduce resistant and/or tolerant varieties to
cocoa swollen shoot virus and thereby serve to control the disease. In subsequent years,
hybrids were bred locally to strengthen the genetic base for higher yields and disease and
pest control (Adomako et al. 1995). Recently, interest has been generated in the field of
adaptation of genetic materials to local conditions. The issue has opened up a new dimen-
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sion in plant genetic research where locally adapted planting materials are to be compared
with those generated by research. To achieve this objective, farmers are being involved in
on-farm research to identify outstanding planting materials with high yields, apparent resist-
ance/tolerance to pests and diseases, and other desirable cocoa tree attributes for comparison
with research-generated materials.

This report covers the first phase of the research. Farmers were interviewed to elicit
information on outstanding attributes of certain individual or groups of cocoa trees
observed on their farms to enable researchers to access suitable budwood and/or seeds
from selected trees for on-farm trials, and to identify farmers’ willingness to participate
in field trials to validate the value of the selected genetic materials. This project forms
part of the CFC/ICCO/Bioversity International/CRIG project to identify sources of cocoa
genetic materials and thereby improve the existing stock of cocoa planting materials for
farmers.

Aims of the study

a. To interact with cocoa farmers with a view to obtaining information on current farm practices.
b. To elicit information from farmers’ on the observed existence of outstanding cocoa trees

exhibiting high yields and resistance to cocoa pests and diseases on their cocoa farms.
c. To determine whether cocoa farmers are willing to assist researchers by  conducting on-

farm trials to test any promising cocoa varieties. 

Methodology

Target population and sampling

The target population included cocoa farmers in all the six cocoa-growing regions of Ghana.
A farm management survey approach (Anaman 1988) was used to obtain data from farmers.
The sample size was determined using methods described by Casley et al (1988). A multi-
stage cluster sampling approach was used (Kumar 1999) to select a total of 1,500 respon-
dents from a sampling frame prepared by the Ghana Cocoa Board (2001) for the Cocoa
Diseases and Pests Control (CODAPEC) programme. Cocoa districts were randomly
selected region by region, in all six main cocoa growing regions, from which villages were
in turn randomly selected in proportion to cocoa output of the region. At village level, 10-12
farmers including both men and women were randomly selected for interviewing in the vil-
lage chief farmer’s house or at another central location determined by the farmers. The

Table 1. Distribution of farmer respondents in the
survey areas

Region Number of Percentage
respondents response rate

Ashanti 275 100

Brong-Ahafo 330 100

Central 240 100

Eastern 198 99

Volta 83 83

Western 370 100

Total 1,496 99.73

Table 2. Distribution of cocoa farmers by age groups 

Age group Reporting (%)
Under 25 years 1.9

25 - 35 13.0

36 - 45 24.5

46 - 55 23.8

65 and over 36.7
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farmers were usually notified in advance through nearby offices of the Cocoa Swollen Shoot
Virus Control Division of Ghana Cocoa Board.

Field work started in January 2004 and was completed in August 2004. A total of 1,496
out of projected 1500 cocoa farmers were interviewed in all six cocoa-growing regions. The
distribution of farmers interviewed is shown in Table 1.
Statistical analyses of data were conducted using descriptive (percentages and proportions)
and multiple regression with Microsoft Excel and SPSS 12.0 software, respectively. 

Results

Characteristics of cocoa farmers

Farmers’ Age Groups
The distribution of farmers by age groups indicated a high number of elderly farm owners.
Close to 60% of the respondent farmers were over 45 years old with 36.7% being over 55
years old. Farmers between ages 25 to 45 years formed about 37.5% of respondents (Table 2).
It appeared from the survey that farmers tended to live relatively long compared to a national
census average of 22.6% in the 55 years and above age group (Republic of Ghana, 2002). At
the same time, succession to children was lacking because farmers encouraged their edu-
cated children to enter non-farm employment thereby offering some explanation for the neg-
atively skewed age distribution among cocoa farmers.

Composition of cocoa farmers according to farm management method
Farmers interviewed included owner-occupiers (87%) and sharecroppers (13%) also
referred to as caretakers. The regional distribution of farmers by farm management methods
is given in Table 3 below.

Experience in cocoa farming
Table 4 shows the distribution of respondents with various levels of experience in cocoa
farming, indicating a high concentration of cocoa farmers (44.3%) with over 20 years expe-
rience in cocoa cultivation. This agrees with the age distribution of respondents which also
indicates that over 60% of the respondents are more than 45 years old. The bi-modal distri-
bution indicates rising new interests in cocoa cultivation over the past 6 – 10 years.

Literacy rates among respondents
The literacy rate was about 70%, with the majority of farmers (39.5%) holding the Middle
School Leaving Certificate, followed by primary school level farmers (18.3%), and 2.5%
and 10.3% with Junior and Senior Secondary education, respectively. Professionals such as
Teacher Training Certificate holders, commercial and university graduates constituted 4.2%
of the respondents and were mainly part-time farmers.

Table 3. Regional distribution of farm owners and
caretakers interviewed

Region Farm owners Caretakers
(%) (%)

Ashanti 87.3 12.7

Brong-Ahafo 84.0 18.0

Central 91.0 9.1

Eastern 80.8 19.2

Volta 88.0 12.1

Western 88.4 11.6

Table 4. Distribution of cocoa farmers by working
experience

Years farming Reporting (%)
cocoa
Under 5 9,1

6 -  10 18.1

11 -  15 16.0

16 - 20 11.6

20 and over 45.3
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Characteristics of cocoa plantings

Farm size and yield
The average farm size was 4.5 hectares for all planted cocoa farms in the sample, ranging
from an average of 2.3 hectares in the Volta region to an average of 5.8 hectares in the
Western region (Table 5). From survey data it was estimated that 73% of the farms were
bearing cocoa while 27% of the cocoa farms were not bearing fruits, giving an effective
average-yielding farm size of about 3.3 hectares. Average output per farm during the 2001 to
2003 seasons increased by 62% from 13.8 bags (883.2 kg) to 22.47 bags (1,438.1 kg) per
farm. Farmers attributed the increases in output to the Cocoa Disease and Pest Control
(CODAPEC) programme introduced by the Government of Ghana (GOG) in 2001 through
the Ghana Cocoa Board (COCOBOD) to control the increased incidence of cocoa diseases
and pests, which were devastating the industry. Average yields based on an average farm
size of 4.5 ha increased from 195 kg /ha to 317 kg/ha. Average effective yields per hectare
(based on average-yielding 3.3 ha.) increased from 266 kg/ha to 434.5 kg/ha during the
period. The outstanding cocoa output of over 732,000 metric tonnes in the 2004/05 cocoa
season could probably be attributed directly to the CODAPEC programme when viewed in
relation to output trends prior to the 2001 season.

Age distribution of cocoa plantations on farms
The majority of cocoa plantations (39.1%) were over 25 years old. Nevertheless, there was
a substantial pool of young and vigorous cocoa tree stock aged less than 25 years, constitut-
ing about 60.9% of all cocoa tree stock that the industry could depend upon. Detailed distri-
bution of the age groups is given in Table 6. 

Table 5. Regional distribution of cocoa farms
according to size

Region Hectares Acres
Ashanti 4.5 11.1

Brong Ahafo 5.8 14.4

Central 3.4 8.4

Eastern 3.1 7.7

Volta 2.3 5.6

Western 5.5 13.7

Average 4.5 11.3

Table 6. Distribution of cocoa plantations on farms
according to age 

Cocoa farm Distribution 
age groups (%)

Less than 1 year 1.0

1 – 5 years 5.1

6 – 10 years 15.2

11 – 15 years 14.3

16 – 20 years 15.3

21 – 25 years 10.2

Over 25 years 39.1

Table 7. Distribution of food crops in respondents’
farms in order of importance

Types of Respondents 
Food Crop Reporting (%)

Plantain 34.5

Cassava 25.8

Cocoyam 24.1

Yam 19.2

Banana 3.6

Pineapple 1.0

Oil Palm 0.8

Maize 0.1

Table 8. Types of labour problems on cocoa farms

Type of Farmers 
problem responding (%)
Non-availability and high 76.0
cost of hired

Scarcity of family labour 20.3

Non-availability of 7.5
communal labour
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A comparison of the age distribution with that of the comprehensive Cocoa Tree Stock
Survey conducted between October, 1996 and March, 1997 indicates that the proportion of
cocoa tree stock aged over 25 years has reduced considerably by about 12 % within the
intervening 7 years (Republic of Ghana, 1998).

Types of shade trees and shade levels
About 92.2% of respondents reported shade on their cocoa farms, with 64.2% reporting the
presence of primary forest trees and 28.8% reporting on secondary forest trees. Most farms
(56%) reported low shade (less than 15 trees/ha). About 22% of farmers reported medium
shade (15 – 20 trees/ha), 14% of the respondents reported high shade (more than 20 trees/ha)
on their farms, whilst 9% reported no shade.

Types of fruit trees grown on cocoa farms
Popular fruit trees grown on cocoa farms included oranges, pear, kola and mangoes in
order of importance. Except for kola, these fruits were grown mainly for family con-
sumption, with small quantities being sold now and then for a small income. These fruit
trees also served as second canopy shade trees on the cocoa farms.

Food crops found on cocoa farms
Types of food crops found on cocoa farms were plantain, cocoyam, cassava, yams, and veg-
etables. These were usually produced as intercrops for temporary shade during the initial
establishment of cocoa and also intended for market and home consumption. Table 7 shows
food crops grown in order of importance: Plantain, cassava, cocoyams, and yams were the
most important crops on cocoa farms. Their importance stems from the fact that they serve
as staples as well as cash crops. As cocoa took over the farm, suitable land was usually
cleared elsewhere for food crop production, mainly for home consumption. About 49% of
respondents reported that they still had some food crops on their cocoa farms. Some reported
that they had only one crop (21%) covering an average farm area of 0.29 ha, whilst 5% of
respondents had two crops occupying an average of 0.48 ha. of farm land. About (23%) of
respondents reported three food crops occupying an average farm size of 0.62 ha.

Labour use on cocoa farms 

Types of labour on cocoa farms
The predominant type of labour used in cocoa farms sampled was family labour, consist-
ing of the farmer, wife, and dependants. This was reported by 63% of the respondents.
The next important group of labourers were sharecroppers (24%) followed by hired
labour which was reported by 23.3% of the respondents.

The average farm family size ranged from 5 to 6 members. Where the farmer and his
household were fewer or composed of fewer members capable of satisfactory farm work,
they tended to engage casual or permanent labour to assist them. About 27% of the 1,314
farm owners interviewed indicated that they engaged as few as one labourer per unit of
time and sometimes as many as 30 labourers at a time depending on the type of farm
operations and farm size. 

Labour Problems
Farmers reported on labour problems in various forms. These included general
non-availability of labour reported by 76% of respondents, and high cost of labour
reported by 77.2% of respondents. The scarcity of family labour was reported by 20.3%.



The Fifth INGENIC Workshop - Cocoa Breeding for Farmers’ Needs16

Farmers’ Perceptions, Criteria For Selection and Use of Cocoa Planting Materials

Communal labour was practised mainly by the caretakers and only about 7% of the respon-
dents reported problems associated with such communal labour (Table 8).

Cost of labour was variable between regions and between districts in the regions ranging
from GH¢1.00 to GH¢2.50 per day of 5 to 6 hours.  Average cost of casual labour was found
to be highest in the Central Region at GH¢1.74 per day and the lowest cost of GH¢1.36 per
day was reported in the Brong-Ahafo region. (Table 9) 

Main husbandry practices and technology adoption rates

Weeding
Over 99% of farmers reported regular weeding on their farms mostly using manual weeding
techniques with scythes (99.1%), while 2.2% of the respondents reported using herbicide.
The distribution of weed control measures is given in Table 10. 

Pruning
About 88.7% of respondents reported that they practised pruning. This was mainly the
removal of chupons (70.2%) with a small proportion engaged in drastic first canopy prun-
ing. Pruning is done during weeding. The distribution of number of times pruning is done in
each season is presented in Table 11.

Drainage
Most respondents had no drainage problems. Only about 3.4% respondents reported attend-
ing to drainage problems on their farms. Most of the time any excess water in their farms
drained off by itself after few days, thus very little attention in terms of making ditches
(2.7%) and other practices (0.7) was required.

Table 9. Cost of labour per man-day according to
cocoa-growing regions

Region Cost of labour/ 
man-day (GH¢)

Brong Ahafo 1.36

Ashanti 1.43

Western 1.50

Eastern 1.67

Volta 1.71

Central 1.74

Table 10. Relative distribution of weed control
measures in cocoa farms  

No per year Manual Herbicides
weeding % 

% respondents
respondents

No weeding 0.9 97.6

Once/year 6.1 0.8

Twice a year 48.5 0.4

Three times a year 39.7 0.9

Four times a year 4.2 0.2

More than 0.8 0.1
4 times a year

Table 11. Percent distribution of pruning activities
per year

Number of Farmers 
times/year reporting (%)
Once a year 15.3

Twice a year 24.5

Three times a year 18.4

More than 3 times a year 31.0

Table 12. Frequency of shade control

Frequency Farmers 
reporting (%)

More than  17.7
once a year

Once a year 22.8

Every 2 yrs 6.5

Less frequent 20.0
(every 3 or more yrs)
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Shade Control
Shade control formed a regular part of husbandry practices. About 68.5% of respondents
reported regular shade control activities such as branch pruning (6.8%), elimination of old
trees (55.7%), and elimination of young trees (32.9%). The frequency of shade control is
given in Table 12.

Infilling
Infilling forms another regular feature of cocoa farm husbandry and was reported by about
72.1% of respondents. Infilling was done once in the first year only by 17.4% of respondents
while 8.8% did up to two years. About 46.6% of farmers reported doing infilling beyond two
years.

Fertilisation
About 26.7% of respondents reported using fertilisers, with 23.9% of them using chemical
fertilisers (a mixture of muriate of potash and triple super phosphate), while 2.5% reported
using organic fertilisers (mainly chicken dung). The frequency of application is given in
Table 13. Chemical fertilisers are usually applied once per year. Organic fertilisers may be
applied more than once when enough quantities become available.

Table 14. Pests incidence reported by farmers

Type of pest Farmers 
reporting (%)

Capsids 94

Bathoecilia 46

Stemborer 68.0

Mistletoe 39.9

Termites 23.0

Ants 11.1

Epiphytes 1.4

Caterpillar 0.3

Table 15. Types of pests, recommended control methods, farmer adoption rates and farmers’ perceptions

Type of pest Recommended Recommended Mean number Farmers’ 
control method number of of treatments/year adoption rates

treatments/year and perceptions 
of effectiveness

Capsid Spraying 4 times per cocoa Twice Adoption rate
with insecticides season about 0.5.

About 50% Effective

Mistletoe Cutting out with Twice/year Ad hoc with About 0.25 adoption
pruner scythes & ladder rate. Farmer methods

not very effective .
and very risky

Stemborer Mechanical and As and when Ad hoc Undetermined adoption
Insecticides seen rate. About 50% 

effective but very risky 

Termites Spraying with As and when seen Ad hoc Less than 0.25 adoption
Dusban but effective.

Epiphytes Nil Nil Nil Nil

Sankuhuma Nil Nil Nil Nil
Source: Entomology & Pathology Divisions, CRIG; and Baseline Study Survey, 2004.

Table 13. Frequency of fertiliser application

Frequency/year Farmers 
reporting (%)

Once 24.5

Twice 2.2

Three times 0.2

More than three times 0.2
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Farmers’ knowledge of cocoa pests

Prevalence of cocoa pests and control methods used
Capsids, Bathoecilia and mistletoe were the most serious pests reported. The incidence of
stemborers and termites was on the increase. About 62% of respondents reported on capsid
pests on their farms (Table 14). Thirty-eight % of respondents did not spray their farms
against capsids (Table 15). 

Animal Pests
About 67.8% of farmers reported on squirrels as the most common animal pests while about
2.8% and 1.3% of respondents reported on birds (Asokwae) and rats, respectively, espe-
cially on the outskirts of forest reserves (Table 16). These usually damage ripe fruits by eat-
ing the pulp and scattering the beans under the cocoa trees. The extent of damage reported
among farmers varied from mild (19.3%), to medium (38.3%) to severe (38.5%). Reported
methods and frequency of control used are shown in Tables 17 and 18.

Farmers’ knowledge of cocoa diseases

Prevalence of cocoa diseases
Cocoa diseases reported to be important on cocoa farms were black pod (95%), CSSVD
(32%), cherelle wilt (6.2%) and white thread on the roots (1.1%) (Tables 19 and 20). Farmers
complained of yellowing and defoliation of trees leading to death of trees (27.4%), but did
not seem to know the cause of this phenomenon. Neither had they brought it to the attention
of Extension Department to identify the type of disease. If this was indicative of the pres-
ence of CSSVD then the total incidence could rise to 59.4%, which would seriously require
immediate attention. Otherwise, black pod was the most economically important disease,
sometimes causing as much as 100% losses to the crop in severe cases. The incidence of

Table 17. Methods of controlling animal pests of
cocoa

Control Farmers 
Method reporting (%)
Catapults 37.4

Traps 12.0

Guns 6.0

Hooting and other noises 3.8

Weeding and clearing 2.2
farm boundary

Removal of host trees 1.1

Dogs 0.3

Scarecrows 0.2

Early harvesting 0.1

No control activity 36.9

Table 18. Frequency of control of animal pests on
cocoa

Frequency of Farmers 
control/year reporting (%)
Once 0.9

Twice 2.0

Three times 2.2

More than three times 62.4

Table 19. List of diseases reported by farmers on their
cocoa farms in order of frequency

Type of Farmers 
disease reporting (%)
Black pod 95.0

CSSVD  31.7

Yellowing leaves/ 27.4
defoliation/death

Cherelle wilt 6.2

White thread 1.7

Flower wilt 1.0

Canker 1.1

Epiphyte (climber) 0.6

Premature ripening 0.5

Table 16. Common types of animal pests on cocoa 
(N = 1496)

Type of animal Farmers 
reporting (%)

Squirrels 67.8

Birds 2.8

Rats 1.3
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CSSVD was mostly reported in the Eastern region with some presence in the Western and
Brong Ahafo regions.

Cocoa disease control
Farmers appeared to be making unsuccessful efforts on their own to control the diseases. In a
significant number of cases (27.4%), they did not contact the extension service and just looked
on helplessly. This suggests weak extension. Farmers complained that extension officers did not
visit them. Others were apparently not prepared to spend money on disease control.

Black Pod Control
About 86.7% of respondents were making efforts to control the black pod disease on their
cocoa farms. About 56.9% reported using cultural methods at an average annual frequency
of 1.84 (approximately 2 times). A few farmers reported resorting to cultural methods more
than 7 times a year (see Table 21).

About 77.6% farmers reported using chemical control methods against black pod dis-
ease. About 24.3% did no spray at all. Average annual spraying was twice a year with a
mode of three sprayings per year (see Table 21). Chemical control was found to be very
inadequate, compared to the recommended minimum of six sprayings per annum.
Nevertheless, the farmers attributed recent increases in yields to the effects of black pod
control in general.

Control of Cocoa Swollen Shoot Disease (CSSVD)
About 31,7% of respondents reported cases of CSSVD (Table 20). Almost all reported cut-
ting out by cocoa extension agents to control the disease with a minimal 0.3% reporting the
use of barrier crops for controlling the spread of the disease (Table 22).

Table 20. Severity of diseases reported by farmers on their cocoa farms

Disease Mild Medium Severe Total
Black pod 16.3 32.0 46.7 95.0

CSSVD 4.6 10.6 16.5 31.7

Yellowing leaves 1.8 4.9 20.7 27.4
and defoliation

Cherelle wilt 0.7 0.9 4.6 6.

White thread 0.1 0.1 1.5 1.

Flower wilt 0.1 0.4 0.4 1.

Canker 0.1 0.6 0.4 1.

Epiphyte (climber) - 0.3 0.3 0.

Premature ripening - 0.4 0.1 0.

Table 21. Cocoa black pod disease control methods

Cultural control Chemical control
frequency Farmers frequency Farmers 

reporting (%) reporting (%)
0 42.9 0 24.3

1 2.1 1 15.4

2 13.1 2 24.5

3 24.8 3 23.5

4 11.1 4 6.8

5 2.3 5 2.4

6 1.1 6 1.7

7 0.8 7 0.5

>7 1.0 >7 1.0
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Farmers’ knowledge on cocoa varieties in their farms

Prevalent cocoa types on cocoa farms
About 91.4% of the cocoa farmers knew the cocoa types growing in their farms. A few farm-
ers, however, could not tell the sources from which they were obtained because they inher-
ited the farms. Varieties identified by farmers are given in Table 23.

The varieties and cultivars predominantly planted were Amelonado, Amazon Forastero
(F3 Amazon) and selected hybrids and these have been planted in various combinations. The
indications were that the farmers were replacing the low-yielding Amelonado by the higher-
yielding F3 Amazon materials and hybrids. Table 24 shows the percentage of farmers report-
ing various combinations of the main varieties/cultivars found on cocoa farms in Ghana, and
their relative influence on the average yields per hectare. 

Table 24 indicates that Ghana’s predominant cocoa type is of the F3 Amazon type. Higher
yields are influenced by the introduction of selected hybrids in addition to the F3 Amazon
types. Even though farmers were not able to provide information on the relative sizes and
age of the mixed cocoa farms, the higher yield of the Amelonado/Amazon/hybrid mixture
may be assumed to contain a higher proportion of hybrids in their peak or near peak produc-
tion. This is confirmed by the age distribution of cocoa mixtures recorded by the Cocoa Tree
Stock Survey (Ghana Cocoa Board 2001, pp. 66-71) which shows that the Amelonado cocoa
in the 11 – 25 year group was only 1.3%, compared to 57% Amazon, 23.8% hybrids, and
17.9% mixtures. The higher yields recorded in the mixtures could be due to the predomi-
nance of hybrids and Amazonia cocoa. Opportunities thus exist to increase cocoa farm
yields as more varieties with enhanced qualities/properties are introduced from official and
farmer participatory research. 

Further interaction with the farmers indicated changing trends in criteria for selecting
planting materials and methods of planting. When asked about the possible choice of plant-

Table 22. Recommended control methods for some cocoa diseases and farmer adoption rates

Type of Recommended No. of Mean no. of Farmer adoption
disease control method treatments treatments by rate and efficacy

farmers
Black pod Removal of As and when seen As and when seen Not very effective
disease Infected pods

Spraying with 6 – 9 times per 3 times Not very effective
Fungicide cocoa season

Regular weeding 2 – 4 times About 50% effective
per cocoa season 2 times

Pruning of chupons 2 – 4 times 2 times About 25% effective

& thick branches per cocoa season

Cocoa swollen Removal of infected As and when seen Treatment is usually Farmers resent it.
shoot virus trees together with by government Disease condition 
disease (CSSVD) contact trees deteriorates

if the government 
does not intervene.

Table 23. Types of cocoa identified by farmers on their farms and their local names

Variety/cultivar Local name
Amelonado Tetteh Quarshie

Amazon Forastero (F3 Amazon) Agric

Hybrids Akokorabedi/Aberewabedi

Local Trinitarios (very few cases) Gardner
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ing materials for their farm rehabilitation plans, 52.0% responded that they would plant
cocoa seeds from cocoa stations, but at stake (sowing seeds directly without first nursing
them). Another 57.4 would nurse seed from cocoa stations for transplanting, while 22.2%
indicated they would prefer clones if made available. As farmers become more knowledge-
able, their planting material needs will become more varied, thus creating more opportuni-
ties for plant breeders.

Sources of planting materials 
Information gathered from the farmers indicated that about 56.3% of them obtained most of
their planting materials from other farmers. Another 40.7% also reported obtaining some of
their planting materials from the Cocoa Extension Service, which they often referred to as
government sources. Most of these planting materials were planted at stake or raised as
seedlings and then transplanted (98.9% reporting). Only about 1.1% reported transplanting
clones.

Farmers’ criteria in selecting seeds for new plantings 
Farmers use various criteria to select seeds for their new plantings. The main characteristics
of planting materials considered by farmers for the establishment of new cocoa plots are
summarised in Table 25. Obviously characters like large pods and large trees do not appeal
to the majority of farmers as criteria for selecting materials for new plantings.

Farmers’ capacity to identify trees resistant to diseases and pests and high-yiel-
ding cocoa trees 

Farmers’ capacity to identify trees with disease resistance
The farmers’ capacity to identify apparent resistance of cocoa trees to diseases was limited
to black pod disease. About 42% of the respondents answered that they had observed certain

Table 24. Percentage of farmers reporting various combinations of cocoa varieties in their farms and relative
yields per hectare

Type of cocoa and (b) Percentage Estimated average 95% confidence 
combinations farmers yield kg/ hectare  interval

reporting (2003)
Lower bound Upper bound

Amelonado (pure stand) 4.95 232 151 314

Amelonado / Amazon 20.7 351 311 391

Amelonado / hybrid 4.7 256 172 340

Amelonado/Amazon /hybrid 9.8 460 404 517

Amazon (pure stand) 41.2 402 374 430

Amazon / hybrid 7.9 341 275 407

Hybrid (Pure stand) 8.6 375 314 436

Table 25. Criteria used by farmers for selecting planting materials for farm
establishment

Criteria Percentage of farmers 
reporting use

High yielding 96.2%

Early maturing 95.8%

Large beans 78.9%

Low canopy/short trees 70.4%

Large pods 28.1%

Tall/big trees 7.4%
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trees with healthy pods surrounded by many black pod infested trees. They believed such
trees had outstanding qualities. The farmers reported observing an average of five such trees
on their farms. Some of these trees were visited and tagged for future confirmation during
the rainy season.

With respect to productivity, farmers were more positive in identifying trees that yielded
many pods seasonally during harvesting. Some of the trees they reported were known to reg-
ularly produce cocoa pods with large beans. About 26.1% of the respondents reported
observing such high-yielding trees and gave an average of 56 such trees per respondent.

Farmers found it difficult to say categorically that they had observed trees resistant to
capsids and mistletoe or to cocoa swollen shoot virus disease.

Criteria for identifying promising trees
The criteria were based on the farmers’ observation of particular tree characteristics. Such
trees were tagged with identification labels indicating a particularly promising characteris-
tic, e.g. high-yielding or black pod resistant. Pods and budwood are to be obtained from the
trees during the harvesting period after researchers had re-inspected the trees to confirm the
farmer-identified characteristics.

Farmers’ interest in new varieties
Farmers demonstrated interest in new varieties by using hybrids on their farms for rehabili-
tation and replanting. About 98.6% of them expressed their willingness to buy new varieties
that met the qualities they expected from such planting materials. Prices they quoted aver-
aged about GH¢ 0.04 per pod and GH¢ 0.03 per seedling or rooted cutting. Except for a few
farmers who were willing to pay as much as GH¢ 0.40 per pod and GH¢ 0.15 per seedling
or cutting, these prices were far below the mark-up prices of GH¢ 0.1 per seedling being
quoted by the Cocoa Seed Company. Other private nursery operators offer seedlings at
prices of between GH¢ 0.05 and GH¢ 0.08 (Table 26).

Table 26. Farmers’ willingness to buy new varieties developed by breeders and average
price accepted to pay for such varieties.

Descriptions Percentage reporting
Willingness to buy high-yielding varieties 98.6

Price per (GH¢) unit
Price per pod 0.04

Price per seedling/cutting/clone 0.03

Table 27. Partial linear regression of 2003 yield on selected pests and diseases control measures and agronomic
practices *

Variable  Unstandardised Standard Standardised T-value Significance 
coefficients error coefficients level (P)

B Beta
Bpcontr 9.799E-05 .000 .115 2.706 .007

Capsidcontr 3.779E-04 .000 .190 3.501 .000

Mistcontr 1.641 13.535 .003 .121 .904

Pruning 1.140E-03 .000 .088 2.759 .006

Shade control 7.657E-04 .000 .057 1.732 .084

Infilling 2.141E-04 .000 .018 .451 .652

Weeding 2.263E-04 .000 .332 5.145 .000

Fertilizer 3.984E-05 .000 .063 2.423 .016
* Linear regression through the origin
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Possible consequences for breeding strategies
The farmers’ knowledge and preferences for planting materials suggested that opportunities
exist for breeders to access a wider plant genetic information base on desirable plant charac-
teristics required by co-operating with farmers. Breeders can commercialise research by
concentrating their efforts on marketable client-oriented products.

Effect of farmers’ practices on yield

Effect of pests and diseases control and agronomic practices on cocoa yields
A multiple regression analysis was conducted to determine the effect of farmers’ practices
on cocoa yield per ha (productivity). The signs of the predictive variables, which were black
pod control (Bpcontr), capsid control (Capsidcontr), mistletoe control (Mistcontr), pruning,
shade control, infilling, weeding and fertilizer application were found to be in the right
direction, confirming that they contributed positively to productivity, but the significance
levels varied. The predictive variables, with the exception of mistletoe control and infilling,
appeared to significantly affect the 2003 yield per hectare (Table 27). Shade control was sig-
nificant only at the 10% probability level. 

Regional effects
Partial regression of average 2003 productivity for the regions indicated that Eastern region
has the highest per hectare yields (260 kg/ha), followed by Western, Central, Brong Ahafo,
Ashanti and Volta regions, with yields of 255, 229, 191, 190 and 126 kg/ha, respectively
(Table 28).

The high average Eastern region’s yields may be attributed to what GRIG researchers
refer to as the best climatic and soil conditions for cocoa production. In addition, the Eastern
region experienced higher infusion of F3 Amazon varieties and hybrids as a result of the
mass cutting of Amelonado due to a severe attack of CSSVD and also to the Cocoa Project
of the early 1970s when high-yielding and tolerant varieties were planted (IBRD/IDA,1970).

The above quantitative analyses underscore the importance of pests and diseases control,
regular weeding and soil fertility management, as well as the use of improved germplasm
for cocoa cultivation. The effects of the environment are also important as there were signif-
icant regional effects on yields. These factors should be seriously considered in developing
improved planting materials for cocoa farmers. 

Table 28. Quantitative estimates of relative effects of regions on cocoa yields (average for 2003) *

95% confidence 
interval for B

Region Unstandardised Standard Standardised T- P-
coefficients error coefficients values values Lower Upper

(B) (Beta) bound bound
Ashanti 190.8 12.2 .275 15.658 .000 167 215 

Brong Ahafo 191.2 11.2 .300 17.038 .000 169 213 

Central 229.9 13.3 .305 17.320 .000 204 256 

Eastern 260.0 14.4 .317 18.011 .000 232 288 

Volta 126.3 23.0 .096 5.480 .000 81 171 

Western 255.1 10.4 .432 24.590 .000 235 275 
* Linear regression through the origin
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Farmers’ perceptions of cocoa research findings and willingness to collaborate
in testing these findings

As noted above, farmers were willing to accept and even purchase new varieties developed
by research if they were convinced that their attributes were beneficial. Farmers were will-
ing to collaborate with researchers to test such seedlings on their farms and to share bud-
wood if any promising trees were found on their farms. Farmers also indicated the condi-
tions under which they would co-operate with research. While some were willing to test
seedlings as infillings in vacant spots on their farms, others were willing to provide separate
plots of land for testing promising varieties. Average numbers of seedlings required for test-
ing were 200 for infilling open spaces in the farms and about 600 for new separate research
plots (Table 29).

The farmers also indicated that they would be willing to perform essential farm opera-
tions to maintain the plots and collect data for the research team. Table 30 gives a summary
of farmers’ possible contributions to the joint research effort.

Conclusions

The results of the baseline study indicate that farmers are aware of variation in cocoa tree
characteristics on their cocoa farms. It has been observed that the farmers’ selection criteria
for planting materials are based on variations observed on their and other farmers’ cocoa
farms. It has also been observed that farmers are research-oriented and are willing to co-
operate with institutional researchers to come up with solutions to their farm management
problems. Consequently, the search for planting materials with desirable qualities, such as
high-yielding, precocious varieties and resistance to diseases and pests in the farmers’ envi-
ronment should be encouraged. In searching for desirable germplasm to meet farmers’
needs, institutional researchers can collaborate with farmers to identify local planting mate-
rials possessing good agronomic and genetic characteristics. Such planting materials could
be tested alongside research-generated planting materials to enhance the selection procedure
for improved genetic materials for cocoa farmers.

Table 29. Farmer orientation to research and co-operative spirit

Descriptions Percentage reporting
Willingness to work with research 93.3

Willingness to share budwood 97.6

Expected number
Number of seedlings required for infilling 200

Number of seedlings required for new planting 607

Table 30. Activities farmers will be willing to perform on the research plots

Activity Percentage of farmers
responding

Land clearance 92

Planting temporary shade 92

Planting permanent  shade 79

Weeding and maintenance pruning 95

Harvesting & breaking pods 95

Counting total pods harvested 87

Counting  no. of diseased/healthy pods per tree 87
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Abstract

A survey was conducted among 280 cocoa farmers from 2001-2003, in six main cocoa-
growing regions of Côte d’Ivoire (Abengourou, Aboisso, Divo, Gagnoa, Daloa and Soubré).
The survey sought to determine farmers’ knowledge, preferences, selection and the use of
cacao planting material. Farmers were able to identify the presence of outstanding individ-
ual trees on their holdings as high-yielding, with tolerance to cocoa mirids (identified by
farmers as with low incidence on pods) and to Phytophthora pod rot (Ppr), and were willing
to share their material with breeders. Outstanding trees were collected for use in future
breeding activities. Farms in Côte d’Ivoire contain a significant level of non-selected mate-
rials, despite the availability of improved varieties. Seventy-one percent of the farmers sur-
veyed used non-selected materials from their best performing trees as open pollinated
seedlings. Twenty-three percent of farms have been established using selected plant material
and 6 % combined selected and non-selected plant materials. Old farms (over 30 years) were
most commonly found in East and Middle West regions and less commonly in the South.
The main disease in the Abengourou region was black pod reported in 65 % of the farms sur-
veyed. The most common pest was mirids. However, the stem-borer is spreading from east
to west. The farmers’ own preference was for heavy-bearing trees, large beans and high
number of beans per pod. They appreciated the current improved varieties for their early
production and lower incidence of Ppr. 

Introduction

Cocoa (Theobroma cacao L.) is a diploid tree species of the family Malvaceae (Alverson 
et al. 1999). Cocoa represents an important export resource for producing countries. Four
countries in Africa are responsible for about 70 % of world cocoa production: Côte-d’Ivoire,
Ghana, Nigeria and Cameroon. 

Côte d’Ivoire is the highest producing country in the world. The cultivation of cacao in the
country started in the Eastern region close to the border with Ghana, under colonial administra-
tion, by small-scale farmers using non-selected plant materials introduced by French missionar-
ies. Since then, the cultivation of cocoa has moved from East to South West (Freud et al. 2000). 

In farmers’ field, the most widespread disease is Phytophthora pod rot (Ppr), also called
black pod. This disease is caused by different species of Phytophthora, and the most com-
mon species in Côte d’Ivoire is P. palmivora. However, the more aggressive P. megakarya
species was detected in the Eastern region by the end of the 1990’s (Koné 1999). In areas
invaded by P. megakarya the pod losses have increased from an average of 15 %, in the
presence of P. palmivora, to an average of 30-35% (Kébé pers. com.). 

The breeding programme was initiated in the 1950’s. It aimed initially to increase pro-
duction and, later (from 1990 onward), to reduce the incidence of diseases too. Improved
varieties with high yield potential were released from 1975 onward (Besse 1977). However,
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the number of clones available for continuing the improvement of resistance to Ppr was low.
Therefore, there was a need to identify other resistant trees elsewhere. Due to their numer-
ous non-selected trees, the farmers’ planting material seemed to be interesting for the identi-
fication of promising resistant trees.

The situation in Côte d’Ivoire has necessitated an understanding of the farmers’ knowl-
edge and use of planting material on their farms followed by the incorporation of their par-
ticipation towards the improvement of cocoa varieties. 

In 2000, the Centre National de Recherche Agronomique (CNRA) included a farmers’
participatory approach in the cocoa breeding programme. The objective was firstly to make
use of the farmers’ knowledge and to select promising accessions in their fields and compare
these in on-farm trials with the best varieties selected by breeders. The programme started
with a farm survey carried out between 2001 and 2003. Results regarding farmers’ knowl-
edge of planting material and practices are presented here.

Materials and methods

During the 2001-2003 main harvest period (e.g. October to January), surveys were carried
out on 280 farms in the main cocoa producing regions in Côte d’Ivoire: Abengourou (AB),
Aboisso (A), Divo (D), Dalao (DA), Gagnoa (G) and Soubré (S) (Figure 1). The survey was
divided into six (6) categories as follows: 
1. Farm description
2. Characteristics of cocoa planting material.
3. On-farm pest and disease problems 
4. Identification of outstanding trees
5. Farmers’ preference for planting material
6. Interest in new varieties

Figure 1. Cocoa growing areas surveyed in 
Côte-d’Ivoire
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Results and discussion

Farm description

The results for farm sizes were grouped into three categories: small (0 - 10 ha, medium), (10.1 – 20 ha)
and large (> 20 ha). Ninety-four percent of the farms surveyed were small whereas 6% were medium.
No large farms were found during the survey. This conforms to the typical composition of predomi-
nantly small cocoa farms as already described (Keli et al. 2005; Freud et al. 2000).

With respect to the age of farms, over 60 % of the trees were reported to be over 30 years old in
all the regions except for Soubré where only 4 % of the plantations were over 30 years old. The
results also show that some younger plantings are occurring in all regions. This can be attributed to
the high price of cocoa dry beans at the time of the survey (e.g. 2001-2003) and the subsidy pro-
vided by the farmers’ organization on the cost of selected pods. 

High density planting consisting of more than 2000 trees per ha is practised in most farms. The
trees that provided shade were very few forest trees. According to farmers, the timber species in
cocoa farms were responsible for the growth of parasitic weeds, such as Lorenthus spp. According
to them, Lorenthus grows at the top of the forest trees and its seeds are spread by birds to the tops
of the cocoa trees. 

Characteristics of planting material 

When questioned about the type of planting material present on their farms, all the farmers
had some knowledge of the names of cocoa varieties: the Amelonado type named “French
Cocoa” is known to produce small, “heavy” beans. The Amelonado type was found in
Abengourou, Aboisso and Gagnoa regions and represents less than 10 % of farms surveyed
in these regions. In reality, French Cocoa also included some Trinitario germplasm with a
pod shape similar to that of Amelonado. The Trinitario type with a red pod was not well-
known to farmers. Most farms surveyed were composed of trees with pods similar to Upper
Amazon Forasteros (UA). This type of cocoa was named “Ghana”. Indeed UA populations
were introduced from Ghana (Besse 1976). The improved varieties currently released were
named “18th month cocoa” due to their early production.

The origin of seeds used to establish farms was reported by 71% of farmers as coming
from their own or other farms as seedlings and these are usually selected from best perform-
ing trees. Twenty-three percent used selected plant materials from the extension service or
research stations and 6% combined the two above types in the same plot. 

On-farm pest and disease problems

Problems due to pests and diseases encountered on farms varied from one region to other. In
all regions, 95% of the farms reported the presence of mirids by their incidence on pods,
compared to 29 % to Ppr. However in the Abengorou region, 65 % of farmers surveyed
reported Ppr as the disease causing major losses. This disease was also reported in Aboisso
in 25 % of farms. In the Abengourou region, the high disease pressure appeared to be related
to the presence of P. megakarya (Koné 1999). There is no indication that P. megakarya was
present in other regions at the time of the survey (2001 -2003). However, the high disease
pressure mentioned by the farmers represents a threat for other humid regions such as
Aboisso and Soubré. Stem-borer was reported in Abengourou, Divo and Gagnoa. The true
impact of this pest on production is still being assessed (N’Guessan pers. comm.).  
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Identification of outstanding trees

An important output of this survey was to obtain the farmers’ response to the identity of out-
standing individual trees on their holdings. In all the regions visited during the survey, farm-
ers were generally able to identify trees in their plantations with high yield and/or low insect
infestation (they mainly referred to the infestation of mirids on pods). In total, 325 trees had
been selected for high yield, 217 for low mirid infestation, and 19 for low Ppr incidence
(Table 1). Farmers were able to identify trees with low Ppr incidence only in regions where
the disease pressure was high, i.e. in the Eastern part of the country (Abengourou and
Aboisso regions). Eighteen of the 19 mother trees selected for low Ppr incidence came from
these regions. All accessions collected were planted at the CNRA research station in Divo in
2003 and have now started bearing. Two hundred and twenty-six accessions have been eval-
uated by leaf test in the nursery stage as open-pollinated seedling progenies, for their resist-
ance to Ppr. About 34 resistant accessions have been identified. Many of the trees identified
by farmers as less susceptible have been confirmed as resistant by the leaf disc inoculation
test (Pokou et al. 2008).

Farmers’ preferences for planting material

All farmers surveyed liked varieties that are early and high-yielding, and that have big pods
and large beans. Smaller trees were also considered important. In the Abengourou region
where Ppr caused important losses, farmers also expressed the need for resistance to Ppr.
Among the non-selected varieties known, farmers appreciated Upper Amazon because of
their high yield and low susceptibility to Ppr compared with Amelonado. Those farmers who
knew the current improved varieties found them better than non-selected Upper Amazon in
production and resistance to Ppr as reported in Abengourou region.   

Farmers’ interest in new varieties

Forty-five percent of the farmers interviewed have plans to rehabilitate their estates or cre-
ate a new plantation.  This activity requires planting material for the supply of missing trees,
infilling gaps in a field or planting completely new materials.  The preferred planting mate-
rials to establish new farms were improved varieties selected by the CNRA. However, farm-
ers face two main problems: the proximity of seed gardens and the cost of seeds from
selected varieties. To help solve this issue, in 2007 the CNRA established new seed gardens
and rehabilitated some existing ones (Tahi pers. com.). Furthermore, the FDPCC (Fond de
Développement et de Promotion des Activités de Café et du Cacao) subsidises up to 40 % of
the cost of selected planting material and provides some of the chemicals required for farm
maintenance.

SSeelleeccttiioonn ccrriitteerriioonn CCooccooaa ggrroowwiinngg rreeggiioonn TToottaall
AB A D G DA S

Yield potential 81 64 47 57 38 38 325

Insect infestation 51 30 36 47 25 28 217

Ppr incidence 14 4 1 19

Total 146 98 83 104 62 68 561

AB: Abengourou D:     Divo G:    Gagnoa
A:    Aboisso      DA:  Daloa S:     Soubré

Table 1. Number of cocoa trees selected according to three selection criteria applied by the
farmers in six different cocoa growing regions in Côte d’Ivoire
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Conclusions

This survey confirmed the predominance of old cocoa farms in Côte-d’Ivoire, but also
revealed an upward trend in the establishment of numerous new plantings, which is
linked to the high price of cocoa at the time of the survey and the subsidy for improved
varieties. In the Abengourou region, the high disease pressure appeared related to the
presence of P. megakarya. There was no indication that P. megakarya was present in the
other regions at the time of the survey. However the high disease pressure mentioned by
the farmers in Abengourou is a great threat for the other regions. Trees that farmers
recognised as having low disease levels also appeared to be more resistant to
Phytophthora in leaf disc inoculation tests. This shows that the farmers’ knowledge can
be used for selecting more resistant trees in farmers’ fields. Besides, it appears necessary
to increase the number of resistant trees by collecting more promising trees in the
Abengourou region. With resistance to mirids, the situation appears more complicated.
Most damage by mirids is done on twigs causing die-back. However, when farmers are
asked to identify trees with low mirid damage, they show trees with low mirid infestation
on their pods. It would be interesting to study the possible relationship between mirid
infestation on pods and general damage caused by mirids. If confirmed, the farmers’
knowledge on trees with a low infestation of mirids on pods could also be explored in
breeding. This approach is currently being applied to select promising genotypes for
mirid resistance in the reciprocal recurrent selection programme carried out by CNRA at
the Divo station. The full exploitation of the most promising farm selections would
require an evaluation of production, resistance to Phytophtora and resistance to mirids of
the farm selections planted at the Divo experimental station.
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Resumen

Este trabajo desarrollado por la EET-Pichilingue de INIAP considero tres zonas productoras
de cacao de la costa ecuatoriana (Norte, Piedemonte y Llanuras). Se aplicaron 30 encuestas-
zona en las que se seleccionaron 30 fincas representativas. Con las respuestas, se construyó
una matriz de datos en base a escalas nominales, las mismas que fueron interpretadas a par-
tir de un análisis de frecuencias. De acuerdo con los resultados el nivel socioeconómico y el
estado de los sistemas productivos del Norte son diferentes a los del Piedemonte y las
Llanuras. Se concluye que los factores que más limitan la productividad en las tres zonas
son las enfermedades. En las Llanuras se observa mayor tradicionalidad en el cultivo de
cacao por la presencia de productores de mayores rangos de edad. En el Norte es notoria la
falta de acceso a nuevas variedades y a la información técnica. Los productores en su may-
oría están de acuerdo con la modalidad de investigación participativa para la obtención a
corto plazo de nuevas variedades de cacao.

Abstract

Base study to Implement a Participative Research Approach to Select Superior
Cocoa Clones in Three Traditional Cocoa Producing Areas in Ecuador.

