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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 productivity 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 ([email protected]). Since its creation in 1994, the mandate of INGENIC has not changed, i.e. firstly promotion 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 generation 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 funding 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 science. 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, diversification of incomes and habit preservation and rehabilitation for biodiversity and environmental 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 stakeholders. 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 communities 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 ecosystems and change the consumers perspective of what may be considered a maligned production system. 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 succeed 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 lucrative 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 sustainability 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 recommendations 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 possible 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 iv
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humid belt of the tropics. But, we have seen disasters, for lack of alternative crops or ventures 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 organization 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 promotion 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 initiated 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, 15th – 17th October 2006, San José, Costa Rica
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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 collaboration 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 initiative 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 development of the CacaoNet Conservation Strategy through its internet discussion group. The outcome 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 ourselves 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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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-yielding 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 manufacturers, 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 frequently 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. 15th – 17th October 2006, San José, Costa Rica
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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 observation 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 programme. • 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; 2
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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 • 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. Ghana



• 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. Côte d’Ivoire



• Locally available planting materials could be the starting point for selecting new varieties; • This approach might be particularly suitable for regions where mainly traditional varieties are still grown with recognised quality features (e.g. the Northern region of the country). Ecuador



• • • •



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.



Trinidad and Tobago



Session 3. Studies of genetic diversity in farmers’ fields Topics Presentations were given on genetic diversity studies, using SSR markers, of farm accessions 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 • Most farmers’ planting material is composed of hybrid populations between Upper Amazon and of Lower Amazon or Trinitario; Côte d’Ivoire
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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. • 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 levels 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 different degrees in the regions. • A high level of genetic diversity was found in general, but there is still a deficit in heterozygosity. Ghana



• • • •



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. Nigeria



• 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. Cameroon



• 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. Bolivia



Recommendations • The search for trees in farmers’ fields with potential resistance to black pod disease should be increased; Côte d’Ivoire
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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. • 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 superior parental materials selected by breeders. Ghana



• 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. Nigeria



• 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 accessions 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 incidence in further breeding is recommended. Cameroon



• 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. Bolivia



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, respectively, which are included in these Proceedings. 15th – 17th October 2006, San José, Costa Rica
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Conclusions • 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. Ghana



• The leaf disc test is a valuable tool for dealing with resistance testing of farmers’ accessions; • 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 validated. Cameroon



• 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 reasonable 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. Indonesia (South Sulawesi)



• 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. Dominican Republic



• Five to 10% of the best on-farm selections have been cloned and used together with other clones to rehabilitate Colombian cocoa plantations. Colombia
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Recommendations • 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 generations 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. Ghana



• 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 resistance breeding, especially when the farm selections are carried out in environments with high disease pressure. Cameroon



• 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 selection 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. Indonesia (South Sulawesi)



• 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. Dominican Republic



• The recently identified farm selections with good quality attributes should be conserved and further used in breeding. Colombia



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 perniciosa in Theobroma cacao L. ; 15th – 17th October 2006, San José, Costa Rica
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• • • •



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



• 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 observation of disease incidence and severity (incubation period and basal broom diameter). 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. Conclusions



• In the discussions, it was suggested that that we should include as an important component in cocoa breeding programmes to respond better to farmers’ needs; • Other aspects that might contribute to preventing infection by witches’ broom were mentioned, 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. Recommendations



Simplified yield estimation



• The study shows the correlation between the results obtained using new, simplified methods 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. Conclusions
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• 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-ecological conditions need to be studied. Recommendations



Ideotype breeding



• 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, resistance 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”. Conclusions



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



CATIE breeding programme



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



• The need was emphasized to carry out multilocation (regional) trials in order to verify the performance of the selected genotypes under different soil and environmental conditions; Recommendations
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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 currently 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 varieties; • 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 different 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 practices on cocoa farms as perceived by farmers and farm workers as well as socio-economic 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 diseases 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 smallersized 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 planting 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 consequence 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 dimen15th – 17th October 2006, San José, Costa Rica
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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 resistance/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 onfarm 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 multistage cluster sampling approach was used (Kumar 1999) to select a total of 1,500 respondents 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 village 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 respondents Ashanti 275 330 Brong-Ahafo Central 240 198 Eastern Volta 83 Western 370 Total 1,496
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Percentage response rate 100 100 100 99 83 100 99.73



Table 2. Distribution of cocoa farmers by age groups



Age group Under 25 years 25 - 35 36 - 45 46 - 55 65 and over



Reporting (%) 1.9 13.0 24.5 23.8 36.7
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Table 3. Regional distribution of farm owners and caretakers interviewed



Region



Farm owners (%) Ashanti 87.3 Brong-Ahafo 84.0 91.0 Central Eastern 80.8 88.0 Volta Western 88.4