The introduction of participative research concepts are expected to increase the efficiency
when selecting for superior cocoa clones. As part of the CFC/ICCO/Bioversity International
project on “Cocoa Productivity and Quality Improvement: a Participatory Approach”, a sur-
vey was conducted to characterize the socioeconomic environment and cocoa production
systems in three traditional cocoa production areas. This information will be used as a valu-
able input in the process of participatory selection of new cocoa clones adapted to these
areas. The study took place during 2005 in the Northern area (province of Esmeraldas),
Piedemonte in the central part (province of Bolivar, next to the Andes range), and the
Llanuras (provinces of Guayas and Los Ríos), which is a flat area further south of the same
central part. Thirty small farms were selected in each area and a survey made up of 58 ques-
tions along six main groups of indicators was applied. The indicators grouped socioeco-
nomic traits, characteristics of the cocoa fields, factors limiting productivity, intensity of the
technology applied, current planting material and farmers’ interest in new cocoa varieties.
Regarding the socioeconomic dimension,  results showed that in average cocoa farmers are
older (87% > 55 years) in the Llanuras, younger (26% > 55 years) in the Northern area, while



The Fifth INGENIC Workshop - Cocoa Breeding for Farmers’ Needs32

Farmers’ Perceptions, Criteria For Selection and Use of Cocoa Planting Materials

having an intermediate age (38% > 55 years) in Piedemonte.  Farmers have the highest level of
literacy (50% > 6 school years) in Piedemonte and the lowest level in the Llanuras (3% > 6
school years). Most of them own and exploit their farms in the Northern and Llanuras areas.
Some 25% do not own but rent the cocoa fields in Piedemonte (true owners live in nearby
urban areas). The largest cocoa fields are found in the Llanuras (12% > 10 hectares) fol-
lowed by the Northern part (3% > 10 hectares). Some 25% of the cocoa is grown without
shade in the Llanuras, 13% in Piedemonte and only 6% in the Northern area. The number of
cocoa trees per unit area is the lowest (37% farms < 400 plants per hectare) in the Northern
area and the highest in Piedemonte. The oldest cocoa fields (25% > 50 years old) are also
found in the Northern area and the youngest in Piedemonte. More diversity (presence of
other crops in the farm) is found in the Northern area. The presence of diseases was reported
as the main factor limiting productivity; its impact is larger in the Northern area (more
humid) and lower in the Llanuras (less humidity and shade). Water stress came out as one of
the main factors limiting productivity in the Llanuras. Plant pruning (for maintenance and
sanitation) is mostly absent in the Llanuras (no pruning in 50% of the farms) while this prac-
tice is common (no pruning in 12% of the farms) in Piedemonte. Fertilizer use is practically
unknown in all areas, but the situation is more critical in the Northern part. Most of the plan-
tations come from seed collected in the farmers’ plantations (North), from commercial nurs-
eries and INIAP (Llanuras and Piedemonte). In the Northern area, a large part of the tradi-
tional plantations show Criollo-like traits, whereas in the other two areas the Nacional and,
to a lesser extend, Trinitario types predominate in the traditional plantations. Young planta-
tions are still mainly planted with seedlings in the North, whereas clones have become
increasingly more important in the other two areas. Farmers in the North and Piedemonte
showed the highest interest in establishing new clonal cocoa plantations, while the least
interest for this was detected in the Llanuras. 

In conclusion, farmers are older and more traditional in the “Llanuras”. In the “Piedemonte”
area, the farmers have the best level of education, own smaller holdings and appear to be more
open to technological innovation. The main factors limiting productivity appear to be diseases,
but very little is being done by farmers to improve the situation through pruning. A large pro-
portion of the cocoa growers is interested in planting new clonal cocoa varieties. 

Introducción

La implementación de conceptos de investigación participativa en el ámbito cacaotero del
Ecuador representa una innovadora alternativa para la selección a corto plazo de clones
superiores de cacao a nivel local. Ofrece una valiosa oportunidad para seleccionar junto con
los productores material nativo, que por falta de atención están desapareciendo, y de probar
estas selecciones junto con nuevos materiales mejorados de cacao tipo “Nacional”, que han
sido generados en los diferentes centros de investigación, en ensayos establecidos en las fin-
cas de los productores. Por otro lado, este tipo de investigación ayuda a consolidar las rela-
ciones entre los técnicos y productores, para lograr un mejor entendimiento de sus necesi-
dades y permitir una reorientación de los conceptos considerando la influencia de los
factores socioeconómicos y el funcionamiento de los sistemas de producción, que actual-
mente afectan la productividad de las fincas tradicionales de cacao en el país.

El Programa Nacional de Cacao de la Estación Experimental Tropical Pichilingue del
INIAP, inició durante el año 2005 los primeros estudios bases para la implementación de la
investigación participativa, considerando áreas cacaoteras tradicionales y representativas de
la región costa del Ecuador. Esta actividad se llevó a cabo dentro del Proyecto
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CFC/ICCO/Bioversity International denominado “Mejoramiento de la Productividad y de la
Calidad del Cacao con un Enfoque Participativo del Productor”. La información generada
en el proceso permitirá conocer el ambiente socio-económico y el funcionamiento de los sis-
temas de producción del cultivo de cacao, como punto de partida para diseñar esquemas que
permitan aumentar la eficiencia de los procesos de selección de variedades mejor adaptadas
y preferidas por los productores en las áreas bajo estudio. 

El objetivo del presente estudio fue caracterizar el ambiente socio-económico y los sis-
temas de producción en tres áreas cacaoteras tradicionales del Ecuador para diseñar un pro-
ceso de investigación participativa tendiente a generar nuevas variedades de cacao. 

Materiales y métodos

El estudio se llevó a cabo durante el año 2005. Se seleccionaron tres áreas cacaoteras tradi-
cionales: en el Norte (Provincia de Esmeraldas), en la zona Central de Piedemonte (en las
estribaciones bajas de la Cordillera de los Andes) y en las llanuras aluviales (Llanuras) de la
misma zona Central, todas ubicadas en la región costa del Ecuador. Para la selección de
localidades y fincas en cada zona, se contó con la colaboración de la Universidad Luís
Vargas Torres de Esmeraldas y la Fundación FEPP, las organizaciones de productores
UNORCIE y UOCN en el Piedemonte, mientras que en las Llanuras fue valioso el apoyo de
la UNOCACE, una organización de productores que exporta directamente el cacao (Cuadro
1 y Figura 1). 

Se escogieron 30 fincas representativas en cada zona de estudio. Luego se aplicó a los
productores una encuesta conteniendo 58 preguntas diseñadas a lo largo de seis ejes temáti-
cos: atributos socioeconómicos, características de los sistemas de producción, factores que
limitan la productividad de las fincas, intensidad de la tecnología aplicada, naturaleza del
material de siembra y finalmente el interés de los agricultores en nuevas variedades de
cacao. Las respuestas fueron codificadas para formar una matriz a base de escalas nominales
no secuenciales. La codificación permitió cerrar las preguntas abiertas en función de
respuestas comunes. Esto facilitó la aplicación de herramientas estadísticas para obtener fre-
cuencias parciales y acumuladas en las que se apoyó la interpretación de los resultados.

Área estudiada Localidades Provincia Colaboradores
La Lejía, El Piñoelal, Puente . Guayas UNOCACE

Llanuras aluviales Chimbo

de la zona Central La Esperanza, Colombia Alta, Los Ríos UNOCACE

La Gudelia y El Guayabo

Zona Centrode El Rosario, San Gerardo,  Bolívar UNORCIE, UOCN

Piedemonte San Pedro de Cumandá,

Buenos Aires, San Luís de Pambil

Zona Norte Colon Eloy, Río Santiago, Esmeraldas UTE-LVTE, FEPP

San Francisco de Ónzole,

Anchayacu, Timbiré, Lomas 

Verdes La Unión, Balsalito

UNOCACE: Unión de Organizaciones Campesinas Cacaoteras del Ecuador; UNORCIE: Unión de Organizaciones Campesinas e
Indígenas del Cantón Echeandía; UONC: Unión de Organizaciones campesinas por la unión y la justicia del Cantón las Naves;
FEPP: Fondo Ecuatoriano Populorum Progressio; UTE-LVTE: Universidad Técnica Estatal Luís Vargas Torres de Esmeraldas

Cuadro 1. Localidades consideradas en el estudio de tres áreas tradicionalmente productoras de cacao dentro
de diversas zonas de la costa ecuatoriana
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Resultados

Características socioeconómicas

Los resultados se presentan en la Figura 2. En general las fincas son explotadas por sus pro-
pios dueños, pero es importante mencionar que en el Piedemonte en un 25% de las fincas los
productores son solo arrendatarios. En este caso los dueños han decidido salir hacia centros
urbanos para dedicarse a otras actividades, principalmente el comercio. Los contratos de
arrendamiento pueden ser anuales o bianuales y al final del mismo, el propietario no
reconoce económicamente algún tipo de mejora en su plantación. 

Los productores son más jóvenes (Figura 2-b) en el Norte (26% >55 años), seguidos de
aquellos de el Piedemonte (38% >55 años), los productores de mas edad (87% >55 años) se
encuentran en las Llanuras, sugiriendo una mayor tradición cacaotera.

Los productores tienen mayor nivel de educación en el Piedemonte (50% >6 años de
estudios), seguidos de aquellos del Norte (11% >6 años). Sorprendentemente en las Llanuras
se encuentra el menor nivel de educación (3% >6 años). Este resultado, está vinculado con
la mayor edad y tradicionalismo de los productores cacaoteros en esta última zona. 

Figura 1. Mapa cacaotero del Ecuador mostrando las zonas bajo
estudio. a. Zona Norte  b. Zona Centro Piedemonte  c. Zona de
llanura Aluvial
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Características de los sistemas de producción a base de cacao

De acuerdo con la Figura 3-a, las huertas cacaoteras predominantes de el Piedemonte son de
mayor dimensión (62% de huertas >5 a 10 hectáreas) que aquellas de la zona de las Llanuras
aluviales (65% de huertas >1 a 5 hectáreas) y del Norte (63% de huertas >1 a 5 hectáreas).
Sin embargo, como casos especiales un reducido número de cacaoteras logran superar las
dimensiones anteriores, siendo más notorio en las Llanuras (12% de huertas >10 hectáreas),
seguida finalmente del Norte (3%>10 hectáreas).

Solo el 6% de las plantaciones de cacao crece sin sombra en el Norte, seguida por el 13%
en el Piedemonte y el 25% en las Llanuras. En el área primeramente nombrada, el som-
bramiento es proporcionado mayormente (71%) por especies pertenecientes al bosque trop-
ical secundario (remanentes de la explotación maderera) y el resto por árboles frutales. Por
el contrario, en el Piedemonte y las Llanuras el sombramiento proviene principalmente de
árboles frutales, 88% y 50% en su orden (Figura 3-b).

Por alguna razón, el número de árboles de cacao por unidad de superficie es menor en el
Norte (37% de las huertas < 400 plantas/hectárea). La densidad es mediana (75% de las
huertas con 625 plantas/hectárea) en el Piedemonte y alta en las Llanuras (25% > 1000 plan-
tas/ha) (Figura 3-c).  Las huertas de cacao mas viejas (25% > 50 años) se hallan en el Norte
y las más jóvenes (38% de las huertas de 1 a 5 años) se encuentran en el Piedemonte.
Además, en esta última zona se observa con mayor frecuencia la siembra de nuevos campos
de cacao (Figura 3-d). 

Según la Figura 3-e, existe una mayor diversificación de cultivos (fuentes alternativas de
ingresos en la finca) en el Norte. La diversificación es menor en las otras dos áreas de estu-
dio. La presencia de árboles de cacao más altos (57% de los árboles > 9 metros de altura) en
el Norte, puede reflejar una mayor disponibilidad de lluvias durante el año. En la zona de las
Llanuras, apenas un 25% de los árboles logran superar la altura mencionada anteriormente.
Por el contrario, en el Piedemonte los árboles son más bajos y no superan los nueve metros
de altura (Figura 3-f). 

Factores que limitan la productividad de las fincas

Según la percepción de los productores la presencia de enfermedades es el principal factor
que limita la productividad de las huertas cacaoteras. Se registró un mayor efecto en el Norte
(86% de huertas afectadas), seguido de la zona de Piedemonte (63% de huertas afectadas).
La menor incidencia fue registrada en las Llanuras con un 38% de sus huertas afectadas. La
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Figura 2. Diferenciación socioeconómica en tres zonas cacaoteras tradicionales del Ecuador, en
función de: a. Tenencia de la tierra; b. Edad de los productores y c. Nivel de escolaridad
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mayor incidencia en la primera zona puede deberse a la presencia de alta humedad y mayor
frecuencia de inundaciones; el menor impacto observado en las Llanuras puede estar influ-
enciado por la presencia de baja humedad, escaso régimen de inundaciones y menor presen-
cia de sombra (Figuras 4-a, b).  

Por otro lado, los productores señalan que la sequía también contribuye a la baja produc-
tividad de las huertas cacaoteras. Según la figura 4-c, existe un mayor impacto en las
Llanuras (50% de huertas afectadas). Por el contrario, los menores impactos se presentan en
el Norte y en el Piedemonte con un 37% y 38% de huertas afectadas respectivamente.

Intensidad de tecnologías aplicadas

Las prácticas de podas (solo de mantenimiento y sanitaria) están ausentes en un nivel impor-
tante en las Llanuras (50% de huertas de cacao sin podar) y en el Norte (37% de huertas sin
podar). Por el contrario, esta práctica resulta más común en el Piedemonte con apenas un
13% de sus huertas sin podar (Figura 5-a). El uso de fertilizantes es prácticamente descono-
cida en todas las áreas, pero la situación es más crítica en el Norte, donde el 94% de las huer-
tas no se fertilizan. Entre las huertas que si se fertilizan en el Piedemonte (50%), un 25%
emplean abonos orgánicos y otro 25% abonos químicos. De igual manera en las Llanuras,
del 24% de huertas que son fertilizadas, el 12% emplea abonos orgánicos y el otro 12%
abonos químicos (Figura 5-b). 

Para el control de malezas en los cacaotales, el método manual es el más empleado entre
los productores, siendo este el único método utilizado en las Llanuras. En las otras dos
zonas, a más del método anterior se recurre en menor escala al empleo de métodos químicos

Figura 3. Caracterización de los sistemas productivos del cultivo de cacao en tres zonas
cacaoteras tradicionales del Ecuador, en función de: a. Superficie con cacao; b. Árboles de
sombra; c. Distancia de siembra; d. Edad de la cacaotera; e. Otras cultivos de la finca y 
f. Altura de los árboles de cacao
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y combinados (manual y químico), que son mas notorios en el Piedemonte (37% de prefer-
encia entre productores) y en menor escala en el Norte (9% de preferencia entre produc-
tores) (Figura 5-c).

Naturaleza del material de siembra presente en la huerta  

La mayor parte de las plantaciones provienen de semillas. En el Norte, la mayor parte de
material de siembra viene de su propia finca o de fincas de vecinas. Entre 20 y 50% de los
productores desconocen de donde vino el material que ha servido para el establecimiento de
su plantación (Figura 6). Los cultivos de cacao tipo “Nacional” son predominantes en el
Piedemonte (62% de las huertas), menos en el Norte (23% de las huertas) y en las Llanuras
(25% de las huertas). El tipo de cacao “Trinitario” se encuentra presente con menor propor-
ción en las Llanuras (25% de las huertas) y en el  Piedemonte (38% de las huertas). En el
Norte predomina un tipo de cacao “acriollado” en el 63% de las fincas (Figura 6-a, b).

Para hacer nuevas siembras de cacao, las plantas originadas de semilla son mayormente
empleadas que las plantas clonales. Entre las preferencias por clones, existe mayor
aceptación en las Llanuras (38% de nuevas siembras) y en la zona del Piedemonte (25% de

Figura 4. Percepción de los productores sobre los factores que limitan la productividad en
huertas de cacao en tres zonas cacaoteras tradicionales del Ecuador, en función de: a.
Percepción sobre las enfermedades; b. Exceso de humedad en el suelo y c. Presencia de
sequías
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Figura 5. Estudio de aplicación de tecnología a nivel de huertas, en tres zonas cacaoteras
tradicionales del Ecuador, en función de: a. Prácticas de podas; b. Fertilización y c. Métodos
empleados en el control de malezas

 

0

20

40

60

80

P
o
rc

e
n
ta

je

Ninguna Mantenimiento Descope Fitosanitaria La mayoría

a. Aplicación de podas

0

20

40

60

80

100

P
o
rc

e
n
ta

je

No realiza Orgánica Química

b. Tipo de Fertilización

0

20

40

60

80

100

P
o
rc

e
n
ta

je

No realiza Manualmente Químico combinado(M+Q)

c. Control de maleza

NORTE PIEDEMONTE LLANURA ALUVIAL



The Fifth INGENIC Workshop - Cocoa Breeding for Farmers’ Needs38

Farmers’ Perceptions, Criteria For Selection and Use of Cocoa Planting Materials

nuevas siembras). Contrariamente, la preferencia por plantas clonales resulta todavía baja en el
Norte (11% de nuevas siembras clonales) (Figura 6-c). 

Respecto al nivel de satisfacción de las nuevas variedades cultivadas (Figura 6-d) el 63% de los
productores en las tres zonas estudiadas las consideran excelentes y malas entre un 5% (Norte) y
12% (Piedemonte y Llanuras). Sin embargo, es necesario indicar que el nivel de satisfacción
dependería en gran parte de la disponibilidad y adquisición de materiales de siembra mejorados y
certificados.

Sobre las características negativas identificadas en las nuevas variedades de cacao cultivadas
(Figura 6-e), la susceptibilidad a las enfermedades ocupa el primer lugar, con un rango del 37% al
50%, seguido de la mala arquitectura (11%-25%) y la baja productividad (12%-14%). El
desconocimiento sobre estos criterios fue más notorio en el Norte (31%), que en el Piedemonte
(25%) y las Llanuras (13%).

Entre los criterios más importantes en una nueva variedad de cacao (Figura 6-f), para los pro-
ductores del Piedemonte y Norte, la productividad ocupa el primer lugar con un 63% y 57% de
preferencias, seguido de la calidad con un 25% y 17% respectivamente; mientras que en las
Llanuras, la calidad prevalece con un 38% sobre la productividad (25%). Las coincidencias fueron
menores, en el Piedemonte (13%) y en el Norte (3%) al considerar a la vez varios atributos: pro-
ductividad, calidad, índice de mazorca (IM), índice de semilla (IS) y resistencia a enfermedades.

Rendimiento por arbol

El rendimiento por árbol se estimó por la división del rendimiento total-año por el número
de hectáreas (ha) y luego por el número de árboles (obtenidos en la mayoría de los casos a

Figura 6. Estudio sobre la naturaleza del material de siembra presente en la huertas, en tres
zonas cacaoteras tradicionales del Ecuador, en función de: a. Origen del material genético de
la finca; b. Tipo de cacao cultivado; c. Material genético de nuevas siembras; d. Nivel de
satisfacción de las nuevas siembras; e. Defectos identificados en las variedades empleadas en
nuevas siembras y f. Criterios deseables en una variedad de cacao
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partir de la distancia de siembra).  En las Llanuras se observan los mejores rendimientos promedios
(0.30 kg/árbol), seguido de Esmeraldas (0.24 kg/árbol) y el Piedemonte (0.23 kg/árbol). Los resul-
tados en Esmeraldas pueden estar influenciados por los rendimientos promedios del sur de la
Provincia (0.36kg/árbol), que son mejores que en el norte (0.17 kg/árbol), donde la producción es
de baja eficiencia principalmente por falta de manejo adecuado. Las huertas con árboles más
homogéneos en rendimiento se encuentran en el Piedemonte (CV=30%), seguido de las
Llanuras (CV=56%) y las más heterogéneas en Esmeraldas (CV cerca de 84%).

Interés en nuevas variedades de cacao

Según la Figura 7-a, el interés en nuevas variedades mejoradas de cacao, depende de la
decisión que tome el productor para ampliar la frontera agrícola. Mayor interés se observa
en el Norte (71%) y en el Piedemonte (62%). Menor interés se observa en las Llanuras
(38%), posiblemente debido a la escasez de tierra, que impide extender su cultivo. 

Las personas que aceptan incrementar o mejorar su huerto cacaotero, tienen mayor pref-
erencia o expectativas en relación a las variedades mejoradas de INIAP. Existe mayor
aceptación en las zonas de Piedemonte y en las Llanuras (62% de interés en ambos casos).
Por el contrario, un menor interés por estos clones se encuentra en el Norte (38% de prefer-
encias). Entre otros materiales de siembra, el clon CCN-51 también es aceptado entre los
productores. En las Llanuras, este clon tiene una preferencia del 13%, mientras que en el
Norte es mínima (6% de preferencia), debido principalmente a la siembra de plantas de
semillas, que son obtenidas de árboles productivos de sus propias huertas (Figura 7-b). 

Para el fortalecimiento de la investigación participativa, existe mayor interés en el
Piedemonte (todos la aprueban), seguido de el Norte (89% de aprobación) y la zona de las
Llanuras (62% de aprobación) (Figura 7-c). 

Cuadro 2. Rendimiento promedio anual de cacao seco (kg/árbol) en el estudio de tres zonas
cacaoteras tradicionales en Ecuador

Zona Promedio CV Mín Máx 
Piedemonte 0,23 30 0,12 0,32

Norte Esmeraldas 0,17 81 0,02 0,47

Sur Esmeraldas 0,36 87 0,05 0,79

Llanuras 0,30 56 0,07 0,52

Figura 7. Interés de los agricultores en nuevas variedades mejoradas, en tres zonas cacaoteras
tradicionales del Ecuador, en función de: a. Ampliación de la frontera agrícola; b. Preferencia
de nuevas variedades mejoradas y c. Interés en investigación participativa
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Conclusiones

Los agricultores de más avanzada edad se encuentran en las Llanuras aluviales, siendo una
muestra de mayor tradicionalidad al frente del cultivo de cacao, al compararla con las otras
zonas estudiadas.

La zona de Piedemonte presenta agricultores con los mayores niveles de educación, sin
embargo, una cuarta parte de estos no permanecen al frente  de sus propiedades. Además,
estos agricultores se muestran más interesados en mejorar la productividad de sus huertas
cacaoteras.

Según la percepción de los productores entre los principales factores que limitan la pro-
ductividad de las fincas en las tres zonas, se encuentran las enfermedades.

Exceptuando la zona de las Llanuras, la mayoría de los agricultores se muestran muy
interesados en sembrar nuevas áreas con cacao, especialmente en el Norte de la Provincia de
Esmeraldas,  posiblemente por la mayor disponibilidad de tierras. Sin embargo, el interés
por variedades clonales en el Norte es menor en relación a las Llanuras y al Piedemonte. 

El desconocimiento en la zona Norte sobre nuevas variedades de cacao y la falta de crite-
rios sobre atributos deseables en las  mismas, podrían estar relacionados por un menor
acceso a variedades clonales y a la poca difusión de información técnica sobre el cultivo.
Esta zona ha recibido poca influencia de material de siembra de procedencia extraña, y
como consecuencia ninguna contaminación de la calidad intrínseca, que es reconocida a
nivel internacional. En este sentido, para la generación de nuevas variedades, se debería
considerar como punto de partida el material genético local.

La presencia de enfermedades es considerado por los productores como mayor defecto de
las variedades actuales. El rendimiento es el criterio más importante entre los productores
para la selección de nuevas variedades, seguido de la calidad. 

La mayoría de los productores están interesados en dar apertura a la modalidad de inves-
tigación participativa, para aprender prácticas adecuadas de manejo y compartir experien-
cias con los técnicos. 
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Abstract

This paper summarises the findings of a survey conducted among 102 cocoa farmers in five
growing regions of Trinidad in 2005-2006. It was undertaken by the Research Division of
the Ministry of Agriculture, Land and Marine Resources (MALMR) as a planned activity
within the project CFC/ICCO/Bioversity International project entitled “Cocoa Productivity
and Quality Improvement: A Participatory Approach”. The survey seeks to determine farm-
ers’ knowledge, preferences, selection and use of cacao planting material. Farms were also
assessed for the presence of outstanding individual trees, which will be collected and evalu-
ated for use in future breeding activities. Farms in Trinidad still contain a significant level of
old diverse genetic material from Imperial College Selections (ICS) and pre-ICS origin,
despite the widespread distribution of Trinidad Selected Hybrid (TSH) varieties. Seventy
percent of farmers surveyed used material from the MALMR while 20% selected material
from their best performing trees as open pollinated seedlings. The farmers’ own preference
was for heavy-bearing trees, large pods and beans and resistance to black pod (BP) disease.
Fourty-eight percent of farmers disliked current varieties for apparent susceptibility to black
pod disease. Eighty-three percent of farmers identified the presence of outstanding individ-
ual trees on their holdings as high-yielding and are willing to share their material with
breeders. Other information obtained from the survey included characteristics of cocoa
holdings, main husbandry practices and problems encountered on farms in Trinidad.

Introduction

The cocoa crop has been recognised by the Government of the Republic of Trinidad and
Tobago as a priority commodity for development in Trinidad and Tobago in terms of its
export potential and diverse use. The rich history of cocoa production in Trinidad and
Tobago dates back to the golden years 1866-1920 (Bekele 2003) when the area under culti-
vation rose from 2,400 hectares in 1856 to 90,000 hectares by 1917 (Shepherd 1932). Cocoa
cultivation at this time consisted mainly of Trinitario plantings which had resulted from nat-
ural hybridisation between Criollo types (a native variety planted by the Spaniards in 1525)
and Forastero material introduced from the Amazon and Venezuela in 1757.

The success in Trinidad and Tobago was followed by an inevitable decline as world
cocoa prices decreased, coupled with severe witches’ broom (WB) disease epidemics. Pound
had selected 100 Imperial College Selections (ICS) in an effort to provide improved plant-
ing material for farmers. He later introduced additional planting material with resistance to
WB disease from the Upper Amazon region (Pound 1938; 1943).

In 1956, W.E. Freeman (Gonsalves 1996) started a breeding programme using these
materials to improve resistance to WB disease. This led to the development of Trinidad
Selected Hybrid (TSH) clones, which were commercially released to farmers. Even today,

Farm Practices, Knowledge and Use of Cocoa
Planting Material in Trinidad: a Survey Report
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selections of TSHs from this same programme are distributed and grown throughout farms
in Trinidad and Tobago.  

Currently, the number of operational cocoa farms has declined to approximately
2000 due to changing land use and abandonment of farms. The genetic material pres-
ent on these farms consists of TSH material, Imperial College Selections (ICSs), pre-
ICSs and various combination crosses. This material represents useful genetic diver-
sity and is at risk of being lost. 

Globally, efforts are being made to conserve and utilise cocoa germplasm through
two major projects under the aegis of the Common Funds for Commodities (CFC), the
International Cocoa Organisation (ICCO) and Bioversity International. These projects
are “Cocoa Germplasm Utilisation and Conservation: A Global Approach” (1998 –
2003) and “Cocoa Productivity and Quality Improvement: A Participatory Approach”
(2004 – 2009). Since Trinidad and Tobago is a participating country in these projects,
it is imperative that an effort be made to identify and collect interesting planting mate-
rials present on farms, aimed at a wider goal of better varieties for cocoa production.

The situation in Trinidad and Tobago has generated the need to understand the
farmer’s knowledge and use of planting materials on their farms and to incorporate
their participation in the improvement of cocoa varieties (as documented in the project
Cocoa Productivity and Quality Improvement: A Participatory Approach). Towards
this end, a farm survey was conducted to assess farms, the technology used, problems
experienced and to determine the farmers’ knowledge, preferences, selection and use
of cocoa planting materials. Additionally, farms were assessed for the presence of
interesting cocoa genetic material. 

Materials and methods

The survey was conducted over a six-month period in 2006 by staff of the Cocoa Research
Section of the Ministry of Agriculture, Land and Marine Resources. The survey involved
102 farms derived from a stratified random sample over five cocoa growing regions in
Trinidad (Fig. 1). These farms were selected from regions with a predominance of cocoa
cultivations and biased towards relatively old cocoa holdings, which were more likely to
possess old diverse genetic material. The regions are described as follows:
1. The Northern Range: This zone accounts for 22% of the farms surveyed. It is a mountain-

ous area where cocoa is grown in the valleys of small villages like Lopinot, Aripo,
Blanchisseuse, Caura, Toco, Matelot and Cumana. Soil types and the microclimate in this
region are well suited to cocoa production.

2. The Eastern Region: This zone accounts for 24% of the farms surveyed. It is the most sig-
nificant area of cocoa production in Trinidad with farms found in undulating to flat areas
in the villages of Sangre Grande, Tamana, Fishing Pond, Manzanilla and Biche. Rainfall
is highest here and proper drainage is necessary on some of the commonly occurring clay
soil types. Two large commercial high-density farms are present.

3. The Central Region: This zone makes up 29% of the farms surveyed and contains the
best cocoa growing soils in Trinidad (Monsterrat clays). Villages found are Gran Couva,
Flanagin Town, Brasso Venado, Mamoral and Talparo. Farm sizes tend to be larger in this
region. 

4. The Southeast Region accounts for 15% of farms surveyed. Soils are generally heavy
clays and the villages in this zone are Rio Claro, Poole, Ecclesville, Tableland and
Moruga. This is the second largest area of cocoa activity.
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5. The Southwest Region is made up 15% of farms. This area has lower rainfall with sandy
soil types and small farm sizes in villages such as Coromandel, Cedros, Erin, Siparia and
Penal. 
The questionnaire used in the survey was divided into six (6) sections as follows: 

1 Characteristics of cocoa planting
2 Problems encountered in cocoa plantations
3. Main husbandry practices for cocoa
4. Planting material present on the farm
5. Interest in new varieties 
6. Demographics

An additional feature of the survey was to identify interesting cocoa trees on farmers’
holdings. Preliminary data were collected on these trees with respect to age, genetics, and
morphology. Pod and graftwood collection followed when both farmer and breeder had
agreed on the desirable traits of these interesting trees. The survey data was analysed using
SPSS software version 7.1.

Results and discussion

Farmer biodata

The results pertaining to farmer biodata (age, education and experience) are presented in
Table 1. Sixty-two % of the farmers surveyed are over 55 years old, supporting global trends
on the ageing cocoa farmer population. 14 % of farmers were between 25- 45 years. This
confirms the findings of Karimu (1999) who found the mean age of cocoa farmers in
Trinidad to be over 50 years. This implies that farmers generally have many years of experi-
ence in producing cocoa by merit of their age and the majority of them have had basic pri-
mary school education. 

Figure 1. Cocoa growing areas surveyed in Trinidad
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Farm description

The results on farm size were grouped into three categories: small (0-10 ha) medium
(10.1 – 20 ha) and large (> 20 ha). Eighty % of the farms surveyed were small whereas
8% were large (Fig.2). This conforms to the typical composition of predominantly
small cocoa farms in Trinidad as found by Barker (2001). Table 2 shows the different
ranges of cocoa productivity; percentage distribution by age and spacing of cocoa
trees. Typical national average yields generally range from 150 – 300 kg/ ha. Farm
productivity is generally low and attributable to reasons provided later. All farm sizes
experience low productivity, but higher yields are more attainable as farm size
increases.

With respect to age of trees, over 50% of the trees were reported as beyond 25
years. Within this grouping the average age clusters around 45 to 50 years. The results
also show that a significant level of younger planting is taking place. This can be
attributed to programmes established to stimulate increased national production. The
majority of the trees (50%) ranged from 5 to 8m in height with 20% between 9-12m;
6% over 12m; 6% between 3-4m and 18% with various height combinations.
Generally, cocoa trees on the farms surveyed were too tall due to inadequate pruning
and excessive shade.

Table 1. Percentage distribution of cocoa farmers by age, experience and education in
Trinidad.

Age Experience Education
Year range % Year range % Type %

25-35 3 <5 5 None 5

35-45 11 5-10 10 Primary 58

45-55 24 10-20 14 Secondary 36

>55 62 >20 71 Tertiary 1

Figure 2. Percentage distribution of cocoa holdings by hectarage
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The spacing of cocoa trees used on farms was predominantly wide, which allows for
intercropping of companion crops. However, spacing has generally shifted from 3.6m x
3.6m to 3m x 3m, 2.4m x 2.4 m and 1.8m x 1.8m combinations. High-density planting con-
sisting of about 3000 trees per ha is practised on most large farms. 25% of farmers described
their shade density as high, 55% as medium and 20% as low. While 55% of the farmers per-
ceived that they had medium levels of shade, from a scientific viewpoint, this is more likely
to be high shade density.

The trees providing shade were composed of the following:
(i) 2% Primary forest and fruits trees
(ii) 78% Secondary forest and fruits trees
(iii) 20% Combination of Primary and Secondary and fruit trees.

Common among all categories of shade were a wide range of interplanted fruit trees
ranging from citrus types, bananas, mango, avocado, chataigne (Artocarpus altilis), bread-
fruit (Artocarpus communis), peewah (Bactris gasipaes), coconuts and pommecythere
(Spondias cytherea). Coffee was also found to be very commonly interplanted and also used
as a hedge crop with cocoa. Farmers obtain a steady income throughout the year from the
sale of these intercrops, particularly from bananas. Among the high levels of secondary for-
est reported, a number of cultivated timber species like cedar, mahogany and apamate were
present. This practice of using timber species in cocoa is growing significantly due to very
high incomes obtained from the sale of lumber. However, the planting densities used in this
agro-forestry combination requires further research.

With respect to management of farms, the majority (58%) were managed by the farmer and
fewer than 5 workers, whereas 36% of farms were managed and operated by the farmer only. More
than 5 workers operated 6% of farms and these were usually large farms.

Problems encountered on farms

Pest and disease problems on farms

The pest and disease problems encountered on farms are presented in Table 3. Ninety-five % of the
farms reported losses by black pod disease compared to 29% with WB Disease. The combined
losses for both diseases ranged from medium to severe and are quite significant. Thirteen % of
farms were affected by insect pests such as mealy bugs (Maconollicoccus hirsitus), ants, and cocoa
beetle (Sterastoma breve) with losses at a medium to severe level of 35%. The percentage of farms

Table 2: Distribution of farms according to farm size (ha) and productivity (kg per ha), age of
trees (yrs) and spacing (m) of cocoa trees

Productivity Age (yrs) % Spacing (m) %
Farm size Yield <5 2 3.6 x 3.6 48

(ha) range 5-15 9 3.0 x 3.0 20

(kg/ha) 15.1-25 8 2.4 x 2.4 4

>25 50 1.8 x 1.8 1

Small 80-600 1-5 and >25 13 3.6 x 3.6 and 16

0-10 Other combinations 18 3.0 x 3.0

Medium 120-800 Other combinations 11

10.1-20

Large >20 150-1000 
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reporting problems with birds (parrots and woodpeckers) and rodents (squirrels) were 44% and
69%, respectively. The combined extent of these losses at a medium to severe level was 52%. 
The correlation of losses from diseases and growing regions was not significant. This indi-
cates that black pod and WB disease incidence are similarly distributed over all growing
regions. Although there are environmental differences between growing regions especially
with respect to rainfall and humidity, this apparently exerts little effect on the incidence and
distribution of these diseases in Trinidad. Indeed, it would suggest that other factors such as
farm management practices and varieties are more likely to have an impact on disease inci-
dence and distribution.

Other on-farm problems

Table 4 shows other problems reported by cocoa farmers with their frequencies. The following
problems ranked very highly and are considered to be major hindrances in cocoa-production,
as expressed by farmers: farm labour (cost, availability and quality), poor agricultural access
roads, inadequate cocoa prices and the vagaries of climate from excessive rainfall to drought
conditions.

Cocoa husbandry practices

Farmers were asked to indicate the types and extent to which husbandry practices were car-
ried out with the results presented in Fig 3. Eighty-seven % of the farmers practised weed
control on their estate so as to facilitate harvesting operations. Pruning was practised by

Table 3. Frequency of pest and disease problems experienced on farms

Pest/disease Black pod Witches’ broom Mealy bugs/ Cocoa Birds Rodents

disease disease ants beetle

Parameters

Farms affected (%) 95 29 6 7 44 69

Extent of losses (%)

Mild 37 68 48

Medium 40 24 32

Severe 23 11 20

Problem Frequency (%)
Drought 42

Excessive rainfall 63

Availability of labour 80

Cost of labour 65

Quality of labour 52

Theft of pods 13

Credit 4

Buying practices of Agents 18

Inadequate prices 100

Access roads 38

Drainage 4

Extension services 12

Table 4. Frequency of other problems encountered by cocoa farmers
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60%, while 5% managed overhead shade and 40% filled the gaps in their fields with
new plants. Pest control (33%), fertilizer application (26%) and disease control (14%)
were carried out to a much lesser extent. Most small farms operate on low input sys-
tems consisting of annual weed control and pod-harvesting. The pruning that is prac-
tised is inadequate and cultural practices used to reduce disease losses are generally
not sufficient to create optimum field sanitation (Maharaj 2003). The full-yielding
capability of TSH planting material is not achieved in many instances, due to inade-
quate and poor agronomic practices. The TSH material is widely distributed by the
MALMR to farmers at subsidised prices to encourage rehabilitation or new planting
operations.

Planting material present on farms

When questioned about the type of planting material present on their farms, 57% of
the farmers had no knowledge of the name of the cocoa varieties they had planted.
Twenty-six % identified these varieties as a combination of Trinidad Selected Hybrids
(TSH) and ICS’s. Twelve % identified their varieties as TSH types while 5% said
Creole or Callabacio types. The cocoa farms in Trinidad still grow a significant level
of ICS and pre-ICS material. This is confirmed by the large numbers of old cocoa trees
observed during the surveys. 

The origin of the planting material used on farms, was reported by 78% of farmers
as coming from the Ministry of Agriculture, Land and Marine Resources (MALMR);
15% used their own; 4% used other farms; 5% used private nurseries and 28% did not
know. The latter situation is mainly due to farms acquired through purchase. The
MALMR has historically been the sole producer of certified planting material for
farmers in which the genetic purity is controlled; thus accounting for the high level of
farmers using material of MALMR origin. However, it is noted that 20% of farmers

Figure 3. Frequency of farmers practising different cocoa husbandry
methods
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use material from their own or other farms as seedlings, and these are usually selected
from the best-performing trees. This practice was found to be present in all regions,
although it was more apparent in areas of the Northern Range, due to remoteness in
terms of distance and terrain. Karimu (1999) found some similarity in which 74% of
farmers obtained material from the MALMR, 8% from their own or other farms and
12% used a combination of both. The material obtained from the MALMR was com-
posed of 2.2% clones, 3.7% seedlings and 94.1% mixtures of both.

The farms surveyed had about equal levels (80%) of plants propagated from either
seeds or as clones. Plants provided by the MALMR were initially grown exclusively
as clones propagated from cuttings; however, in the last ten years the production of
seedlings using controlled pollinated pods from seed gardens has become more com-
mon. This has resulted from the high costs associated with the production of clonal
cuttings. In addition, grafted clones are now distributed using selected TSH rootstocks
and scions. All of the material used by the MALMR comes from the TSH breeding
program (Shripat 1993). 

Seventy-three % of the farmers surveyed were satisfied with the planting material
used to establish their farms (Fig. 4). The reasons for them liking varieties were mainly
confined to yield traits i.e. large pods and beans and prolific bearing (Table 5).

Feature Percent (%)
Large pods/Large beans 32

Large bearers 24

Disease resistance 1

Various combinations 34

(vigour, pulp, shell, small trees, etc)

No response 9
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Figure 4: Satisfaction levels expressed by farmers from using cocoa planting material

Table 5. Frequency of reasons used by farmers for liking the varieties grown
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Almost half of the farmers surveyed (48%) disliked varieties which had an apparent sus-
ceptibility to black pod disease. Other undesirable characteristics were small beans (9%),
small pods (13%) and trees being very large and vigorous (13%). 17% of farmers expressed
these traits as a combination. Farmers (94%) also attested to high levels of variation between
trees for most of the phenotypic traits viz. pod numbers per tree, pod size and colour and
bean size. Thirty-six percent of farmers found wide variation among trees to disease resist-
ance (Table 6).

Identification of outstanding trees

An important output of this survey was to obtain farmers’ response to the identity of out-
standing individual trees on their holdings. These were previously described as “interest-
ing”. Eighty-three % of farmers acknowledged and identified the presence of such trees. The
reasons for their selections were based on high yield (84%), resistance to black pod disease
(21%), pest resistance (1%) and bean size (27%). These reasons are similar to the Nigerian
experience reported by Aikpokpodion et al. (2005) in which the most important reasons for
farmers’ selections are yield coefficients irrespective of the disease resistance potential.
Ninety-five percent of the farmers in the above category are willing to share propagation
material from their trees with the MALMR. The identification of outstanding trees by farm-
ers shows their ability to monitor and select proven individual trees. 

Features of outstanding trees 

Seventy-five outstanding trees were identified during the survey and will be collected as
graft wood and cloned. Preliminary passport data on these trees shows the following:
• The majority of trees were over 40 years in age with two exceeding 60 years. In some

instances the farmers were able to identify these trees as clones or seedling.
• From a breeder’s perspective, the trees can be categorized into ICS types (45%), TSH

seedling crosses (25%) and unknown (30%).
• Seventy percent was high-yielding and prolific with large pods and beans.
• Seventy percent of the trees had less disease symptoms than their neighbours.  
• Farmers identified three trees that were specifically resistant to black pod disease.
• The outstanding trees will be collected, assessed and propagated for use in breeding tri-

als, both on-station and on-farm. 

Parameter Percent (%)
Between trees 94

Tree size 24

No. of pods 73

Pod size 75

Pod colour 48

Bean size 56

Resistance to disease 36

Pod thickness 3

Resistance to pests 2

Table 6. Percentage of phenotypic variation observed by farmers
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Farmers’ interests in new varieties

Seventy-five % of the farmers interviewed have plans to rehabilitate their estates. This
activity requires planting material for the supply of missing trees, infilling gaps in a
field or completely new plantings. The planting material to be used will be sourced
from the MALMR as seedlings by 63% of the farmers, as clones by 14% and as seeds
from selected pods by 2%. A significant number of farmers (21%) indicated using
seeds from their own farms. These seeds will be obtained from proven trees, which are
high-yielding and possess large bean size. Seeds are the only propagation method used
by farmers.

Fifty-one % of farmers were also interested in other new varieties, which must be
high-yielding and possess better disease resistance. Twenty-two and one half % had no
interest in other new varieties because of their present advanced age. There was no
response from 26.5% of the farmers interviewed.

Figure 5. Farmers’ preferences for planting material: clones versus seedlings

Figure 6. Frequency of farmers indicating desirable features in new varieties
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Figure 5 shows farmers’ preferences for either clonal or seedling material with the atten-
dant reasons. The higher percentage of farmers selected seedlings versus clones. Karimu
(1999) also found that farmers preferred seedlings to clones. Seedlings were strongly
selected for hilly terrain due to their deeper rooting system. The farmers’ response to desir-
able features in new varieties is presented in Figure 6. Farmers generally like varieties with
better resistance to black pod disease, high-yielding, large pods and large beans. Smaller
trees and early yielding traits were also important.

Conclusions

This survey confirmed the predominance of small cocoa farms in Trinidad, but also revealed an
upward trend in the establishment of large farms, which is linked to the attractive prices fetched
for fine flavour Trinidad cocoa. Low farm productivity is still a common feature linked to both
socioeconomic and agronomic factors, chiefly those of labour, infrastructure, high black pod
disease incidence and inadequate field management. Few farms have capitalized on the merits
of the TSH’s for improving productivity, despite its widespread adoption and establishment.

Most cocoa farms consist of a mixture of old trees of ICS and pre ICS origin both as clones
and planted seedlings. TSH material and its combinations with other diverse Trinitario types as
open pollinated seedlings were also common. This is explained by the wide tree to tree variation
reported by farmers. This situation supports the search and assessment of genetic diversity in
farmers’ fields.

Farmers are satisfied with existing varieties with respect to large pods and beans, but dislike
their susceptibility to black pod disease. This can be explained by the fact that cocoa farmers
depend heavily on the intrinsic resistance of trees to provide disease control without fully under-
standing that disease expression can be lowered through manipulation of agronomic practices
(field sanitation, drainage, pruning and shade management).

Farmers’preferences for outstanding trees are closely linked to yielding ability, pod and bean
coefficients, irrespective of disease resistance. While the selection of outstanding trees was pri-
marily farmer-led, it was necessary at times for research-influenced selections to be made for
capturing other important traits such as disease resistance, low vigour, flowering intensity and
flavour potential.

Most farmers are unaware of the names of cocoa varieties and relate to the concept of varieties
as clones or seedlings. This may have its origin in the method used for distributing plants to farm-
ers from the MALMR propagation stations. Cocoa plants are sold as either clones or seedlings
with no reference to the name of the variety. Farmers who select their own material for planting on
the basis of seeds could be offered training for alternative vegetative propagation methods.

Participatory breeding programmes are being promoted for many crops. (Wilcombe et al.
2005). The conduct of this survey supports the collection and assessment of genetically diverse
material on farms in Trinidad and the use of participatory approaches in the evaluation and
selection of material in the future. 
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Abstract

In six producing regions of Côte-d’Ivoire (Abengourou, Aboisso, Divo, Gagnoa Daloa,
Soubré), 280 farms were visited. Based on the farmers’ knowledge of their planting materi-
als, individual trees were selected which were promising for high yield potential, with low
pest infestation (mirids) or with low Phytophthora pod rot incidence. Open pollinated seed
progenies were collected from 561 trees. One seedling from each of these accessions was
used to study the genetic diversity with 12 microsatellite markers. Parental clones from
seed-gardens in Côte-d’Ivoire and African founder genotypes were used as control popula-
tions. The farm accessions revealed high within-region and low between-region diversity.
Most of the farm accessions appeared to be hybrids between Upper Amazon (UA) and
Lower Amazon (LA, Amelonado) or African Trinitario parental genotypes. However, a cer-
tain percentage of accessions appeared to be fairly pure UA or LA types. The best accessions
for black pod resistance appear to be mostly hybrids between Upper Amazon and
Amelonado. 

Introduction

In Côte-d’Ivoire, cocoa was identified at the beginning of the 19 century in the western
region near Liberia (Freud et al. 2000). However, the cultivation of cocoa started in the
Eastern part near the Ghana border, by small-scale farmers mainly using non-selected
Amelonado introduced by French missionaries. The extension of cocoa farms has been
mainly from East to West. It is likely that cocoa materials were introduced by farmers from
Ghana and it is known that farmers largely used their own planting materials to establish
new plantations in new cocoa-growing regions. So far little is known about the genetic
diversity of cocoa planting material in farmers’ fields in Côte d’Ivoire. 

Improved varieties have been released to farmers since 1975. These selected varieties are
mainly hybrids between Upper Amazons (UA) and Trinitario (Besse 1977). In order to facil-
itate the distribution of improved hybrids, seed-gardens have been created in regions where
cocoa was mainly produced at that time (Central and East Côte d’Ivoire).   In 2000, the
Centre National de Recherche Agronomique (CNRA) included a farmer-participatory
approach in its cocoa breeding programme. The aim was firstly to make use of farmers’
knowledge to select promising accessions in their fields and secondly to compare the best
varieties selected by breeders with farmers’ selections in on-farm trials. The programme
started with a farm survey carried out from 2001 to 2003, in which pods were collected from

Genetic diversity of selected cocoa (Theobroma
cacao L.) in farmers’ fields in Côte-d’Ivoire



The Fifth INGENIC Workshop - Cocoa Breeding for Farmers’ Needs54

Studies on Genetic Diversity in Farmers’ Fields

promising trees (Pokou et al. 2005). Here we present the results on genetic diversity, evalu-
ated with microsatellite markers, for accessions selected in a participatory manner in farm-
ers’ fields in the main cocoa-growing regions in Côte d’Ivoire. 

Plant materials

Farm accessions

During the 2001-2003 main harvesting periods, i.e. October to January, 280 farms in the
main cocoa-producing regions in Côte d’Ivoire were visited (Figure 1): Abengourou (AB),
Aboisso (A), Divo (D), Dalao (DA), Gagnoa (G) and Soubré (S). Farmers were asked if they
knew of trees on their farms with particularly high yield, low Phytophthora pod rot (Ppr)
incidence or low insect infestation (as evaluated by farmers by presence of mirids on pods).
During visits, those trees preferred by farmers for the above-mentioned criteria were
observed for their growing conditions and trees were avoided that might have been favoured
due to their particularly favourable conditions. In total 561 trees were selected in such a
breeder-farmer participatory manner. The number varied from 146 in Abengourou to 62 in
Daloa (Table1).

A sample of ten beans were taken at random from a total of two to five pods of each of the
selected mother trees and sown in plastic bags in a nursery at the Adiopodoumé research

Regions
Selection Aben- Aboisso Divo Gagnoa Daloa Soubré Total
criteria gourou
High pod 81 64 47 57 38 38 325

production

Low incidence 14 4 0 0 1 0 19

of Phytophthora

Low infestation 51 30 36 47 23 30 217

with mirids

Total 146 98 83 104 62 68 561

Reference Genetic origin
clones

UA LA African American 
Trinitario Trinitario

Seed-garden IMC 67, NA32,

parents T85/799, UPA402 IFC1 IFC 306 POR

UPA409,  UPA419 IFC 15 IFC 412 UF 676

UPA603, UPA608 IFC 307 UF667

IFC 312, IFC316

IFC 701, IFC710

Representatives IMC47 IFC1 ICS46

of African PA7 IFC2

founder genotypes IFC5

Table 1. Number of mother trees selected in farmers’ fields in six cocoa-growing regions for
three selection criteria

Table 2. Reference clones used in our study: Upper Amazon (UA), Lower Amazon (LA),
American Trinitario and African Trinitario genotypes
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centre of the CNRA in Abidjan between October 2001 and January 2002. One seedling for
each progeny (known hereafter as “farm accession”) was used to represent the diversity of
the farm accessions in this study.  

Reference genotypes

Farm accessions were analyzed together with reference clones composed of parental clones
used in seed-gardens in Côte d’Ivoire and of African founder genotypes (Table 2). These geno-
types were of Upper Amazon (UA), Lower Amazon (LA) and Trinitario origin (Table 2).

DNA extraction

DNA was extracted from 0.5 g of leaves collected from each of the selected plants growing
in the nursery. Leaves were cleaned, frozen in liquid nitrogen and ground. DNA isolation
was performed as described by Risterucci et al. (2000) with a buffer containing 100 mM
TRIS-HCL pH 8.0, 2% MATAB, 20mM EDTA, 1% PEG6000 and 0.5% sodium sulphite.
The DNA solution was then purified using the phenol-chloroform method (Karakousis &
Langridge 2003). 

Molecular analysis

In vitro amplification has been performed by PCR (Polymerase Chain Reaction) with 13
microsatellite primers (Lanaud et al. 1999).  The primers were localized on seven out of the
ten cocoa linkage groups (Pugh et al. 2004). Each primer was used to amplify 2ng of DNA
in 5µl of reaction mixture using the PTC 200 instrument (manufactured by MJ Research).
Capillary electrophoresis was performed with the ABI 3100 (Applied Biosystem) machine
according to the method described by Bhattacharjee et al. in 2004.

Figure1. Cocoa-growing areas surveyed in Côte-d’Ivoire (indicated
by circles)



The Fifth INGENIC Workshop - Cocoa Breeding for Farmers’ Needs56

Studies on Genetic Diversity in Farmers’ Fields

Genetic diversity parameters 

The alleles of the microsatellite loci were scored according to their size. The data obtained
were used to estimate the following genetic diversity parameters average number of alleles
per locus, percentage of polymorphic loci, observed heterozygosity and gene diversity (Nei,
1975). The estimated value of total gene diversity (Ht) was subdivided into within-popula-
tion (Hs) and between-population (Dst) diversity, where Ht = Hs + Dst. The coefficient of
gene differentiation is calculated as Gst = Dst / Ht and is an estimate of the proportion of the
diversity present between the populations in relation to the total diversity. GENETIX,
TFPGA and F-STAT software packages were used to calculate the genetic diversity parameters.

Factorial Correspondence Analysis (FCA)

The FCA was used to study the degree of genetic similarity between individuals (Escoffier
and Pagès 1998). In this analysis, codes 1 and 0 were used to indicate respectively the pres-
ence or not of an allele at a given locus. The analysis was performed using XL-Stat software. 

Results

Genetic diversity

Among the 13 microsatellite primers tested, 12 produced scorable alleles. Primer mTcCIR1
had to be removed from the analyses due to the poor quality of its profiles. The 12 loci
analysed were highly polymorphic in all populations. In total, 117 alleles were identified on
the 12 loci. None of the geographically identified populations contained the totality of the
alleles. The mean number of alleles per locus varied from 7 in Gagnoa to 7.75 in
Abengourou (Table 3). The frequently occurring alleles varied from 40 at Daloa to 43 in
Abengourou. Among these, 34 are common between the regions. The average observed het-
erozygosity (Ho) per population ranged from 0.46 in Divo to 0.54 in Soubré. The expected
heterozygosity (He) ranged from 0.58 in Divo to 0.63 in Soubré. 

For all the six regional groups of accessions, Ho was 0.505. The total diversity (Ht) was
high (0.609) and the average within-population diversity was also high (Hs = 0.605) while
the between- population diversity was very low (Dst = 0.004). Hence, the coefficient of gene
differentiation (Gst) between populations was only 0.007.  

Population structure 

Factorial Correspondance Analyses (FCA’s) were performed to visualize diversity of the
farm accessions within and between regions and also with regards to the reference geno-

Region He Ho  Mean number 
of alleles/locus

Aboisso 0,59 0.50 7.5

Abengourou 0.61 0.50 7.75

Divo 0.58 0.46 7.58

Daloa 0.61 0.50 7.08

Gagnoa 0.61 0.54 7.0

Soubré 0.63 0.54 7.58
He: expected heterozygosity  Ho: observed heterozygosity

Table 3. Mean heterozygosity level of farm accessions collected in six regions 
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types. Firstly farm accessions from all regions were compared among themselves, without
the reference genotypes (Figure 2). It appeared that the regional populations were largely
overlapping, suggesting low between-region diversity. 

Secondly, all farm accessions were compared to the reference genotypes of UA, LA and
Trinitario origins (Figure 3). It appears that the variability of all seed-garden parental clones
together was slightly wider than that of the African founder genotypes and than that of the
farm accessions. Most of the farm accessions were located in between the UA and LA refer-
ence genotypes (Figure 4). However, some accessions were very close to pure Amelonado
and UA genotypes, suggesting that some of the original UA and LA introductions were still
present in farmers’ fields. 

Thirdly, the variation within the oldest cocoa-growing region (Abengourou) is shown in
Figure 4. The distribution of the farms accessions in the Abengourou region is similar to that
of all accessions together. Among these accessions, some have been identified as highly
resistant to Ppr in separate laboratory experiments (Pokou et a., 2008) and these were iden-
tified as Abengourou-R in Figure 3. The resistant accessions appear to be mainly hybrid
genotypes, except two that may have derived from recombination with parental types.

Discussion

The mean number of alleles per locus was similar between regions. Genetic differentiation
between regions’ accessions was also very low (Gst =0.007). During the 1970’s and 1980’s,
when the cocoa price was high, several farmers from Eastern Côte d’Ivoire established new
plantations in the Western part of the country. The plant materials from their old farms were
largely used to produce the seed for establishing new plantations (Ruf 1995). Besides, the
hybrid varieties distributed from the seed gardens in different parts of the countries were
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Figure 2. FCA performed with accessions from all regions  
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also genetically similar: mainly UA x LA and UA x African Trinitario hybrids. This may
explain why the diversity of the planting materials in the six regions was quite similar.

In all regions, observed heterozygosity was close to 0.5 or higher, except in the Divo
region (0.46). These high values for heterozygosity were probably partly related to the ori-
gin of accessions analyzed, as these were composed of seedlings obtained from open polli-
nation. Consequently, these accessions may have resulted from selfing or recombination
with neighbouring trees. However, in all accessions, observed heterozygosity (Ho) was
lower than the expected heterozygosity (He). The occurrence of a deficit in heterozygotes,
indicating some degree of inbreeding, has been a common observation in cocoa populations
(N’Goran et al. 2000). 

An important finding from our data was that most farmers’ planting materials were genet-
ically intermediate between UA and LA (Amelonado) reference genotypes. However, a cer-
tain amount of farm accessions were very close to UA and LA reference genotypes. These
may represent fairly pure UA and Amelonado origins. 

Amelondo was the first to be introduced into West Africa (Bartley 2005), followed much
later by UA genotypes in 1954 (Besse 1976). Natural hybridisation between locally existing
populations of UA and Amelonado or Trinitario types will have occurred in farmers’ fields.
The improved varieties released since 1975 through seed-gardens are also mainly hybrids
between UA and Amelonado or African Trinitario (Besse, 1977). A significant part of the
hybrid genotypes observed in our study may therefore have derived through selfing or cross-
ing of improved hybrid varieties, or from natural out-crossing between improved hybrids
with remaining populations of LA, UA or African Trinitario types growing in farmers’
fields. 
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Accessions analysed in the present study were progenies from promising mother trees
identified by farmers and selected in a farmer-breeder participatory manner. In the
Abengourou region, some of the selected accessions appear to be very close to pure
Amelonado and others very close to UA. In fact, during a survey made in these regions,
Amelonado has been reported by farmers in three regions: Abengourou, Aboisso and
Gagnoa (Pokou et al., see elsewhere in these Proceedings). Abengourou and Aboisso were
the main cocoa producing regions during the 1970’s. They are located near the border with
Ghana where cocoa has always been cultivated on a large scale in West Africa (Wood 1991).
Farmers who used to grow Amelonados exchanged planting material with their neighbours
from Ghana, possibly including pure UA materials which were distributed in Ghana (Opoku
pers. com.).

Our results suggest that the farm accessions harbour a large genetic variation that are
being explored in further breeding. The accessions are currently been evaluated in clone
observation trials and the best could be used as parents for creating new seedling progenies.
Selected genotypes near to the UA or LA reference groups could be used as new parents in
the next cycle of the CNRA recurrent selection breeding programme. 
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Abstract

Cocoa breeding in Ghana began with the selection of locally available materials, which were
made up of the highly uniform ‘West African Amelonado’ and non-Amelonado introduc-
tions described as “Local-Trinitarios”. These materials had poor establishment capabilities,
long generation time (late- yielding), low yields and high susceptibility to either cocoa
swollen shoot virus disease (CSSVD) or black pod disease. Consequently, more promising
varieties known as ‘Series II’ hybrids were developed and released to farmers. In more
recent years, a series of progeny trials have been established using Upper Amazon materials
as parents. This has led to the selection and release to farmers of Amazon hybrids, which are
more resistant to CSSVD than the Series II hybrids. The Amazon hybrids are gradually
replacing the Series II hybrids in farmers’ plantings. However, the extent of replacement is
not known. Whilst in some instances farmers have adopted the use of breeders’ materials, in
other cases farmers have resorted to using materials from various unapproved sources
including their own planting materials from their old farms. This study was undertaken to
assess the genetic diversity and the current profile of cocoa planting materials in Ghana
cocoa farms by means of molecular marker analysis and farmers’ field surveys. A question-
naire-based survey was conducted on 600 farmers and their farms to collate information on
their current profile. A farmer-participatory approach was adopted to select 377 trees repre-
senting all the cocoa-growing regions of Ghana. The survey results indicated a high inci-
dence of black pod disease on the farmers’ farms. Also, three main planting materials,
namely Amazon hybrids, Amelonado and Series II hybrids, were encountered in farmers’
fields, of which Amazon hybrids constituted the bulk. Although the majority of farmers col-
lected planting materials from seed gardens, a significant number collected from unap-
proved sources. The survey also revealed that some useful segregants are appearing in farm-
ers’ plantings, which could be incorporated into future breeding programmes. The collection
was fingerprinted with microsatellite markers, which revealed a significant deficit of het-
erozygotes in the farmers’ materials in relation to the breeders’ materials indicating a rela-
tively narrow genetic base in the farmers’ plantings. The implications of these results on
breeding and cultivation of cocoa in Ghana are discussed.

Introduction

Theobroma cacao L. with its centre of diversity in Central and South America was first
introduced to West Africa in the mid-nineteenth century and today the region produces 70%
of the world’s cocoa. Before the introduction of Posnette’s Upper Amazon cocoa in 1944
(Posnette 1948), the available varieties in Ghana (the former Gold Coast) were made up of
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the highly uniform ‘West African Amelonado’ and non-Amelonado introductions described
as ‘Local Trinitarios’. These had poor establishment capabilities, long generation time, low
yields (Adu-Ampomah 1994) and susceptibility to either CSSVD or black pod disease.
These varieties were used as parents of the planting materials found on the farmers’ farms.

In 1943, Posnette made an extensive collection of most of the important Amelonados and
Local Trinitarios from farmers’ fields in Ghana and established them in Tafo to serve as an
in situ gene bank for cocoa breeders and researchers. Some of these selections were used as
parents of the first hybrid cocoa developed at the Cocoa Research Institute of Ghana (CRIG),
the so-called Series II hybrids (Posnette 1951). The Series II hybrids were found to perform
better in terms of establishment ability and precocity (Glendenning 1957) with satisfactory
bean size and flavour. Consequently, they were approved for commercial use and released to
farmers’ as planting materials (Lockwood and Gyamfi 1979).

From 1971 to 1991, a series of progeny trials was established using selected Upper
Amazon material as parents. This led to the selection and release of inter-Upper Amazon
hybrids (or “Amazon” hybrids), which are more resistant to CSSV than the Series II hybrids.
The selected Amazon hybrids also have at least the same level of other desirable agronomic
characteristics as the Series II hybrids (Thresh et al. 1988; Adomako et al. 1999). Since
1986, Amazon hybrid seeds have been produced in the seed gardens and supplied to farmers
as planting materials in Ghana, which are gradually replacing the Series II hybrids. However
the extent of replacement is not clear.

Although, in some instances, farmers have adopted the use of breeders’ materials at the
seed gardens, in other cases farmers have resorted to using materials from various unap-
proved sources including planting materials from their old farms. As a consequence, the
impact of breeders’ improved planting materials on cocoa plantings on farmers’ farms has
become obscure. The effect of this practice on productivity and genetic variability of cocoa
in Ghana is not clear either.

This study was therefore undertaken to determine the genetic diversity and current profile
of cocoa planting materials on cocoa farms in Ghana by means of farmers’ field surveys and
molecular marker analysis, and their implications on cocoa breeding in Ghana.

Materials and methods

Characteristics of farm survey

A questionnaire-based survey was conducted on 600 cocoa farmers and their farms in the six
cocoa- growing regions of Ghana (Volta, Central, Eastern, Ashanti, Brong Ahafo and
Western) to collate information on their current practices of growing cocoa. In each region,
one hundred farmers were interviewed and at least two districts were visited, with four vil-
lages randomly selected in each district. Information on farm characteristics based on annual
yield, prevalence of cocoa diseases, type of cocoa varieties grown, origin of planting mate-
rials, and the level of satisfaction with planting materials was obtained. Further information
on outstanding trees in farmers’ fields as well as the farmers’ interest in new, improved vari-
eties was gathered. The interview was conducted at household level, in which the household
was defined as ‘any farmer possessing a cocoa plantation of at least 4 years old’. The best
performing trees were selected for DNA analysis. The selection was based on the farmer’s
knowledge on productivity, low incidence of pod rot, medium tree vigour and absence of
CSSVD. 
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Plant materials

The selection of materials from farmers’ fields was based on a farmer-participatory approach
in all six cocoa growing regions of Ghana. Three hundred and seventy-seven accessions of
field-grown cocoa trees were collected as leaf tissue from all the cocoa growing regions and
the CRIG’s field gene bank (Figure 1). Each tree selected was labelled permanently for
future identification. The accessions were grouped into parental clones, breeders’ collection
and farmers’ accessions; and subsequently into eleven populations (Table 1).

DNA Extraction and Analysis

Genomic DNA was extracted and purified using CTAB-based protocol modified from
Sappal et al. (1994) and Russell et al. (1992). The purified DNA was amplified using the
standardised set of 17 polymerase chain reaction (PCR)-based mTcCIR microsatellite mark-
ers and the PCR products were separated through polyacrylamide gel electrophoresis
(PAGE) following the silver staining method (Cat. No Q4132, Promega, USA). The PAGE
gels were scored for presence and absence of data to generate raw data for analysis. Gene
diversity and heterozygosity in the cocoa accessions were estimated using FSTAT version
2.9.3.2 (Goudet 2002). Cluster analysis was performed following the ‘Unweighted Pair
Group Method using Arithmetic Averages’ (UPGMA) based on Nei (1978) and the software
Tool for Population Genetic Analysis (TFPGA) version 1.3 was used. 

Figure 1. Map showing farmers’ collection sites in all cocoa growing regions of Ghana 
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Results

Farm Survey

The results of the farms surveyed in all six cocoa-growing regions of Ghana are presented in
Tables 2 to 4, and in Figures 2 to 7. Table 2 shows the cocoa diseases encountered on farm-
ers’ farms. The most economically important disease was black pod, causing infection to an
extent of 95% of the total number of farms visited. CSSVD, which had hitherto been the
most important disease of cocoa in Ghana, was relegated to second position, recording
31.7% of infection across the farms visited. Figure 2a shows the severity of infection by
black pod disease with 63.2% of the farms showing medium to severe infections. Figure 2b
also indicates that black pod disease is severe in all regions except the Eastern region.

Among the cocoa varieties grown by farmers, the Amazon hybrids, Series II hybrids and
Amelonado, were mostly encountered on farmers’ farms (Table 3). The majority of farmers
had at least two of these varieties on their farms. The Amazon varieties constituted 69% of
the total planting materials on farmers’ farms. The Series II hybrids and Amelonado consti-
tuted 47.8% and 26% respectively. Series II hybrid varieties dominated the Brong Ahafo
region (66 out of 100 farms) while Amelonado varieties dominated the Eastern region (65 out of
100 farms). The distribution of Amazon hybrids was relatively uniform among the six
regions, and each region consisted of more than 50 farms. The different varieties of cocoa
were identified by farmers based on their local knowledge, with the support of researchers. 

Figure 3 shows the annual average of cocoa output (kg/ha) over the 2001-2003 seasons
based on the interview with farmers. The results showed an increase in annual yield per
hectare from 266.8kg/ha in 2001 to 434.54kg/ha in 2003. Four main sources of planting
materials were identified such as seed gardens, private nurseries, farmers’ own farms, and
other farms (Figure 4a). The results show that 70.2% of the farmers acquired planting mate-
rials from approved sources (seed gardens). In general, 25.8% acquired their planting mate-

Germplasm collections Population Number of accessions
1. Parental collections 

Upper Amazon 1 81

Amelonado and local 

Trinitario 2 23

2. Breeders’ collections 
Series II hybrids and 

F3 Amazon progenies 3 38

3. Other collections
Aburi Gardens 4 10

Tetteh Quarshie 5 7

4. Farmers’ field accessions
Volta region 6 16

Central region 7 9

Eastern region 8 28

Ashanti region 9 51

Brong Ahafo region 10 18

Western region 11 96
Total 11 377

Table 1. Cocoa accessions collected from breeders’ field gene banks and farmers’ fields for
DNA analysis
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rials from other farmers’ farms and 5.2% from their own farms. However, Western region
cocoa-growers obtained most of their planting materials from other farmers’ farms (64 out
of 100 farmers) and the least from seed gardens (36 farmers) (Figure 4b).

There is a mixed response to the performance of planting materials on the farms. Most of
the farmers (64%) expressed a medium to low level of satisfaction as against 36% express-
ing a high level of satisfaction with the planting materials currently on farms (Figure 5),
which was mainly due to the high incidence of black pod disease. In spite of the low satis-
faction, 83.2% of the farmers identified some outstanding trees on their farms that showed
high productivity, low incidence of pod rot, medium tree vigour and absence of CSSVD.
The farmers therefore expressed a keen interest in new, improved varieties. The survey indi-
cated that 99.7% of the respondents expressed an interest in obtaining new improved vari-
eties which are resistant to black pod disease, early-bearing and high- yielding. 

Genotyping with SSR markers

One hundred and twenty seven (127) alleles were recorded for all seventeen SSRs used in
the study. The genetic diversity within the eleven populations over all the 17 loci was evalu-
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Figure 2a. Overall severity of black pod infection on farms of all six regions
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ated with Nei’s (1978) estimation of gene diversity (Table 4). The overall mean gene diver-
sity of the parental and breeders’ collections (0.759) was significantly (P<0.034) higher than
that of the farmers’ populations (0.730), representing a considerable deficit of heterozygotes
in the farmers’ materials. Nei’s estimation of observed and expected heterozygosity was also
recorded as 0.724 and 0.741, respectively. The UPGMA cluster analysis based on Nei (1978)
unbiased minimum distance resulted in a dendrogram (Figure 6). At a dissimilarity coeffi-
cient of 0.459, two major groups were observed, with the accessions from Aburi garden
(population 4) and Tetteh Quarshie (population 5) collections clustering together differently
from the rest of the accessions. This indicates that these two populations are genotypically
close to each other. However, at a dissimilarity coefficient of 0.380, the farmers’ collection
from Western region (population 11) grouped into a separate cluster indicating that the
accessions from this region are genotypically different from other regional collection and
breeder’s materials. The third cluster consisted of accessions from breeder’s and farmers’
collections, which also grouped together but showed significant genetic distance between
them, indicating some genotypic differences among these two collections. 

Discussion

Farm survey

The survey results generated through interviews with farmers in all the six regions showed
that there is a high incidence of black pod disease, to an extent of 95%, and swollen shoot
(32%) in farmers’ fields. Other diseases were also recorded but their effects on productivity
were not significant. On average, 63.2% of the farmers considered black pod incidence to be
medium to severe in the Brong Ahafo, Ashanti, Volta, Central, and Western regions (Figure
2a). The Eastern region recorded the lowest black pod severity (11%). Most of the severe
infection with black pod is likely caused by Phytophthora megakarya. Earlier reports on the
presence of P. megakarya have indicated that it is endemic in all the cocoa-growing regions
of Ghana except Eastern region (Luterbacher and Akrofi 1993; Opoku et al. 1999). The
application of phytosanitary practices and chemicals has been the principal method of con-
trol (Akrofi and Opoku 2000). However, chemical control, apart from being expensive, also
causes environmental pollution and health hazards to man. Therefore, breeding for resist-
ance remains the best option to overcome this problem. 

Prevalence of cocoa diseases in all regions
Type of disease Percent farmers responding
Black pod 95.0

CSSV 31.7

Yellow leaves/ 27.4

Cherrelle wilt 6.2

White thread 1.73

Flower wilt 1.0

Canker 1.06

Epiphytes (climbers) 0.6

Premature ripening 0.5

Table 2. Cocoa diseases mentioned by farmers as
being on their farms
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The high black pod and low CSSV incidence on farmers’ farms confirm that the breeding
materials provided to farmers over the years appear to be quite resistant to CSSV. However,
they are markedly prone to the black pod attack caused by P. megakarya. Most of the vari-
eties released to farmers were developed for resistance to CSSV. At the time of developing
these varieties, P. megakarya was not known in Ghana, but P. palmivora was the prevalent
fungal disease. Since Phytophthora pod rot incidence in the country was very low, breeding
for resistance to the disease was not actively incorporated into the breeding programme 
(Dr Y. Adu-Ampomah, pers. comm.). However, genotypes showing extreme susceptibility
to P. palmivora in field trials were still discarded. The trend where the planting materials
encountered in farmers’ farms show some level of resistance to CSSV but are susceptible to
P. megakarya is what is expected since they were selected only for resistance to CSSV. This
confirms that breeders’ selections have had an impact on the field plantings on farmers’
farms. 

The survey data also showed that there has been an overall increase in yield on the farms,
from 266.8kg/ha in 2001 to over 434kg/ha in 2003. This period coincides with the time
when the government introduced two interventions, Cocoa Pest and Disease Control
(CODAPEC) and High Tech Programmes (Appiah 2004). It appears that these two interven-
tions could account for the increases observed. However, the yields on farmers’ farms are
still low since yields of over 1000kg/ha are being recorded in breeders’ variety trials under
farm conditions. The need to develop more elite varieties, especially those with high yields
in the presence of P. megakarya, is now obvious. 

Among the three main types of planting materials (Amazon hybrids, Series II hybrids and
Amelonado) identified on farmers’ farms, the Amazon hybrids constituted the bulk (69%).
Amazon materials were released as planting materials to farmers firstly in the 1950s.
Between 1966 and 1970, the Series II hybrids were the main planting materials released to
farmers. Due to the high susceptibility of Series II hybrids to CSSV disease, selected
Amazon hybrids were released as planting materials to farmers in the 1980s. The results of
the survey revealed that now the Amazon hybrids have significantly replaced the Series II
hybrids on farmers’ farms as they constitute the bulk of materials in farmers’ fields. This fur-
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ther confirms that breeders’ materials have had a great impact on planting materials on farm-
ers’ farms.

The survey identified four sources of planting materials for the Ghanaian cocoa farmer.
These are seed gardens, private nurseries, farmers’ own farms and other farms. The results
indicated that 70.2% of the farmers obtained planting materials from seed gardens, a further
indication of an impact of breeders’ materials on farmers’ planting materials. The Western
region was, however, found to record the lowest number of farmers (36 of 100) who
obtained planting materials from the seed gardens. Interactions with the farmers and other
stakeholders (Seed Production Units and Licensed Buying Companies) in the Western
region on this observation revealed that farmers did not collect planting materials from seed
gardens due to insufficient production of improved planting materials at the seed gardens.
Also, due to poor road networks, the only two seed gardens in the Western region are inac-
cessible. As a result, farmers would have to travel several kilometres to obtain planting
materials from seed gardens outside the region, which is costly. There is therefore the need
to establish more seed gardens and rehabilitate the existing ones in the Western region.

Another interesting observation made during the survey was that some farmers collect
planting materials from their own farms out of ignorance. They believe that, once the plant-

Germplasm collections Gene diversity, Hnb (Nei 1978)
Parental clones 
Upper Amazon 0.764

Local Amelonado & Trinitario 0.756

Breeder’s collection
Series II hybrids & 

F3 Amazon Progenies 0.757

Breeders’ accessions mean 0.759

Farmer’s accessions
Tetteh Quarshie Farm 0.589

Aburi Gardens 0.718

Volta region 0.753

Central region 0.770

Eastern region 0.758

Ashanti region 0.771

Brong Ahafo region 0.743

Western region 0.741

Farmers’ accesions mean 0.730

Overall mean 0.738

Percentage of farms with various  planting materials
Region Amelonado Amazon Hybrid Unknown
Volta 19 65 45 1

Central 22 78 43 4

Eastern 65 54 42 23

Ashanti 23 69 49 8

Brong Ahafo 28 78 66 6

Western 0 70 42 10

Mean 26.2 69 47.8 8.7

Table 3. Cocoa varieties identified on farms 

Table 4. Gene diversity per population per locus revealed by the DNA analysis.
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ing material in the previous farms has been obtained from seed gardens, seedlings from such
materials will possess the same qualities as the mother tree. However, this practice could
have negative effects on yield. Hybrids developed by breeders have proven to be cross-com-
patible. Parents of these hybrids have self-incompatible genes and could resurface in future
generations. Furthermore, second generation hybrid progenies generally show some degree
of inbreeding. Thus, farmers need to be educated through extension programmes and field
schools.

The survey also revealed that 83.2% of the farmers had on their farms some outstanding
trees which showed high productivity, low incidence of black pod, medium tree vigour and
absence of CSSV. This is an indication that some useful segregants are appearing on farm-
ers’ farms, and these could be incorporated into future breeding programmes to develop
improved varieties and enhance production.
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DNA Analysis 

DNA analysis of all 377 accessions indicated high genetic diversity (Hnb = 0.738) in the
cocoa collections of Ghana. However, the high value of expected heterozygosity over
observed heterozygosity indicates that there is still a deficit of heterozygotes in the acces-
sions in spite of the high genetic diversity recorded in the present study. Comparison of
overall mean gene diversity of breeders’ collections with that of farmers’ collection showed
that there is a need to broaden the genetic base of the farmers’ collections. Again, this is sup-
ported from the analysis of farm survey data wherein it has been demonstrated that over
30% of farmers collect their planting materials from unapproved sources. This could account
for narrowing the genetic base of cocoa collections of Ghana.

The results of the cluster analysis of the cocoa collections revealed two significant
impacts of breeders’ materials on farmers’ plantings of Ghana. Firstly, the Amazon hybrids
have significantly replaced the Series II hybrids in farmers’ fields. This was clearly seen in
the Eastern, Ashanti, Central and Volta regions. Thus the analysis has shown clustering
together of Amazon hybrids, which are more resistant to CSSV, which is a clear indication
of the significant replacement of Series II hybrids by Amazon hybrids in farmers’ fields. The
analysis also shows clustering together of Series II hybrids and Brong Ahafo farmers’ mate-
rials. Cocoa cultivation became popular in this region when Series II hybrids were released
to farmers from the late fifties to the mid eighties (Glendenning 1957; Anon 1972).
Therefore the clustering together of Series II hybrids and farmers’ materials in this region is
an expected feature. Secondly, the analysis demonstrated the impact of breeders’ materials
on farmers’ plantings, which is quite discernible in the Eastern, Ashanti, Brong Ahafo,
Central and Volta regions. However, the impact is highest on farms in the Brong Ahafo
region and lowest on farms in the Western region. The impact of the breeders’ materials on
the plantings of Eastern, Ashanti, Central and Volta regions is also significant, but at varying
degrees.

Among the six regions covered under the study, the spread of cocoa cultivation to the
Western region is a more recent one showing less impact of breeders’ materials on the farm-
ers’ farms. Most of the farmers’ in this region have been collecting their planting materials
from unapproved sources as also confirmed from the survey results wherein 66 out of 100
farmers admitted collecting planting materials from other farmers’ or their own farms. It is

Low
33%

Medium
31%

Good
36%

Figure 5. Level of satisfaction with current planting materials in farms (%) as expressed by
farmers
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highly likely that farmers might be collecting planting materials from old farms in other
regions or the neighbouring country, Cote d’Ivoire. This is also expected because there are
only two seed gardens in the region which supply improved planting materials to farmers.
These seed gardens are connected by poor road networks and therefore not easily accessible. 
The grouping of both Tetteh Quarshie and Aburi collections in a separate cluster is interest-
ing. These populations, which are purported to be among the first cocoa to be introduced in
Ghana, have currently no impact on the cocoa plantings of Ghana. It appears that the prog-
enies emanating from them were planted on farms around Aburi and Mampong and a few
parts of the Eastern region, which are mostly obsolete with age and probably replanted with
Amazon materials introduced later. 
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Genetic Diversity and Selection of Cocoa
(Theobroma cacao L.) in Cameroon: Participative,
Phenotypic and Molecular Approaches1

M.I.B. Efombagn

Institute of Agricultural Research for Development (IRAD), P.O. box 2067, Yaoundé, Cameroon. 
E-mail : efombagn@yahoo.fr

Abstract

Genetic diversity of cacao (Theobroma cacao L.) accessions in farmers’ field and genebanks
in Cameroon was studied with 12 microsatellite markers and several phenotypic traits of
agronomic interest. Information based on the farmers' knowledge of their planting material
was collected within the framework of a participatory selection programme, and subse-
quently compared with molecular and phenotypic data.

The molecular assessment of the farm accessions (FA) and gene bank accessions (GA)
shows that farmers, and breeders, accessions are closely related. GA belong to three main
genetic groups of the cacao species: Upper Amazon Forastero (UA), Lower Amazon
Forastero (LA) and Trinitario (Tr). The genetic diversity among FA could be largely
explained by the contribution of six reference genomes (Amelonado, Criollo, Iquitos Mixed
Calabacillo, Nanay, Parinari and Scavina) supposed to be at the origin of cultivated cacao
populations in Cameroon. The genes from the Amelonado group predominated in the FA
whereas those from Scavina and Criollo were less represented. 

The large molecular and phenotypic diversity and the presence of private alleles among
FA show the potential for selection of this material. This potential was further demonstrated
by the identification of several resistant genotypes among FA tested for resistance to
Phytophthora pod rot (Ppr), the major cacao production constraint in the country. The results
from Ppr evaluations suggest also that farmers’ knowledge on the field resistance of individ-
ual cacao trees might be exploited efficiently in the participatory breeding programme.

Parentage analyses indicate that only 46% of all the FA appears to originate from the
biclonal seed gardens (BSGs). Despite the predominance of self-incompatible progenitors in
BSGs, more than half of the BSG-derived FA was the product of selfing. Only 25% of these
accessions correspond to the true hybrid combinations proposed to the farmers.

The adoption of proper techniques for seed production and multiplication in BSGs and
the use of the results of this study in genetic improvement of cacao in Cameroon are dis-
cussed.

1Notes of the editors: 
The abstract corresponds to the abstract of the PhD thesis of Dr. Efombagn. The full paper on the molecular diversity of farm
and gene bank accessions in Cameroon has been published in 2008 (Tree Genetics and Genomics 4:821-831)
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Caracterización y Evaluación Preliminar del Cacao
Nacional Boliviano Cultivado en Alto Beni, Bolivia1

R. Villegas, R. Cerda y C. Astorga
Tropical Agricultural Research and Higher Education Center, P.O. Box 7170 CATIE, Turrialba, Costa Rica.

Resumen

En Bolivia, el cacao se produce en Alto Beni (departamento de La Paz), en las riveras de los
ríos del norte boliviano (departamentos de Beni, Santa Cruz y Pando) y recientemente en la
zona del Chapare (departamento de Cochabamba). La producción fluctúa entre 1.800 a
2.400 TM, de las cuales el 90% proviene de la zona de Alto Beni. En esta zona el 12,5% de
la producción proviene del cacao Nacional Boliviano y el restante de cacao híbrido y clonal
que fue introducido de Trinidad y Tobago y Ecuador. 

En la región amazónica del norte boliviano, se ha identificado cacao silvestre que ha sido
reconocido por varios autores como cacao Forastero amazónico. Este cacao es localmente
llamado “Criollo”, “Nativo” o Nacional. Por las condiciones naturales en las que se produce,
forma parte de un sistema de recolección llamado extractivismo, en el que los lugareños sólo
se dedican a la cosecha de semillas sin darle ningún tipo de manejo a los árboles. Al parecer,
este mismo cacao fue trasladado al Alto Beni donde fue cultivado, aunque con un bajo nivel
de manejo.

Con el propósito de conocer la variabilidad morfológica y genética presente en el cacao
Nacional cultivado en Alto Beni, se estudiaron 73 genotipos procedentes de nueve fincas en
cuatro localidades. Se utilizaron 52 características cuantitativas y 30 cualitativas, de la flor,
fruto, semilla y hoja.  Estas mismas características se midieron en cinco clones interna-
cionales (EET 400, OC 77, PA 121, ICS 1, TJ 1) como referencias representativas de los
complejos Forastero y Trinitario. Se realizaron análisis de conglomerados y discriminante
canónico para identificar las diferencias y semejanzas entre el cacao Nacional y los clones
de referencia y entre subgrupos dentro del cacao Nacional.

Se identificaron dos grupos dentro de los 73 genotipos de cacao Nacional estudiados, que
difieren mayormente en las características de la flor, el fruto y la semilla.  Se encontró
amplia variación entre grupos en 20 características cuantitativas evaluadas.  Aunque se estu-
diaron genotipos de cuatro localidades distantes en el Alto Beni, se detectó la presencia de
solo dos grupos, sugiriendo que las plantaciones de cacao Nacional que existen actualmente
fueron establecidas a partir de pocas plantas y que hubo un amplio intercambio de semillas
de este cacao entre localidades. Sin embargo, el cacao Nacional es considerado como un
cacao del tipo Forastero,  aunque no mostró afinidad con ninguno de los genotipos
Forasteros de referencia. Las características que más contribuyeron a diferenciar los genoti-
pos dentro del cacao Nacional fueron: largo de lígula, presencia de antocianina en filamento
del pétalo y relación entre el surco primario y secundario. Las características que con-
tribuyen a diferenciar los genotipos nacionales de los forasteros y trinitarios son: largo del
pedúnculo, peso seco de la semilla, espesor del mesocarpio y porcentaje de semillas con

1Basado en:
Villegas, R. 2004. Caracterización morfológica del cacao Nacional (Theobroma cacao L.)cultivado en la zona de Alto Beni, Bolivia.
Tesis. Ing. Agr. UMSA. La Paz, BO. 79 p. 

Cerda, R. 2004. Diagnóstico de enfermedades fungosas en genotipos cultivados de cacao (Theobroma cacao L.) en floración y
fructificación en localidades productoras de Alto Beni, Bolivia. Tesis. Ing. Agr. UMSA. La Paz, BO. 96 p.
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color púrpura intermedio. Las características ancho de la lígula, presencia de antocianina en
lígula y largo de la hoja contribuyen a diferenciar dentro y entre genotipos de cacao.

Para determinar la incidencia de enfermedades del cacao se observaron diez árboles cen-
trales de una parcela temporal de 1.000 m2 durante las épocas de floración y fructificación.
La incidencia de la enfermedad escoba de bruja (Moniliophthora  perniciosa) durante la
época de floración fue  menor a 40% en el cacao Nacional, 73% en el cacao híbrido y 52,6%
en el cacao clonal. La incidencia en los frutos fue menor del 34,5% en el cacao Nacional,
75% en el cacao híbrido y 62% en el cacao clonal.

Las principales razones del porqué los agricultores del Alto Beni continúan cultivando el
cacao Nacional se debe principalmente a que la época de cosecha es temprana comparada
con el cacao híbrido y clonal, y porque muestra más resistencia a enfermedades como escoba
de bruja (M. perniciosa) y mazorca negra (P. palmivora). Se considera importante continuar
estudios sobre el cacao Nacional incluyendo atributos como calidad de semillas, y expandir
los estudios a otras regiones del norte boliviano (Río Beni) donde el cacao crece de forma
natural y de esta manera incrementar el conocimiento sobre este tipo de cacao y usar la
información para investigaciones en mejoramiento genético.

Abstract

Characterization and Preliminary Evaluation of Bolivian Nacional Cocoa
Cultivated in Alto Beni, Bolivia

The cocoa producing regions in Bolivia are Alto Beni in La Paz Department, the Beni river
margin in Beni and Pando Departments and Chapare region in Cochabamba Department.
Bolivia produces between 1,800 – 2,400 tonnes of cocoa per year. Ninety percent of the pro-
duction comes from Alto Beni. In Alto Beni, 12.5 percent of the production comes from the
Nacional cocoa type, and the rest comes from hybrid and clonal cocoa types that were intro-
duced from Trinidad and Ecuador. In the Amazon region, around the Beni river margin,
cocoa grows in natural conditions and has been identified as a Forastero cocoa type by vari-
ous authors. It is locally named as “Criollo”, “Nativo” or Nacional and is harvested as an
extractive crop without any tree management. In Alto Beni, cultivated Nacional cocoa is
supposed to be originated from spontaneous cocoa trees growing in the lower Beni area.

The objectives of this research were to study the morpho-physiological variation present
in the Nacional cocoa from Alto Beni, Bolivia. Seventy-three Nacional cocoa genotypes
from nine farms of four different locations were characterized and evaluated. Five Forastero
and Trinitario clones (EET 400, OC 77, PA 121, ICS 1, TJ 1) were also included in the study
as reference genotypes. Fifty-two quantitative and thirty qualitative characteristics from the
flower, fruit and seed were measured. Cluster analysis and canonical discriminant analysis
were performed to determine the morphological variation and relationship between the
genotypes.

The 73 Nacional cocoa genotypes were separated into two different morphological
groups with the main differences attributed to the flower, fruit and seed characteristics. A
high variation between groups existed for twenty characteristics. No correspondence was
found between groups and the place of origin of genotypes. This is a clear indication that the
Nacional cocoa has originated from a few trees and has been widely distributed among
farmers. Although the Nacional is considered as a Forastero type, it did not show affinity
with any of the Forastero reference genotypes. The characteristics that contributed most to
differentiate the groups within Nacional were ligule length, presence of anthocyanin in the
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petal filament, and the primary and secondary furrow ratio. The characteristics that most dif-
ferentiated between the Nacional and Forastero or Trinitario genotypes were peduncle
length, dry seed weight, mesocarp thickness, and percentage of  beans with light purple
color. Ligule width and leaf length contributed to differentiating within and between the
Nacional and other genotypes. 

Nacional cocoa showed approximately 50% less incidence of witches’ broom
(Moniliophthora perniciosa) infected trees and also a lower incidence of Phytophthora pod
rot compared to clonal and hybrid cocoa. The main reasons that the farmers in Alto Beni
continue to cultivate Nacional cocoa are its earliness and its high resistance to diseases. It is
important to continue the studies on Nacional cocoa, including its quality attributes, and to
expand the study to other regions (Lower Beni) in order to increase the knowledge of this
type of cocoa and to use this information in research and cocoa genetic improvement.   

Introducción

La producción de cacao en Bolivia varía entre 1.800 y 2.400 TM al año, de las cuales un
85% se produce en las plantaciones en la zona de Alto Beni (CEPROBOL 2003) y el restante
se obtiene en forma extractiva del cacao silvestre encontrado en los Departamentos de Beni
y Pando. Del total de la producción de Alto Beni el 12,5% proviene del cacao “Nacional”
boliviano (llamado Nacional en el presente artículo) y 87,5% procede del cacao conocido
como híbrido, introducido a la zona desde hace aproximadamente 45 años, y de cacao clonal
introducido en 1980 (July Martines 2007). 

El cacao Nacional boliviano es conocido también como cacao “Silvestre”, “Criollo” o
“Nativo”. Se encuentra ampliamente distribuido en las márgenes de los ríos Beni, Madre de
Dios, Mamoré e Itenez de Bolivia (Bartley 2005, CEPROBOL 2003, Lugo 1981), llegando
su distribución hasta los 15º latitud Sur (Alto Beni) en el Departamento de La Paz, siendo tal
vez ésta la extremidad sur del rango de distribución de las poblaciones de cacao en la cuenca
amazónica (Bartley 2005).

En Alto Beni, el cacao Nacional es cultivado desde hace más de un centenar de años por
indígenas Mosetenes naturales de la zona, quienes, con ayuda de los misioneros
Franciscanos domesticaron el cultivo (Alvim y Machicado 1962). Sin embargo, se
desconoce la procedencia de las poblaciones existentes en la región (Bartley 2005). 