Caretakers (%) 12.7 18.0 9.1 19.2 12.1 11.6



Table 4. Distribution of cocoa farmers by working experience



Years farming cocoa Under 5 6 - 10 11 - 15 16 - 20 20 and over



Reporting (%) 9,1 18.1 16.0 11.6 45.3



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 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 educated children to enter non-farm employment thereby offering some explanation for the negatively skewed age distribution among cocoa farmers. Farmers’ Age Groups



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. Composition of cocoa farmers according to farm management method



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 experience 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 distribution indicates rising new interests in cocoa cultivation over the past 6 – 10 years. Experience in cocoa farming



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. Literacy rates among respondents
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Table 5. Regional distribution of cocoa farms according to size



Region Ashanti Brong Ahafo Central Eastern Volta Western Average



Hectares 4.5 5.8 3.4 3.1 2.3 5.5 4.5



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



Acres 11.1 14.4 8.4 7.7 5.6 13.7 11.3



Types of Food Crop Plantain Cassava Cocoyam Yam Banana Pineapple Oil Palm Maize



Respondents Reporting (%) 34.5 25.8 24.1 19.2 3.6 1.0 0.8 0.1



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



Cocoa farm age groups Less than 1 year 1 – 5 years 6 – 10 years 11 – 15 years 16 – 20 years 21 – 25 years Over 25 years



Distribution (%) 1.0 5.1 15.2 14.3 15.3 10.2 39.1



Table 8. Types of labour problems on cocoa farms



Type of problem Non-availability and high cost of hired Scarcity of family labour Non-availability of communal labour



Farmers responding (%) 76.0 20.3 7.5



Characteristics of cocoa plantings 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. Farm size and yield



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, constituting about 60.9% of all cocoa tree stock that the industry could depend upon. Detailed distribution of the age groups is given in Table 6. Age distribution of cocoa plantations on farms
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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). 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 shade trees and shade levels



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 consumption, 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. Types of fruit trees grown on cocoa farms



Types of food crops found on cocoa farms were plantain, cocoyam, cassava, yams, and vegetables. 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. Food crops found on cocoa farms



Labour use on cocoa farms The predominant type of labour used in cocoa farms sampled was family labour, consisting 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. Types of labour on cocoa farms



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



Region Brong Ahafo Ashanti Western Eastern Volta Central



Cost of labour/ man-day (GH¢) 1.36 1.43 1.50 1.67 1.71 1.74



Number of Farmers times/year reporting (%) Once a year 15.3 Twice a year 24.5 18.4 Three times a year More than 3 times a year 31.0



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



No per year



Manual weeding % respondents No weeding 0.9 Once/year 6.1 Twice a year 48.5 Three times a year 39.7 Four times a year 4.2 More than 0.8 4 times a year



Table 12. Frequency of shade control



Frequency



Herbicides % respondents 97.6 0.8 0.4 0.9 0.2 0.1



Table 11. Percent distribution of pruning activities per year



More than once a year Once a year Every 2 yrs Less frequent (every 3 or more yrs)



Farmers reporting (%) 17.7 22.8 6.5 20.0



Communal labour was practised mainly by the caretakers and only about 7% of the respondents 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 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. Weeding



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 pruning. Pruning is done during weeding. The distribution of number of times pruning is done in each season is presented in Table 11. Pruning



Most respondents had no drainage problems. Only about 3.4% respondents reported attending 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. Drainage
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Table 13. Frequency of fertiliser application



Frequency/year Once Twice Three times More than three times



Farmers reporting (%) 24.5 2.2 0.2 0.2



Table 14. Pests incidence reported by farmers



Type of pest Capsids Bathoecilia Stemborer Mistletoe Termites Ants Epiphytes Caterpillar



Farmers reporting (%) 94 46 68.0 39.9 23.0 11.1 1.4 0.3



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. Shade Control



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. Infilling



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. Fertilisation



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



Type of pest



Recommended control method



Recommended number of treatments/year



Mean number of treatments/year



Capsid



Spraying with insecticides



4 times per cocoa season



Twice



Mistletoe pruner



Cutting out with



Twice/year



Ad hoc with scythes & ladder



Stemborer



Mechanical and Insecticides



As and when seen



Ad hoc



Termites



Spraying with Dusban Nil Nil



As and when seen



Ad hoc



Nil Nil



Nil Nil



Epiphytes Sankuhuma



Farmers’ adoption rates and perceptions of effectiveness Adoption rate about 0.5. About 50% Effective About 0.25 adoption rate. Farmer methods not very effective . and very risky Undetermined adoption rate. About 50% effective but very risky Less than 0.25 adoption but effective. Nil Nil