Soria (1965) citado por Allen y Lass (1983) observó el cacao de Alto Beni de Bolivia, y
señaló que las plantas eran similares al cacao silvestre de la región del Bajo Beni y al cacao
de la Amazonía brasileña y lo clasifica como Amelonado amazónico. Él resaltó las sigu-
ientes características: mazorca inmadura de color verde, fruto de forma alargada, ápice del
fruto de punta pequeña, superficie de la mazorca ligeramente rugosa con 10 surcos bajos,
semilla de color púrpura, pigmentación ausente en el filamento del estambre de la flor y
mencionó que este cacao es de porte elevado.

Zeballos y Terrazas (1970) y Milz (1990) reconocen al cacao Nacional boliviano como
cacao forastero amazónico, por ser originario de la Amazonía, recalcando que presenta
semillas bastante pequeñas lo que no facilita su comercialización como materia prima, debi-
endo industrializarse en el país para poder exportarse como manteca de cacao.

Actualmente, el cacao Nacional boliviano es cultivado en la zona de Alto Beni y
explotado por comunidades indígenas de forma extractiva en el norte boliviano.  Se estima
una producción aproximada de 300 TM de cacao seco por año (CEPROBOL 2003), de las
cuales un 10% proviene del cacao Nacional cultivado en Alto Beni. Este cacao se encuentra
bien adaptado a las condiciones climáticas del lugar y tanto el cultivo como la producción
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han subsistido frente a problemas fitosanitarios e incluso a la falta de labores culturales.
Hasta la fecha poco se ha estudiado sobre las características de esta población. 

En el presente artículo se describen algunos detalles sobre la situación actual del cacao
Nacional de Bolivia, sus características morfológicas, la afinidad con otros complejos
genéticos de cacao, como los Trinitarios y Forasteros, y se presenta el grado de incidencia de
las dos enfermedades más importantes de la zona donde es cultivado (Moniliophthora  per-
niciosa y Phythoptora palmivora).

Situación actual del cacao Nacional boliviano

En Bolivia se cuentan con aproximadamente 8.500 has de cacao Nacional, de las cuales,
alrededor de 1.200 has se encuentran en el Departamento de La Paz, en las zonas de Alto
Beni, Ixiamas, Parque Nacional Madidi, San Buenaventura, y en las Tierras Comunitarias de
Origen (TCO) Tacana. Aproximadamente 6.200 has están distribuidas en las comunidades
de Baures, San Ignacio de Moxos, Carmen de Emero, San Silvestre y en las TCO del
Departamento de Beni; las restantes 1.100 has están dispersas en los Departamentos de
Pando, Santa Cruz y Cochabamba (CIPCA 2006, Marshall et al. 2006). En los lugares donde
el cacao Nacional es cultivado existen alrededor de 400 plantas ha-1, con una densidad de
siembra de 5 por 5 m. 

El rendimiento en cacao Nacional seco en Alto Beni y en las zonas en la que se halla de
manera silvestre, fluctúa entre 0,17 a 0,27 TM ha-1, diferencia que se debe a la densidad de
siembra y el tipo de sistema de producción. Tanto en plantaciones silvestres como culti-
vadas, el cacao Nacional se produce bajo un sistema de producción tradicional, sin uso de
agroquímicos (fertilizantes, plaguicidas y herbicidas) y con poco manejo, que consiste bási-
camente en deschuponado y raleo de ramas. La época de mayor producción de cacao
Nacional se concentra en los meses de enero a marzo, esto se diferencia de los cultivares
introducidos (cacao híbrido y clonal) cuya época de producción es de marzo a junio.

Los productores diferencian dos variedades de cacao Nacional, una que produce mayor
número de mazorcas con menor número de semillas y otra que produce menor número de
mazorcas con mayor número de semillas; siendo de preferencia esta última por su sabor. El
cacao Nacional, aunque de baja producción, es reconocido tanto por productores como com-
erciantes por su alto calidad de manteca (Marshall et al. 2006). A la fecha, se conoce que el
contenido de grasa de este cacao cultivado en Alto Beni es de 50,3% (PIAF 2005). 

Otra característica de importancia del cacao Nacional de Alto Beni es el peso de la semi-
lla que se encuentra alrededor de 0,9 g en peso seco, peso que no es favorable para la
exportación en grano, por lo que gran parte de su producción es transformada en pasta2 de
chocolate de forma artesanal en las mismas áreas donde se produce, de manera que se
facilite su comercialización. La Central de Cooperativas El Ceibo3 industrializa este tipo de
cacao en el país para la comercialización de manteca, licor de cacao y productos con valor
agregado, puesto que las exigencias de mercado no permiten la exportación como materia
prima.

En áreas donde se encuentra de forma silvestre, los indígenas se dedican a la explotación
extractiva, donde es reconocido como un producto forestal no maderable (PFNM).
Recientemente, debido a la creciente demanda de cacao, algunos transplantan plantas de
regeneración natural  a lugares cercanos a sus viviendas (Marshall et al. 2006). Sin embargo,

2 Pasta de chocolate se refiere al cacao molido sin que se separe la manteca, hecho artesanalmente y sin ningún aditivo que se
vende en mercados locales cercanos a la zona de producción.

3 Organización de productores que asocia a 40 cooperativas de productores de cacao de Alto Beni.
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la mayor parte de los agricultores prefieren ampliar sus áreas productivas con variedades
introducidas y han dejado de cultivarlo por tener semillas bastante pequeñas y ser poco pro-
ductivo con relación al cacao foráneo (híbrido y clonal). Esta tendencia se ha incrementado
por el aumento del precio del cacao en los últimos años, factor que puede tener consecuen-
cias negativas sobre la disponibilidad futura de material genético de cacao Nacional
(Maldonado 2002). A este factor de riesgo, se suman las condiciones climáticas adversas,
como inundaciones e incendios, que recientemente han afectado negativamente las áreas
productivas.

Actualmente, no se cuenta con un banco de germoplasma donde se preserve la variabili-
dad genética existente del cacao Nacional. En 1987, se realizó una colecta limitada de ger-
moplasma de cacao en los márgenes del río Beni en los Departamentos de La Paz y Beni.
Estas colecciones fueron establecidas en las estaciones experimentales Sapecho (Alto Beni
– La Paz) y La Jota (Chapare – Cochabamba) (IBTA 1987); pero no fueron caracterizadas y
conservadas apropiadamente. 

En Alto Beni y en otras zonas donde se está ampliando las áreas productivas de cacao se
emplean semillas de cacao Nacional para patrón de injertos de clones más productivos, dada
la escasez de semilla de variedades mejoradas para este fin. Esta práctica se ha difundido
mucho en los últimos diez años, principalmente, por que se ha observado buena afinidad con
el cacao injertado y que hasta la fecha no se han presentado problemas severos de incidencia
de enfermedades como el mal de machete (Ceratocystis frimbiata).

Gran parte de las áreas donde se produce cacao Nacional se encuentran en regiones con
dificultades de acceso (caminos inestables en épocas de lluvia) o a los que solo se puede
acceder vía fluvial. Este factor influye negativamente en la comercialización y en la
ampliación de áreas productivas. Sin embargo, este tipo de cacao es una fuente importante
de ingreso económico para muchas familias.

Características morfológicas del cacao Nacional cultivado en Alto Beni

Las características morfológicas fueron determinadas a partir del estudio de 73 árboles
seleccionados al azar en nueve plantaciones ubicadas en las áreas II, VI y VII del Alto Beni,
entre los 15º 33’ y 15º 46’ latitud sur; 66º57’ y 67º20’ longitud oeste, con altitud promedio de
500 msnm, precipitación anual promedio de 1.300 mm y temperatura anual media de 25ºC.
Además, se utilizó como referencia cinco clones de los grupos genéticos Trinitario y
Forastero (EET 400, OC 77, PA 121, ICS 1, TJ 1) del banco de germoplasma de la Central
de Cooperativas El Ceibo.

Para la caracterización y comparación de los genotipos de cacao Nacional boliviano y
los clones de referencia se utilizaron 82 características para la flor, fruto, hojas y semilla
(IBPGR 1981) y los descriptores cualitativos y cuantitativos descritos por Engels et al.
(1980). Previo al análisis estadístico de las 82 características evaluadas se realizó un
análisis de correlación, dónde se determinó que muchas características presentaban alta
correlación entre sí. En los grupos de características con alta correlación se seleccionó una
característica representativa del grupo y con valor agro morfológico. A partir del análisis
de correlación se seleccionaron 33 características menos correlacionadas entre sí. Estas
fueron utilizadas para hacer los análisis multivariados para establecer las relaciones entre
las características morfológicas de los genotipos estudiados. Para determinar la incidencia
de enfermedades se observó la presencia de síntomas en la fase de floración y fructifi-
cación sobre 10 árboles centrales de parcelas de 1.000 m2 en plantaciones cultivadas de
cacao Nacional, híbrido y clonal. 
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El análisis discriminante canónico (Figura 1) determinó que los primeros dos ejes expli-
can el 90% de la variación observada. El eje canónico 1 es el que más contribuye (68,7 %) a
la diferenciación de los genotipos nacionales respecto a clones de referencia , y en menor
grado el eje canónico 2, cuya contribución solo es de 21,4 %, siendo éste último el que con-
tribuye en mayor proporción a la diferenciación entre los subgrupos de los genotipos de
Nacional estudiados. La figura 1 muestra que los clones de referencia de Forasteros y
Trinitarios (Grupo 1) son morfológicamente diferentes de los genotipos de cacao Nacional
boliviano (Grupo 2). Los dos grupos se encuentran separados con una distancia genética de
31,3 (distancia euclidiana). El grupo Nacional se subdividió en tres subgrupos (Subgrupos
2a, 2b y 2c), con una distancia genética menor entre ellos, que indica que existen diferencias
morfológicas entre los genotipos Nacional estudiados. Además, no se encontró correspon-
dencia entre los subgrupos y la procedencia geográfica de los genotipos, lo cuál, evidencia
que ha ocurrido un fuerte movimiento de material de propagación entre las comunidades.

El análisis de componentes principales permitió determinar las características que con-
tribuyen a discriminar entre grupos y dentro de subgrupos (Figura 2).  Las características
con mayor valor discriminante entre grupos fueron: longitud del pedúnculo, antocianina en
lígula del pétalo, peso seco de la semilla, espesor del mesocarpio, largo de la hoja, ángulo
apical de la hoja,  ancho de la lígula del pétalo, y porcentaje de semillas con color púrpura
intermedio. Para la diferenciación entre subgrupos (eje canónico 2),  las características que
más contribuyeron a discriminar fueron: largo de la lígula del pétalo, presencia de antocian-
ina en filamento y lígula del pétalo, relación  entre surco primario y secundario, largo de
hoja, ancho de lígula de pétalo, número de semillas, espesor del mesocarpio y relación de
separación entre el surco primario y secundario  (Figura 2).  

Figura 1.  Distribución de 73 genotipos de cacao Nacional y 5 clones forasteros, agrupados
mediante análisis de 33 características morfológicas, por el método de análisis discriminante
canónico
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Figura 2. Valor discriminante de las características morfológicas estudiadas que contribuyen a
explicar la variabilidad observada en la población de cacao Nacional de Bolivia y los clones de
referencia 
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Los resultados obtenidos en el estudio concuerdan con los reportados por IBTA (1987), para
el germoplasma de cacao silvestre recolectado en las márgenes del río Beni, los cuáles,
fueron identificados como “Amazónicos típicos” y los recolectados en pie de monte que
presentan características de cacao “Amelonado”. En el Cuadro 1, se presenta los promedios
y el coeficiente de variación para las características discriminantes, por grupo y subgrupo,
así como, el coeficiente de variación para la población en general, que a su vez concuerdan
con las características reportadas por Enríquez (1996), Enríquez y Soria (1981), como carac-
terísticas útiles para diferenciar entre genotipos de cacao. Además, es importante señalar el
grado de variación que se presenta entre grupos y subgrupos del cacao Nacional y los clones
de referencia, que a su vez, es un claro indicativo de la alta variabilidad morfológica pre-
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sente en la población estudiada, así como, para definir una estrategia para la conservación ex
situ de la variabilidad existente y definir futuros trabajos de investigación.

Se desconoce si las poblaciones de cacao Nacional existentes en Alto Beni son nativas de
la región o si fueron introducidas de áreas en las que se encuentra de manera silvestre, pero
es muy probable que provengan de plantaciones sobrevivientes introducidas por las
misiones Franciscanas y establecidas en valles aislados (Bartley 2005; Alvim y Machicado
1962). Por las características de las mazorcas y semillas detalladas en la recolección de ger-
moplasma proveniente del Río Beni y sus márgenes, es posible que las plantaciones exis-
tentes en Alto Beni tengan la misma procedencia. Las características del cacao Nacional de
Alto Beni coinciden con el complejo genético Forastero, presentan mazorcas ovoides o
amelonadas, amarillas cuando maduras, cáscara ligeramente rugosa, semilla pequeña color
violeta oscuro y estaminoides pigmentados color violeta (Parra 2000, Milz 1990, Soria
1966). El Alto Beni es posiblemente el extremo sur de la distribución del complejo forastero
en la cuenca amazónica (Bartley 2005). 

Otras características del cacao Nacional

Los árboles de cacao Nacional del Alto Beni son de porte alto (8-10 metros), con muchos
chupones (brotes basales) por falta de labores de poda. La época de floración y fructifi-
cación es temprana con relación a los híbridos.  La floración del cacao Nacional” inicia en el
mes de octubre alcanzando su máximo en noviembre, mes en que se inician las lluvias. El

Cuadro 1. Media, y coeficiente de variación (CV en %) de características cuantitativas
discriminantes para los clones de referencia y grupos genéticos de cacao Nacional
identificados en el estudio

Variable GRUPO 1 GRUPO 2 (Cacao Nacional)
(Clones de Población 
referencia) Subgrupo 2 a Subgrupo 2 b Subgrupo 2 c total

Media CV Media CV Media CV Media CV CV
Largo Pedúnculo (mm) 16,03 4,2 13,66 14,5 14,79 12,5 15,42 10,7 13,9

Largo Sépalo (mm) 8,44 11,5 8,20 6,3 8,75 7,3 8,75 7,1 7,6

Ancho Sépalo (mm) 2,43 10,5 2,92 8,2 3,12 9,8 3,12 7,74 10,4

Largo Estaminodio (mm) 0,64 8,8 6,88 10,8 8,11 6,4 7,55 6,1 11,0

Largo Lígula (mm) 3,70 6,4 2,94 11,9 3,12 13,3 3,61 5,2 13,9

Ancho Lígula (mm) 2,51 17,4 2,92 11,0 3,25 10,2 3,32 4,4 12,3

Largo Estambre (mm) 2,99 2,3 2,72 11,0 2,53 18,0 3,15 9,6 14,6

Largo Estilo (mm) 2,20 12,9 2,15 16,5 2,46 12,1 2,42 9,9 15,0

Largo Ovario (mm) 1,78 15,9 1,86 21,9 1,89 15,8 2,13 11,1 18,6

Ancho Ovario (mm) 1,46 6,9 1,40 9,3 1,56 19,6 1,52 12,2 14,3

Nº de Óvulos 46,03 9,5 38,50 11,7 39,42 8,4 40,15 11,0 11,3

Surco 1rio/Surco 2rio 0,70 10,0 0,78 4,4 0,78 4,1 0,76 4,0 5,3

Largo Fruto (mm) 168,8 2,8 111,93 13,5 118,5 9,5 116,0 9,9 15,8

Grosor cáscara (mm) 11,59 18,6 8,79 14,3 8,82 10,2 8,88 12,2 15,2

Espesor mesocarpio (mm) 5,74 28,0 4,67 18,5 4,72 18,0 4,88 21,7 20,3

Peso Cáscara (g) 450,5 36,6 213,82 16,8 224,5 20,9 218,5 26,1 36,9

Nº semillas 28,09 28,2 22,38 19,9 25,06 13,0 21,10 15,0 19,6

Nº semillas Planas 1,78 80,1 0,7 134 0,4 103 0,6 110 128

Largo Hoja (cm) 27,59 9,3 27,90 10,6 29,23 7,8 29,44 6,2 9,2

Largo/Ancho Hoja 2,86 5,8 3,21 7,3 3,41 9,5 3,50 8,90 9,6

Peso Seco Semilla (g) 1,34 27,6 0,59 12,9 0,65 11,8 0,65 8,8 31,6

Espesor  Semilla (mm) 9,29 11,8 6,91 7,4 6,82 5,4 7,23 4,3 10,8
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Genotipos de cacao cultivados Porcentaje de Incidencia 
en Alto Beni

Floración Fructificación
(Noviembre a febrero) (Marzo a junio)

Nacional 37,0 a 34,0 a

Clones 52,6 a 62,1 b

Híbridos 73,1 b 75,0 c
Letras diferentes en columnas indican diferencias significativas (Prueba LSD Fisher, p<0,05).

Genotipos de cacao cultivados Porcentaje de Incidencia
en Alto Beni

Floración Fructificación
(Noviembre a febrero) (Marzo a junio)

Nacional 9,0 a 22,0 a

Clones 13,1 a 24,2 a

Híbridos 15,1 a 29,5 a
Letras diferentes en columnas indican diferencias significativas (Prueba LSD Fisher, p<0,05).

Cuadro 2. Incidencia de la enfermedad escoba de bruja (M. perniciosa) en Alto Beni, Bolivia.

Cuadro 3. Incidencia de la enfermedad mazorca negra (Phytophthora palmivora) en Alto Beni,
Bolivia.

cacao Nacional presentó mayor floración en ramas que en troncos, debido probablemente a
la falta de poda que aumenta el auto-sombreo, que impide la entrada de luz al tronco y no
estimula la floración de los cojines.  

Incidencia de enfermedades

En Alto Beni la enfermedad de mayor importancia en el cacao es la escoba de bruja
(Moniliophthora perniciosa) por su alta incidencia a lo largo del año y por ser la que oca-
siona mayor daño a las mazorcas, y la segunda enfermedad en importancia es la mazorca
negra (Phytophthora palmivora) por el ataque a mazorcas durante la fructificación (Cerda
Bustillos 2004). 

Tanto en la época de floración como en la de fructificación, la incidencia de escoba de
bruja es menor en el cacao Nacional que en híbridos y clones (Cuadro 2), además, se obser-
van en este menos mazorcas dañadas por escoba de bruja. La época de producción y mayor
cosecha del cacao Nacional ocurre entre enero y abril, por lo que los frutos podrían  escapar
de los picos de infección de mazorca negra en el Alto Beni, que ocurren en los meses fríos y
húmedos de junio y julio, época en la que ya ha terminado la producción de este cacao, en
cambio los híbridos y clones se encuentra en su máximo de producción. La incidencia de
mazorca negra fue ligeramente menor en este que en híbridos y clones (Cuadro 3). Además,
el cacao Nacional casi no recibe manejo por el porte alto de los árboles y pese a lo anterior
presentan menor incidencia de las dos enfermedades más importantes respecto a los híbridos
y clones que reciben podas de mantenimiento y fitosanitarias. Esto hace suponer que pueda
tener mayor tolerancia a la escoba de bruja y que si las plantaciones de este cacao fueran
manejadas con podas y controlando la altura de los árboles, también tendrían menor inciden-
cia de mazorca negra y por tanto tendrían mejor producción.

Otro problema fitosanitario de importancia, muy evidente en Alto Beni, es el ataque del
chinche (Monalonium dissimulatum) a las mazorcas de cacao provocando pérdidas de simi-
lar importancia que la escoba de bruja. Por observación de las diferentes plantaciones en las
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áreas de Alto Beni fue evidente que esta plaga causa más daños en híbridos y clones; mien-
tras que en plantaciones de cacao Nacional no se observan ataques tan drásticos del chinche. 

Conclusiones

El germoplasma de cacao Nacional cultivado y silvestre existente en todas las áreas produc-
tivas de Bolivia presenta un serio riesgo de pérdida debido a las condiciones climáticas
adversas (inundaciones) y a la introducción de cultivares foráneos.

Se desconoce la procedencia del cacao Nacional cultivado en Alto Beni, sin embargo,
este tipo de cacao presenta características similares a las de las plantaciones silvestres del
Río Beni de la cuenca del Amazonas, siendo probablemente el Alto Beni la extremidad sur
de dispersión de este recurso genético.

El cacao Nacional presenta diferencias morfológicas en relación a los clones de referen-
cia Forasteros y Trinitarios utilizados en este estudio. 

Los genotipos de cacao Nacional presentan variabilidad morfológica, por tanto también
podría presentar amplia diversidad genética para características de importancia agronómica,
sobre todo en aquellas áreas donde se encuentra en estado silvestre. 

La variabilidad morfológica presente en el cacao Nacional puede ser de utilidad para el
mejoramiento genético del cultivo, porque se encuentra bien adaptado a las condiciones
edafoclimáticas del lugar, ha sido utilizado y ha respondido bien como patrón de injertos y
presenta menor incidencia a las enfermedades de  mayor importancia en Alto Beni (escoba
de bruja y mazorca negra).

El cacao Nacional es un material genético original, por lo que puede tener características
organolépticas (aroma) propias. Por tanto se recomienda realizar estudios para verificar la
calidad de manera que los productores de este cacao puedan obtener algún provecho adi-
cional por calidad.
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Abstract

In 2001, 65 accessions on 21 organic cocoa farms in north-western Guyana, on the bor-
der with Venezuela, were morphologically characterised using 22 qualitative and quantita-
tive measurable traits from the UWI/CRU descriptor list. Mean peeled bean weight was
1.04±0.46 g. Mean pod index (PI) was 36.3±21.96. Ten accessions were found to have good
yield potential with individual dried bean weight of at least of 1.2g and PI below 21. Pale
coloured beans which have no or low concentrations of anthocyanin pigment were found
among 14 accessions. Cocoa trees were also screened for incidence of black pod disease
(Phytophthora spp.), and witches’ broom disease (Moniliopthora perniciosa). Forty-seven
percent of the total pods sampled were infected with Phytophthora and one or more other
weak fungal pathogens including, Fusarium, Aspergillus, Penicillum, Colletotrichum and
Rhizopus. Rapid screening of high-yielding and fine flavour cocoa selections for resistance
to black pod using the detached pod inoculation method was carried out under laboratory
conditions at the Mon Repos research station, 325 km away. On an eight-point disease rat-
ing scale, mean cocoa pod disease resistance was 5.5±1.2. Using the pod and bean technical
coefficients for yield, the total dry bean loss to black pod disease was estimated at 0.1 kg per
tree. Witches’ broom disease was not observed on-farm in the northwest region of Guyana
although it is reported in other parts of the country. However, when seedlings of high-yield-
ing and fine flavour cocoa selections from farms in northwest Guyana were inoculated with
the pathogen under controlled conditions at the Mon Repos research station, they showed
susceptibility to witches’ broom disease. Preliminary results of morphological characterisa-
tion and evaluation of on-farm cocoa in northwest Guyana revealed a wide cocoa genetic
diversity, identified Trinitario as the most important of the genetic groups of on-farm cocoa
sampled, and established the presence of fine flavoured cocoa and the absence of symptoms
of witches’ broom disease. 

Preliminary Characterisation and Evaluation of
Cocoa (Theobroma cacao L.) On-farm Genetic
Diversity in the Northwest Region of Guyana
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Abstract

Since the introduction of witches´ broom (WB) disease into Bahia, Brazil, in 1989, both
farmers and extension agents have participated intensively in the process of selecting cacao
clones. Many of them have accumulated considerable information on the clones planted in
the region; particularly those selected from farmers’ fields. Sixty-seven clones were evalu-
ated by 24 farmers and extension agents. Each clone was scored by at least five participants.
The farmers were asked to assess the clones for annual yield, resistance to WBin the canopy,
floral cushion and pods, resistance to BP (BP) and percentage yield in the secondary
(“Temporão”) season. A score representing the overall value of the clone under evaluation
was also added.

According to farmers, the annual yield was the most important factor contributing to the
overall value of a clone, representing 96.5% of the variation in that variable. Apart from
resistance to BP (BP), the consistency of the scores assigned by different farmers and exten-
sion agents to each clone was quite high (repeatability > 0.23). Clones PH 16, PS 13.19, PH
15, SJ 02, PH 09, CEPEC 2002, Ipiranga 1, CCN 10, CEPEC 2004, CCN 51, LP 06, PH 92,
VB 1128 and CP 49 outperformed the other clones in the farmers’ and extension agents’
overall estimation. The overall score (reflecting the overall quality of the clone) and the
scores for individual traits (resistance to WB and BP, annual and secondary season yield)
assigned by farmers and extension agents to clones recommended for planting, at different
periods (1995 to 2004), increased on average with the recommendation year. Therefore, in
the farmers´ perception, the varieties recommended today are better than those recom-
mended in previous years and also better than non-recommended clones.

Introduction

Since the introduction of witches´ broom (WB) disease, caused by the pathogen
Moniliophthora perniciosa (Aime and Phillips-Mora 2005) (formerly reported as Crinipellis
perniciosa), into Bahia, Brazil, in 1989, a large-scale programme to substitute susceptible
varieties by resistant ones has been implemented in the region. Many strategies have been
adopted, including selection of resistant plants in farmers’ plantations and on-farm testing of
the best derived clones (Lopes et al. 2003a; Lopes et al. 2003b). 

In 1993, when WB disease had become well established in the region, breeders and
extension agents of CEPLAC, with the farmers’ participation, embarked on a programme to
select trees from farmers’ fields under high incidence and severity of the disease (Lopes et
al. 2003b). By the end of the 1990s, the farmers, stimulated by CEPLAC, started their own
selection programme. More than five thousand plants were pre-selected in the region, and
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many of them were properly labelled and put into clonal farm gardens or plantations. In this way,
the clones could be easily identified, allowing them to be assessed after the initial selection.

Due to the active participation of farmers and extension agents in the process of selecting
and interchanging clones, associated with the continued observation of the performance of
these clones not only in their own farms, but also in many other farms, a broad experience of
clones planted in the region was accumulated. This experience could help breeders not only
to identify the best clones for testing, but also to obtain feedback on the performance of the
clones recommended for planting and on the farmers´ selection criteria.

In this study, we interviewed farmers and extension agents, usually with a broad experi-
ence of clone performance, with the aim of assessing clones selected by them and to get
feedback about the traits they consider important when choosing a variety.

Materials and Methods

Data Collection

A questionnaire was submitted to 40 farmers and extension agents (hereafter jointly referred to
as farmers) in order to assess a set of clones, using the criteria described below. However, only
the information received from the 24 farmers and extension agents, who have returned the ques-
tionnaire so far, will be used here. 

The questionnaire was submitted only to farmers and extension agents with a broad experi-
ence of clones. Most of them have selected trees on their own plantations, which has resulted in
some clones being widely planted in the region, and now found in many clonal gardens or plan-
tations.

A hundred and four clones were included in the questionnaire, but the farmers were encour-
aged to include other good clones of their own choice. In total, 197 clones were assessed by at
least one evaluator. However, only the results of 67 clones, scored by at least 5 farmers, are
included here. Most clones were selected on farmers’ plantations, but certain clones recom-
mended for planting by the Cacao Research Centre (CEPEC/CEPLAC) were also included.

Each clone was assessed for six variables. Usually a scale of scores ranging from 1 (very bad
for that trait in the opinion of the farmer) to 10 (very good for that trait) was used to assess the
clones. Other information required from the farmer was the level of confidence in assessing
each clone, as described below: 

Level of confidence (LC): this expresses the level of confidence that the farmers felt in
assessing a particular clone. The farmers were asked to score clones well known to them with a
high confidence level. Other clones, recently identified or not well known to the farmers were
to be scored with a lower confidence. A scale of 1 (lowest level of confidence) to 10 (highest
level) was used. The score zero was used when the farmer did not feel comfortable in assessing
the clone listed and, then, no further evaluation was made for that clone.
- Yield score (YS): expresses the amount of beans annually produced by the clone being

evaluated. A scale of 1 (very low yield) to 10 (very high yield) was used.
- Vegetative broom (VB) resistance: expresses the clone’s level of resistance to WB in the

canopy, i.e. the number of vegetative brooms produced in that clone’s canopy per year.
The smaller the number of vegetative brooms, the more resistant the clone. Again, a scale
of 1 (low resistance) to 10 (high resistance) was used. 

- Pod broom (PB) resistance: expresses the percentage of pods lost by the clone to WB
annually. The lower the percentage of pods lost; the more resistant the clone. Again, a
scale of 1 (low resistance) to 10 (high resistance) was used. 
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- BP (BP) resistance: expresses the percentage of pods lost by the clone to BP annually.
The lower the percentage of pods lost; the more resistant the clone. A scale of 1 (low
resistance) to 10 (high resistance) was used.

- Secondary season yield (SSY): expresses the percentage of pods produced by that
clone, in the secondary season (called “Temporão”, in Portuguese), from April to
August, in Bahia, Brazil. Clones producing a large number of pods in the secondary
season tend to escape WB and BP and increase the cash flow during the year, which is
expected to be a trait desired by farmers. Here, the farmer was requested to estimate
the approximate percentage of pods in the secondary season (0 to 100%).

- Overall score (OS): expresses the clone’s overall rating in the opinion of the farmer. The
farmers were asked not to interpret the OS simply as the average of the individual scores,
but as a judgement of the clone in its entirety as a variety. Again, a scale of 1 (worst
clones) to 10 (best clones) was used.

Adjustments and Correlations

Considering that the clones were evaluated with different accuracy and precision (according to
the farmer’s level of confidence) and not all clones were scored by the same farmers, some
adjustments were required. In order to adjust for the first problem, each score (YS, VB, PB, BP,
SSY, OS) was weighted by the level of confidence (LC) that the farmer attributed to the clone,
so that the average of these new values was a weighted average, for example:
in which YSjwas the clone average of the yield scores (YSij) weighted by the confidence
level (LCij) of the ith farmer in assessing the jth clone.

In order to adjust for the fact that not all farmers scored all clones, the least squared
means were obtained using SAS/Proc GLM/LSMeans (SAS Institute Inc. 1989). 

Pearson correlation coefficients were estimated between the unadjusted and adjusted val-
ues by weighting with the level of confidence and using the least square means, in order to
assess the efficiency of using the adjusted values in further analyses. Correlations were also
estimated between all scores (YS, VB, PB, BP, SSY, OS) aiming to evaluate the interrela-
tionships between them.

Farmer Selection Index

In order to assess the importance of each trait (YS, VB, PB, BP, SSY) for how good the
clone was in the farmers’ estimation, these traits were regressed on the overall score (OS).
This was a kind of selection index, in which the regression coefficient associated with each
trait was the weight the farmer had put on that particular trait when choosing a clone (De
Groote et al. 2006). First, a full model was adjusted by multiple linear regression of all traits
on the overall score and then a stepwise strategy was used to identify the most important
traits in the farmer’s opinion. After that, a reduced model identified in the stepwise regres-
sion was adjusted. 

Likewise, to assess consistency, each trait was assessed from farmer-to-farmer and the
repeatability was estimated by:

ρ = σ2
c/[σ2

c + σ2
f + σ2]
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in which ρ is the repeatability of the scores given by different farmers to each clone, σ2
c, σ

2
f and σ2

are the variance components associated with clones, farmers and residues, respectively. All vari-
ance components were estimated using Proc Mixed, in SAS (Littell et al. 1996).

Path coefficient analysis was performed also aiming to assess the contributions of indi-
vidual traits (YS, VB, PB, BP and SSY) on the overall score assigned by the farmers (OS). 

Clone Averages and Risk Analysis 

The effects of clones and farmers were tested through an analysis of variance and the clone
means tested by the Scott-Knott method. The ANOVA was carried out using GLM in SAS
(SAS Institute Inc. 1989) and the test for clone means using the SASM-Agri program
(Canteri et al. 2001). The Scott-Knott test is appropriate when, like here, a large number of
treatments is used (67 clones). This test also avoids the interpretation difficulties common to
most multiple comparison tests when applied to a large number of treatments (many letters
following the same treatment average). SASM-Agri was developed for balanced data, so
here the average number of replications or farmers (approximately 13 farmers on average)
was used.

A risk analysis was conducted to improve the comparisons between clones as suggested by
Hildebrand and Russel (1996) for analysis of participatory breeding data. Hildebrand and
Russel (1996) suggested computing the probability (or risk to farmer) of the average of a given
clone to be below (or above, depending on the trait) a certain value, when the clone is assessed
in many farms. This is another way of interpreting the genotype-by-environment interaction.
Here, this technique was used to assess the chance a given farmer scoring a clone equal or worse
than one of the varieties recommended by CEPEC and widely planted in the region - the TSH
1188. This risk was computed simply as the probability (p-value), for the t test, of the average of
the clone being below the average of the clone TSH 1188 for that trait.

Results and Discussion 

Adjustments and Correlations

The adjusted means obtained, either by least square methods or by weighting with the con-
fidence level, were highly correlated with the non-adjusted means (r > 0.84**, Table 1).
Further analyses were therefore made using unadjusted values. One of the reasons for these
high correlations might be the fact that the farmers usually assessed a clone only when he
was quite confident and also because, in general, the farmers evaluated quite the same
clones. In fact, 88% of all scores for the level of confidence were above 7 (not presented). 

Most scores were highly correlated with the overall score (Table 1), indicating that, when
they qualify a clone as good, farmers are considering many traits. The correlations between
the scores for resistance (VB, PB, BP; Table 1) were all high, indicating that, at least in the
perception of the farmer, clones with a high resistance to WBin the canopy are also resistant
to this disease in the pods and to BP. Conversely, the scores associated with resistance to dis-
eases were poorly correlated to the total yield in the year and yield in the secondary season.
The low correlation between scores for resistance and for percentage yield produced in the
secondary season, if proved true in specific experiments, might be an indication that the
mechanisms involved in reduced disease incidence in some clones are associated more with
resistance per se than to an escape from the disease. 
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The high correlation between the yield in the secondary season and the whole yield pro-
duced in the year (r = 0.74**, Table 1) indicates that, at least in the farmer’s perception,
clones that produce more in the secondary season tend to produce more during the year. In
fact, in Bahia the farmers have requested clones that concentrate their production in the sec-
ondary season, confirming what was detected here.

Farmers’ Selection Index

Identifying the farmers’ perception of desirable characteristics in a clone can help the
breeder in selecting traits to be used in the selection programme. Here, instead of asking
farmers directly what traits are important for them, an indirect way was used. In the process
of scoring clones for several traits, an overall score was also requested and the importance of
each trait in explaining the variation in the overall score, estimated. 

The path coefficient analysis showed that the yield and the pod broom score present the
highest direct effect on the overall score (Table 2), showing that farmers put more weight in
traits directly related to yield. In addition, from the full regression model (Table 3) it can be
seen that, while all coefficients associated to the traits were significantly different from zero,
they were higher for the yield score and for the pod broom. When several models were
assessed by stepwise regression, the partial contribution of the yield score was around 96%.
Therefore, based on the path coefficient and regression analyses, it may be deduced that
farmers somehow tend to put more weight on yield (YS) and direct loss of yield (PB) than
on indirect forms of yield loss, as for example, through a high severity of the disease in the
canopy (VB). Considering the reduced model fitted (Table 3), when the score for yield
increases in 1 unit, the overall score increases by around 0.92 units. 

Repeatability

When choosing a clone, it is of interest to have a consensus among farmers in categorizing a
clone as good or bad. This can be estimated by the repeatability, for the clones in general, or
by the risk analysis, for specific clones. The overall score was more consistent from farmer-
to-farmer (ρ = 0.31, Table 4) than for individual traits. The good clones were apparently more
precisely (or at least more consistently) identified, than the reasons they were considered good.

The repeatability for the BP score was the lowest (Table 4). A potential reason for that is the
fact that BP disease has not been so severe in Bahia and therefore it was not easy for farmers to
distinguish between different levels of resistance. For the other traits, however, poor and good
clones were quite consistently distinguished by farmers (r > 0.23, Table 4). Again, those traits
associated with yield were slightly more consistently scored than those associated with
resistance (ρ = 0.25 and 0.26 vs. 0.03, 0.23 and 0.25, Table 4).

Clone Averages

The effect of clones and farmers were highly significant in the analysis of variance (not shown),
indicating that, in the farmers’ opinion, the clones assessed differ statistically from one another
for the traits considered. Also, the farmers differ statistically in their rigour in assessing the
clones.

Clones PH 16, PS 13.19, PH 15, SJ 02, PH 09, CEPEC 2002, Ipiranga 1, CCN 10,
CEPEC 2004, CCN 51, LP 06, PH 92, VB 1128 and CP 49 outperformed the other clones
in the farmers overall preference (Overall Score, Table 5). All these clones, apart from
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Table 3. Parameter estimates, p-values of the t-test and coefficient of determinations for the full, stepwise and
reduced regression models for the yield score, pod broom, secondary season yield, vegetative broom and BP
on the overall score assessed by 24 farmers on 67 cacao clones 

Full model Stepwise Reduced model
Variable Estimate p-value R2 partial p-value Estimate p-value
Intercept -0.128 0.5154

Yield score 0.481 <.0001 0.959 <.0001 0.918 <.0001

Pod broom 0.272 <.0001 0.015 <.0001

Secondary season yield 0.009 0.0004 0.001 0.0001

Vegetative broom 0.124 0.0003 0.001 0.0002

Black pod 0.054 0.0044 0.000 0.0048

R2 Model 0.670 0.975 0.965

Variable σσ2c σσ2f σσ2 ρρ

Yield score 0.82 0.80 1.58 0.26

Vegetative broom 0.99 1.17 2.13 0.23

Pod broom 1.01 1.07 1.94 0.25

Black pod 0.21 4.06 2.37 0.03

Secondary season yield 101.02 97.44 203.00 0.25

Overall score 1.14 0.78 1.72 0.31

Table 4. Variance components associated with the effect of clones (s2c), farmer (s2f) and residual (s2) and the
repeatability (r) for the yield score, vegetative broom, pod broom, BP, secondary season yield and overall score
assessed by farmers on 67 cacao clones 

Traits YS VB PB BP SSY
Yield score (YS) 0.53 0.07 0.16 -0.07 0.11

Vegetative broom (VB) 0.19 0.21 0.38 -0.11 0.05

Pod broom (PB) 0.21 0.19 0.41 -0.11 0.04

Black pod (BP) 0.23 0.15 0.31 -0.15 0.05

Secondary season yield (SSY) 0.39 0.06 0.12 -0.05 0.15
R2 = 88.8%

Table 2. Path analysis matrix of direct (diagonal) and indirect effects (off-diagonal) of the yield score,
vegetative broom, pod broom, BP, secondary season yield on the overall score assigned to 67 cacao clones, by
24 farmers. In the rows are the indirect effects of the trait in the row, through the traits in the column (e.g.,
the indirect effect of YS via VB is 0.07)

Table 1. Pearson coefficients of correlation between non-adjusted values for yield score, vegetative broom,
pod broom, black pod, secondary season yield, and the overall score assessed by 24 farmers on 67 cacao clones
and the correlations between the non-adjusted and adjusted values by the confidence level and between the
non-adjusted values and the least square means 

Variable VB PB BP SSY OS Adjusted LSMeans
Yield score (YS) 0.36** 0.40** 0.43** 0.74** 0.81** 0.96** 0.97**

Vegetative broom (VB) 0.92** 0.72** 0.31* 0.71** 0.95** 0.97**

Pod broom (PB) 0.75** 0.29* 0.74** 0.96** 0.97**

Black pod (BP) 0.33** 0.58** 0.84** 0.84**

Secondary season yield (SSY) 0.67** 0.94** 0.97**

Overall score (OS) 0.94** 0.99**
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CEPEC 2002, CCN 10, CEPEC 2004, CCN 51 and CP 49, were selected in plantations in
Bahia. Among these clones, PH 09, PH 16, PH 92, PS 13.19, SJ 02, CEPEC 2002,
Ipiranga 1 and LP 06 were statistically superior for all traits used here, in the farmers’
opinion. 

According to farmers, the performance of the clones recommended by the Cacao
Research Center (CEPEC), considering all traits assessed, increased with each new rec-
ommendation (Table 6). The last clones recommended (2002 to 2004) were, based on the
criteria used, superior to the non-recommended clones (Table 6). However, some clones
still not recommended (e.g., PH 09, PH 15, PH 92, VB 1128) presented a high overall
score in the farmers’ evaluation (Table 5).

Table 5. Clone averages and risk of a clone receiving a score lower than the average assigned to the clone TSH
1188 for the yield score (YS), vegetative broom (VB), pod broom (PB), secondary season yield (SSY) and overall
score (OS) assessed by 24 farmers on 67 cacao clones present at varying number of sites.

No Averages Risk (%)
Clone sites YS VB PB SSY OS YS VB PB SSY OS
AM 01 8 5.9d 5.6c 5.4c 31.7c 5.1d 97 100 100 9 100

AM 02 10 6.3d 5.0c 5.0c 28.1c 4.9d 100 100 100 4 100

BB 6020 13 5.8d 6.8b 6.3b 31.1c 5.2d 100 98 100 5 100

BB 6030 5 5.2d 4.6c 4.8c 19.4c 4.2d 100 100 100 47 100

BN 34 6 6.7c 6.8b 6.5b 41.7b 6.8b 29 48 92 2 26

CCN 10 23 8.0b 8.0a 7.7a 39.2b 8.0a 0 57 100 0 0

CCN 51 24 8.9a 5.5c 6.5b 52.0a 7.9a 0 100 100 0 0

CP 06 7 5.9d 7.1b 6.4b 27.5c 5.0d 39 90 98 1 96

CP 38 9 7.4b 7.3b 7.6a 42.2b 6.9b 68 37 79 6 89

CP 39 6 7.2c 7.8a 7.8a 28.0c 6.6b 93 41 41 0 90

CP 40 5 6.6c 7.8a 8.2a 27.5c 6.4c 4 30 100 0 2

CP 49 11 7.6b 7.7a 6.9b 41.7B 7.6a 24 99 100 0 96

CP 53 8 7.4b 7.1b 7.1b 45.0b 6.9b 3 1 99 0 72

CEPEC 2001 21 7.6b 8.1a 7.7a 35.6c 7.0b 0 1 94 0 0

CEPEC 2002 24 8.5a 8.1a 7.9a 55.8a 8.3a 44 78 100 0 96

CEPEC 2003 9 7.2c 7.3b 6.8b 38.3b 6.5b 0 64 99 0 1

CEPEC 2004 14 8.2a 7.6a 7.5a 41.8b 7.9a 3 92 99 0 71

CEPEC 2005 10 7.5b 7.2b 7.4a 38.8b 7.0b 15 89 98 0 52

CEPEC 2006 9 7.4b 7.3b 7.3b 39.7b 7.0b 82 57 99 0 98

CEPEC 2007 20 7.0c 7.7a 7.4a 48.4a 6.5b 92 100 100 5 100

CEPEC 2008 23 6.7c 6.4b 7.1b 26.0c 6.3c 31 68 100 0 99

CEPEC 2009 19 7.2c 7.5a 7.6a 27.0c 6.6b 95 6 70 1 100

CEPEC 2010 19 6.6c 8.2a 8.0a 30.6c 5.9c 100 96 100 59 100

CEPEC 2011 15 5.6d 6.6b 7.3b 18.8c 6.1c 99 100 100 15 100

CEPEC 42 18 6.1d 5.9c 5.4c 26.1c 4.9d 0 100 100 0 100

Clone sites YS VB PB SSY OS YS VB PB SSY OS

EET 392 9 5.7d 6.6b 6.3b 32.1c 4.9d 100 97 100 34 100

EET 397 14 6.1d 5.4C 4.5c 25.0c 4.8d 98 100 100 7 100

FB 17 9 7.1c 8.0a 8.3a 36.7c 7.3b 21 36 57 0 38

FSU 01 7 6.3d 7.6a 6.4b 50.0a 6.9b 72 14 97 0 62

FSU 77 12 6.7c 7.8a 6.9b 45.5b 6.3c 50 2 100 0 90

Ipiranga 1 12 8.6a 8.3a 8.2a 47.8a 8.2a 0 4 98 0 0

LCT 37A 13 5.8d 7.1b 7.3b 30.9c 6.1c 99 59 98 1 100

LP 06 5 8.4a 8.5a 8.8a 54.0a 7.8a 0 0 19 0 4

LP 24 10 6.7c 7.0b 6.5b 30.6c 6.0c 43 62 100 0 94
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Risk Analysis

Another way of evaluating the general performance of a clone based on the farmers´ opin-
ions is by using the risk analysis presented by Hildebrand and Russel (1996). This analysis
estimates the chance of a clone being scored by a farmer below (or higher) than a certain
level (here, below the average of the clone TSH1188). Clones PS 13.19, PH 16, SJ 02,
Ipiranga 1 and CEPEC 2002, among others, had a chance close to zero of being assessed as
poorer than the TSH1188 for the overall score (Table 5). On the other hand, clones such as
TSA 654, TSA 656, TSH 516, TSH 565 and TSH 774 had a high chance (close to 100%) of
being assessed as poorer than the TSH 1188. 

Consistency was also observed between the assessments of some clones by farmers in
this study and the performance of those clones in trials (not presented here). In trials, CCN
51, PH 16 and SJ 02 have all produced very well. This, in some way, reinforces the role that
farmers and extension agents can play in identifying good clones. 

No Averages Risk (%)
Clone sites YS VB PB SSY OS YS VB PB SSY OS
LP 30 5 6.2d 5.6c 5.0c 26.0c 4.6d 99 100 100 14 100

M 04 5 6.4c 6.6b 6.8b 22.0c 6.1c 73 99 94 0 96

M 05 5 7.0c 7.0b 7.6a 24.0c 6.5b 29 75 63 0 67

OG 217 5 5.6d 6.8b 7.2b 28.3c 4.8d 100 99 96 12 100

PB 617 3 5.0d 5.0c 4.3c 22.5c 5.0d 100 96 100 0 90

PH 09 5 8.4a 8.4a 8.2a 52.0a 8.4a 0 0 72 0 0

PH 109 8 6.6c 6.9b 7.1b 40.0b 7.1b 53 92 96 0 58

PH 15 5 8.4a 8.8a 7.8a 52.5a 8.6a 0 1 100 0 7

PH 16 24 9.3a 8.1a 8.2a 53.3a 9.0a 0 3 58 0 0

PH 92 15 8.2a 8.3a 7.9a 56.8a 7.7a 0 0 94 0 3

PS 13.19 21 9.2a 7.5a 7.4a 49.9a 8.6a 0 58 100 0 0

PS 57.1 10 7.3b 7.8a 7.7a 31.3c 6.7b 25 54 99 3 98

RT 15 5 6.8c 6.4b 6.8b 45.0b 6.8b 58 85 88 0 68

RVID 08 14 7.0c 6.9b 6.6b 43.8b 6.7b 22 92 99 0 75

SJ 02 21 9.1a 8.2a 7.9a 53.5a 8.5a 0 0 87 0 0

SM 02 6 6.2d 5.7c 5.3c 22.5c 5.8c 31 100 100 0 95

SM 04 8 6.1d 6.4b 6.1c 27.9c 6.1c 88 99 100 1 100

SM 06 8 6.3d 6.4b 6.4b 24.4c 5.5c 57 86 100 2 99

SP 50 6 6.0d 7.3b 6.8b 33.0c 5.8c 96 50 90 1 100

TSA 654 16 6.2d 7.1b 6.9b 21.3c 6.0c 100 94 99 10 100

TSA 656 17 6.5c 7.5a 6.8b 22.3c 6.2c 93 39 100 7 100

TSA 792 21 7.9b 7.3b 6.4b 27.5c 7.3b 0 92 100 1 32

TSH 1188 22 7.1c 7.7a 8.2a 21.7c 7.2b 50 50 50 50 50

TSH 516 21 6.9c 5.2c 5.5c 22.6c 5.3d 81 100 100 12 100

TSH 565 21 7.8b 5.3c 5.2c 26.1c 6.0c 0 100 100 5 100

TSH 774 14 5.6d 7.0b 5.9c 18.7c 4.4d 100 100 100 78 100

VB 1128 12 8.0b 7.9a 7.5a 40.9b 7.6a 0 0 78 0 3

VB 184 13 6.4c 7.2b 7.7a 30.9c 6.3c 69 26 36 1 71

VB 276 16 6.5c 8.0a 7.8a 31.8c 6.6b 86 12 79 0 88

VB 515 15 6.9c 5.6c 5.6c 28.1c 5.4d 46 100 100 0 100

VB 679 15 7.4b 8.0a 7.8a 27.7c 7.0b 2 3 89 0 45

VB 902 17 6.4c 7.1b 6.5b 21.9c 6.1c 90 75 100 15 96

Table 5. Continued
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Recommendation Number Yield Vegetative Pod Black pod Secondary Overall 
Year of clones score broom broom season score

yield
1995 5 6.79 5.91 5.76 6.14 24.31 5.65

1998 4 6.55 7.25 6.5 6.53 22.47 5.97

2002 11 7.22 7.43 7.44 6.75 36.43 6.82

2003 12 7.4 7.31 7.29 6.98 37.39 6.94

2004 4 7.77 7.42 7.27 6.85 44.54 7.48

Not recommended 31 6.75 6.79 6.59 6.37 35.56 6.23

Table 6. Averages of clones recommended for planting by the Cacao Research Center in different periods, for
yield score, vegetative broom, pod broom, BP, secondary season yield and overall score assessed by farmers in
Bahia, Brazil 
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Abstract

What would now be called a farmer participatory selection programme was undertaken
in Ghana 65 years ago resulting in 69 selections for single tree yield from about 50 farms
that were examined. A further 108 trees were selected on-station. Eighteen of the on-
farm selections and 15 Trinitarios selected on-station were tested in two clone trials,
linked by one of the on-farm Trinitarios. The trials also included three imported Trinitario
selections and an on-station Amelonado selection. The clones were highly variable in
yield, which is consistent with low broad sense heritability estimates of 0.15 and 0.05 for
single tree yield obtained in the two trials. There was also wide variation in the incidence
of black pod disease, with slightly higher heritability estimates of 0.26 and 0.19.
Trinitarios selected on-station outperformed the on-farm selections in one trial, illustrat-
ing the value of family/provenance level selection. 

The new Mabang Megakarya Selection Programme will undertake mass selection for
low incidence of black pod losses in farmers’ cocoa until there is opportunity for family
level selection. Very large numbers of candidate clones are required, with weak selection
for yield in the early rounds of selection. Farmers will participate in the identification of
ortets and the field-evaluation of semi-proven selections. The results are discussed in the
light of new understanding of cocoa breeding and the use of proven clones as the basis
for the field-based recurrent selection programme that is required for successful crop
improvement.

Background

According to Hardon (1996) participatory plant breeding was devised for complex, diverse
and risk-prone environments, which have been neglected by International and National
research centres, and which are more frequently encountered in marginal areas with subsis-
tence agriculture. The greatly publicised success of such approaches with subsistence crops
has prompted their application in a much wider range of circumstances. Participatory plant
breeding was defined by Witcombe et al. (2005) as highly client-orientated plant breeding,
with a distinction between:
• participatory plant breeding, in which farmers participate in making selections in the

early (segregating) generations of breeding programmes and
• participatory variety selection where farmers test, under their own management, an

appropriate range of products (e.g. varieties and hybrids) from formal breeding pro-
grammes.
A long-established form of participatory breeding is for breeders to use as parents vari-

eties selectively adopted by farmers. In Ghana in the seventies and early eighties

The Roles of Farmer Participatory and On-Farm
Selection in Cocoa Improvement with Special
Reference to Ghana
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Amelonado, the benchmark variety for West African cocoa agriculture and quality of the
finished product, was used for the production of “hybrid” seed.

Quality is a key trait of varieties in any crop. It is especially important for Ghana’s cocoa
because a premium is earned for consistent bean weight, cocoa butter content and flavour, as
well as reliability of delivery against contract. In subsistence crops, quality preferences are
readily determined by the farmers themselves, and may vary over short distances, making
participatory selection of parents and products especially effective. By contrast, with cocoa
the confectionery companies determine the quality requirement because they must satisfy
consumer demand in order to stay in business. Two key quality parameters, bean weight and
shell content, are easily determined in the field, but defining flavour requires specialised
equipment for roasting and grinding the beans, as well as a highly trained sensory panel.
Measuring cocoa butter content on multiple samples requires expensive equipment and has
rarely been undertaken in practical cocoa breeding programmes.  No West African cocoa
research institute has a trained sensory panel or the capacity to measure cocoa butter content
on the scale required for a selection programme. It would be prohibitively difficult for indi-
vidual farmers to determine quality. Nonetheless, it is critically important to get improved
varieties to farmers as quickly as possible.

A new factor in cocoa cultivation in Ghana is the rapid westward spread of Phytophthora
megakarya, a much more aggressive pathogen than P. palmivora which has long caused
crop loss due to black pod disease. It is believed that genotypes with relatively low losses
from infection with P. palmivora will also show low losses from P. megakarya, possibly
because disease escape mechanisms complement and are perhaps more effective than known
variation in resistance. Given that P. megakarya can cause complete crop loss, and the diffi-
culty of fixing multiple factors for resistance in a seedling variety, a new large-scale clone
selection programme has been initiated. It seeks clones which are high yielding in the area
affected by P. megakarya, which are easy to grow and have acceptable quality of finished
product. There are few seedling variety trials in the P. megakarya-affected area, making
mass selection on farms an attractive alternative to family level selection until new seedling
trials can be established and assessed.

A switch to clones would be a profound change in cocoa agriculture in Ghana, but it will
take much time and extension effort as well as research into clones to bring about. Three fac-
tors confirm that this effort should be made:
• clones are the most efficient means of using genetic variation in any crop in which they

are technically and economically feasible.
• in cocoa, carefully selected clones that are correctly pruned in the nursery and are grown

at the right planting density allow “pedestrian-friendly” agriculture, without continuous
pruning, with all the pods within easy sight and reach of the ground, greatly facilitating
pest and disease management 

• identifying superior individuals as clones is the missing step in recurrent selection in the
crop.
This paper reviews the early experience of farmer participatory selection of cocoa in

Ghana and considers how the approach might be used to the best effect in the context of the
new clone selection programme and further cocoa breeding in Ghana.

Cocoa-breeding in Ghana

West Africa’s cocoa industry grew from chance nineteenth century introductions without
formal evaluation of the material. Although the colonial authorities in Anglophone West
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Africa (e.g. Hill 1963) and Cameroon (e.g. Preuss 1901) made considerable efforts to
broaden the genetic base, and to evaluate the different introductions, the single lower
Amazon Forastero known as West African Amelonado came to dominate the industry in
Ghana and Nigeria in particular. It was successful in agriculture because it was uniform and
well adapted to planting on land newly developed from forest. The scale and uniformity of
bean production and an immense effort by confectionary companies, especially Cadbury, to
develop consistent on-farm processing have enabled Ghana to develop the benchmark stan-
dard for bulk cocoa quality. However, Amelonado is susceptible and sensitive to infection
with severe strains of swollen-shoot virus and difficult to establish when replanting. This
last point means that the variety has become obsolete throughout West Africa.

The ease of establishment and precocity of the first bi-parental crosses involving Pound’s
(1938) Upper Amazon material led to recommendations to use them in all four major pro-
ducing countries. Seed gardens for bulk production were established but these have had a
major impact on-farm only in Ghana, with the seed gardens falling into disuse in the other
three countries.

Political, institutional and technical factors militated against the establishment of effec-
tive long-term breeding programmes. In Ghana, the country with the longest unbroken
record in research, rebuilding at the end of the second world war coincided with the run-up
to independence, itself strongly coloured by the social effect of swollen shoot virus on the
cocoa crop, on which the national economy depended. There was pressure for quick results.
Following independence, all the West African cocoa research institutes went through one or
more periods of chronic underfunding. 

The technical background was that hybrid vigour was believed to be present in many
crosses and to confer high yield potential (Glendinning 1967). Although selection of parents
on the basis of their performance as clones was thought to be ineffective (Bartley 1967),
great emphasis was placed on single tree selection (Glendinning 1967, Soria 1967). The first
“hybrids” were thought to be a great success, as they were, and in view of the high yields
obtained by reducing shade and applying fertilizers to Amelonado cocoa (e.g. Cunningham,
Smith and Hurd, 1961) it was thought that there was so much yield potential in existing vari-
eties that breeding for even higher yield was inappropriate.

Attention turned to “defect” correction (e.g. Glendinning 1966). This was successful for
resistance to spread of swollen shoot virus (Ollennu and Owusu, 2002) but not for losses
from black pod disease, caused by infection with P. palmivora (e.g. Amponsah and Dakwa
1969), the essential difference being that a reliable if laborious predictive test was available
for the former but not for the latter. The best of the swollen shoot resistant varieties had
higher yields and lower black pod losses than the varieties they were designed to replace
(Enuson and Adomako 1986). Early progress was a consequence of testing large numbers of
crosses drawn from a broad genetic base. Later, progress was achieved from the pre-evalua-
tion of parents by estimating their general combining ability for yield. However, the overall
success was due more to the anchorage of numerous laboratory experiments and field trials
on seed garden development over a long period, than to a coherent genetic strategy.

While Ghana has been able to progressively improve the performance of the seeds that
are issued to farmers (Edwin and Masters 2005), no West African country has established a
long-term breeding programme, like the successful ones for rubber and oil palm. Rather, in
the absence of a coherent breeding strategy for developing progressively better varieties for
farmer’s use, large numbers of isolated “projects” have been undertaken. There has been
great confidence that, by exploiting a progressively broader genetic base, the situation
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would somehow be transformed. In the absence of a proper strategy, progress has not always
been commensurate with the effort expended.

Experience with on-farm selection in Ghana

Large scale on-farm and on-station selection was undertaken by Posnette (1943), who ini-
tially selected for high yield and large beans, with some attention to the incidence of black
pod disease (caused by infection with P. palmivora). Tolerance to attack by capsids
(Distantiella theobromae and Sahlbergella singularis) was added later. Self-compatible
trees were favoured. The programme was modelled on Pound’s (1933) work in Trinidad,
including taking account of the girth of the trees under consideration. Different cocoa intro-
ductions could be identified at the Aburi Botanic Garden (in those days Agricultural
Research Station) and on some other stations, allowing a measure of “provenance” level
selection. Posnette’s Amelonado selections were at Aburi, in Governor Griffiths’ original
introduction, on the experimental farm at Asuansi, on the former German station at Kpeve,
and on farms acquired with the land for the Cocoa Research Institute. Trinitarios were
selected on-station and on-farm. Trees were regularly spaced on-station, and several runs of
yield data were available. These factors and logistics meant that Posnette selected more trees
on-station than on-farm, including Tafo. Sixty-nine trees were chosen after examining
around 50 farms and 108 trees on-station.

Thirty-six of these clones were planted in the First and Second Clone Trials established
on-station at Tafo in 1947 and 1948, respectively. Both trials were planted under thinned
jungle shade with six replications of square 16-tree plots in randomised block designs. The
spacing was 3.05m square in the First Clone Trial and 2.44m square in the Second Clone
Trial. Dead trees were replaced at frequent intervals up to 1950 with final replacements
planted in 1953. However, two on-farm Trinitario selections that failed to establish in the
Second Clone Trial were discarded from the statistical analyses. One plot was lost from the
First Clone Trial due to infection with swollen-shoot virus.

E1, which was considered by Posnette (1940) to be “outstanding” as a seedling was
planted in both trials as a control. N38, a Trinitario selection from Nigeria (Voelcker 1936)
was planted in the First Clone Trial. The Second Clone Trial included “ICS1” and “ICS7”,
clones which had been introduced from Nigeria (Anon. 1944) and were open-pollinated
seedlings from clones of the same name in Trinidad.

Yields were recorded from the commencement of bearing as the number of pods per tree
and the weight of wet cocoa per plot. A 40% conversion ratio from wet to dry weight was
assumed in the absence of sample fermentation data. Separate counts were made for “good”
and “bad” pods from April 1956 in the Second Clone Trial and from April 1957 in the First
Clone Trial, and two years later “bad” pods were separated into “black” and “rodent-dam-
aged”. The low and uniform incidence of rodent damage across clones suggests that “bad”
pod counts are a fair proxy for the incidence of black pod.

Data were analysed from the 20 and 18 clones separately, then grouped as “on-farm”,
“on-station”, introduced and Amelonado. There were statistically significant differences
(p<0.001) in all the analyses of the separate clones in both trials and in the grouped analyses
of the First Clone Trial yields. There were significant differences (p=0.007) in the grouped
analysis of black pod incidence in the First Clone Trial. There were no significant differ-
ences in the grouped analyses of the Second Clone Trial (p>0.1), so this set of groups will
not be discussed further.
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There were large differences among the clones for both yield and incidence of black
pod disease in both trials (Table 1). In the First Clone Trial, the best on-farm Trinitario
yielded 1.75 times more than the poorest, but the best on-station selection was much
better. In the Second Clone Trial, the best on-farm clone yielded 2.2 times more than
the poorest.
The advantage of the on-station selections in the First Clone Trial was due to the high
yield of the Aburi Trinitario selections, five of which were above average for yield,
with the sixth only just below average.

E1 ranked 17th for yield and 12th for black pod in the First Clone Trial and it ranked

13
th 

and 6th in the Second Clone Trial (detailed data not presented), suggesting some
consistency in the results from the two trials. ACU85 (from Aburi) was the highest
yielding clone in the First Clone Trial, with the lowest incidence of black pod disease.
This clone was the second highest yielder in a Third Clone Trial (data not presented
here) again with the lowest incidence of black pod disease (Lockwood 1971). Y44,
which Posnette selected as the only tree with healthy pods among many that were
growing in a swamp, had the second lowest incidence of black pod disease in the First
Clone Trial. Lockwood and Dakwa’s (1978) data suggest that Y44 has relatively low
losses for its seasonal periodicity of cropping. However, Y44 was below average for

yield, ranking 12th out of the 20 entries in the trial. The Amelonado clone P30 was
average for incidence of black pod disease in the Second Clone Trial, but it ranked 15th

out of 18 for yield.

First Clone Trial Total
Group Number yield kg/ha  1950-62 Bad pods % 1957-62

Clones Mean Max Min Mean Max Min

On-station Trinitarios 11 6,998 9,809 3,182 23.6 31.4 11.9

On-farm Trinitarios 8 5,301 6,819 3,898 22.7 27.4 15.6

Introduced Trinitarios 1 6,721 15.7

Overall mean 6,305 22.8

SED between groups* 810 2.44

SED between clones 713 1.99

Second Clone Trial Total
Group Number yield kg/ha 1950-63 Bad pods % 1956-63

Clones Mean Max Min Mean Max Min
On-stationAmelonado 1 6,444 15.0

On-station Trinitarios 4 8,069 9,302 5,177 18.1 26.0 20.0

On-farm Trinitarios 11 8,188 12,063 4,807 20.1 33.0 11.7

Introduced Trinitarios 2 9,562 9,578 9,546 16.9 15.5 18.3

Overall mean 8,224 20.1

SED between groups* 1182 2.79
*between groups with largest and smallest replication

Table 1. Accumulated yield and incidence of black pod disease in clones selected on-farm and on-station in the
First and Second Clone Trials
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Further on-farm selection in Ghana

A programme of mass selection on farmers’ farms for trees with a low incidence of P.
megakarya was undertaken by Abdul-Karimu et al. (2005) with some 70 trees propagated
by budding and planted in an observation trial. These trees are being further propagated for
evaluation in the Mabang Megakarya Selection Programme (MMSP).

About 1,600 “farmers’ best selections” were identified and marked by Opoku (2005).
Outstandingly good trees in areas that are severely affected by P. megakarya will also be
evaluated in the Mabang Megakarya Selection Programme (MMSP).

The heritability of single-tree yield and incidence of black pod disease

Broad sense heritability estimates for yield as number of pods per tree and for the incidence
of black pod disease were estimated from single-tree data from the two clone trials by
Lockwood et al. (2007). Yield showed low heritability (Table 2), as it does in other crops.
The heritability of incidence of black pod disease is high enough to suggest that single-tree
selection could lead to progress.

A re-interpretation of cocoa breeding

Analysis of a large cocoa breeding programme in Malaysia and of data from clone trials in
Ghana suggests that:
• Yield, vegetative vigour, bean weight, number of beans per pod and cocoa butter content

are inherited additively (Lockwood and Pang 1994), as is yield efficiency (Pang 2006).
• The clonal phenotype can be used to predict general combining ability for yield, provided

that the clonal yields are determined at the correct planting density (Lockwood and Pang
1994).

• The ease of establishment and precocity of crosses involving certain Upper Amazon par-
ents is an additive effect with much but perhaps not all of what has been interpreted as
heterosis due to epi-genetic factors (Pang and Lockwood 2008, in press).

• Single-tree selection for yield is ineffective (Lockwood et al. 2007).
Recurrent selection, with or without multiple populations (Barnes 1984), is an appropri-

ate breeding strategy for cocoa. The first step is to identify the clones that are best adapted to
the local environment. Those that are to be used directly as farmers’ planting material will be
evaluated at the planting density chosen by the farmers.  However, clonal material is less
vigorous than the starting seedlings as a consequence of epigenetic factors, and vice versa.
This means that it is difficult to select clones that out-yield the source population if both are
grown at the optimum planting density for the seedlings, as was demonstrated at the former
BAL Plantations Sdn Bhd. Furthermore, clones which are to be used as parents should be
evaluated at a higher planting density than the resultant seedlings (Pang and Lockwood, in
the press). Work is required on the relationship between the optimum planting density of
seedlings and of clones derived from them, and vice-versa.

The role of farmers in delivering the selection strategy

The prediction from the heritability estimates for yield per tree from the two clone trials that
direct single tree selection for yield would be ineffective in Ghana is borne out by the varia-
tion among clones in the First and Second Clone Trials. Similar results were obtained in a
large scale experiment in Sabah (G. Lockwood, unpublished observation). Farmers identify-
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ing their highest yielding trees and evaluating them on-farm by side-grafting onto other trees
would result in the propagation of much sub-standard material, with the risk that disillusion-
ment with clones would follow. Even if this approach were pursued, it would be very diffi-
cult to assess the relative performance of large numbers of clones with sufficient precision to
allow selection.

Posnette’s limited experience with selection for low incidence of black pod disease, and
the heritability estimates, suggests that mass selection for low incidence of black pod dis-
ease in the megakarya-affected area could be effective. The efficiency of mass selection
could be improved by use of a predictive test for low incidence of black pod disease, such as
Nyassé et al.’s (1995) leaf disc test, once it has been shown that the results of this or any
other test are correlated with variation in the field incidence of black pod disease in a set of
clones. Such a test of Nyasse et al.’s method is in preparation. Ortets would be selected for
bean weight (over 1g dry) and dark purple cotyledons, as both these traits are thought to be
highly heritable. The comparison between on-station and on-farm selection shows the value
of family-level selection, and it is hoped that its absence in the early stages of the MMSP
will be offset by the very large numbers of trees available on-farm.

The great variation in yield among the clones in the First and Second Clone trials is con-
sistent with field experience elsewhere, for example the initial evaluation of the ICS clones
in Trinidad and a similar programme at the former BAL Plantations Sdn Bhd in Sabah. The
large resources devoted to the thorough evaluation of a relatively small number of clones
would have been better utilised testing a much larger number on a smaller scale, as recom-
mended by Bartley (1957). The experience in cocoa is that many candidate clones can be
discarded early in the selection process because they establish poorly, have a prostrate
growth habit, the wrong vigour, lack precocity, are susceptible to capsid attack or other dis-
eases and so on. A hierarchical selection strategy, as is practiced in rubber clone selection
(Simmonds 1989) and was successfully adopted by Chong and Shepherd (1986) in cocoa,
would be more effective in the long run. 

The new Mabang Megakarya Selection Programme is co-funded by the Cocoa Research
Institute of Ghana, the Dutch Cocoa Buffer Stock Fund and the Ghana Cocoa Growing
Research Association. It will use 5,000 clones, including about 20% of the germplasm col-
lection, for initial small-scale trials. It is expected that 80% of the clones will be discarded
by the end of their fourth year of evaluation. The survivors of selection for highly heritable
traits will be taken into larger-scale trials at the same site, where selection for less heritable
traits like yield can start. As clones start to show promise in the second stage trials, and
prove to have acceptable quality of the finished cocoa, they will be advanced to on-farm
evaluation and Regional variety trials within Ghana.

This programme will be the first step towards establishment of an effective recurrent
selection programme for cocoa in Ghana, as well as providing clones that are high yielding
in the presence of P. megakarya. It will involve farmers from the outset, as the source of
most of the ortets and as the evaluation proceeds they will be increasingly involved in the

Table 2. Broad sense heritability estimates from clone trials at Tafo

Clone Trial Number of Number of h2 log h2 angle 
clones trees pe clone (yield of pods +1) (% black pod)

First 20 96 0.15 0.26

Second 18 96 0.05 0.19
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identification of the genotypes that do best in the agricultural system. The consuming indus-
try will be involved too, as large scale use of one or more clones with unsuitable quality
would compromise Ghana’s reputation and so premium for quality. 
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Abstract 

In this study, as part of the cocoa selection process, the farmers’ knowledge of cocoa plant-
ing materials in two major cocoa growing areas of Cameroon is considered. Two surveys
were carried out in farmers’ fields to assess the agronomic profile of their cocoa planting
materials, their satisfaction with them, and their expectations for future newly released vari-
eties. In the first survey, the purpose was to build a typology of cocoa plantations. In most of
the 129 cocoa plantations studied, a strong relationship was found between the performance
of the farms (yield and low incidence of Phytophthora pod rot) and farmers’ practices, such
as the use of chemical control. This result suggests that the level of management of cocoa
farms improves yield more than the genetic origin of the planting material used on-farm in
the study. In the second survey, the cocoa farmers’ level of satisfaction with respect to the
varieties grown and their preferred criteria in cocoa selection were determined. Among 690
farmers interviewed, 87% were satisfied with the traditional varieties (TV), whereas only
39% of the producers were satisfied with the hybrid varieties (HV). An analysis of prefer-
ences towards the selection criteria within each varietal type has revealed that farmers con-
sider yield as the criterion to be improved inTV, whereas resistance to Phytophthora pod rot
remains the most challenging for HV. The impact of other agronomic criteria in the varietal
selection of cocoa in Cameroon is also discussed in the paper.

Introduction

Since its introduction in Cameroon, cocoa has became the most important crop in the farm-
ing systems found in the humid forest zones of the country (Coulibaly et al. 2002). In addi-
tion, cocoa is the principal source of income among commercial crops (Duguma et al. 2001).
For several decades, cocoa production in the country remained stable. Productivity was rel-
atively low and varied considerably from one agro-ecological zone to another (Varlet et
Berry 1997). The highest level of production of 184, 000 metric tonnes was recorded during
the 2004/2005 campaign (ICCO, 2006). This variation was a result of several factors, such
as termination of state support to cocoa producers and the disappearance of the structures
involved in technical assistance and funding to the cocoa sector (Alary 1996; Varlet 2000).
However, other factors directly linked to the planting materials might also explain the low
performances of cocoa in Cameroon. These include the ageing of cocoa trees as revealed
earlier by Champaud (1966), and the lack of resistant varieties to cocoa pests and diseases
such as Phytophthora pod rot (Ppr) and mirids. In Cameroon, losses due to Ppr could reach
90% of the production in the absence of chemical control.

Cocoa is cultivated on more than 400,000 ha distributed throughout different agro-eco-
logical zones of the country. Based on the history of cocoa introduction and selection in
Cameroon, the planting materials found in these stands are divided into two groups: tradi-
tional varieties called “German cocoa” by the producers and hybrid varieties. Traditional

Assessment of Cocoa Farmers’ Knowledge and
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varieties are basically composed of Lower Amazon Amelonado types, and the hybrids con-
tain germplasm from upper Amazon and Trinitario origin. 

However, farmers frequently use mature pods of their own plantations, or those of their
neighbours, in order to obtain seeds prior to the establishment of new plantations or to
replace dead cocoa trees. Consequently, the planting materials resulting from the selection
carried out by the farmers have become genetically complex compared to what existed ear-
lier. The mixture of materials from different origins within the same plantation has favoured
the emergence of farms composed of heterogenic varieties. Nevertheless, farmers continue
to classify their cocoa trees into the two groups of varieties mentioned earlier, based on the
phenotypic traits of the pods.

As a possible hypothesis, the evolution of the genetic composition of cocoa orchards has
probably influenced the cultivated material, notably their yield and resistance to Ppr, mirids
and other pests and diseases. In that context, a typology of existing cocoa plantations will
help to better explain the variation usually found in the performances of the different cocoa
plantations, with respect to the criteria of agronomic interest. In addition, regular selection
of pods within cocoa plantations as a source of seeds will be made based on criteria with
specific interest for the farmer. The identification of these criteria remains a great challenge
for the success of future breeding activities.
Therefore, the objectives of the present study were:
- to characterize cocoa farmers based on their age and their level of education
- to characterize cocoa farms based on few desired agronomic and varietal criteria
- to evaluate the level of farmers’ satisfaction with respect to the varieties available on their

farms
- to identify the farmers’ preferences with respect to phenotypic criteria of cocoa, within

the purpose of varietal selection

Materials and methods

Study site 

Data for the study were collected during field surveys carried out in different cocoa agro-
ecological zones of the country: the Southern region including three administrative
provinces (Centre, South and East provinces) and the Western region (South-west province
and the Moungo sub-division in the Littoral province).

The southern zone (Figure 1) was the major cocoa production basin in Cameroon until
the end of the 1970s (Champaud 1966). Cocoa is grown under heavy shade composed of
forest and fruit trees, with a low level of farm management and limited use of pesticides
(Losch et al. 1991). The yield per hectare of dried cocoa varies between 100 and 500 kg/ha
from one site to another within the region (Varlet et Berry 1997). The soils are ferralitic, acid
and clayed, with a red or yellow colour. The rainfall regime is bimodal and characterized by
the alternation of a wet and dry season, with rainfall ranging from 1500 to 2000 mm through-
out the year. 

In the western region (Figure 1), the pedo-climatic conditions are more favourable, the
level of shade on cocoa farms is relatively low and the use of chemicals is more intensive
(Losch et al. 1991). The yields are therefore higher and may reach 600 to 1200 kg/ha. The
soils are volcanic and fertile. The rainfall regime is monomodal and varies yearly between
2500 and 4000 mm, favouring the high incidence of Ppr. 
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Variables of the study

Two surveys were carried out in the southern and western regions:
The objective of the first survey was to build a typology of cocoa plantations. In total, 129 plan-
tations were visited and the data were recorded based on the variables defined in Table 1.

In the second survey, the cocoa farmers’ level of satisfaction with respect to the varieties
grown and their preferred criteria for cocoa selection were determined. In total, 690 farmers
were interviewed and the information was collected based on the variables presented in Table 2.

In both surveys, the data related to level of education (no education, primary, secondary,
post-secondary) and the farmers’ ages (<40, 41 - 50, 51 - 60 and >60 years) were also collected.

Methodology of the study

Survey 1: Typology of cocoa farms
In this survey, the different types of farms were identified as follows: 
- Traditional variety-based farms
- Hybrid variety-based farms
- Mixed traditional and hybrid variety-based farms

The farms were randomly selected within each region. In total, 55 and 74 farms were
selected respectively, in the southern and the western regions.

A principal component analysis (PCO) was performed using MINITAB-15 software
(2007) in order to visualize the distribution of the types of plantations according to the agro-
nomic variables. The same analysis was used with the purpose of determining the contribu-
tion of variables in the main axes of the PCO. Spearman correlations (Spearman 1904)
among agronomic variables were also calculated using MINITAB-15. 

Survey 2: Farmers’ level of satisfaction with respect to the varieties grown and
identification of their preferred selection criteria
In the second survey, a questionnaire was used during the discussions with cocoa farmers. In
total, 466 and 224 farmers, respectively, were interviewed in the southern and the western
regions. A descriptive analysis of the data collected was made to determine the proportion of
farmers satisfied by the performance of the traditional or hybrid varieties. In addition, the
different criteria for cocoa selection were classified according to their importance as
expressed by the farmers, in order to identify the desired type of varieties.

0% 20% 40% 60% 80% 100%

Satisfied

Non-satisfied

Traditional varieties Hybrid varieties

Figure 1. Level of satisfaction of cacao farmers with respect to the main
varieties grown in their farms
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Results

Farmers’ age and level of education and their effect on farm characteristics

In the first survey, the producers were distributed according to their age and level of educa-
tion. The proportions of producers distributed in the different classes for these two variables
did not vary significantly. However, 46 producers were aged above 60 years, corresponding
to 35% of the total sample (Table 3). Most of the producers (73%) attended at least primary
school, and 27% had secondary education.

In the second survey, the proportion for age level varied slightly, except among the producers
aged less than 40 years (35% of the total sample). In addition, as in the survey related to the farms’
typology, more than 65% attended primary school. Almost 35% had secondary education. 

Table 1. Survey 1: Variables used in the typology of cocoa plantations

Variable Acronym Category
Type of plantations PLANTTYPE 1=Traditional varieties (TV), 2=Hybrid varieties (HV),

3=Mixed VT+VH

Source of planting material SPMat 1=Cocoa farms, 2=Seed gardens 

Age of plantations PLANTAGE 1=<10 years, 2=10-30 years, 3=30-50 years, 4=>50
years

Size of plantations PLANTSIZE 1=<1 ha, 2=1-3 ha, 3=4-6 ha, 4=7-9 ha,
5=>10 ha 

Efficiency of chemical control ** CHEMEF* 1=low, 2=average, 3=high

(Ppr and mirids)

Ppr losses PprLOS 1=30%, 2=30-50%, 3=50-70%, 4=>70%

Annual yield per farm (1 bag = 80 kg) YLD 1=0-5 bags, 2=6-15 bags, 3=>15 bags per
farm

Pruning PRUNING 1=regularly, 2=occasionally, 3=no 

Plant density (number of PLANTDENS 1=≤1000,  2=?1000 to ≤1300,  3=?1300
cocoa trees per ha)

* CHEMEF was estimated based on the nature of chemicals used and the period of the application of  the fungicides (Ppr) and
the insecticides (mirids)

** Based on farmers’ estimations, the efficiency of the chemical control is expressed by the frequency and the period of
fungicide and insecticide applications, as well as the nature of the chemical used.

Table 2. Survey 2: Variables used in the analysis of preferences by the producers with respect to the selection
criteria considered within their plantations

Type of Varieties Criterion of selection Acronym
Traditional varieties (TV) Tree size TV-TS

Pod number TV-PN

Pod size TV-PS

Pod colour TV-PC

Bean size TV-BS

Ppr resistance TV-RPpr

Mirids resistance TV- RM

Die-back resistance TV-RDB

Hybrid varieties (HV) Tree size HV-TS

Pod number HV-PN

Pod size HV-PS

Pod colour HV-PC

Bean size HV-BS

Ppr resistance HV- RPpr

Mirid resistance HV-RM

Die-back resistance HV-RDB
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In the first survey, the age of the producers was linked to the level of education. However,
the chi-squares of independence of each of the two producers’ variables were not significant,
when compared to the agronomic variables. 

In the second survey, the age of the producers was also linked to their level of education.
In contrast, there was no relationship between these two producers’ variables and the other
variables considered in that survey including the level of satisfaction with traditional (TV)
or hybrid varieties (HV), and the varietal composition of the cocoa farms (presence of TV,
HV or mixed TV+HV) 

Typology of cocoa farms and agronomic performances of the varieties 
cultivated

Relationship between agronomic variables
The relationship between agronomic variables of the plantations was determined by the chi-
square test of independence. From the 21 independence tests realized, about 13 variables
were significant at the 5%-level (Table 4). A significant value of the chi-square suggested
that the two compared variables were related. Therefore, the age of the plantations (PAN-
TAGE) depended on the source of planting material (PLANTSOURCE) and the type of
plantation (PLANTTYPE). 

The yield (YLD) was dependent also on the size of plantation (PLANTSIZE), the density
(PLANTDENS), the efficiency of chemical treatments (CHEMEF) and the yield losses due
to Ppr (Table 4). 

The level of losses due to Ppr (PprLOS) was dependent on the efficiency of the chemical
treatments and the type of plantations (r=0.35) (Table 4).

Table 3. Distribution of plantations and producers based on geographical area, and producers’ age and level of
education

Survey Variable Level Region Total
South West

1. Typology Age of  producers < 40 years 13 17 30 (23.25%)

of producers 41 -50 years 10 16 26 (20.15%)

and plantations 51 – 60 years 11 16 27 (20.95%)

> 60 years 21 25 46 (35.65)

Total 55 74 129 (100%)

Level of education Post secondary 0 0 0 (0%)

Secondar19 16 35 (27.13%)

Primary 32 49 81 (62.80)

None 4 9 13(10.07)

Total 55 74 129 (100%)

2. Producers’ Age of producers < 40 years 132 110 242 (35.08%)

expectations 41 -50 years 120 54 174 (25.21%)

51 – 60 years 113 29 142 (20.57%)

> 60 years 101 31 132 (19.13%)

Total 466 224 690 (100%)

Level of education Post secondary 8 10 18 (2.60%)

Secondary 172 50 222 (32.17%)

Primary 277 141 418 (60.57%)

None 9 23 32 (4.63)

Total 466 224 690 (100%)
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A factorial analysis of correspondences (FAC) was done using the agronomic variables
and the plantations distributed according to their type (PLANTTYPE; Figure 2.2). The FAC
has shown that a spatial structure exists according to the type of plantations (TV; HV;
TV+HV). The TV-based plantations were older and the HV-based plantations were more
susceptible to Ppr. In the plantations composed of both type of varieties, the yield (YLD)
increased with the efficiency of chemical control and the size of plantations.

The contribution of different variables in the five first axes of the FAC was studied (Table 5).
The first axes represent the greater proportion of the total variability detected by the FAC. In
the first axis that explained 24.7% of the total variability, the variables contributing more
were the type of plantations (PLANTTYPE), the efficiency of chemical treatments
(CHEMEF), the losses due to Ppr (PprLOS) and the yield (YLD). In contrast, in the second
axis that explained 17.4% of the total variability, the age of plantations (PLANT AGE) was
the only contributing variable (Table 5). In total, the first five axes explained 77.8% of the
total variability, including the 42.1% for the two fist axes.

Distribution of type of plantations according to agronomic variables
The distribution of the plantations according to agronomic variables is presented in Table 6.
Very few TV and HV-based plantations were found in the Western region. In the two agro-
ecological zones, most of the TV-based plantations were older than the HV-based planta-
tions. The yield of the plantations was low in the two types of varieties. In contrast, within
the plantations composed of both types of varieties mostly situated in the western region, the
yields were relatively higher because of the efficiency of chemical treatments, fertility and
rainfall. The proportions per level of the variables PLANTSIZE, PLANTDENS, CHEMEF,
YLD and TREESIZE did not differ significantly between TV and HV-based plantations
(Table 6).

Table 4. Chi-square of independence among the agronomic variables of the plantations

PLANT PLANT SPMat PLANT YLD PprLOS CHEMEF
SIZE AGE TYPE

PLANTAGE 19.99a

0.22b

SPMat 9.57 45.56

0.65 0.00

PLANTTYPE 13.84 20.76 46.47

0.08 0.00 0.00

YLD 24.75 1.55 5.19 3.01

0.00 0.81 0.51 0.55

PprLOS 21.91 1.03 8.78 40.42 7.86

0.34 0.90 0.88 0.00 0.09

CHEMEF 8.04 1.37 1.76 23.65 15.31 42.27

0.42 0.84 0.93 0.00 0.04 0.00

PLANTDENS 5.71 9.24 3.50 3.05 11.41 4.17 9.25

0.67 0.32 0.54 0.54 0.02 0.38 0.05
a : Chi-square value b : Probability
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Level of satisfaction with cultivated varieties and criteria of selection preferred by
the producers
Producers expressed different interest according to the type of cultivated varieties in their plan-
tations. Among the 690 farmers interviewed, 87% were satisfied from the TV and 13% were
unsatisfied (Fig. 1). In contrast, only 39% of the producers were satisfied from the HV. In the
Western region, the percentage of farmers unsatisfied from the HV was as high as that of the
producers satisfied from the TV. In the Southern region, the producers were also more satisfied
from the TV than the HV, but at a lower percentage when compared to the Western region.

In the analysis of preferences towards the selection criteria within the two types of vari-
eties, the characteristics (criteria) of the tree, the pods and beans were classified based on
order of preference (Figure 2). During the interviews, the producers had the possibility to
choose more than one criterion at the same time. Among theTV, the number of pods (TV-
PN) was the first criterion preferred by the producers when selecting pods in their planta-
tions to obtain seeds. In contrast, resistance to Ppr was the first criterion of selection forHV.
Based on order of preference, the criteria were classified as follows:
- Traditional varieties (TV) :TV-PN >TV-PS >TV-BS >TV-RPpr >TV-RM >TV-RDB

>TV-TS >TV-PC
- Hybrid varieties (HV) :HV- RPpr >HV-PN >HV-RM >HV-PS >HV-BS >HV-PC >HV-

RDB >HV-TS

Discussion

Typology of the plantations 

The results obtained showed that the agronomic variables of the plantations were not influ-
enced by age or level of education. Most of the producers had a minimum level of education
and were aged under 60. In both surveys, the age of the producers was correlated with their
level of education, with younger producers being more educated. However, this situation did
not have any consequence on the selection of planting materials prior to the creation of new
plantations because the more educated farmers preferred the same planting materials as the
less educated farmers.

In the plantations, few relationships were detected between agronomic variables of the
study. The type and age of the plantations were closely related. The oldest plantations were
mainly composed of traditional varieties or material collected from pre-existing plantations.
In addition, most of the high yielding plantations were composed of both types of varieties.
These mixed plantations are higher-yielding because they are mainly localized to the more

Table 5. Contribution of agronomic variables in the five first axes (FC1-FC5) of the plantations

Variable FC1 FC2 FC3 FC4 FC5
PLANTSIZE 0.24 -0.05 -0.63 0.21 -0.39

PLANTAGE -0.17 0.65 -0.08 0.06 -0.13

PLANTDENS 0.01 -0.09 -0.28 0.56 0.74

PLANTTYPE 0.48 -0.07 0.24 0.22 -0.02

SPMat 0.06 -0.69 0.04 -0.14 -0.12

YLD 0.40 0.05 -0.50 -0.12 -0.11

PprLOS -0.45 -0.20 -0.03 0.35 -0.30

CHEMEF 0.47 0.14 0.20 -0.21 0.16

PRUNING -0.27 -0.09 0.40 -0.61 0.34
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productive Western region, characterized by favorable cocoa growing conditions. In this
region, the use of chemical inputs in cocoa plantations was relatively high, and therefore
contributed to reduced Ppr incidence and improved the yield. Other ecological factors con-
tributed to the increase of yield in that region. These factors included soil fertility and poor
shade. The performances of cocoa plantations may be further favoured by the use of pesti-
cides (fungicides and insecticides). However, variability between different genetic materials
growing under the same ecology and chemical treatment may also improve the yield in
cocoa plantations. The use of pesticides as a major source of inputs in cacao plantations in
Cameroon has already been mentioned by Kazianga (2002). The Factorial Analysis of
Correspondences (FAC) made on the different types of plantations showed that the tradi-
tional-based plantations were older, and those composed of both types of varieties (Western
region) were better controlled with pesticides, and therefore yielded better. The FAC indi-
cates also that the hybrid varieties were more susceptible to Ppr.

Accor≤ding to Dand (1993), the cocoa tree’s yield depends on its age, type of material and
quantity of inputs used. The geographical situation influenced the distribution of the different
type of plantations. The mixed (hybrid-traditional) plantations received more inputs in the
Western region and therefore produced the best yields. The cocoa plantations aged less than 30
years (which corresponds to the levels 1 and 2 of the PLANTAGE variable in our study) were
generally known to be more productive, and the yields decrease later with the age. Previous
work undertaken in Cameroon has confirmed that yields decrease gradually as the plantations
get older (Gilbert et al. 1999; Gokowski et al.1998). By contrast, with mixed plantations, the
performance in terms of yield also depended on the aptitude of planting material to resist Ppr.
As far as Ppr and mirids were concerned, the efficiency of chemical control, the type and age of
plantations were also the factors that strongly influenced the performance of cocoa plantations.
The use of fungicides and insecticides further influences the level of losses than the origin of
cultivated varieties, which were possibly not good enough. 

Producers’ level of satisfaction and criteria for preference 
The results of our study showed that cocoa producers were not satisfied with the hybrids
currently cultivated in their plantations. The main reason for this dissatisfaction was the sus-
ceptibility of these hybrids to Ppr and mirids, in spite of their high yielding ability. This jus-
tifies the choice of Ppr resistance as the first preferred selection criterion to be improved
within hybrid material according to the producers. However, other factors may explain the
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Figure 2. Criteria of preferences for the different agronomic traits as expressed by the
farmers
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incidence of Ppr within hybrid-based or traditional-based plantations in Cameroon. This
includes shade for example (Kazianga 2002). If traditional varieties were preferred by most
of the producers, their yielding potential was lower than for hybrid material. The number of
pods produced per tree is therefore considered as the first criterion to be improved in tradi-
tional material.

Other factors that were less considered in the previous cocoa breeding programmes have
proved to be important for producers in this study. These factors include mirid resistance,
bean size, and resistance to the so-called “die-back” phenomenon that might be a result of
mirid damage, and expressed by regressive dry out of cocoa trees. Even if Ppr has been iden-
tified as the major phytosanitary constraint of cocoa cultivation in Cameroon (Ruf 1993),
some studies carried out in few sites of production have identified mirids as a greater risk
(Coulibaly et al. 2002 ; Amougou 2005). In addition, during the selection of pods for plant-
ing materials, (Paulin et al. 2003) several producers from Southern Cameroon had favoured

Table 6. Distribution of the types of plantations based on agronomic variables of the study

Level Geographic area

Variable South West Total (%)
TV HV TV+HV TV HV TV+HV TV HV TV+HV

(%) (%) (%)
PLANT AGE 1 0 3 0 0 1 3 0 13.8 3.9

2 4 15 0 0 3 20 16.7 16.2 39.5

3 4 3 3 0 1 22 16.7 13.8 32.9

4 15 3 3 1 0 15 66.6 10.4 23.7

PLANT SIZE 1 3 1 4 1 0 6 16.6 3.5 9.2

2 13 16 4 0 4 32 54.3 68.9 50.0

3 4 3 1 0 0 17 16.6 10.3 23.8

4 3 3 0 0 1 6 12.5 13.8 7.8

5 0 1 0 0 0 7 0 3.5 9.2

PLANT DENS 1 1 0 0 0 1 11 4.2 3.5 14.5

2 22 22 4 1 4 47 91.6 89.6 67.1

3 1 1 2 0 0 12 4.2 6.9 18.4

CHEMEF 1 4 6 2 0 2 3 16.7 25.6 6.6

2 18 18 4 1 2 37 79.2 69.0 53.9

3 1 0 0 0 1 30 4.1 3.4 39.5

PprLOS 1 9 1 2 1 1 62 41.7 6.9 84.2

2 9 18 2 0 3 3 33.3 65.5 6.6

3 6 5 2 0 1 0 25.0 27.6 9.2

YLD 1 15 6 5 1 1 3 66.6 24.1 10.5

2 5 15 2 0 3 35 20.8 62.1 48.7

3 3 3 1 0 1 30 12.5 13.8 40.8

PRUNING 1 11 11 1 0 3 11 45.8 48.3 15.8

2 9 12 4 1 2 58 41.7 48.3 81.6

3 3 1 1 0 0 1 12.5 3.4 2.6

Total 100 100 100
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other criteria such as pod colour, size and shape, as well as their position on the trunk of the
trees. The pods harvested on the trunk (generally more developed with large beans com-
pared to those on the branches) produce vigourous seedlings in nurseries.

Conclusions

In our study, we found that the cocoa plantations in Cameroon were composed of varieties
coming from the first introductions of cocoa (traditional varieties) and varieties issued from
the selection on station (hybrid varieties). In several plantations, all these varieties were
mixed, mostly in the Western region. The yield and the resistance to disease and pests (Ppr
and mirids) depends on the genetic material (origin and age) and the agronomical practices
of the growers, particularly the management of phytosanitary constraints through chemical
control. The producers expressed their preference for traditional varieties because of their
lower Ppr incidence, compared with varieties coming from seed gardens (hybrids), which
are more susceptible to diseases and pests, but high-yielding. Therefore, they consciously
select one varietal type according to the limitations of the other varietal type on their farms.
This producers’ experience influences their selection criteria within each of the two varietal
types found in their plantations. The same producers had already expressed an interest in
other agronomic characteristics, which have not been exploited before in breeding pro-
grammes, such as resistance to mirids, and “die-back” as well as bigger bean size.
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Abstract

Multi-location testing is the final stage in the breeding process of hybrid clones before they
are released to farmers. Its purpose is to test the clones for adaptability to different locations
and environments represented by different soil types, rainfall, diseases and insect pests in
order to identify a possible genotype x environment (GxE) interaction. Management levels
are also an important component of the environment. Testing in different environments not
only provides valuable information about adaptability but also gives opportunity for grow-
ers to be partners in the selection process. 

CCI initiated the first multi-location testing of hybrid clones in 1995. Two polyclonal
varieties (HC1-Big and HC1-Small) were officially released in March 2003. Further to that,
a new multi-location trial consisting of 38 new promising hybrid clones was established in
2000. The new hybrid clones were tested in several large commercial plantations around
East New Britain and Madang. Four sub-groups were planted according to their potential
vigour as big, intermediate, small or very small at 625, 714, 833 and 1000 trees/ha respec-
tively. 

Promising high-yielding clones with high level of resistance to Ppr and VSD were iden-
tified. Selected clones will be included in the next release of hybrid clones to farmers in
Papua New Guinea. 

Introduction

Multi-location testing provides an important source of information about the relative pro-
ductivity of clones and their adaptability to different environments. Level of management is
also an important environmental factor. Testing improved material under different farmer
conditions, either in large, commercial plantations or in small farmers’ blocks, enables the
farmers to become partners in the selection process. The farmer’s judgment of adaptability
and relative productivity of the improved clones are important considerations in the selec-
tion process. Papua New Guinea is an ecologically diverse country represented by different
soil types, rainfall, solar radiation, pests and disease incidences. Because of the diverse
nature of the country, multi-location testing of improved cocoa material under different
environmental conditions is vital to the final selection of the best materials, before release to
farmers. 

The first multi-location testing of hybrid clones was initiated by CCI formerly CCRI in
1995. It consisted of 29 hybrid clones developed from progenies of Trinitario x Amazonian
crosses. The trial was conducted in various locations around PNG. Two polyclonal varieties
(HC1-B and HC1-S) were officially released, based on results obtained from the trial in
March 2003.  Following the release, a second multi-location trial was initiated in 2000
aimed at identifying clones with higher yield potential and better resistance to VSD and
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Phytophthora pod rot (Ppr). The clones tested were also developed from progenies of
Amazonian x Trinitario crosses tested in the progeny trial, PT101. Testing was carried out
on seven different plantations in and around East New Britain. In addition to the second
multi-location trial, further testing using some of the same clones in on-farm trials was car-
ried out in Madang province in 2005. Both trials were included as part of the second
CFC/ICCO/Bioversity project.  

Materials and methods.

On-farm trials in East New Britain (ENB)

Thirty-eight (38) new high-yielding experimental clones were selected from an advanced
trial of hybrid clones derived from crosses between Trinitario x Amazonian germplasm ini-
tially tested in the progeny trial PT101. In addition to the thirty-eight clones, there were six
TA clones, provisionally released in 2000, as controls. The clones were divided into four
groups, based on their potential vigour as large, intermediate, small or very small. Each
group was planted at its estimated optimal density of 625, 714,833 and 1000 trees/ha, respec-
tively. Planting was carried out in one replication per site in two rows of equal length per
clone for the four groups. Eight testing sites were included as follows: CCI-managed planta-
tions (Kevera, Londip and Raulawat), Newmark plantations (Notremal, Stockholm), Tokiala
plantation and NARI plantation.  The yields for the Londip trial, which was planted later
than the other sites, have not been included in our results. 

All sites on which results are reported were planted in the second half of 2000. Budwood
for the experimental clones were supplied to the plantations by CCI. Planting and manage-
ment of the trials were carried out on the plantations according to local practice. Pod produc-
tion records began in January 2003 except for NARI (May 2003). Yield components were
measured from samples taken from Tokiala plantation. Yield data presented in the results are
from 2003 to 2005 inclusive. 

Reaction to Ppr was tested using the detached pod spray inoculation test in co-operation
with the Pathology section. Pods were tested for Tokiala, Raulawat, Kevera and NARI and
scored on a 1-9 rating scale (1=no symptoms, 9 all pod surface infected). The clones were
separated into five groups based on their reaction to the Ppr test as follows: highly resistant
(HR) = 1-2.5; resistant (R) = 2.6-4; moderately resistant (MR) = 4.1-5.5; susceptible 
(S) = 5.6-7; and highly susceptible (HS) = 7.0-9.0.

The clones were assessed for their reaction to vascular streak dieback (VSD) in a trial in
SRS, Madang because of the prevailing high VSD pressure at the site. Scoring for VSD was
carried out by visual observation using a 1-6 rating scale in which 1=no symptoms and 6=dead
tree from VSD. The proportion of trees within each clone showing susceptible reaction (scores
4-6) were calculated and grouped as follows: highly resistant (HR) = 0-10%; resistant (R) = 11-
20%; moderately resistant (MR) = 21-30%; susceptible(S) = 31-40%; highly susceptible (HS) =
above 40%. Trunk circumference measurements were taken from clones planted in the Tokiala
plantation in 2006. Measurements were taken at 20cm from ground level.

On-farm trials in Madang

The on-farm trials in Madang were conducted with a slightly different approach from that
used in East New Britain. Twenty potential hybrid clones were selected for on-farm trials in
Madang under the new CFC project on “Cocoa Productivity and Quality Improvement, a
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Table 2. Total average dry bean yield, yield components and resistance level to Phytophthora pod rot (Ppr) and
vascular streak dieback (VSD) of big clones in the on-farm trials on six commercial plantations from 2003- 2005

Clone Code Pod wt. Wet bean Dry bean Yield index Ppr2 VSD2

(g) (%) (kg/ha) (%)1

B2 12-4-4 335 35.4 4332 110.8 HS HR

B7 77-4-6 505 33.1 4026 103.0 HR MR

TA103 (C) 3 37-13/1 900 24.5 3908 100.0 MR HR

B3 22-3-5 330 24.1 3376 86.4 R R

B1 12-2-12 310 36.2 3259 83.4 S S

B4 35-4-5 335 31.9 3211 82.2 S R

B6 72-3-14 402 24.6 2862 73.2 MR MR

B9 K-4 535 23.3 2670 68.3 R R

TA101 (C) 16-3/2 650 26.7 2637 67.5 HR HR

B8 92-4-6 390 23.1 2622 67.1 S MR

B5 66-3-9 705 22.8 1575 40.3 R MR
1 Yield relative to TA 103 (100%), the highest-yielding control clone.
2 HR=Highly resistant,  R=Resistant,  MR=Moderately resistant,  S=Susceptible,  HS=Highly susceptible, 
3 (C) = Control clone

Participatory Approach”. Eighteen of the twenty clones were already tested in East New
Britain multi-location trials. In addition to the twenty clones there were four previously-
released clones and two commercial hybrids as controls. 

The clones were divided into two sub-groups, (big) and small, according to their poten-
tial vigour. The sub-groups were planted at a planting density of 625 and, 833 trees/ha for
big and small clones, respectively. Planting was carried out with one replication per site with
21 trees/plot for large clones, and 27 trees/plot for small clones in equal lengths of two rows.
Planting of the sites was performed during 2005 and included six small farms (Walium,
Trangogol 1& 2, Naru, Wadan, Bunabun) and two large plantations (Ululan and Mugil).
Several local farmers’ varieties were selected for inclusion in the on-farm trials during
August 2005. Five farmer-selected varieties from each respective farmer were included in
each respective on-farm trial. The farmers’ selected clones were planted in single rows as
borders between the experimental hybrid clones. Most trials were still being established in
2007 so yield data are not yet available.

Table 1. Total average dry bean yield (kg/ha) of large, intermediate, small and very small clones in six
commercial plantations from 2003-2005

Clone-size categories

Location Large Intermediate Small Very Average Location 
small index (%)1

Tokiala 4413 4551 4512 4030 4377 100

Notremeal 3427 4091 3760 5186 4116 94.0

Stockholm 2989 3807 3724 3919 3609 82.5

NARI 4388 2256 2409 3918 3242 74.1

Kervera 2230 2288 2495 2046 2265 51.7

Raulawat 1836 1424 1991 2048 1825 41.6

Average 3214 3069 3148 3524 3239
Index (%)2 91.2 87.1 89.3 100

Relative density (%)3 62.5 71.4 83.3 100.0
1, 2   Relative average yields of Tokiala (100%) and very small clones (100%), respectively.
3   Planting density relative to the very small clones (100%)
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Results of ENB on-farm trials

Effect of clone-size categories on yield

Average yields for the four clone-size categories varied across locations during the three
years. The yields varied between 3069 kg/ha (intermediate) and 3524 kg/ha (very small).
The yield differences were directly related to the different planting densities of the four
groups (Table 1). The highest yields obtained were for the very small clones (3524 kg/ha),
followed by large (3214 kg/hall), small (3148 kg/ha) and intermediate (3069 kg/ha). Thus,
the relative yields of the large, small and intermediate clones were 91.2%, 89.3% and 87.1%
respectively compared with that of the very small clones (100%). The relative densities of
the four groups, large, intermediate, small and very small were 62.5, 71.4, 89.3 and 100%,
respectively. This may have interacted with the average yields of the different clone-size
categories. Part of the differences in yield between clone-size categories may also be due to
the different clones included in each group. 

Location and interaction effects

A considerable location effect was found in each of the four-size groups over the three-year
period (Table 1). The average yields were highest in Tokiala (4377 kg/ha), followed by
Notremeal (4116 kg/ha) and Stockholm (3607 kg/ha). The very small clones yielded highest
at all four sites with the highest average yields, but not so for the two lowest yielding sites
(Kervera and Raulawat). It is possible that the very small clones have benefited more from
better management than the big clones. Apart from the very small clones, yields of the big,
intermediate and small clones were higher in Tokiala than in the other sites. Similarly, the
highest yield among the very small clones was recorded from Notremal plantation. 

Total yield, trunk cross-section area and yield efficiency

The average trunk cross-section area of the four clone groups ranged from 86 cm2 (very
small) to 174 cm2 (large) (Figure 1). In the four clone groups, the trunk surface area was

Figure 1. Trunk cross-section area (CSA) and yield efficiency (YE) for big,
intermediate (Inter), small and very small clones
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directly related to the potential vigour of the clones and possibly also to the density of plant-
ing. The trunk area of the four clone groups in relation to the large clones at 625 tree/ha
(100%) was smaller by 10%, 42% and 50% in the intermediate, small and very small clones
at the densities of 714,833 and 1000 trees/ha, respectively. Yield efficiency increased with
increasing density (Fig 1). The average yield efficiency was higher in the very small clones
(at 1000 trees/ha) than in the large clones (at 625 trees/ha).   

Best clones within clone-size categories

Among the large clones, two new hybrid clones were found to yield more than TA 103, the
highest-yielding control clone (Table 2).  Most clones produced higher yields than TA 101,
the second control clone except for B5 and B8.  B2 produced the highest average yield of
4332 kg/ha, which is 10.8% higher than TA 103. The second highest-yielding clone was B7
with 4026 kg/ha, yielding only 3% above TA 103. The highest-yielding clone (B2) was sus-
ceptible to Ppr, but highly resistant to VSD.  B7 was resistant to both Ppr and VSD. 

Only one clone among the intermediate group (Table 3) was found to yield more than TA
203, the highest-yielding control. I10 had the highest total average yield of 4421 kg/ha,
19.7% higher than TA 203 (3693 kg/ha). The highest yielding clone was susceptible to both
Ppr and VSD. After the control clone TA 203, I3 was the third highest-yielding clone with
3593 kg/ha. I3 yielded lower than the control by 2.7% which was 100kg less in production.
The clone, however, was resistant to both Ppr and VSD.

Four of the small clones were found to yield higher than the highest-yielding control, TA
202. The highest-yielding clone S9 yielded 5244 kg/ha, which was 62.8% more than the
control (Table 4). Similarly, S7, S2 and S1 yielded higher than TA 202 by 11.9%. 9.8% and
5.9% respectively. S9 was susceptible to VSD, but resistant to Ppr. S7, S2 and S1 were
resistant to both Ppr and VSD. Two clones (S3, S8) yielded less than TA 305, the second
highest-yielding control.

Six of the very small clones (VS4, VS5, VS8, VS2,VS1 and VS6) were higher-yielding
than TA 302, the control clone (Table 5).  VS4 was the highest-yielding clone with 4593
kg/ha, 29.3% more than the control clone. VS5 had the second highest yield of 4235 kg/ha,

Table 3. Average dry bean yield, yield components and resistance level to Phytophthora pod rot (Ppr) and
vascular streak dieback (VSD) of intermediate clones in the multi-location trial plots  in six commercial
plantations from 2003-2005

Clone Code Pod wt Wet bean Dry bean Yield index Ppr2 VSD2

(g) (%) (kg/ha) (%)1

I10 K-9 415 28.2 4421 119.7 S S

TA203(C) 3 33-8/3 385 30.2 3693 100.0 S S

I3 21-4-8 375 30.0 3593 97.3 R R

I5 24-4-5 355 34.0 3486 94.4 R S

I8 92-4-15 411 26.3 3252 88.1 S MR

I1 16-3-1 635 25.9 3095 83.8 R R

I2 17-2-16 455 26.8 2574 69.7 R MR

I6 36-3-2 595 29.4 2753 69.7 R MR

I7 73-2-3 450 25.7 2522 68.3 S R

I9 K-6 414 25.9 2483 67.2 MR S

I4 24-2-8 325 19.2 1888 51.1 HR S
1    Yield relative to TA 203 (100%), the control clone.
2    HR=Highly resistant, R=Resistant, MR=Moderately resistant, S=Susceptible, HS=Highly susceptible
3    (C) = Control clone
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i.e. 19.3% more than the control. Two clones, VS8 and VS2 had more or less the same yields
with 4175 kg/ha and 4171 kg/ha respectively. Among the six high-yielding clones, VS6 was
susceptible to Ppr and VSD. The other five were resistant to both diseases.

Trunk cross-section and yield-efficiency of the four highest yielding clones within each
of the clone-size categories are indicated in Table 6. The yield-efficiency of the small and
very small clones is considerably higher than for the intermediate and big clones.

Discussion

The main purpose of multi-location testing is to test clones for their adaptability to different
locations and environments. The major emphasis is placed on yield potential, production
stability and resistance to major diseases. In the multi-location trial, the main aim was to
identify new high-yielding hybrid clones with better resistance levels to Ppr and VSD. This

Table 4. Average dry bean yield, yield components and resistance level to Phytophthora pod rot (Ppr) and
vascular streak dieback (VSD) of small clones in multilocation testing on six commercial plantations from 2003-
2005

Clone Code Pod wt Wet bean Dry bean Yield index Ppr2 VSD2

(g) (%) (kg/ha) (%)1

S9 63-3-8 505 33.4 5244 162.8 MR HS

S7 34-1-13 470 32.4 3606 111.9 R HR

S2 16-4-2 615 28.8 3537 109.8 R HR

S1 13-1-13 385 29.1 3413 105.9 R R

TA202(C)3 17-14/4 458 27.8 3221 100.0 S HS

S5 31-3-12 470 25.3 3211 99.6 R MR

S6 33-1-10 320 33.3 3086 95.8 S S

S4 23-2-13 305 28.5 2872 89.2 R R

TA305(C) 73-14/1 325 29.1 2834 87.9 HS R

S3 17-4-10 440 22.4 2573 79.9 S MR

S8 35-2-10 385 27.5 1606 49.9 R S
1 Yield relative to TA 305 (100%), the highest-yielding control clone.
2 HR=Highly resistant, R=Resistant, MR=Moderately resistant, S=Susceptible, HS=Highly susceptible,  
3 (C) = Control clone

Table 5. Average dry bean yield, yield components and resistance level to Phytophthora pod rot (Ppr) and to
vascular streak dieback (VSD) of very small clones in the multi-location testing in six commercial plantations
during 2003 - 2005.

Clone Code Pod wt Wet bean Dry bean Yield index Ppr2 VSD2

(g) (%) (kg/ha) (%)
1

VS4 13-3-2 405 24.9 4593 129.3 R HR

VS5 15-4-7 490 25.1 4235 119.3 MR HR

VS8 37-2-10 655 28.8 4175 117.6 HR MR

VS2 13-2-2 325 33.0 4171 117.5 R HR

VS1 11-2-10 510 24.6 3902 109.9 MR HR

VS6 17-3-6 465 28.7 3586 101.0 HS HS

TA302( C)3 17-7/4 436 29.6 3551 100.0 S S

VS7 23-3-3 460 24.5 3446 97.0 MR R

VS3 13-2-13 300 23.0 3240 91.2 HS MR

VS9 33-1-13 390 28.6 3159 89.0 R R

VS10 73-3-8 445 22.0 2670 75.2 HS HS
1 Yield relative to TA 302 (100%), the control clone.
2 HR=Highly resistant, R=Resistant, MR=Moderately resistant, S=Susceptible and HS=Highly susceptible
3 (C) = Control clone
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aim could have not been reached without the use of proper controls. The first multi-location
trial was conducted using 29 hybrid clones tested against two commonly used Trinitario
clones, K82 and KA2-101, as controls. Most of the experimental clones greatly out-yielded
the two Trinitario clones. In the second multi-location trial, new high-yielding hybrid clones
were already available and therefore identification of clones yielding higher than the con-
trols was expected to be more difficult.

During the first three years of production, potential high-yielding clones were already
identified. Clones yielding higher than the controls were identified in each of the four size
groups. Among the small and very small clones, ten clones were found to be high-yielding
(4 small, 6 very small). Three clones were identified among the large and intermediate (2
big, 1 intermediate) however, the big clones were tested against two controls in which seven
clones were found to yield higher than the second control. Some of the clones tested had
good resistance levels to both Ppr and VSD, the two most common diseases in Papua New
Guinea.

The trial was in its third year of production and, by that time, the tree canopies had started
to close and branches had begun to interlock. As such, the results obtained were not only
related to density but also influenced by the competition effect between trees. Variation in
yields with the highest coming from very small clones (3524 kg/ha) and second highest
from large clones (3214 kg/ha) followed by small and intermediate ones, clearly manifests
the competition effect. During the first and second years of production the trees were rela-
tively small, the canopy was not closed and therefore the yields were directly related to
planting density. This was realized with the very small clones at higher density being the
highest yielder in comparison to the other three groups, with the large clones having the
lowest yield at a lower density.

Clone Code of origin CSA (cm2) YE (kg/ha)
Large
B2 12-4-4 149.5 29.0

B7 77-4-6 167.3 24.1

TA103 (control) 37-13/1 216.3 18.1

B3 22-3-5 314.4 10.7

Intermediate
I10 K-9 226.9 19.5

TA203 (control) 33-8/3 113.0 32.7

I3 21-4-8 221.6 16.2

I5 24-4-5 162.8 21.4

Small
S9 63-3-8 95.0 55.2

S7 34-1-13 105.6 34.1

S2 16-4-2 113.0 31.3

S1 13-1-13 102.0 33.5

Very small
VS4 13-3-2 84.9 54.1

VS5 15-4-7 91.6 46.2

VS8 37-2-10 105.6 39.5

VS2 13-2-2 81.7 51.1

Table 6. Trunk cross-section area (CSA) and yield efficiency (YE) of the four highest-yielding clones in the large
(B), intermediate (I), small (S) and very small (VS) categories
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The clones did show a significant location effect expressed in the yields obtained from the
various testing sites. The total annual average yields for the clones in the Tokiala plantation
was the highest among all the testing sites for the three years. The Tokiala plantation exer-
cised good management practice after the clones had been planted, and this was probably
reflected in the good yields. The differences in yields observed between the various sites
were partly due to the environmental conditions and partly due to the management levels
exercised.  Results from the trial have so far been encouraging; however they only represent
three years of production. The trial will be followed for a few more years before a recom-
mendation for release of new hybrid clones can be made to growers.

Acknowledgements

Results presented were obtained with the support of the CFC/ICCO/Bioversity International
project on “Cocoa Productivity and Quality Improvements, a Participatory Approach”. We
wish to thank all the plantation managers and their staff for their contribution and participa-
tion in the multi-location trials. The enormous contribution to the multi-location trials and
foundation of the modern breeding programme in Papua New Guinea by Dr Yoel Efron is
also acknowledged and highly appreciated. He is sadly missed by the programme staff back
in Papua New Guinea. 



15th – 17th October 2006, San José, Costa Rica 123

Field testing of local farmers’ selections in Sulawesi...  -  S. Lambert et al.

Field-Testing of Local Farmers’ Selections in Sulawesi
and Results on Their Quality Parameters

S. Lambert1, D. Ismail1, M. Hidayat1 and M. Burhanuddin2

1 Mars, Inc.
2 South Sulawesi Extension Service (Dinas Perkebunan) 

Summary

Sulawesi is currently the largest cocoa producing area in the Asia/Pacific region. This
Indonesian island was one of the first places where cocoa was introduced into Asia in the
17th century. Because there have been many different subsequent introductions since then,
cocoa planting materials in Sulawesi are very diverse. The last introductions were several
very high-yielding planting materials from Malaysia, brought to Sulawesi by farmers return-
ing from work in Malaysian cocoa plantations. In 1980 a strong cocoa expansion occurred in
Sulawesi, resulting in approximately 400,000 farmers currently producing cocoa in small
plots of about 1ha. Cocoa productivity in Indonesia is one of the highest in the world on
smallholding plots and it attains up to 1 tonne/year/ha in spite of losses due to cocoa pod-
borer (CPB) infestation  Hybridization has occurred within and between all these cocoa
genotypes. This great genetic diversity of cocoa in Sulawesi is currently being used in cer-
tain projects to select from smallholders’ cocoa gardens superior planting materials with a
high production potential in the presence of cocoa pod borer (CPB), Phytophthora pod rot
(Ppr) and vascular streak dieback (VSD). 

Apart from the ACIAR (Australian Center for International Agricultural Research) proj-
ect, nine other small field trials are currently taking place in Sulawesi to test local farmers’
selections. These trials are being organised by Mars, Inc. in collaboration with the local
extension service and farmers. Ninety-five locally selected clones are being field-tested in
these trials, and most of them include well-known Malaysian clones as controls (BR 25,
PBC 123, KKM 22 and BAL 209). All these trials were set up in the farmers’ fields and the
materials to be tested were grafted onto existing adult trees, in the same way as farmers
would normally proceed. Some trials were planned as 20 single tree replicates (following
the ACIAR project design) and newer trials were planted in a 3 or 4x8 trees block design. In
these trials the easiness of establishment, precocity of production and its increase over time
were evaluated. All the clones tested were also evaluated for quality parameters (bean size,
shell and fat content) and incidence and losses caused by CPB, Ppr and VSD. 

The major criterion for selection of trees to be tested was their high yield of healthy pods
in the presence of CPB, Ppr and VSD. From the quality perspective, farmers can easily
select for size of pods and size and number of beans in each pod. However, the difficulty is
fat content which needs to be tested in the laboratory. As most cocoa from Sulawesi is not
fermented and is destined for pressing, fat content is a very critical quality parameter to be
considered. The majority of clones tested showed low fat content (below 50%), however it
was possible to identify several clones with large beans that also had high fat content. One
of them was Jawahere 2 with a bean size of 1.29g (bean count 77) and 57% fat content.
Preliminary results from these field trials showed that some clones are already starting to
distinguish themselves by precocity of production. However, already at this early stage it is
obvious that very few ortets tested showed all the desired characteristics and had no potential
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for further testing. As the evaluation of final yield, pest/disease losses and fat content contin-
ues, the number of good/promising clones will decrease even more, strongly indicating  that a
very high number of clones is required when field screening farmers’ selected clones. 

Introduction

The question of farmers’ selections, collaboration between farmers and breeders and gener-
ally participatory approach of work with farmers is currently very popular and there are
many ongoing discussions about the efficiency of this approach. Some authors claim that
participatory varietal selection by farmers could be successful (Almekinders and Elings
2001). However in cocoa, only few successful programs of this type are known. The first
program for on-farm selections for elite cocoa clones began over 60 years ago, but results
were not very encouraging. Recently a program using farmers’ selections helped to identify
witches’ broom (WB) resistant materials in Bahia, Brazil (Lopes et al. 2003) where some
materials with low WB infection were identified. The CFC/ICCO/Bioversity International
project on “Productivity and Quality Improvement: a Participatory Approach” is focusing
part of its activities on field-testing farmers’ selections in a participatory way (Eskes 2006).
Although Indonesia is not participating in the CFC project, only the island of Sulawesi pro-
duces about 70% of Asian/Pacific cocoa and there is a large interest to improve local plant-
ing materials by using the large diversity of cocoa found on this island. 

Besides the first introduction of Criollo from the Philippines in the 17th century, many
other introductions of different planting materials followed, such as the West African
Amelonado and later Upper Amazon hybrids. Sulawesi farmers also received hybrid cocoa
produced by the Indonesian Coffee and Cocoa Research Institute in Jember. The main rea-
son for the very high average yields of small cocoa farmers in Sulawesi (up to 
1000 kg/ha/year even in the presence of cocoa pod borer (CPB) is the introduction of vari-
eties brought back from Malaysia by cocoa farmers returning to Sulawesi after working in
Malaysian Sabah during the cocoa boom of the 80s. These very high-yielding materials
were brought as pods or budwood and are now widespread in Sulawesi. Later, they
hybridized with the previous introductions. Farmers and extension officers in Sulawesi
observed very high-yielding cocoa trees and now that the cocoa trees in Sulawesi are getting
older and in some areas damaged by frequent flooding, rehabilitation by side or chupon
grafting is being considered. As farmers are increasingly interested in rehabilitation, the
question of good clonal materials is becoming urgent. 

Superior Malaysian clones (PBC 123, BR 25 and KKM 22) were introduced to Sulawesi
by the returning farmers from Sabah and are being used by some farmers for rehabilitation
of their trees. However, PBC 123 is particularly popular and many farmers tend to use it
exclusively. The problem of this  clone is its low fat content. Unfermented cocoa produced
in Sulawesi is being used mainly for pressing and therefore the low fat content is a very seri-
ous defect. A few years ago, intensive activities were started by the local extension service
and farmers to identify, among the great variability of Sulawesi’s cocoa in farmer’s sites,
clones that would produce well in the presence of CPB. The problem is that lately the local
extension in some areas is trying to promote the use of certain clonal materials obtained
from high-yielding trees without previously field-testing them as clones. This could be dan-
gerous for small farmers with generally very high productivity due to the low heritability of
the genes for yield and therefore the low probability of choosing a good clone merely based
on the observation of a seedling mother tree.
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Several field trials were established to test farmers’ selected clones and the preliminary
results and observations from three trials are reported in the following paper. As Indonesia is
not a member of ICCO and therefore not included in the CFC project, the effort to obtain an
idea of the value of farmers’ materials in different cocoa producing areas of Sulawesi was
achieved by other means. A much larger selection effort is planned depending on the avail-
ability of sufficient funding.

Methods

Trees were selected by the farmers themselves or by the extension officers in collaboration
with the farmers. In some areas farmers received instructions on selecting high-yielding, but
not too vigorous trees. However, in general, the farmers made their selection according to
the criteria of high yield, low infestation of CPB and low incidence of Phytophthora pod rot
(Ppr) and vascular streak dieback (VSD). Selection of large pods, high number of beans in
the pod and large beans were also recommended. Extension officers suggested the criteria of
annual production of at least 100 pods, at least 30 beans per pod and low incidence of CPB,
Ppr and VSD. 

For the first trial, the extension service collected bean samples from 68 selected trees that
were identified for their high yield. From each selected tree at least 5 pods were collected
and fresh cocoa beans were dried in the sun. Samples of 200-500 grams of dry beans were
brought for quality assessment in the PT Effem  (Mars, Inc.) laboratory in Makassar,
Sulawesi. Bean count was determined as the number of dried beans per 100g. Shell content
and cocoa butter content were also determined. Shell content was evaluated by de-shelling
100g of beans and weighing the shells to determine the percentage of shell content. To deter-
mine cocoa butter content, bean samples were milled on a Retche planetary ball mill and the
cocoa mass was analysed for fat content in a Near Infra-Red (NIR) high performance
analyser (Foss System II 6500 scanning spectrophotometer, NIR Systems Inc. Silver Springs
MD) fitted with a transport module in reflectance mode. Spectra were recorded in the range
from 400-2500 nm at 2 nm intervals. Calibrations were developed by using modified partial
least square regression procedures. 

Twenty clones with the best quality results were selected for field evaluation. Ease of
establishment, precocity and yield in the presence of local pests and diseases and quality
parameters were evaluated. The areas for the field trials were identified after discussions
with farmers who were willing to participate and allowed a part of their cocoa garden to be
grafted with the cocoa clones to be tested.  Important criteria in selecting the area for the
trial were the health of the trees’ bark and low Phytophtora canker incidence, which is quite
severe in certain areas of regular flooding. The trial was planned to have 20 randomised sin-
gle tree replicates design and two grafts were planned to be established on each of the
selected adult trees of approximately 10 years old at the beginning of the trial. Two bud-
wood sticks of the same clone were grafted onto the opposite sides of each tree. The existing
cocoa trees were fertilised a month before grafting. After grafting, regular inspections and
maintenance of the grafts were performed. The main shoot was pruned when it reached
approx. 45cm long. During the first year the growth of the grafts was also stimulated by a
foliar fertiliser. 

The evaluation began when the first grafts had produced pods and thereafter, the trees
were evaluated fortnightly for the production of pods, production of wet beans and dry
beans. All pods were also categorized as healthy, or as infested by CPB (light, heavy or very
heavy) and Phytophthora (light and heavy). All beans from healthy and infested pods were
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collected, then weighed as wet beans and dried to get dry bean values. The dry bean data
was used to calculate pod value as this is a very important criterion for quality and also for
evaluating CPB infestation damage. The pod values calculated for the healthy pods showed
the  yield/quality potential of the tested clone. Additionally, the effective pod value was cal-
culated using all the beans, to assess the actual losses and decrease of quality due to pests
and diseases. All the trees were also assessed for damage due to infection by Oncobasidium
theobromae (causal agent of VSD). 

The first trial was established in Sekang, South Sulawesi. Eight other smaller trials were
established in South and Central Sulawesi. The two trials in Central Sulawesi were planted
earlier and designed to have 20 single tree replicates. The rest of the trials were planned to
be established in four replicates of 8 trees. All these trials were established in farmers’ fields
by grafting the clones onto existing trees.

Results and discussion

Quality assessment of the 68 clones selected by the South Sulawesi Extension
Service (Disbun)

Table 1 presents selected results showing the range of values for the quality parameters in the 68
selected clones. Quality parameters of these samples were very diverse and some very good
clones were identified among them. The range of bean size results was from 0.59 g to 1.92
grams with an average of 1.08 g. More than 60% of the samples showed a bean size of over 1
gram. Shell content of the tested beans was relatively low due to unfermented samples, with the
lowest value of 8.52%. Results from the fat content analysis also showed high variability with

Table 1. Selected quality results from 68 farmers selections made by the South Sulawesi Extension Service
(Disbun). Only the 20 selections with more extreme values are presented

Selection Clone Origin Bean Weight Fat 
(No) Count (g) (%)
1 BN/AM/TC/LP/Arase/06 Bone 93 1.07 58.0

2 BN/AML/MPT/MPT/Jawahere/02 Bone 77 1.30 57.4

3 BN/TS/UL/SB/H. AMBO TANG/01 Bone 90 1.11 55.1

4 BN/AML/MPT/MPT/Jawahere/01 Bone 116 0.86 55.0

5 LW/PR/PT/TK/Husby Tory/01 Luwu 58 1.72 55.0

6 MJM/SDN/RTL/Taming 3 Mamuju 83 1.20 55.0

7 BN/AM/MP/LP/Amas/02 Bone 86 1.16 54.9

8 LW/BP/NL/NL/ARIFIN TAAN/01 a Luwu 108 0.93 54.7

9 LW/PR/PTD/Nasir Rauf/02 Luwu 62 1.61 54.0

10 MJM/SDN/ULD/RTL/Taming 4 Mamuju 82 1.22 54.0

11 LW/PR/PT/TK/TIPA/01 Luwu 78 1.28 53.4

12 LW/PR/PT/TK/Muchtar/01 Luwu 52 1.92 52.5

13 LW/BP/NL/NI/Hadeyang/01 Luwu 58 1.72 51.6

14 BN/AM/TC/LP/Arase/04 Bone 127 0.78 50.7

15 LW/BP/NL/NL/Arifin Taan/01 a Luwu 69 1.45 50.6

16 MMJ/PPL/TPR/PML/HRS/1 Mamuju 170 0.59 49.4

17 A.Bahrul (B) Dakka village Luwu 99 1.01 48.9

18 PM/TP/DK/LKJ/H. Darming/01 Polmas 61 1.64 48.6

19 LW/PR/PT/TK/JALIL/02 Mamuju 70 1.43 46.8

20 PRG/Rivai 15 Pinrang 103 0.97 45.4

Average for all 68 samples 93.5 1.07 51.3
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the extremes ranging from 45.4% to 58.0%, and an average of 51.26%. The average fat con-
tent of 19 samples with the largest beans (ranging between 1.25 g to 1.92 g) was almost the
same as the average fat content of all bean samples (51.33% and 51.26%, respectively) indi-
cating that  selection of large beans would not assure high fat content. Some very large beans
showed very low fat content such as the sample from Pinrang/Polmas with beans of 1.64 g
and fat content of only 45.4%. However, it was also possible to identify several samples of
large beans with high fat content as in clone Jawahere 2 with a bean size of 1.29g (bean
count 77) and 57% fat. Another good example was Arase 6, a clone from Bone with a fat
content of 58.0% and reasonably large beans of 1.1 g. The sample with the largest beans of
1.92 g also showed reasonable fat content of 52.2%. These examples confirm that the diver-
sity of planting materials in Sulawesi can allow us to identify good candidates with high
production potential and also good quality parameters like bean size, fat and shell content,
which should then be tested in the field. 

Twenty clones with the best quality characteristics were selected for field-testing in two
sites in South Sulawesi to assess the ease of establishment, precocity of production and to
confirm their quality and high yield in the presence of local pests/diseases (CPB, Ppr  and
VSD). It was fairly difficult to obtain collaboration from farmers due to the obvious problem
of their dependence on the cocoa garden for cash income. The size of cocoa gardens in
Sulawesi is usually about 1 ha and therefore the concern of farmers for their production as to
whether the clones tested would be high-yielding is understandable. Lopes et al. (2003) did
not report such problems with farmers on trials lead in Bahia, Brazil, but probably the farm
size there was larger. 

The problem of pruning the mother trees after successful grafting was crucial. An addi-
tional problem was the lack of budwood for some of the chosen clones, due to high demand
from neighbouring farmers. This was also the main reason for the incompletion of all the 20
replicates of this trial. After several rounds of side grafting, some clones with a low number
of replicates were discarded to avoid  large age differences between grafts. The number of
trees for each clone finally established in the trial in Sekang (South Sulawesi) is reported in
Table 2 together with preliminary results of their production two years after the beginning of
grafting. 

Field-testing of Disbun selections in Sekang (South Sulawesi)

During the main harvest of 2006 the first evaluations were performed from 12 April to 24
June assessing pod and bean production and incidence of pest/diseases. Table 2 shows a
large difference in precocity observed with some clones already producing high number of
pods (Jawahere 01 with 122 pods form 13 trees) and others not producing anything (Darno
01 with only one pod on 12 trees). In Brazil, it was observed that the heritability of WB
resistance was much higher than the heritability of yield (Lopes et al. 2003), therefore selec-
tion for yield from one tree is very unreliable and errors can be very large.

As precocity is a very important factor for farmers, these early data are important indica-
tors of the future value of any selected clone. Additionally, data on the production of dry
beans and pod values are also very critical indicators of the clone’s value. Some clones
showed very low pod value in spite of their young age of two years. The lowest pod value
among the 14 clones, was 19.2 for Muchtar 01, indicating very large pods and beans of this
clone. This coincides with the results from the quality assessment of the mother tree which
showed   average bean weight of 1.9g (bean count of 52). Fat contents in seedling and clonal
forms were also very similar (52.5% and 51.8%, respectively). It was also observed that this
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clone did not show any CPB or black pod infestation in the trial. The same clone was tested
in a small separate experiment in the field of the farmer who had actually selected it in his
cocoa farm in Lara village in Massamba district. He had already grafted this clone onto cer-
tain old cocoa trees in his plantation 5 years earlier. Five trees were evaluated for only three
months of the main harvest of 2006. Results showed a pod value of 23.3 with an average
production of 60 pods per tree and 2.47 kg of dry cocoa per tree during the main harvest
period that normally accounts for 65% of annual production. This clone has shown to be
promising and it is important to test it in a well-designed and performed field trial.

Infestation rate with CPB in this trial was relatively low as it was also the general infes-
tation rate in the area. Six out of the 16 producing clones did not show any CPB infestation
and the highest % of infested pods was 17% of light infestation that would not mean any real
losses of production. However, more rigorous testing for CPB infestation will be carried out
in the following months when there will be fewer cocoa pods available and therefore the
infestation rate should be higher.  

Trial in Pinrang-Macubu 

The plan was to test 41 clones in a 3x8 trees replicated trial design however, due to problems
with grafting and lack of farmers’ cooperation, it was not possible to establish all the planned
grafts. Hence, the trial merely served as a first screening/observation site for different local
selections and some imported clones to use the best ones to go on to a more elaborate test.
From the initial results it was possible to observe a large difference in precocity of the tested
clones. While 66% of the clones had not yet started to produce any pods, certain clones were
already producing quite reasonable quantities of pods 18 months after grafting.  Two of the
best local clones produced  many more pods and more dry beans per tree than the reference
clone PBC 123 (Table 3). The highest production in the first 6 months of the year was a

Clone name No. No. Ppr CPB Pod Production 
of trees of pods infected infested value of dry beans 

pods pods (kg)
BN/JAWAHERE 01 13 122 2 7 35.8 3.304

BN/JAWAHERE 02 14 107 1 18 30.8 3.166

BN/JAWASE 01 4 2 0 1 20.0 0.092

PM/DARNO 01 12 1 0 0 27.0 0.037

BN/ARASE 06 9 16 1 2 26.3 0.585

LW/NASIR RAUF 02 18 57 3 1 24.9 2.190

LW/HUSBY TORY 01 10 31 0 5 23.2 1.341

LW /RIFIN TAAN 16 35 1 2 36.4 0.985

LW/TIPA 01 11 44 2 9 23.3 1.683

PM/DARNO 02 14 30 0 4 25.4 1.134

MJN/TAMING 03 4 15 0 1 30.5 0.495

MJN/TAMING 04 6 14 1 0 24.5 0.561

MMJ/BHR/U5.T4 12 40 1 16 26.0 1.404

MMJ/ILH/B7.U8 13 93 1 20 31.0 2.983

PM/JUANDA 01 16 23 0 5 30.2 0.827

PM/DARNO 03 9 0 0 0 - 0.000

LW/MUCHTAR 01 12 42 0 2 19.2 2.195

Table 2. Production and infestation rate by CPB and Ppr in Sekang clonal trial 24 months after grafting 
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farmer’s selected clone from Central Sulawesi, Haris 2 with an average production of 
36.5 pods per tree.  PW/PG01, with an average of 11.8 pods per tree was also better than the
reference clone PBC 123 (10.8 pods/tree). Production of dry beans per tree in 6 months was
also higher in both locally selected clones Haris 2 and PW/PG1 (705 and 530 g, respec-
tively), comparing to 293g/ tree for PBC 123.  These results are very preliminary, but could
indicate some potential for reasonable high yield of locally selected clones.

From the perspective of pod size, dry bean weight and pod value, PW/PG01 showed low
pod value for the healthy and infested pods (20.5 and 25.0, respectively) indicating large
pods. Haris 2 is an obvious example of a clone producing many small pods with pod value
of healthy pods of 41.7. However, this clone still produced the highest quantity of dry beans

Clone Total  Pods Production CPB CPB level
trees per (grammes  infested % pods
(No) tree dry beans/ pods (%)

(No) per tree) Pod values

L M H Infested Healthy Total
pods pods

PBC 123 20 10.8 293 61.1 20 11 69 40.9 30.1 36.8

HARIS 2 14 36.1 705 44.3 38 10 52 62 41.7 51.3

PW/PG 01 13 11.8 530 69.1 43 11 16 25 20.6 23.9

Table 3. Production, CPB infestation level (light, medium, high) and pod values of the best two farmers’
selected clones (from 41 tested) and the reference clone PBC 123, 24 months after grafting (Pinrang-Macubu
trial)

Code Bean count Bean % Shell % Fat Pod 
weight value
(g)

AKP/A1 68 1.47 13.75 52.7

SBT/BT 73 1.36 10.38 50.7

Patila/Hj 62 1.61 13.70 50.6 15.5

Lara/Panimbu/Mr 75 1.33 13 50.1 18.8

LR/Lara/Mr 76 1.31 19.76 49.9 19.1

Tarobok/Mr 81 1.23 12.41 49.6 20.3

LR/Tarobok/Mr 83 1.20 12.45 49

Tarobok/H 70 1.43 13.80 48.6 16.5

SBT/BT/Hj 150/170 107 0.93 17.53 48.5

Panther 53 1.89 13.65 48.3

LR/Panimbu/Hj 1240/925 BJ 74 1.35 12.37 48.1

PPK (14 Apriel 2006) 72 1.39 13.15 47.8

LR/Tarobok/Hj 66 1.51 12.25 47.1

LR/Pondan/Hj 64 1.56 13.87 46.9 20.3

Panimbu/H 86 1.16 13.2 46.7 21.5

Pondan/Hj 81 1.23 14.96 46.4

AKM/A2 60 1.67 12.99 45.9

PPK(31 march 2006) 66 1.51 14.65 45.8

LR/Panimbu/Hj 270 gram/217 bean 72 1.39 17.32 45.6

Pondan/Mr 97 1.03 12.96 43.7

LR/Pondan/Mr 94 1.06 13.87 43.2

Average 75 1.36 13.89 47.9

Table 4. Quality data on certain farmers’ selected clones in Noth Luwu regency of Sulawesi
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per tree (705 g), more than twice the production of the well-known high producer 
PBC 123 (293 g). The infestation rate of pods with CPB in this trial was much higher than in
Sekang. PBC 123 showed 61.1%, Haris 2 44.3% and PW/PG01 69.1% of CPB infested
pods. However, PW/PG 01 showed the lowest proportion of highly infested pods (16%)
(Table 3). Harris 2 and PW/PG 01 showed quite promising preliminary results, but the eval-
uation continues for additional yield and quality results. 

Recent selections in South Sulawesi.

Twenty-one additional farmers’ selections from South Sulawesi were recently tested for
quality parameters (Table 4). Again, it was obvious that farmers can select for many pods,
large pods and large beans, but not for fat content. All the 21 tested clones showed very good
bean weight (ranging from 53 to 107) with just one under 1 gramme and with the best one
with a bean weight of 1.89 g. However, the fat content values were very low with the high-
est of 52.7% and the lowest as low as 43.7%. Just four samples of the 21 tested attained fat
content level over 50%. However, AKP/A1 the clone with the highest fat content of 52.7%
also had large beans (1.47 g) and could be a good candidate as a very valuable clone to be
tested for yield in the presence of CPB, Ppr and VSD. Seven of these clones were already
used by local farmers for grafting of low yielding trees in their cocoa gardens. From the
beginning of the last main harvest (May 2006) five trees of each clone were evaluated for
pod and dry bean production (Table 4). Results of the tested clones showed good pod values
between 15.5 and 21.5, indicating large pods. Additional production results will have to wait
for the next harvest period. 

All these preliminary observations/results from the trials in Sulawesi indicate that good
clones can be identified among farmers’ selected materials, but the results strongly indicate
that only a very small proportion of clones can combine all the desirable characteristics of
yield in the presence of CPB, Ppr and VSD, ease of establishment, precocity, bean size, pod
value and cocoa butter content. Therefore it is crucial to begin all evaluations of farmers’
selections with large number of these materials and gradually eliminate those with less
desirable characteristics.  
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Selección de Arboles de Cacao (Theobroma cacao L.)
Nativo e Híbrido de Buen Rendimiento y con
Indicadores de Calidad

M. Ventura López, A. González y L. Batista
Instituto Dominicano de Investigaciones Agropecuarias y Forestales (IDIAF), Estación Experimental Mata Larga, 
Programa Cacao, República Dominicana

Resumen

En la República Dominicana la siembra de cacao con fines comerciales se inició en el siglo
XVII. Las plantaciones se establecieron con cacao Amelonado de Trinidad, Criollo de
Venezuela, Trinitario de Venezuela y Nacional de Ecuador. Desde el punto de vista
agronómico, estas siembras no fueron manejadas adecuadamente. El rendimiento nacional
promedio era de 436 kg/ha en los años 60. Esto motivó a que en la década del 70 se iniciara
un programa de renovación y rehabilitación de las plantaciones comerciales. Para tal fin se
utilizaron clones e híbridos introducidos, con alta productividad. No se utilizaron los mate-
riales locales nativos para la producción de híbridos, por lo que la base genética local se
redujo notablemente. 

Los nuevos nichos de mercado de cacao exigen atributos tecnológicos favorables rela-
cionados con el tamaño y el color de las semillas, y el porcentaje de grasa. Además, atribu-
tos organolépticos son importantes, como sabores y aromas especiales, y podrían encon-
trarse en las plantaciones nativas e híbridas. Estos tipos de cacao reciben mayores precios en
los mercados internacionales. La cacaocultura dominicana se encamina hacia la incursión en
estos mercados especializados, por lo tanto se necesita rescatar el material que cumpla con
los nuevos requisitos de calidad.

El objetivo de la investigación fue seleccionar árboles de cacao nativo e híbrido de buen
rendimiento con indicadores de calidad. El estudio de campo se realizó en plantaciones
comerciales ubicadas en las regiones Este y Nordeste del país. Se identificaron 44 árboles
nativos y 100 árboles híbridos con características fenotípicas deseables. De acuerdo a los
resultados obtenidos, de los árboles nativos se seleccionaron 18, tres del tipo Trinitario y 
15 del tipo Criollo. Tres árboles resultaron ser sobresalientes, un Trinitario y dos Criollos
con 100 % de almendra blancas. De los árboles híbridos, se seleccionaron 10, dos de los
cuales resultaron sobresalientes. Los árboles seleccionados representan un valioso recurso
fitogenético para los planes de mejoramiento en la Republica Dominicana y para acceder a
nuevos nichos de mercados de cacao fino.

Abstract

Selection of native and hybrid cocoa trees (Theobroma cacao) for high yield
and with quality traits

In the Dominican Republic commercial cocoa plantations were initiated in the 17th century.
Plantations were established with Amelonado cocoa from Trinidad, with Criollo from
Venezuela and with Nacional from Ecuador. From the agronomic point of view, these plan-
tations were not managed adequately. Average productivity in the country in the 1960’s was
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436 kg/ha. Consequently, a renovation and rehabilitation programme of the commercial
plantations was initiated in the 1970’s. For this, introduced clonal and hybrid varieties with
high yield potential were used. No native local materials were used to produce hybrids; as a
result the genetic basis of the local material was reduced substantially.

New cocoa market segments require special technological traits related to bean size,
colour of the cotyledons and fat content. Besides, good organoleptic traits are required such
as special flavours or aromas that might be identified in traditional and hybrid plantations.
Such cocoa types receive better prices in the international cocoa markets. The cocoa from
the Dominican Republic is starting to enter these specialised markets, therefore it is neces-
sary to recuperate materials that respond to these new market requirements.

The objective of the study was to select traditional and hybrid cocoa trees with good yield
and showing indicators for quality. The field study was carried out in commercial plantations in
the Eastern and Northern regions of the country. In total, 44 traditional and 100 hybrid trees
were identified with favourable phenotypic traits. Based on the results, 18 trees were selected
in traditional cocoa plantations, with three of these displaying Trinitario and 15 Criollo-like
traits. Three of these trees were really outstanding, one Trinitario and two Criollo types, with
100% white beans. Ten hybrid trees were selected and two of them were outstanding. 

The selected trees are a valuable genetic resource for further breeding in the Dominican
Republic and to enter into the new market niches of fine flavour cocoa.

Introducción

En la República Dominicana la siembra de cacao con fines comerciales se inició en el siglo
XVII. Las plantaciones se establecieron con cacao Amelonado de Trinidad, Criollo de
Venezuela, Trinitario de Venezuela y Nacional de Ecuador. Por sus características de toler-
ancia a plagas y enfermedades, el cacao Amelonado tuvo buena aceptación entre los
cacaocultores dominicanos. Sin embargo, este es un cacao con sabor “ordinario”, que pre-
senta menor potencial aromático. Estudios recientes han demostrado que las otras introduc-
ciones de cacao en la Republica Dominicana (Criollo, Trinitario, y Nacional) pueden ser
fuentes de cacao “fino”, con expresiones de sabores variados tal como “nuez”, “caramelo”,
“fruta fresca” y “floral” (Sukha y Butler 2005). El Trinitario tiene generalmente buenos
atributos de calidad, tanto tecnológicos (buen tamaño de la semilla con color violeta claro y
rosado pálido) como organolépticos (sabor a fruta fresca y otros aromas). Dentro de las
plantaciones comerciales, se encuentran todavía ejemplares de cacao Criollo, que se carac-
terizan por tener las semillas blancas y rosado pálidas, que podrían tener excelentes atribu-
tos organolépticos (Sukha and Butler 2005). El Criollo es uno de los cacaos más codiciados
para la elaboración de productos de alta calidad. 

Las plantaciones tradicionales, desde el punto de vista agronómico, no se maneja-
ban adecuadamente. El rendimiento nacional promedio era de 436 kg/ha en los años
60. Esto motivó a que en la década del 70 se iniciara un programa de renovación y
rehabilitación de las plantaciones comerciales. Para tal fin se utilizaron clones e híbri-
dos introducidos, con alta productividad. No se utilizaron los materiales locales para
la producción de estos híbridos, por lo cual la base genética del material tradicional se
redujo notablemente. 

Los nuevos nichos de mercado de alta calidad exigen buenos atributos tecnológicos
(tamaño de grano) y organolépticos, con sabores y aromas especiales, que podrían encon-
trarse en las plantaciones nativas e híbridas. Este tipo de cacao recibe mayores precios en los
mercados internacionales. La cacaocultura dominicana se encamina hacia la incursión en



15th – 17th October 2006, San José, Costa Rica 133

Selección de Arboles de Cacao...  -  M. Ventura López et al.

estos mercados especializados, por lo tanto se necesita rescatar el material que cumpla con
los nuevos requisitos de calidad.

El objetivo de la investigación fue seleccionar árboles de cacao nativo e híbrido de buen
rendimiento con indicadores de calidad.

Materiales y métodos

La investigación se llevó a cabo en fincas cacaoteras situadas en las regiones Nordeste y Este de
la República Dominicana. Las condiciones geoclimáticas de la primera localidad son altitud
130 a 150 msnm, 19.34o latitud Norte, -70.29o longitud Oeste y pluviometría de 1439 mm. En la
segunda son: 18.88o latitud Norte, -69.20o longitud Oeste y pluviometría de 1576 mm. 

Se seleccionaron nueve fincas de plantaciones adultas con árboles Trinitarios, Criollos e
híbridos; ocho en la región Este y una en la Nordeste. Dentro de las fincas se identificaron los
árboles superiores, con base a las características siguientes: a) más de 60 mazorcas por árbol
por año; b) buena sanidad de las mazorcas y c) peso de semilla mayor de 1.3 g. 

A los árboles identificados se les midieron las siguientes variables: producción (número
mazorcas sanas producidas/árbol), rendimiento (peso seco de semillas en kg/árbol), índice de
mazorca (mazorcas necesarias para un kg de cacao seco), índice de semillas (peso seco
promedio de una semilla en g) y número de mazorcas negras (con infección por
Phytophthora spp). Para determinar el número de mazorcas sanas producidas se realizaron
cosechas sucesivas en el período de febrero a julio durante los años 2001 y 2002.
El rendimiento (peso de cacao seco por árbol) se calculó multiplicando, el peso de las
semillas frescas de 20 mazorcas tomadas al azar, por un factor de conversión de 0.38.
El valor obtenido se dividió entre 20, y se multiplicó por el número de mazorcas pro-
ducidas/árbol. El índice de mazorca se obtuvo dividiendo el número de mazorcas

Arboles Tipo Mazor- Peso Índice de Índice de Ma- Puntua- Semilla
genético cas seco mazorca semilla zorca ción blanca

sanas (kg por negra final* (%)
árbol) (%)

IML-14 Trinitario 44,0 2,91 15,1 1,80 0 6 0 

IML-30 Trinitario 63,0 3,61 17,3 1,61 0 6 0

IML-44 Trinitario 68,5 8,97 8,8 3,23 5,5 8 0

IML-9 Criollo 57,5 2,23 25,8 1,00 0 3 85

IML-11 Criollo 37,5 1,61 23,4 1,31 0 3 100

IML-12 Criollo 48,5 1,97 24,6 1,31 0 3 67

IML-16 Criollo 74,0 2,20 33,7 1,39 0 4 60

IML-18 Criollo 53,0 2,35 22,6 1,09 0 3 45

IML-19 Criollo 63,0 2,25 28,1 1,02 0 3 70

IML-20 Criollo 49,5 1,90 27,4 1,10 0 3 75

IML-22 Criollo 43,0 1,12 40,2 1,15 0 3 29

IML-28 Criollo 24,5 0,92 26,2 1,55 0 4 95

IML-31 Criollo 25,0 0,72 34,9 0,89 0 2 24

IML-32 Criollo 10,0 0,48 21,0 1,21 0 4 100

IML-33 Criollo 16,0 0,61 26,7 1,39 0 3 39

IML-34 Criollo 11,5 0,65 18,4 1,80 0 5 44

IML-37 Criollo 46,0 1,87 24,7 1,40 0 3 33

IML-38 Criollo 65,0 2,38 27,1 1,57 0 5 30
*Según Soria 1966 citado por Enrique (1987)

Tabla 1. Rendimiento y puntuación final de los árboles de cacao seleccionados en 2002 en plantaciones nativas
(con material Trinitario y Criollo) en la República Dominicana.
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sanas entre el peso del cacao seco. El índice de semillas se obtuvo dividiendo el peso
del cacao seco entre el número de semillas. Para determinar el porcentaje de mazorcas
negras se contaron las mazorcas afectadas por esta enfermedad.

Para elegir los árboles se aplicó el índice de selección, según el método Soria (1966)
citado por Enriquez (1987), aplicándose todos los criterios de selección con el mismo
peso. Para identificar los árboles como tipo Criollo se aplicó el criterio de color de las
semillas (presencia de semillas blancas en una muestra aleatoria de 100 semillas). 

Resultados y discusión

En la región Este se identificaron 44 árboles nativos con potencial de rendimiento y calidad,
21 del tipo Trinitario y 23 del tipo Criollo. Aplicando el método de Soria (1966), se seleccio-
naron tres árboles Trinitarios y 15 Criollos. Estos árboles presentan características fenotípi-
cas de vigor y rendimiento. Las características de los árboles nativos seleccionados se pre-
sentan en la Tabla 1.Todas las semillas de los árboles considerados como Trinitarios eran de
color violeta claro y rosado pálido. El IML-44 es considerado el mejor de estos árboles.

Para la selección de árboles Criollos se tomó como criterio principal el color de las almen-
dras, y en segundo lugar, el rendimiento. En este sentido, los mejores árboles fueron IML-11
e IML-32 con un 100 % de almendras blancas. Mientras que los mejores árboles en base a
rendimiento en peso seco kg./árbol), fueron IML-18 e IML-38, (Tabla 1). 

En la región Nordeste se identificaron 100 árboles híbridos con potencial de
rendimiento y calidad. Según los resultados obtenidos, se seleccionaron 10 árboles
elites. La Tabla 2 presenta las características de los árboles híbridos seleccionados.
Los mejores fueron Rizek 12 y Rizek 43 los cuales alcanzaron la mayor puntuación
para la selección, incluso superiores a los descritos por Batista (1984). 

Conclusiones y perspectivas  

• Tomando en consideración algunos atributos fenotípicos relacionados con el rendimiento
y la calidad, se seleccionaron 28 árboles elites. Se dispone de árboles con excelentes atri-
butos de calidad tecnológica y posiblemente también organoléptica, que podrían ser utili-
zados en programas de mejoramiento genético. 

• Los árboles seleccionados en las plantaciones de cacao nativo y en las poblaciones híbri-
das mostraron, además de atributos deseables de calidad, rendimientos excelentes. 

Arboles Mazorcas Peso seco Índice de Índice de Puntuación 
sanas (kg/árbol) mazorca semilla final*

Rizek - 1 77,5 6,19 12,53 1,69 7

Rizek - 12 110,5 8,11 13,65 1,62 8

Rizek - 16 73,0 5,07 14,44 1,49 6

Rizek - 36 84,5 5,47 15,58 1,48 6

Rizek - 43 117,5 7,45 16,44 1,57 8

Rizek - 44 122,0 1,29 18,52 1,36 6

Rizek - 61 70,5 4,29 14,66 1,61 7

Rizek - 83 109,0 7,28 15,10 1,45 7

Rizek - 84 65,5 4,56 16,12 1,52 6

Rizek - 100 119,0 6,85 17,35 1,44 6
*Según Soria 1966 citado por Enriquez (1987)

Tabla 2. Rendimiento y puntuación final de los árboles seleccionados en 2002 en una plantación con material
híbrido de cacao en la República Dominicana
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• La identificación de árboles Criollos con semillas blancas constituye un valioso recurso
fitogenético para acceder a nuevos nichos de mercado. 

• Se recomienda la preservación de estos recursos fitogenéticos seleccionados y su even-
tual utilización en programas de fomento, renovación y rehabilitación de plantaciones
comerciales.

• Los clones derivados de los árboles seleccionados están en colección en el jardín clonal
de la Estación Experimental Mata Larga, San Francisco de Macorís, República
Dominicana.

• Estos clones también están en un ensayo de evaluación para medir su rendimiento y
características organolépticas en otras zonas de producción. 
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Resumen 

La cacaocultura en Colombia se ha desarrollado desde principios del siglo XIX en zonas que
comprenden todo el valle del Río Magdalena. La región de Santander es la principal zona de
producción de cacao en el país, aportando aproximadamente 19.000 ton/año, cerca del 50 %
de la producción nacional. 

El proyecto se concretó realizando en el municipio de Rionegro, departamento de
Santander, una reunión diagnóstica con una comunidad de cacaocultores, con el fin de cono-
cer a través de sus experiencias algunas características importantes sobre las actividades
socioeconómicas y técnicas del cultivo. Además, se quiso identificar aspectos que podrían
ser aplicados como soporte para la modernización del cultivo de cacao, la productividad, la
calidad y el mejoramiento social de los cultivadores, por medio de estrategias participativas. 

Los resultados mostraron que el mejoramiento participativo en esta región, está rela-
cionado con el interés de implementar el cultivo de cacao como un sistema agroforestal
competitivo. Actividades identificadas como importantes fueron la selección de variedades
locales con características sobresalientes dentro de las plantaciones y aplicación amplia de
métodos de propagación vegetativa. Los agricultores identificaron como problemática prin-
cipal la moniliasis y como características importantes que debe tener el árbol ideal la pro-
ductividad, sanidad y tamaño pequeño del árbol. La calidad no ha sido identificada como
importante, debido a que no es reconocida económicamente en la comercialización.

Abstract

Project for the Participatory Selection of Cocoa in the Santander Department,
Colombia

Cocoa farming in Colombia has been developed from the beginning of the 19th century in
zones that include the entire valley of the Rio Magdalena. The Santander region is the main
zone of cocoa production in the country, contributing approximately 19,000 tonne/year,
which is near 50 % of the total national production. 

A diagnostic meeting was carried out with a community of cocoa farmers in the Rionegro
municipality, in the Santander Department. The aim was to survey the experience of farmers
to identify important socio-economic and technical characteristics of the cocoa culture. In
addition, variables were identified that might be applied in farmers’ participative cocoa
development strategies to modernize the cocoa culture and to improve the productivity, the
quality of cocoa and the social conditions for the farmers.

The results of the meeting showed that participative cocoa improvement in this region
has to be based on the development of the cocoa culture as a part of a competitive agro-



15th – 17th October 2006, San José, Costa Rica 137

Seleccion participativa de arboles elites en campo de productores en Colombia  -  B. Saenz Cardona et al.

forestry system. Activities proposed include the selection of elite varieties within cocoa
plantations and wide application of vegetative multiplication methods. As the main problem
the farmers identified the frosty pod disease. The farmers identified high yield, good disease
resistance and small tree size as the principal characteristics that the ideal cocoa tree must
have. Quality was not identified as important, because the farmers do not get any economic
return for the cost of post harvest treatment of cocoa beans.

Introducción

A comienzos del siglo XIX, en Colombia, surgieron los primeros intentos para cultivar sis-
temáticamente plantaciones de Theobroma cacao. Ya para finales del siglo XIX, los cultivos
en el país se extendían por 12 departamentos en los que figuraban principalmente Santander,
Arauca, Meta, Antioquia, Caldas, Nariño, Tolima y Huila. La producción alcanzaba en el
final del siglo XIX, 6.000 toneladas de cacao seco, el cual se consumía enteramente como
bebida creando así una cultura de consumo en taza, única en el mundo. Debido al alto con-
sumo local no quedaba la posibilidad de exportación de cacao producido localmente. 
Para el año 2006, la producción en Colombia fue de 30.756 toneladas, con un valor aproxi-
mado de US$ 61,5 millones al año, lo que se tradujo en unos 18.000 empleos agrícolas per-
manentes, ingresos a pequeños productores de economía campesina y formación de cultura
asociativa, aspectos relevantes en el ámbito social. Por otro lado, el consumo de cacao en el
país es del orden de 45.000 toneladas por año, presentando un déficit de 15.000 toneladas
aproximadamente.

La producción de cacao en el departamento de Santander corresponde al 50 % de la pro-
ducción nacional, generando aproximadamente 7.600 empleos permanentes al año. En la
región predomina el pequeño y mediano productor de economía campesina con limitación
de recursos. La edad promedio de los productores es de 47 años y el nivel de escolaridad se
ubica entre 1 y 5 años de formación primaria. El núcleo familiar está formado por 5 personas
en promedio en cada propiedad familiar.

Históricamente, el cultivo de cacao se desarrolló en el departamento de Santander princi-
palmente en los municipios de San Vicente de Chucurí y de Rionegro como agricultura
parcelaria familiar, a través de un sistema de producción diversificado. Este hecho explica
las características que tipifican hoy la cacaocultura de esta región en pequeñas plantaciones,
manejadas bajo un modo de producción de economía campesina, vinculada al mercado a
través de la industria nacional.

La zona productora de cacao en estos dos municipios se encuentra localizada en la ver-
tiente occidental de la Cordillera Oriental que recorre al departamento de sur a norte, borde-
ando el Valle del Río Magdalena a una altitud de 500 a 1.100 m.s.n.m. Las lluvias presentan
en esta subregión un régimen bimodal, con valores que oscilan entre los 1.600 y 2.500 mm
anuales, y la temperatura oscila entre 23 y 28 °C, con la humedad relativa de 75 a 80%.
Estas condiciones favorecen una producción sostenida durante el año.

El cacao se encuentra localizado en zonas agroecológicas correspondientes a cordilleras,
serranías y piedemonte, con relieve quebrado-escarpado y con pendientes entre el 5 y el 50
%. Los suelos de esta región presentan buen drenaje y son superficiales a moderadamente
profundos, susceptibles a erosión. Sin embargo, el nivel de fertilidad de los suelos de la
región cacaotera de Santander es bajo.

Colombia, tiene algunas variedades tradicionales, del tipo de cacao Criollo, localizados
únicamente en la Sierra Nevada de Santa Marta y en la Serranía del Perijá. Estos cacaos se
caracterizan por tener frutos con formas alargadas y semillas de color blanco. Existen
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además materiales “comunes” que se fueron agrupando principalmente por la forma de la
mazorca. Ejemplos claros de estos materiales son los cacaos Hartón Caucano y Hartón
Huilense, de origen Trinitario, los cuales fueron introducidos a lo largo de los ríos
Magdalena y Cauca, principalmente en la región suroeste de Colombia. Estos materiales
tienen frutos con una forma alargada (Angoleta-Cundeamor) y se caracterizan por ser auto-
incompatibles. Otro tipo de cacao común es conocido con el nombre de cacao Pajarito, lla-
mado así por su tamaño pequeño del fruto, que es de tipo calabacillo, y que es una variedad
auto-compatible. 

El esquema de comercialización de cacao en Colombia, especialmente en los municipios
de San Vicente de Chucurí y de Rionegro, se realiza por una parte en forma indirecta a través
de agentes comercializadores, o proveedores, que trabajan por comisión y se encuentran
ubicados en los municipios o zonas productoras y por otra parte en forma directa, a través de
los agricultores o las asociaciones que comercializan directamente el cacao a la industria. 

La organización social de los productores de cacao es incipiente. Existen pocas organiza-
ciones de base conformadas mediante las formalidades legales, y estas requieren de más
apoyo para garantizar el empoderamiento de los productores en términos del desarrollo téc-
nico, gestión y administración de la producción que los ubique como una alternativa de
poder decisorio en la cadena productiva. 

FEDECACAO desde hace mas de cinco años está implementando en la región, un
método de capacitación colectiva participativa a través de Escuelas Cacaoteras para produc-
tores o ECA’s, donde se puede dirigir la capacitación y el intercambio de conocimiento para
la identificación y selección de árboles elites y finalmente para el uso dentro de los procesos
de mejoramiento de plantaciones. Una ECA tiene como metodología básica la participación
de 20 o 30 agricultores de una región, quienes mediante un diagnostico integral del sistema
de producción y el entorno sociocultural, priorizan una problemática a solucionar, la cual a
través de una programación preestablecida y mediante dinámica de grupos abordan las
temáticas específicas, obviamente dirigidos por las instituciones que coordinan determinado
proyecto. Además, existe ya una cultura del manejo y empleo de clones importados como
ICS, UF, TSH y EET, que se viene desarrollando en viveros en fincas de agricultores o
viveros privados locales, apoyados en jardines clonales. 

El presente estudio se desarrolló con el fin de dar a conocer y discutir con los agricul-
tores, los aspectos básicos de la problemática agronómica y socioeconómica del cultivo y
como estos aspectos podrían ser desarrollados mediante estrategias de mejoramiento partic-
ipativo, como soporte para la modernización del cultivo de cacao, la productividad, la cali-
dad y el mejoramiento social y económico de los cultivadores.

Materiales y métodos

La reunión de diagnóstico participativo se realizó el 25 de agosto de 2006, en la vereda La
Ceiba del municipio de Rionegro, la cual contó con la presencia de agricultores de la región,
miembros de asociaciones representativas de los agricultores y las instituciones involu-
cradas en el proyecto (FEDECACAO, CORPOICA y el Consejo Nacional Cacaotero).
Para determinar los principales problemas y proponer posibles soluciones a los agricultores
de esta comunidad, se desarrollaron las siguientes herramientas participativas: 
Línea de tiempo; 
• Matriz de árbol ideal; 
• Matriz de preferencia de materiales de cacao, y 
• Árbol de problemas.
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• Así, fueron analizados los eventos históricos, las características deseables de los árboles
y la preferencia de materiales híbridos o clonales.

Resultados y Discusión

Línea de tiempo

En el municipio de Rionegro, las primeras siembras de cacao se iniciaron en 1906 con semi-
lla de cacaos comunes, proveniente del departamento del Huila. Hacia 1960 se reporta la
aparición de la Monilia. En 1968 aparecen las primeras siembras con semilla certificada
híbrida. En la década de 1970, reportaron problemas sociales causados por grupos alzados
en armas. Posteriormente en 1994 se reporto en la región la escoba de bruja. Para el año
2000 como evento especial reportaron la siembra de clones mediante injertación. En los últi-
mos años se ha iniciado un movimiento de renovación y rehabilitación de plantaciones
híbridas. 

Matriz del árbol ideal

Cada participante escogió y calificó las tres características más deseables que debe
poseer un árbol ideal según su criterio y orden (Tabla 1). Se encontró que para los
agricultores el primer criterio de selección es un árbol productivo. Por lo anterior, el
árbol ideal de la comunidad cacaotera del municipio de Rionegro sería aquel que posea
excelentes características de productividad y sanidad. El resultado obtenido acerca de la
calidad fue un factor que el agricultor no lo calificó como relevante, debido a que la cal-
idad no es reconocida económicamente por los comercializadores. Algunos agricultores
se refieren solo al tamaño del grano.

Prioridad Característica Calificación total
1 Productividad 59

2 Sanidad 39

3 Porte Bajo 21

4 Forma (Frondosidad) 19

5 Calidad (Tamaño de Grano) 8

Tabla 1. Calificación del árbol ideal

Matriz de preferencia de variedades

Con referencia a esta herramienta de preferencia de materiales de cacao de la región, los
agricultores, expresaron su preferencia para cada criterio haciendo una calificación de 1
(malo); 2 (regular) ó 3 (bueno). En la Tabla 2 se muestran los resultados obtenidos y como
era de esperarse, el mayor puntaje en todos los criterios correspondió a los clones “univer-
sales”, que son aquellos materiales introducidos o importados desde Trinidad, Costa Rica y
Ecuador principalmente, como los ICS, TSH, y EET, que se conocen ampliamente en
Colombia. Así mismo, los materiales “regionales”, son aquellos que se han venido seleccio-
nando en las plantaciones de cacaos híbridos y comunes del país. 

Los materiales comunes e híbridos presentaron el mismo puntaje, mientras que sobre los
materiales o clones que corresponden a selecciones regionales promovidas por instituciones
como FEDECACAO y CORPOICA, prácticamente presentaron un alto grado de
desconocimiento en todos los criterios. Además, la producción y uso del material vegetal en
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cuanto al material híbrido aunque se ha continuado, actualmente no cuenta con mucha
acogida. Estos resultados permiten detallar que un programa de Selección Varietal
Participativa (SVP) podría ser de una gran relevancia por la utilidad que puede prestar a la
región y la mejora de germoplasma. 

Árbol de problemas

Los agricultores en consenso identificaron a la alta incidencia de moniliasis como la enfer-
medad que produce pérdidas alrededor del 40% de la cosecha. Así mismo, los agricultores
fueron muy concientes en priorizar las causas de esta enfermedad, ubicando en primer lugar
la falta de control mediante un manejo adecuado, en segundo lugar ubicaron los aspectos
climáticos refiriéndose a las épocas de mayor frecuencia de lluvias y en tercer lugar las
zonas de menor altura sobre el nivel del mar como los lugares donde esta enfermedad es mas
severa. Adicionalmente mencionaron exceso de sombra, altas densidades de siembra y la
falta de poda o regulación de la altura de los árboles como otras causas relevantes (Figura 1).

Criterios Cacao Cacao Clones Clones 
Común Híbrido Universales Regionales

Frutos por árbol 3 3 3 2

Tamaño de grano 3 2 3 -

Precocidad 1 2 3 -

Resistencia a enfermedades 3 2 3 -

Porte del árbol (arquitectura) 1 2 3 -

Total 11 11 15 2

Tabla 2. Criterios y resultados para calificar la preferencia de materiales

Figura 1. Árbol de problemas relacionado con incidencia de moniliasis
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Los agricultores manifestaron que se esfuerzan muy poco en efectuar un buen control de la
moniliasis y a su vez, se notó un regular y deficiente conocimiento para hacerlo.

Conclusiones

A través de la reunión diagnóstica, la comunidad manifestó su interés en hacerse respons-
able del proceso de selección de variedades locales, dado que reconocen que existen materi-
ales con características sobresalientes dentro de sus plantaciones y demandan que sus cul-
tivos sean incluidos en el proyecto. Además ven la importancia de rescatar estos árboles para
el mejoramiento de sus plantaciones y la de sus vecinos.

En cuanto a las opciones para el fortalecimiento del suministro local de nuevas var-
iedades de cacao, los agricultores manifestaron que tienen amplio conocimiento en métodos
de propagación vegetativa de cacao, especialmente viveros, existiendo en la región viveros
manejados por agricultores, lo cual facilitará el manejo y suministro de los materiales selec-
cionados del proyecto. 

En la actualidad existe en el país una conciencia de implementar el cultivo de cacao como
un sistema agroforestal competitivo, en el cual la inclusión de especies maderables han
adquirido relevancia, existiendo instituciones que colaboran con la entrega de semillas y
modelos de aprovechamiento forestal y preservación de bosques y agua. 
Finalmente, como reflexión a la metodología y herramientas utilizadas, se observó una
buena aceptación por parte de la comunidad. Algunos extensionistas o capacitadores mani-
festaron querer utilizar y recoger algunas de estas herramientas para incorporarlas dentro de
las ECA’s.

Adicionalmente, dentro de la interacción temática entre el mejoramiento participativo, la
selección varietal participativa y la diversificación de la cadena cacao – chocolate, se pre-
tende que las plantaciones de cacao en la región sean modernizadas mediante renovación y
rehabilitación con materiales regionales de alto rendimiento y calidad especial, selecciona-
dos en conjunto por agricultores y mejoradores.

Este tipo de trabajo o ejercicio realizado con la comunidad, sirvió para que FEDECA-
CAO y CORPOICA elaboraran un proyecto regional en la búsqueda de financiación con el
apoyo de WAGENINGEN-INTERNATIONAL y NUFFIC.
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Abstract

Resistance to witches’ broom disease (WB) in cocoa, caused by Moniliophthora perni-
ciosa, was investigated in 56 cross families. Twenty-four micro-grafted clones (16
parental and 8 control or reference clones) were also inoculated, including 16 parental
clones representing various genetic groups. The clones and seedlings were tested for
resistance to the disease using an optimised agar-droplet inoculation method in screen
house experiments with plants of one-year-old, and by inoculating one bud per plant. For
clones, three replicates of three plants each were used and for seedlings two replicates of
25 seedlings). Resistance components recorded on an individual plant basis were infec-
tion frequency (IF = % of swellings or brooms), broom frequency (BF, %), incubation
period (IP, days to express first symptoms) and symptom severity (expressed as broom-
base diameter or BBD in mm). 

As expected from earlier work with the same type of agar-droplet inoculation method,
average IF and BF were high. This allowed for better distinction among other post-pene-
tration resistance parameters. Seedling BF was approximately 100%, whereas this
parameter varied widely for clones (22 to 100%). Significant differences were observed
among the clones and seedling progenies both for IP and BBD. For the clones, BBD was
negatively correlated with IP (r = - 0.68) and positively correlated with IF (r = 0.62). IF
and IP were not significantly correlated (r = - 0.22). For 14 clones tested in the screen
houses, it was possible to compare the resistance components with field results (% vege-
tative infection). BBD was correlated with field levels of resistance (r = 0.71), whereas
the correlation between IF and field resistance was lower (r = 0.42), though still signifi-
cant. IP was not correlated with field results (r = - 0.16). These results clearly show that
BBD is an important trait to be used in selection for WB resistance.

There was a strong linear relationship between mid parental values and progeny means
for BBD (r2 = 0.85) and for IP (r2 = 0.78), indicating strong heritability and additive
effects. The strong additive effects were also confirmed for the combined NCII design
analyses, whereas the effect of dominance was not significant. The variation for IP and
BBD within cross progenies was continuous and normally distributed, including for the
progenies of SCA 6, suggesting that resistance in vegetative tissue to WB is polygenic in
nature. The presence of transgressive segregation within many seedling families augurs
well for the possibility to accumulate genes for resistance by individual plant selection



15th – 17th October 2006, San José, Costa Rica 143

Inheritance of Components of Resistance of Cocoa to Vegetative Infection...  -  S. Surujdeo-Maharaj et al.

within crosses among resistant parents, (50% of the parental clones had been chosen
because of their known levels of resistance to WB). 

It is recognised that variations in host, pathogen and environmental factors all may
variously affect the repeatability of resistance testing. Precautions to be taken when
using the agar-drop method in both seedlings and in clones are outlined. The implica-
tions of the findings on breeding of cocoa aiming at combining good yield with high lev-
els of resistance to witches’ broom are discussed.

Introduction 

Cocoa diseases have been long recognized as among the most important constraints
to cocoa production. Consequently, the quest for genetic resistance to the major
cocoa diseases, including black pod (Phytophthora spp.,), witches’ broom (WB,
caused by Moniliophthora perniciosa) and cocoa swollen shoot virus (CSSV) has
preoccupied cocoa breeding efforts globally during the past century (Warren and
Kennedy 1991). 

Although some successes in selecting WB resistant clones (e.g. the CCN 51 clone in
Ecuador and certain TSH clones in Trinidad) have been recorded over the last 30 years,
progress in breeding for WB resistance is still being hampered by several factors, such as
inefficient screening methods, complexity of the pathosystem, poor understanding of
resistance mechanisms and of the genetic basis of resistance (Bartley 1969; Dias 2001),
narrow genetic bases of breeding populations employed (Kennedy et al. 1987; Kennedy
1994; Dias 2001) and the lack of effective long-term breeding strategies and programmes
aimed at developing resistant varieties (Zadoks 1997; Van der Vossen 1997 and 1999).
Accordingly, the need for reliable resistance testing methods to identify new sources of
complementary resistance has been stressed (Kennedy et al. 1987; Zadoks 1997; Van der
Vossen 1997; Surujdeo-Maharaj et al. 2003; Surujdeo-Maharaj et al. 2004.). 

Many studies have shown that resistance to WB disease is heritable (Baker and
Crowdy 1944; Bartley 1958 and 1969; Simmonds 1994; Purdy and Schmidt 1996).
However, divergent views exist on the genetic control of WB disease resistance. Based
on the loss of resistance of Scavina progenies at several sites, several researchers opined
that resistance to WB disease is likely to be “vertical”, i.e. based on differential interac-
tions and governed by a few major genes (Van der Plank 1963; Wheeler and Mepsted
1982; Kennedy et al. 1987; Pires et al. 1999b and Ahnert and Pires 2000 as cited by
Brown et al. 2005). Conversely, Robinson (1976 and 1987), argued that most cocoa
pathosystems are continuous, a condition that would favour development of non-specific
resistance mechanisms. The view that resistance to WB disease in cocoa is mainly poly-
genic is gaining support over the last few decades (Bartley 1981; Rudgard et al. 1993;
Luz et al. 1999; Pires et al. 1999a; Rios-Ruiz et al. 2001). Evidence of reciprocal differ-
ences in broom number in crosses involving SCA 6 and ICS 1 led Montserin et al. (1957)
to conclude that inheritance of resistance to WB disease may be polygenic with maternal
effects.

Besides the factors mentioned above, genetic studies investigating resistance to WB dis-
ease were limited in more aspects: 
• Evaluations were often based on screening using one single resistant parent (generally

SCA 6) as control; 
• They only rarely included different mechanisms of resistance or different resistance com-

ponents; 
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• They were often based on small populations and/or un-replicated data (both spatially and
temporally); and

• Artificial inoculations were carried out mainly using vegetative tissues (shoots), not
flower cushions and only very rarely cherelles or fruits.
Fonseca et al. (1985) and Andebrhan et al. (1998), as cited in Dias (2001), argued that

resistance to vegetative infection of Moniliophthora perniciosa is epidemiologically more
important than resistance of fruits or of flower cushions. This finding has placed emphasis
on resistance of vegetative tissues in nearly all WB resistance studies involving inoculation,
including in the current study. Only recently, studies on resistance of cocoa pods have been
considered.

In earlier publications, Surujdeo-Maharaj et al. (2003) described the development and
optimization of an agar-droplet inoculation method as a screening tool for the identification
of resistance of young vegetative buds to WB disease (vegetative resistance) in both clonal
and seedling progenies (Surujdeo-Maharaj et al. 2004). The method included the use of high
inoculum densities to obtain high levels of infection, even on the more resistant control vari-
eties, so that components of resistance after infection could be expressed more reliably when
using a relatively low number of plants. The incubation period (IP) and broom-base diame-
ter (BBD) significantly differentiated between levels of quantitative resistance and appeared
to be correlated with field resistance (Surujdeo-Maharaj et al. 2004). In using the agar-
droplet screening method, a number of novel sources of resistance were since identified,
which provided a wide base for genetic studies.

The objective of the current study was to increase the understanding on the genetic basis
of vegetative resistance to WB disease by applying an optimized agar-droplet screening
method (Surujdeo-Maharaj et al. 2003) on a large number of micro-grafted parental clones
(24; from diverse genetic origins) and progeny crosses (56) produced following a partial
diallel and a NCII mating design. 

Materials and methods

Experimental design

Two experiments were carried out to determine the genetic nature of resistance to WB dis-
ease, one involving the evaluation of 56 crosses and the other of 24 clones, including the 16
parental clones of the cross-progenies. The clones used were chosen because of their vari-
able levels of resistance to WB (Surujdeo-Maharaj 2008), including several clones with
putatively high levels of resistance. The crosses were made with the objective to complete
an 8 x 8 diallel and a 6 x 9 North Carolina II (NCII) mating design. However, due to failure
in pollinations, some 40% of the crosses could not be obtained. Genetic analyses were car-
ried out through the study of parent-offspring relationships and through the genetic analysis
of parts of the NCII and diallel designs with sufficient numbers of plants to allow for the
analyses.

Plant material

The 24 parental clones used in the first experiment are conserved at the International
Cocoa Genebank, Trinidad (ICG, T), growing in the fields of La Chaguaramas Estate at
the University Cocoa Research Station and at the St. Augustine Campus of the University
of the West Indies, Trinidad (Table 1). The genotypes selected represent major genetic
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groups recognized in cocoa: Criollo, Upper Amazon Forastero (UAF), Refractario,
Lower Amazon Forastero (LAF) and Trinitario. 

In the second experiment, 39 crosses belonging to the 6 x 9 NC-II mating design and
27 belonging to the 8 x 8 diallel mating design were employed to investigate the genetics
of resistance to WB disease. Ten of these crosses were included in both the NCII and in
the diallel design; so the total number of effective crosses used in the study was 56.

Clone and cross progeny establishment and maintenance 

Establishment of clonal material for evaluation was done in the same manner as indicated by
Surujdeo-Maharaj et al. (2004). The genotypes were micro-grafted onto three-week-old
rootstocks of TSH 919 as described by Sreenivasan (1995). Clonal plants were grown in the
same nursery where the seedlings were raised until the age of approximately 12 months,
when inoculations were carried out. The nursery consisted of wire-supported screen houses
(70% shade). 

Table 1. Variation in WB field infection (% shoots with brooms observed on 14 accessions in the ICG,T) and
resistance observed in the greenhouse among 24 clones tested for resistance to WB disease by using the agar-
droplet inoculation method (IF = infection frequency, BF = broom frequency, IP = incubation period and BBD =
broom-base diameter). Data are organised according to increasing BBD values.

Field Observations in the greenhouse
Clone Infected IF (%) BF (%) IP(days) BBD (mm)

shoots (%)
LCT EEN 162/S 1010 0.3 56 0 24.7 -

LCT EEN 37/A - 33 0 26.7 -

GU 261/P 0.3 22 11 20.0 3.6

LP 4/24 [POU] 1.1 67 33 28.5 5.5

PA 71 [PER] - 22 11 20.0 6.3

SCA 12 - 77 56 29.0 6.8

SCA 6 0.0 67 56 31.2 6.9

IMC 57 0.0 100 78 24.3 9.4

IMC 67 - 100 89 22.3 9.6

MXC 67 - 100 100 16.0 9.7

COCA 3370/5 [CHA] 0.0 44 44 18.3 10.1

B 5/3 [POU] 0.9 100 100 20.3 10.1

HYBRID 88 - 100 100 19.6 10.2

ICS 84 2.1 100 100 25.3 10.4

AMAZ 15/15 [CHA] - 22 22 20.0 10.4

ICS 95 0.4 100 100 18.3 10.8

JA 5/41 [POU] 9.3 100 89 20.7 10.8

HYBRID 19 - 100 100 17.7 10.9

JA 5/19 [POU] 3.5 100 100 19.6 12.0

ICS 1 1.4 100 100 17.7 12.2

WAA - 100 100 16.4 12.5

M 8 [SUR] - 100 100 16.3 13.6

JA 6/4 [POU] 4.8 100 100 13.7 14.8

UF 11 7.7 100 100 14.3 15.3

LSD (0.05) for 

replicate means 0.22 0.34
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Crosses were carried out according to the method of Ruinard (1963) and Toxopeus (1969)
between 2002 and 2004. Cocoa beans were removed from ripe pods and their mucilage
along with the testa was removed. Beans were germinated in styrofoam cups (200 mL) con-
taining moistened potting mixture (Pro-Mix®, Premier Horticulture, LTÉE, Rivière-du-
Loup, Québec, Canada G5R 6C1). One month later, seedlings were re-potted in polythene
bags (11.8 cm diameter and 12.7 cm height) and grown for 12 months before they were
assessed for resistance to M. perniciosa. 

Inoculation method for clones and cross progenies

Evaluation of resistance was carried out at the Cocoa Research Unit, University of the West
Indies, St. Augustine, Trinidad. An optimized agar-droplet inoculation method (inoculum
concentration = 350,000 viable spores/ml; 60 h in an incubation chamber with near 100%
relative humidity at 25oC), as described by Surujdeo-Maharaj et al. (2003) was used to inoc-
ulate clones and cross progenies at 12 months age. The flushing – 2 stage shoots with the
youngest emerging leaf being 1.5 cm long at maximum (Greathouse et al. 1971), selected
for clonal inoculation, were developed through natural bud formation while the same stage
shoots inoculated in cross progenies were induced by pruning.

For the clonal material, three replications (times of inoculation) each with three plants
per clone were carried out. Two clonal plants of the susceptible control clone, identified as
Hybrid 19, were included in all inoculations for comparisons between replications. For the
cross progenies, two replications each with a minimum of 25 seedlings were carried out ran-
domly over time, depending on the availability of seedlings. Ten open-pollinated seedlings
of Hybrid 19 were used as a control in each of the two replications. Additionally, two con-
trol plants for each replication were used as the absolute controls; these were inoculated by
using sterile distilled water instead of the basidiospore suspension.

Data collection and analysis

The resistance reaction of the clonal plants and cross progenies was scored in the nursery
in terms of IF (% plants that developed swellings or brooms), BF (broom frequency = %
plants developing brooms), IP (number of days until onset of stem swelling) and maxi-
mum broom-base diameter (BBD) measured with 0.1 mm precision at the base of the
broom using a Vernier calliper, as described by Surujdeo-Maharaj et al. (2004). Field
observations were carried out in the ICG,T collection by Jean-Marc Thévenin (unpub-
lished data) by counting the number of infected young shoots in relation to the total num-
ber of shoots produced on selected branches. Observations were carried out on a single
plot per clone with 3-5 trees over a period of two to three-years for 14 of the 24 clones
tested in the greenhouse. 

Statistical and genetic analyses

Analyses of variance (ANOVA) were carried out to determine the significance of differ-
ences among clonal genotypes for each of the various measures of resistance using Minitab
statistical software Version 13 (MINITAB Inc., State College, PA, USA). Arcsine square
root transformations were performed on percentage IF data.

ANOVA of data obtained on individual seedlings (raw individual plant data) were carried
out using GLM ANOVA (Minitab statistical package Version 13) to determine the signifi-
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cance (at P < 0.05) of the effects of male parents, of female parents, and of male x female
interactions. The NC II analyses were carried out on a total of 31 crosses to obtain estimates
of the components of genetic variance through analyses of co-variance among relatives
(Hallauer and Miranda 1982; Dabholkar 1999).

Parent-offspring regression analysis was performed using average values for the 56
crosses from the NC II and diallel design and evaluated with a minimum of 50 seedlings per
cross. Progeny values were regressed on male parental values, female parental values and
mid-parental values as described by Lush (1943), using Microsoft Office Excel 2003 software.

Coefficients of rank correlation (r) and of determination (r2) were calculated among all
resistance components and between resistance components and available data on the level of
field attack (% shoot infection) for parental clones. 

Results

Variation for resistance components of parental clones

Analyses of variance showed significant differences (P < 0.001) among the 24 clonal geno-
types tested with respect to infection frequency (IF), incubation period (IP), broom fre-
quency (BF) and broom-base diameter (BBD) (Table 1). 

IF varied from 22-100% among clones. Several clones (GU 261/P, PA 71 [PER], AMAZ
15/15 [CHA], LCT EEN 37/A, COCA 3370/5 [CHA] and LCT EEN 162/S 1010) showed
lower levels of infection when compared to SCA 6, conventionally used as the main source
of resistance to this disease in breeding programmes. Contrary to the clonal reactions, no
variation was observed for IF among the seedling families as all the seedlings inoculated
showed at least stem swellings (100%IF). 

The first symptoms appeared as stem swellings of the inoculated outgrowing shoots in all
the genotypes. Significant differences (P < 0.001) were observed for the time of symptom
expression (incubation period or IP) among clones and among crosses. IP showed more than
a two-fold difference among genotypes: JA 6/4 [POU] showed the shortest IP (13.6 days)
and SCA 6 the longest IP (31.2 days) (Table 1). Among the crosses, the variation in average
IP ranged from 15 days (JA 5/41 x UF 11) to 28 days (SCA 6 x LP 4/24 [POU]). 

BF varied from 0-100%. Two clones (LCT EEN 37/A, and LCT EEN 162/S 1010) did
not develop any brooms. Among the cross progenies, little variation was observed as nearly
all swellings developed into brooms.

Highly significant differences (P < 0.001) were observed for average BBD among clones
(Table 1), with extreme values being observed for GU 261/P (3.6 mm) and UF 11 (15.3
mm). The mean BBD values among the 56 crosses varied also significantly from 6.2 mm
(SCA 6 x PA 71) to 13.8 mm (ICS 95 x UF 11). As indicated above, with two Upper Amazon
clones (LCT EEN 37/A and LCT EEN 162/S 1010), the stem swellings did not advance into
brooms and hence no broom-base diameter could be recorded (Table 1).

Correlations among resistance components and field results of clones 

Regression analyses were carried among resistance components for all the 24 clones tested in
the screen house (Table 1, n = 24). BBD was negatively correlated with IP (r = - 0.68) and pos-
itively correlated with IF (r = 0.62). IF and IP were not significantly correlated (r = - 0.22). 

The resistance components measured in the greenhouse were compared with field results
(% of shoot infection over a 2 to 3-year period) for those clones (n = 14) for which field
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results were available. BBD was well correlated with field results (r = 0.71, Figure 1a and
Table 1) while the coefficient of correlation for IF with field data was much lower (r = 0.42,
Figure 1b), though still significant. There was a great clustering of data points towards the
upper rank for IF between field and greenhouse data (Figure 1b) as a direct result of high
infection frequencies, as expected with the use of the agar-droplet inoculation method that
causes high infection levels. The correlation might have been more significant if the IF
would have been more variable. IP was not significantly correlated with field results 
(r = - 0.16, Figure 1c). 

Variation between and within cross- progenies

There were highly significant differences (P < 0.001) between and within the 56 seedling fami-
lies (cross progenies). IP means varied from 15 (JA 5/41 [POU] X UF 11) to 28 days (IMC 57
X SCA 6) and BB means from 6.2 (SCA 6 X PA 71 [PER]) to 13.8 mm (UF 11 X ICS 95). 

Large variation was also observed among seedlings within crosses with respect both to IP
and BBD. Examples of variation observed in some crosses are presented in Figures 2a and
2b. The variations for IP and BBD were continuously and normally distributed. In many of
the crosses, more resistant transgressive segregants could be identified for both IP and BBD.
In crosses between the SCA 6 and the susceptible clones UF 11 and ICS 95, both IP and
BBD were also normally distributed (Figures 3a and 3b), suggesting quantitative inheritance
of resistance. 

Parent-offspring regression

When the means for IP and BBD of the male and of the female parents were separately
regressed against the cross-progeny means, the coefficient of correlations were low and non-
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significant (data not shown). However, when the mid-parental means were regressed against
the average IP and BBD of the hand pollinated cross-progenies, a strong and significant
relationship was observed (Figures 4 and 5). 

Genetic components and heritabilities

The estimates of genetic variance, partitioned into variance components (σ2Am, σ2Af σ2D)
based on North Carolina II design data for BBD and IP are presented in Table 2. The addi-
tive genetic components (for both males and females) for BBD and IP were significant 
(P < 0.05), but the dominance component was not significant (Table 2). For BBD, the addi-
tive effect for male parents was much higher than that for the female parents. These results
confirm the significant role of additive genetic variance in the inheritance of resistance of
vegetative tissue of cocoa to M. perniciosa. 

The broad sense heritabilities for the two measures of resistance, based on average values
of the four replicates for each cross-progeny, were 0.94 for broom-base diameter and 0.95
for incubation period. 

Figure 2. Distribution for (a) broom-base diameter among individual seedlings within the
cross IMC 57 (P1, resistant) x UF 11 (P2, susceptible) and for (b) incubation period within the
cross ICS 95 (P1, moderately resistant) x IMC 57 (P2, resistant) following agar-drop inoculation
with M. perniciosa.
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Figure 3. Distribution for (a) incubation period for the seedlings of the cross SCA 6 (P1,
resistant) x UF 11 (P2, susceptible) and (b) broom-base diameter for the cross SCA 6 (P1) x ICS
95 (P2, susceptible) following inoculation with M. perniciosa.
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Discussion 

The reliability of results of screening for resistance to WB using this method depends on
host, pathogen and environmental factors (e.g. plant age, shoot physiological stage) and
whether clonal or seedling material is used.

Host factors

While host age did not affect IF for seedlings between the ages of 2-16 months, there is a
marked effect of seedling age on BBD over a one-year period (Surujdeo-Maharaj et al.
2003). Thévenin et al. (2006) found that unpruned seedlings of 8 weeks-old, and inocu-
lated with 300,000 basidiospores/mL, could show small but significant differences in IP
and BBD using the agar-droplet inoculation method. However, larger differences were
observed using older seedlings (Thévenin, Pers. Comm.). In our experience with clonal
and seedling populations of approximately one-year-old, significant differences and
repeatable results were obtained. Therefore it is suggested that standardisation of plant
age (clonal and seedling) be done in order to minimise the error variance in host
response. We recommend the use of seedlings that are at least 8 months-old. 

Of all host factors, uniform shoot flush stage is perhaps the most important for obtaining
reliable results. This is important as resistance to infection changes rapidly with the expan-
sion of the shoots. M. perniciosa is essentially a pathogen that infects meristematic tissues,
and as metabolites change rapidly during differentiation and maturation so too does the sus-
ceptibility of shoots. Our experience has been that the flushing-2 stage of shoot development
(Greathouse et al. 1971) gives the most repeatable and reliable results. 

Figure 5. Regression of cross-progeny means on mid-
parent means for incubation period for 56 bi-
parental crosses. 

Figure 4. Regression of cross-progeny means on mid-
parent means for broom-base diameter for 56 bi-
parental crosses.
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Variance components (1) Incubation period (days) Broom-base diameter (mm)
and heritabilities (2)

Am 15.4*** 3.98 ***
Af 12.43*** 1.07 ***
D 3.10 ns 1.12 ns
h2

BS 0.95 0.94
1 Am = additive male parent variance; Af = additive female parent variance; D = dominance variance.
2 h2

BS = broad sense heritability

Table 2. Average variance components and heritability estimates of broom-base diameter and incubation
period for the North Carolina II mating design analyses for female and male parental genotypes of Theobroma
cacao L. 



15th – 17th October 2006, San José, Costa Rica 151

Inheritance of Components of Resistance of Cocoa to Vegetative Infection...  -  S. Surujdeo-Maharaj et al.

Uniform growth conditions that favour optimal plant growth, including large enough
polybags and suitable substrate for plants to develop over at least a one–year period, are fun-
damental to obtain reliable results. Other factors are uniform and high relative humidity in
the nursery, with uniform shade of approximately 70% to allow for optimal susceptibility of
host tissues (it has been noted that infected shoots become necrotic when exposed to the sun
under hot weather conditions).

Susceptibility of shoots also depends on the nature of the host material; clonal or seedling.
According to our results, clones are more difficult to infect than seedlings. The same was
observed, but rarely published, also in Ecuador and Brazil (Eskes, Pers. Comm.). Further
studies would be of interest to compare seedlings and cloned seedlings for WB resistance
expression. 

Pathogen factors

In order to attain 100% infections in susceptible varieties (the goal when evaluating post-infec-
tion resistance components) we verified inoculum concentration and duration in the incubation
room. The best results were obtained with 300,000 viable basidiospores/mL and long duration
in the incubation room (Surujdeo-Maharaj et al. (2004). Isolate aggressiveness will undoubt-
edly influence the IF of host plants as demonstrated for example by Shaw and Vandenbon
(2007), so adaptations will be required based on the local pathogen strains. We recommend
using an aggressive enough isolate to reach near to 100% IF in the susceptible controls.

Environmental factors 

High humidity is essential for pathogen entry to occur during the infection process with this
pathosystem and is achieved and maintained in several ways. Our experience indicates that
misting the entire plant with water, and particularly of the shoots of interest, prior to inoculation
tends to increase the succulence of the shoots. The effect of misting the plants prior to infection
should be elucidated for the cocoa-WB pathosystem. Using water agar as a medium for
basidiospore delivery (final dilution prepared in 0.3% agar) reduces the risk of desiccation nd
maintains basidiospore viability during and after the inoculation process. In our studies, the
maintenance of high humidity was achieved by keeping inoculated plants completely enclosed
in their polythene bags for long periods in the inoculation chamber. High inoculum concentra-
tions coupled with long incubation periods is also a necessary condition to achieve high infec-
tion levels among susceptible clones. An incubation time of 60h in the dark at 25ºC was found
to be optimal for achieving high levels of infection among clones. 

Post-inoculation environmental conditions also play a very important role. One general
observation is wilting of newly inoculated shoots when exposed to high temperatures in the
nursery or greenhouse (for example during the dry season). Furthermore, it was observed
that field inoculations failed when the day following inoculation was sunny and hot. 

Delivery systems

Thévenin et al. (2006) recommended a two-tiered screening system as the most suitable pro-
tocol for WB resistance. For mass screening, though the spray inoculation method is faster
and easier to perform, duplication of resources is needed for confirmation when escapes
occur. Depending on the objectives, and in order to reduce time and effort, we are recom-
mending the use of the agar droplet technique also for initial screening. 
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Country/site effects

Depending on the country in which screening is being carried out, and under which condi-
tions, the delicate balance among host (physiological growth condition, plant age, shoot
stage for inoculation, clones/seedlings, leaf number,..), pathogen (isolate genotype, concen-
tration, delivery system, time interval between inoculum preparation and inoculation) and
environmental (host pre- and post-inoculation conditions, incubation time, field vs. lab, tem-
perature, overall plant health) needs to be taken into account when carrying out screening
exercises. Consequently, varying degrees of optimisation will be required. Taking into
account local knowledge and experience with the pathogen biology in various localities will
help in fine-tuning the agar-droplet inoculation method for potential users in order to achieve
the objective of the screening exercise. For example, Shaw and Vandenbon (2007) found
only slight increases in IF when incubation time was increased above 24h and it was not
necessary to incubate plants for such long periods as 60h. 

Variation for other resistance components

Various measures/components of resistance were tested by Surujdeo-Maharaj et al. (2004)
including incubation period (IP), time taken for broom development (TBRM), IF, percent-
age of plants developing brooms (PPB), percentage of plants showing stem swellings (PPS),
percentage of swellings developing into brooms (PSB), broom-base diameter (BBD), broom
length (BR-LEN), broom fresh weight (BR-WW) and broom dry weight (BR-DW). The
high differentiation index (ID) for IP (38.6) appeared to indicate that it was the best among
the various measures investigated in differentiating quantitative differences in resistance
among clones. 

In the current study, genetic differences for IP were again very evident (with values vary-
ing from simple to double), but the correlation with field results was not significant. This
may suggest that the IP, despite its high heritability and repeatability, is not the most impor-
tant factor related to the epidemic on vegetative shoots in the field. Furthermore, environ-
mental and host factors may influence more the IP than the BBD.

General conclusions and discussions

General

The study has allowed comparison of resistance components to WB disease (M. perniciosa) of
24 clonal and 54 seedling progenies. 
• As expected, the optimised agar-droplet method used for inoculation (Surujdeo-Maharaj

et al. 2003) has induced high infection levels, thus allowing evaluation more reliably
through post-infection expression of resistance components. 

• The overall infection levels achieved were very high: nearly 100% for the seedlings of all
crosses and varying from 22 to 100% for grafted plants. 

• As suggested by earlier studies, the most heritable post-infection resistant components
appear to be BBD and IP (although in the current study IP was not related to field resistance).

Levels of resistance encountered

• Resistance among clones and seedling progenies varied largely, with IP and BBD values
varying from simple to double between the most resistant and most susceptible entries.
Such large variation would provide ample scope for selection.
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• Several of the individual clones, LCT EEN 162/S 1010, LCT EEN 37/A, GU 261/P LP
4/24 [POU] and PA 71 [PER], appeared to be as resistant or even more resistant than the
resistant control clones used in the study (SCA 6 and IMC 57).

• Transgressive segregants were encountered in nearly all cross progenies showing the
potential for selection of more resistant seedlings within crosses among resistant or
among moderately resistant parental clones.

Correlations among vegetative resistance components and vegetative 
resistance in the field

• It is a quite remarkable result that BBD was significantly correlated (r = 0.71) with field
results (infection frequency of vegetative shoots observed over two-three years). This
confirms earlier results obtained with the same method (Surujdeo-Maharaj et al. 2004).

• The second best correlation was obtained with IF (r = 0.42). This correlation might pos-
sibly have been higher were it not for the fact that the inoculation method applied resulted
in many of the clonal accessions having a 100% infection level in the nursery (hence no
variation). 

• It was rather surprising, however, that there was no significant correlation between IP and
field resistance. This suggests that IP is a less reliable resistance component than BBD
for WB resistance screening.

Inheritance of resistance components

• The frequency distributions and genetic analyses of IP and BBD showed a clearly poly-
genic expression of resistance and predominant additive gene action.

• High heritabilities were found for BBD suggesting that selection can be effective (e.g.
selection for transgressive resistant seedlings in recurrent selection schemes)

• Selection by using BBD under controlled nursery conditions should therefore be effec-
tive in increasing field levels of vegetative resistance to the disease.

Polygenic resistance of SCA 6 progenies

• It was interesting to note that the inheritance of resistance expressed as BBD or as IP was
completely quantitative and polygenic in nature.

• This is contrasting with the idea of the breakdown of resistance caused by a single major
gene or a gene cluster.

• It may be that other factors are involved in the loss of resistance in Scavinas than those
related to BBD or IP.

• It is to be remembered that the current study involved only vegetative resistance, while it
is a common feature to observe that after breakdown of Scavina-derived resistance the
cushion broom infections tend to become more strongly expressed. 

• The possibility that the vegetative resistance mechanism may be genetically different
from cushion broom resistance mechanisms should not be discounted. 

• Therefore, any factor related to cushion broom resistance would warrant further studies
to enhance understanding of the cocoa-WB host-pathogen system. 

Host and environmental conditions during and after inoculation

• Application of properly standardised methods to evaluate WB resistance is required to
ensure repeatable results.

• Some of the known factors are described in detail above.
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Perfecting a Simplified Method for Assessing Cacao
Productivity1

G. M. Tahi1, J. A. K. N’Goran1, O. Sounigo2, Ph. Lachenaud2 and A. B. Eskes2

1 CNRA, BP 808, Divo, Côte d’Ivoire
2 CIRAD-Bios, TA 80/02, Av. Agropolis, 34398, Montpellier Cedex 5, France

Productivity is a primordial selection criterion for new varieties of cocoa. Evaluation at the
research station by the usual methods is restrictive and requires a lot of work. The aim of this
work was to evaluate the efficiency of simple methods which are applicable to cocoa selec-
tion. To do this, the “classical” method of harvesting from individual trees (based on count-
ing and weighing fruits on a monthly basis) has been compared with counting and visually
scoring, on a scale of 0 to 5, of the quantity of fruits on the tree before the main harvest and
before the mid-crop during two agricultural years (Septemeber 2002 to June 2004). The
number of peduncles and fruit-bearing cushions were also counted and visually scored at the
end of the one campaign (June 2003). Black pod infection level was estimated with the same
methods as applied for pod yield during one harvesting campaign (2003/04). 

Highly significant correlations have been established between the first three methods to
assess pod yield (i.e. “classical” method, counting and scoring the number of fruits). The use
of counting and especially scoring the pod load before the main harvesting periods would
make it possible to significantly reduce staff requirements and to still be able to obtain good
quality information, useful for selection of individual trees and hybrid families.

Counting and scoring of rotten pods before harvest campaigns seemed to be informative
for the actual degree of infection during the harvest campaign, especially at the level of
mean family values. On the other hand, the simplified method is less well correlated with
the cumulated degree of infection over several years. 

The counting and scoring of active flower cushions at the end of the mid crop (Methods
4 and 5) appeared also to be promising for estimating average family pod production for the
same harvesting campaign and for cumulated pod production (r = 0.78 to 0.89). However,

the correlation at individual tree level was much lower (r = 0.49 to 0.61). This would suggest
that the error variance at individual tree level for scoring of active flower cushions is larger
than for family means.  

The results suggest that simplified methods can be efficient in the evaluation of relative
pod production, as well as for the estimation of the proportion of diseased pods (in our case
this was Phytophthora, but the same may apply to other diseases such as monilia and
witches’ broom). This would allow for savings of up to 80% of time and of financial
resources to select new varieties in hybrid or clone trials, or to select promising trees within
segregating populations. The use of simple and cost-efficient methods will be especially of
interest in the evaluation of trials established at distant sites (such as on-farm trials), for
which it is very difficult to collect yield data at monthly intervals.

1 Note of the editors: the full article was published in the 11th INGENIC Newsletter
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Abstract

The production cost of cocoa is high and continues to increase in producing countries. In order
to maintain cocoa cultivation as a profitable activity, farmers are demanding more productive
and cost effective cultivars. Unfortunately, breeding progress in cocoa has been low compared
to other crops and new breeding strategies are therefore important. We hereby present traits with
potential value for ideotype breeding of cocoa and an ideotype breeding method. Ideotype
breeding is a method that seeks to raise plant productivity by genetic modification of individual
traits, according to a specified model. Many traits with potential value for ideotype breeding of
cocoa can be found in the literature. For example: medium to fast-growing plants; early yield;
plants with erect-growing branches; low vigour, resistance to pests and diseases; low pod index;
seeds with over 55% fat content, etc. Recurrent selection with F1`s and S1´s obtained via a cir-
cular partial diallel mating design are proposed for the development of segregating populations
for use in ideotype breeding. With this crossing scheme a greater number of parents can be used,
with a smaller number of crosses per parent and almost with the same level of genetic informa-
tion. This scheme is in accordance with findings in cocoa that suggest strong General
Combining Ability (GCA) for most of the important agronomic traits. Traits with potential
(ideal) value may be selected from among heterogeneous F1 progenies and between heterozy-
gous trees. Clones selected within progenies may be grafted onto the F1 trees after the progeny
has been evaluated. Therefore, we propose one cycle with progeny testing and another with
clone testing in the same experiment. Selected S1 plants will be used for inter-mating. The supe-
rior crosses obtained in the F1 trial may be further tested and released to farmers as cultivars. In
the formation of the seed garden, instead of using S0 clones, we propose to use S1 or S2 clones
obtained from selected S1 plants. With this procedure a more uniform, easier-to-manage popu-
lation may be formed. Once the clones have been evaluated, superior clones may be released.
By using this breeding strategy, we expect to produce cultivars with fast initial growth which
are early-yielding, have shorter stature, erect growth, a concentration of fruits on the main
branches, partial and durable resistance, medium to large fruits, are self-compatible, have supe-
rior quality beans, and are high-yielding and with cost-effective management.

Introduction

The production cost of cocoa is high and continues to increase in the producing countries,
reducing the income of cocoa growers (Lamin and Sa´edi 1994; Kazianga and Sanders,.
2002; Zugaib et al. 2007). It is generally agreed that the main reasons are low productivity,
increase in pests, depletion of soil fertility, price fluctuations, increase in labour and social
costs, and climate changes. Cocoa cropping is primarily a smallholding activity, as more
than 90% of world cocoa production originates from small farmers, with two to five hectares
of land (ICCO 2007).

Around 70% of the cocoa planted in the world come from unselected seedling popula-
tions, based on the farmer’s own source of planting material (Bekele et al. 2005). The
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remaining 30% are made up of hybrids and clones usually bred from crosses among the
main cocoa groups Forasteros, Criollos and Trinitarios. In general, the plantations in most of
the producing countries present substantial genetic diversity among plants, showing tree-to-
tree variation in yield, sexual compatibility, plant vigour, and resistance to pests and other
agronomic features (Adomako and Adu-Ampomah 2005; Eskes et al. 1994; Bartley 2005.).
These factors were pointed out as being responsible for the low yields achieved in cocoa.
Productivity in countries like Côte d´Ivoire and Ghana, which together produce about  60%
of the world’s cocoa, is estimated to be 585 kg/ha (Eskes et al. 1994), and in Brazil only 
285 kg//ha (IBGE 2007). However, the estimated production capacity of cocoa is around
11.000 kg/hectare (Corley 1983). In experimental plots, productivity has reached up to 4000 kg/ha
(Lockwood and Pang 1994). So, there is a considerable scope for cocoa yield improvement.

It is commonly agreed by breeders that breeding progress in cocoa is considered low
(Ahnert and Pires 2000; Efron et al. 2005, Lockwood 2003, Bartley 2005). The main reason
for this low genetic progress is the absence of well-implemented population breeding pro-
grams, able to accumulate traits of interest from separate individuals or populations into a
group of ergonomically superior plants (Pires et al. 1999; Ahnert and Pires 2000; Bartley
2005). Considering the agronomic problems the growers are facing, new breeding strategies
are required in order to develop highly productive and cost-effective cultivars (van der
Vossen 1996; Dias 2001; Bartley 2005). 

There is sufficient genetic variability in the species Theobroma cacao L. to overcome most
of the agronomic limitations of the current cultivars (Bartley 1994; Bartley 2005). However, to
incorporate those traits in a group of plants to obtain an improved population requires long
cycles of crossing and selection with clear understanding of the goals to be achieved. In this
sense, the use of ideotype breeding concepts may be very helpful for the breeder, since the
objectives are clearly defined (Fehr 1987; Borém 1997; Fageria et al. 2006).

Ideotypes are hypothetical models of ideal phenotypes, constructed from traits with the
potential to increase productivity (Fageria et al. 2006). Ideotype breeding is a method that
seeks to raise plant production potential by genetically modifying individual traits, accord-
ing to a specified model (Borém 1997). Conceptually, it diverges from other methods since
the emphasis is on each individual morphological/physiological potential trait.

Ideotype breeding has not yet been proposed for cocoa improvement. Cocoa breeders in
the world have defined and pursued ideal traits in their breeding programmes. However, the
theoretical and applied point of view of ideotype breeding in cocoa has not yet been dis-
cussed and expanded in an acceptable form among breeders. We hereby present some ideal
traits defined for cocoa and propose a recurrent selection scheme for ideotype breeding. We
encourage agronomists and breeders to improve and expand the proposed scheme.  

Traits with potential value for ideotype breeding in cocoa

Important traits with potential value for ideotype breeding in cocoa have already been
defined and some are being pursued in breeding programmes. The most commonly found in
the literature are the following:

Growth rate of plants

Fast growing plants with larger stem girth facilitate the establishment of the crop in the field,
for both clonal and seed cultivars (Paullin et al. 2003). They are able to cover the soil more
rapidly, reducing weed infestation and decreasing soil erosion. Rapid growth of plants
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helps farmers reduce costs in the initial phase when the crop is in the field. Growth rate vari-
ation among genotypes is commonly found in cocoa especially in the Upper-Amazon
germplasm (Bartley 1969; Bartley 2005). It might be related to differences in photosynthetic
activity of the plants (Hadley and Yapp 1993), and therefore may be a criterion for selection
in breeding programmes. 

Early yielding

Plants with early production after three to four years pay off the investment made by the
farmer faster. This is a very important feature that may be related to the rapid canopy expan-
sion and capture of light (Hadley and Yapp 1993). In other words, the production in the early
stage is influenced mainly by the vigour of the plant. There is a positive association between
size of the canopy, stem girth, and early production (Paulin et al. 1993; Hadley and Yapp
1993). Selection for early yield should be associated with stronger side branches. For exam-
ple, the progeny of Be 10 X ICS 1 produce large pods, but have fragile branches and, conse-
quently, most of them break leaving the plant without productive branches (Ahnert et al.
1991). Genetic variability for early production is available, and is especially observed in
progenies from Upper-Amazon germplasm (Paulin et al. 1993; Bartley 1969).

Growth habit of side branches

Plants with an erect growth of branches provide better conformation to the canopy and facilitate
management, reduce pruning requirements and allow high density of planting (Lamin and
Sa´edi 1994; Bartley 2005). Clone CCN 51 has an erect growth of side branches and therefore
requires less pruning. Clone CAB 182, from the river Taruacá, is also a good example of a plant
with erect growth habit (Bartley 2005), which may be used as a source of germplasm for ideo-
type breeding. On the other hand, plants with side branches at an angle of about 180 degrees
facilitate light penetration, and improve its utilisation (Hadley and Yapp 1993). However, direct
exposure to light may damage the branches and stimulate excessive growth of chupons. Plants
with horizontal side branches and a lot of fruits bend downwards. This feature makes it difficult
to harvest and prune for good conformation of the canopy. Progenies from IMC 67 X SCA 6
segregate for many traits including the formation of side branches with an angle of 180 degrees
(Bartley 2005). Plants originated from this cross usually have shorter orthotropic stems and a
tendency to grow by the formation of various canopies. After the first canopy is formed,
chupons grow to form the next canopy and so on. The progeny is usually very resistant to
Ceratocystis fimbriata and witches` broom, which makes it a good candidate for use as root-
stock. The chupons that grow to form the second canopy may be used for grafting a clone of
interest onto them. This procedure has an advantage, because the first canopy keeps yielding
fruits while the grafted clone is growing. 

Plant height

In general, the modern high-yielding cultivars of annual crops are dwarf in stature and able
to have a better partitioning of biomass into yield components (Fageria et al. 2006). Shorter
to medium-sized cocoa plants would facilitate management, the application of pesticides,
harvesting and allow higher planting densities (Lamin and Sa´edi 1994). Shorter plants
have always been the ideotypes of many breeders, agronomists and farmers (Ahnert and
Pires 2000). Researchers who crossed the dwarf cocoa clone M 252 with ICS 6 demonstrated
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that the dwarfing trait was dominant (Bartley 2005). Even though there is germplasm available,
no cultivars that are short in stature and bear other desirable agronomic traits especially resist-
ance to diseases have yet been developed. P 4B, CAB 28, EET 45, Na 33 and Be 10 (Ahnert and
Pires 2000), are examples of short clones which could be used for ideotype breeding. 

Adult plant vigour 

Adult cocoa plants grow in a population with closed canopies. In such an environment, “the
high-yielding clones are likely to show relatively slow vegetative growth; enough to main-
tain the integrity of the canopy, but producing little self-shade within the canopy “(Hadley
and Yapp 1993). Studies have shown that the same yields were obtained in progenies with a
two-fold difference in canopy size (Paulin et al. 1993). This suggests the possibility of
selecting more space-efficient plants. Also, plants with medium to low vegetative growth
facilitate management, especially because they require less pruning. An interesting
germplasm with narrow canopy originated from the river Taruacá. Crossing it with open
canopy plants resulted in progenies with intermediate canopy size (Bartley 2005). 

Resistance to diseases

Resistance to pests and diseases is considered as one of the most important features in cocoa
for reducing the cost of production (Zadoks 1996; van der Vossen 1996). In order of impor-
tance, the main diseases are: black pod (Phytophthora spp); witches` broom (Moniliopthora
perniciosa); cocoa swollen shoot virus; vascular streak die-back (Oncobasidium theobro-
mae); monilia (Moniliophthora rorei); Ceratocystis fimbriata and others. Interesting discus-
sions and considerations for durable resistance breeding in cocoa are available (Van der
Vossen 1996). There are different sources of resistance for most diseases (Pires et al. 1999;
Enriquez and Soria 1999; Ahnert 2001). 

Fruit size and thickness of the husk

Preference is given to fruits of medium to large size with a low pod index and high seed
index (Bartley 1994). Fruit with thick husks are difficult to open with knives by field work-
ers. Usually they have to hit the fruit twice with the knife to open the fruit while those fruits
with thin husks require only one hit to be opened. Two hits, besides slowing down the work
may cause pain to the workers’ arms at the end of the day. 

Position of the fruits

In cocoa, fruits arise on both the stem and the branches. However, some genotypes concentrate the
pods more on the stem and others more on the branches (Bartley 2005). Apparently, for cocoa
grown under natural conditions in the forest, the distribution of fruits on the branches may facili-
tate the dispersion of seeds and the survival of the species. However, in an intensive agricultural
system the concentration of fruits may facilitate harvesting and spraying of pesticides. 

Compatibility

Self-compatible plants with synchronised flowering may facilitate fertilisation and conse-
quently increase yield. In contrast, large self-incompatible populations may produce low
yields due to difficulties in fertilising the flowers (Eskes et al. 1994; Efron et al. 2005). In
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grain-producing crops, self-incompatible cultivars should be avoided because of their nega-
tive effects on the production (Borém 1997). Details of the inheritance of sexual compatibil-
ity in cocoa are available (Dias 2002; Bartley 2005). 

Seed size, shape and fat content

The industry requires a bean weight of at least 1 g, uniform in size with less than 12% of
shell and over 56% of fat in the dry nib (Lamin and Sa´edi 1994). Genetic variability has
been reported for fat hardness and fat content (Pires et al. 1998) and seed size (Ahnert et al.
1991). Studies on the association of traits showed that small seeds tend to have higher per-
centage of fat content (Pires et al. 1988). On the other hand, in some crosses such as SCA 6
(small seeds) with ICS 1 it was possible in the first generation to recover seeds with the size
and weight required by the industry. This means that for some traits it is possible to achieve
desirable results in just one generation of crossing and selection. 

Yield

Yield is determined by the plant growth rate and the partitioning of the biomass into economi-
cal (harvestable parts) and vegetative parts of the plant (Fageria et al. 2006). In cocoa, yield is a
very complex, quantitative trait which is highly affected by the environment (Lockwood and
Pang 1994, Dias 2001, Bartley 2005). It is determined by  yield components, commonly found
in the literature such as pod index, seed index, fruit value, number of fruits/tree, number and the
average weight of seeds per/fruit, etc. (Dias 2001). Indeed all the ideal features discussed in the
items 2.1 to 2.10 may be considered as components of yield. 

Cocoa ideotype

There are some farmers who treat cocoa as an industrial crop (with high inputs) and others
who use low inputs. Both production systems require cost-effective cultivars which are
adapted to each situation. Considering the ideal traits discussed above, an ideal plant to be
grown in a system of production such as in Bahia may have the following traits:
1 Fast growing plants which are able to close their canopy rapidly; 
2 An early yield for fast economic returns;
3 Relatively erect side branches for planting at higher densities;
4 Height of approximately three m to facilitate disease control and cultural practices;
5 Medium to fast vegetative growth with little self-shading within the canopy to increase

photosynthesis;
6 Durable resistance to witches’ broom, black pod and Ceratocystis fimbriata;
7 Medium to big fruits with low pod index and high seed index;
8 Fruits concentrated on the main branches to facilitate the application of pesticides and

harvesting;
9 Self-compatibility to increase the number of seeds per fruit and consequently yield;
10 Uniform beans, with a weight of more than 1 g, less than 12% of shell and more than

55% fat content to respect the requirements of the industry;
11 High-yielding, able to partition their biomass appropriately into fruit and seed formation.
12 Cost-effective for the grower, able to reduce the cost of harvesting, pruning, pest 

control, etc.
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In ideotype breeding, many traits have to be considered for developing ideal plants.
Breeding theory recommends working with not more than three traits at the same time (Fehr
1987). However, it is important to mention that the ideal plant or population does not have
to be obtained at once in the first cycle of selection. It can be developed step-by-step follow-
ing crossings and selection over generations. Some traits may be considered in the first cycle
and others in later cycles. These alternatives need to be used in cocoa because the plant is
still in the initial stage of domestication and many cycles of selection are required to elevate
the probability to obtain progenies with multiple traits of interest. It is also important to
mention that ideotype breeding needs to be open for introgression of new germplasm if and
when required.

Recurrent selection in ideotype breeding of cocoa

An appropriate scheme for population breeding in cocoa should consider: 
i) Selection for General Combining Ability (GCA); 
ii) Selection for Specific Combining Ability (SCA); and
iii)Clone selection (Dias 2001). 

The scheme should also consider the option of generating cultivars and, at the same time,
evaluate the inheritance of the traits (Bartley 2005). Moreover, self-pollination should be
adopted for progeny tests aiming to identify the level of heterozygosity of the clones and to
produce more homozygous progenies (Efron et al. 2005; Bartley 2005).  

Clonal testing should also be considered to evaluate the clone performance per se and its
value as a progenitor. Studies have shown that some clones have a positive association of
performance per se and in combinations for traits such as witches` broom resistance (Pires
et al. 2005), yield and other features (Efron et al. 2005; Pires et al. 2005; Eskes et al. 1994;
Lockwood and Pang 1994).

Population breeding programmes in cocoa are being developed in Côte d’Ivoire (Eskes et
al 1994), Brazil (Pires et al. 1999) and Malysia (Lockwood and Pang 1994). These pro-
grams are based on the North Carolina II design and are focused on productivity, resistance
to pests and diseases, and quality aspects. Importance is also given to plant canopy, plant
height, easy pruning and self-compatibility in Malaysia’s breeding programme to reduce the
cost of production (Lamin and Sa´edi 1994). In this specific case, details of the selection
strategies to achieve their objectives have not been presented. 

Studies have shown that most of the important agronomic traits have strong general GCA
(Lockhood and Pang 1994, Eskes et al,. 1994; Pires et al. 2003). Some traits show heterosis
(Eskes et al. 1994). These authors have suggested that agronomical traits in cocoa, as in
other crops, are affected by additive and dominant effects. Positive correlations were identi-
fied between resistance to witches` broom and to black pod and high fat content in the
Upper-Amazon germplasm (Pires et al. 1999). However, in general, this germplasm has
smaller seeds. 

Considering the inheritance of agronomical traits in cocoa, the importance of GCA and
SCA and the necessity to develop clones and hybrids which are cost effective and adapted to
different systems of production, we propose the following population breeding scheme.
1 Use of recurrent selection, with F1 crosses and self-pollinated generations, in a circular

partial diallel mating design. This mating design allows the use of a greater number of
parents, with a smaller number of crosses per parent, which is an advantage since a wider
range of germplasm may be used in the population formation. On the other hand, the
information about combining abilities is reduced since not all the parents are crossed
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(Cruz and Regazzi 1997). However, the amount of information lost is acceptable, depend-
ing of the number of crosses and the magnitude of GCA and SCA (Veiga et al. 2000). 

2 The choice of parents should be based on their geographical origin Upper and Lower
Amazon Forastero types, Criollos and Trinitarios), breeding value of important agronom-
ical traits, ideal features, molecular marker analysis and other information available.
Considering that cocoa has a high genetic variability for almost all traits (Bartley 1994;
Bartley 2005), the breeder will have many possibilities of crosses available. The priority
criteria for the choice of the germplasm should be traits with potential value for ideotype
breeding. However, as demonstrated by Bartley (1994), some germplasm does not have
much value when evaluated per se even though it has a great breeding value as a parent
such as the SCA 6 clone. SCA 6 has small fruit and seeds, resistance to witches` broom
and has strong GCA for yield. Therefore, it is important to understand the inheritance of
the various traits during the development of the program and to use different sources of
germplasm. Therefore, it is not always sufficient to start an ideotype breeding program
using only germplasm with ideal traits. 
Molecular markers play an important role especially in the definition of

homozygosity/heterozygosity and the relationship among parental clones. Currently there
are many co-dominant markers available for cocoa, which may facilitate the identification
of progenitors and assist the selection (Lanaud et al. 1999; Brown et al. 2005).

The appropriate number of progenitors to be used in cocoa population breeding has not
yet been defined (Efron et al. 2005). A total of 30 progenitors was used in Côte d`Ivoire in
their recurrent selection program (Eskes et al. 1994). In corn, around 30 - 45 progenies are
intermated to permit genetic response in short term and to maintain genetic variability for
further selection (Hallauer 1992). The number of F1 progenies will depend on the amount of
resources available for the evaluation phase. Agronomically superior S1 trees, selected
according to the phenotypic value of the parental clones and of the entire S1 families, will be
used as progenitors for the formation of the cycle one population. The same procedure will
be used in the next cycles. The intermating of selfed progenies is proposed in order to reduce
the level of heterozygosity and to fix traits of interest. Also, it will be possible to study the
segregation of the traits in the S1`s. Further self-pollinations may be made to generate S2`s
S3`s and so on. This will allow breeders to have homozygous parents on hand to combine
traits appropriately and produce more homogenous cultivars.

As an illustration, a basic scheme of population formation by circular partial diallel is
presented below with six progenitors and four crosses (X) for each progenitor and selfings
(@). An algorithm to define the crosses is available (Cruz and Regazzi 1997). 

The parents have the following traits:
• BE 10: short plant with large stem girth, medium to large pod, self-compatible and bean
weight above 1 g;
• MA 15: medium size plant, self compatible, erect growth, medium fruit size with seeds of
more than 1 g, sharp angle of jorquette formation and low pod index;

Parents BE 10 MA  15 CCN 51 R. Envira SCA 6 IMC 67
BE 10 @ X X X X

MA 15 @ X X X

CCN 51 @ X X

R. Envira @ X X

SCA 6 @ X

IMC 67 @
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• CCN 51: erect growth, medium pod size, seeds above one (1) g, medium resistance to
witches broom, productive;

• R. Envira: erect side growth, sparse foliage and narrow canopy; 
• SCA 6: resistance to witches broom, high breeding value for yield, small bean size below

one (1) g, relatively homozygous with two alleles of self-incompatibility;
• IMC 67: around 70 ovules per ovary, resistant to black pod, to witches` broom and to

Ceratocystis fimbriata, and bean weight of about 1 g.
3 Evaluation in one location to determine the relative merit of the progenies. As the selection

process advances, other locations may be considered. In the first five years of field experi-
ment, plants from F1 crosses and self-pollinated progenies (S1`s) may be evaluated for stem
girth, velocity of growth (vigour), resistance to disease and pests, angle of the jorquette, and
the initial age of yielding. On the three following years, when the canopy is closed, the eval-
uation may be completed on yield, size of the plant, angle of the jorquettes, number of side
branches, pruning intensity, resistance, pod index, bean size, cost of production, etc. 

4 Superior families and superior genotypes within each family for use as clones will be
tested by grafting them on the existing F1 and S0 plants in the field to accelerate evalua-
tion of the clones. Therefore, we propose one cycle of progeny testing and another with
clone testing in the same experiment. The magnitudes of the GCA and SCA will be cal-
culated and the breeding value defined for the parents. Also, those combinations with a
high SCA may be tested further for hybrid development. 

5 Once the combinations with a higher SCA have been identified, the clones from which they
originated them will be separated into heterotic groups. Once separated, the scheme will
include interpopulation breeding, with crosses within each group to combine traits of inter-
est, and between groups to explore hybrid vigour (Pires et al. 1999). Both, clonal and seed
propagated cultivars may be obtained during the process of the ideotype breeding program
that may be released to farmers. In seed gardens, instead of using S0 clones, we propose to
use S1´s or S2´s obtained from selected S0 plants. With this procedure a more uniform popu-
lation may be formed at the farm level. The cycles of crossing and selection will continue as
long as variability for the traits of interest is available. If variability for important traits is
lost, introgression of new alleles of interest into the population can be done by backcrossing. 

Conclusion

By the utilization of the above described breeding strategy we expect to be able to develop
cost-effective high yielding ideotype cultivars that have fast growing plants, early yielding,
shorter stature, more erect growth, concentration of fruits on the main branches, durable
resistance to diseases, medium to large fruits, self-compatibilty and good quality beans.
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Programme of the Fifth INGENIC Workshop on
Cocoa Breeding for Farmers’ Needs
15th – 17th October 2006, Hotel Ramada Plaza Herradura
San José, Costa Rica

Sunday 15 0ctober

8:30-13:00 Second Meeting of the INGENIC Biomol Group (for presentations see 
INGENIC web site)

16:00 Workshop registration 
18:00 Joint Opening Session of INAFORESTA, INGENIC and INCOPED
19:30 Joint welcome cocktail

Monday 16 0ctober

Session 1 Introduction and discussion paper

Chairperson: Wilbert Phillips, Secretary: Frances Bekele
8:30 Introductory notes and workshop objectives (Bertus Eskes, INGENIC)
8:50 Invited speaker: Rob Lockwood, Consultant for Mars Inc. 

Cocoa breeding is profitable, Ghana as a case study

Session 2 Farmers’ perceptions, criteria for selection and use of cocoa 
planting materials

Chairperson: Yaw Adu-Ampomah, Secretary: Peter Aikpokpodion
10:00 Participatory Cocoa Germplasm Development with Farmers: Experiences 

in Ghana (Yaw-Adu-Ampomah et al., CRIG)
10:20 Farm survey in Côte d’Ivoire (Désiré Pokou et al., CNRA)
10:40 Base study to implement a participative research approach to select 

superior cocoa clones in three traditional cocoa producing areas in 
Ecuador (Juan Agama et al., INIAP)

11:00 Farmers’ practices, knowledge and use of planting materials in Trinidad 
and problems encountered on cocoa estates: a survey report (Patricia 
Maharaj et al., MALMR)

Session 3 Studies on genetic diversity in farmers’ fields

Chairperson: Mark Guiltinan, Secretary: Dario Ahnert
13:30 Genetic diversity of cocoa cultivated in farmers’ fields in Côte 

d’Ivoire, including variation for resistance to Phytophthora pod rot 
(Désiré Pokou et al., CNRA) 

13:50 Genetic diversity and profile of planting material in Ghana cocoa 
farms (Stephen Opoku et al., CRIG)

14:30 Genetic diversity in Nigerian Cacao (Theobroma cacao L.) populations
determined by simple sequence repeat markers: implications for cultivar
development and global genetic resources utilization (Peter Aikpokpodion
et al., CRIN)

14:50 Genetic diversity in farmers’ fields: the Southern Cameroon case
(Bruno Efombagn et al., IRAD)

15:30 Preliminary characterisation and evaluation of “Nacional” cocoa 
cultivated in Alto Beni, Bolivia (Romina Villega et al., CATIE) 
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Additional paper presented:
Preliminary characterisation and evaluation of cocoa (Theobroma cacao)
on-farm genetic diversity in the Northwest region of Guyana (Patrick 
Chesney, Guyana)

16:30 General Assembly of INGENIC

Tuesday 17 0ctober

Session 4  Participatory selection of new cocoa varieties: methods 
and results

Chairperson: David Butler, Secretary: Kamaldeo Maharaj
8:30 Scoring cacao clones performance by farmers and extension agents in

Bahia, Brazil (Uilson Lopes et al:, CEPEC) Not presented
9:00 The roles of farmer participatory and on-farm selection in cocoa 

improvement with special reference to Ghana (Rob Lockwood, 
Consultant for Mars Inc.) 

9:30 Participatory selection for resistance to Phytophthora pod rot in 
Cameroon (Bruno Efombagn et al., IRAD)

10:30 Selection of new cocoa varieties from multi-location testing in Papua
New Guinea (Jeffrie Marfu et al., CCI). Not presented

11:00 Field testing of local farmers’ selections in Sulawesi and some results on
their quality parameters (Smilja Lambert et al., Mars Inc. and South 
Sulawesi Extension Service)

Additional papers presented:

Seleccion de arboles de cacao (Theobroma cacao L.) nativo de buena 
calidad y rendimiento en Republica Dominicana (Marisol Ventura et al.,
Dominican Republic)
Seleccion participativa de arboles elites en campo de productores en
Colombia (Bernard Saenz et al., Colombia)

Session 5 Other topics related to breeding for farmers’ needs

Chairperson: Rob Lockwood, Secretary: Carlos Astorga
13:30 Studies on the resistance to witches’ broom disease caused by

Moniliophthora perniciosa in Theobroma cacao L. (Surujdeo-Maharaj et al.,
CRU/UWI)

14:00 Development of a simplified method to estimate cocoa productivity 
(Mathias Tahi et al., CNRA)

14:30 Ideotype breeding in cocoa (Dario Ahnert, UESC)
15:00 Ten years of the cocoa breeding program at CATIE: Achievements and

challenges (Wilbert Phillips et al., CATIE) 
15:30 Proposal to elaborate a list of recommended varieties worldwide, 

including their genetic background and traits and perspectives for new 
varieties (Bertus Eskes, INGENIC)

Session 6 Conclusions, recommendations and closing session

Chairperson: Bertus Eskes, Secretary: Michelle End
16:30 Presentations by Session Chairpersons or Secretaries
17:00 Closing of the workshop (COPAL, INGENIC, CATIE)

Convener: Mark Guiltinan 
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