Source: Entomology & Pathology Divisions, CRIG; and Baseline Study Survey, 2004.
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Table 16. Common types of animal pests on cocoa (N = 1496)



Type of animal Squirrels Birds Rats



Farmers reporting (%) 67.8 2.8 1.3



Table 18. Frequency of control of animal pests on cocoa



Frequency of control/year Once Twice Three times More than three times



Table 17. Methods of controlling animal pests of cocoa



Farmers reporting (%) 0.9 2.0 2.2 62.4



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



Farmers Control 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 0.3 Dogs Scarecrows 0.2 Early harvesting 0.1 No control activity 36.9



Type of disease Black pod CSSVD Yellowing leaves/ defoliation/death Cherelle wilt White thread Flower wilt Canker Epiphyte (climber) Premature ripening



Farmers reporting (%) 95.0 31.7 27.4 6.2 1.7 1.0 1.1 0.6 0.5



Farmers’ knowledge of cocoa pests 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). Prevalence of cocoa pests and control methods used



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, especially on the outskirts of forest reserves (Table 16). These usually damage ripe fruits by eating 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. Animal Pests



Farmers’ knowledge 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 presence 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 Prevalence of cocoa diseases
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CSSVD was mostly reported in the Eastern region with some presence in the Western and Brong Ahafo regions. 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. Cocoa disease 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 disease. 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. Black Pod Control



About 31,7% of respondents reported cases of CSSVD (Table 20). Almost all reported cutting 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). Control of Cocoa Swollen Shoot Disease (CSSVD)



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



Disease Black pod CSSVD Yellowing leaves and defoliation Cherelle wilt White thread Flower wilt Canker Epiphyte (climber) Premature ripening



Mild 16.3 4.6 1.8



Medium 32.0 10.6 4.9



Severe 46.7 16.5 20.7



Total 95.0 31.7 27.4



0.7 0.1 0.1 0.1 -



0.9 0.1 0.4 0.6 0.3 0.4



4.6 1.5 0.4 0.4 0.3 0.1



6. 1. 1. 1. 0. 0.



Table 21. Cocoa black pod disease control methods



Cultural control frequency Farmers reporting (%) 0 42.9 1 2.1 13.1 2 3 24.8 4 11.1 2.3 5 6 1.1 7 0.8 >7 1.0
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Chemical control frequency 0 1 2 3 4 5 6 7 >7



Farmers reporting (%) 24.3 15.4 24.5 23.5 6.8 2.4 1.7 0.5 1.0
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Table 22. Recommended control methods for some cocoa diseases and farmer adoption rates



Type of disease



Recommended control method



No. of treatments



Black pod disease



Removal of Infected pods Spraying with Fungicide Regular weeding



As and when seen



Cocoa swollen shoot virus disease (CSSVD)



Pruning of chupons & thick branches Removal of infected trees together with contact trees



6 – 9 times per cocoa season 2 – 4 times per cocoa season 2 – 4 times per cocoa season As and when seen



Mean no. of treatments by farmers As and when seen



Farmer adoption rate and efficacy Not very effective



3 times



Not very effective About 50% effective



2 times 2 times



About 25% effective



Treatment is usually Farmers resent it. by government Disease condition deteriorates if the government does not intervene.



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



Variety/cultivar Amelonado Amazon Forastero (F3 Amazon) Hybrids Local Trinitarios (very few cases)



Local name Tetteh Quarshie Agric Akokorabedi/Aberewabedi Gardner



Farmers’ knowledge on cocoa varieties in their farms About 91.4% of the cocoa farmers knew the cocoa types growing in their farms. A few farmers, however, could not tell the sources from which they were obtained because they inherited 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 higheryielding F3 Amazon materials and hybrids. Table 24 shows the percentage of farmers reporting 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 production. 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 predominance 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 plantPrevalent cocoa types on cocoa farms
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Table 24. Percentage of farmers reporting various combinations of cocoa varieties in their farms and relative yields per hectare



Type of cocoa and (b) combinations



Amelonado (pure stand) Amelonado / Amazon Amelonado / hybrid Amelonado/Amazon /hybrid Amazon (pure stand) Amazon / hybrid Hybrid (Pure stand)



Percentage farmers reporting



Estimated average yield kg/ hectare (2003)



4.95 20.7 4.7 9.8 41.2 7.9 8.6



232 351 256 460 402 341 375



95% confidence interval Lower bound 151 311 172 404 374 275 314



Upper bound 314 391 340 517 430 407 436



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



Criteria High yielding Early maturing Large beans Low canopy/short trees Large pods Tall/big trees



Percentage of farmers reporting use 96.2% 95.8% 78.9% 70.4% 28.1% 7.4%



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 knowledgeable, their planting material needs will become more varied, thus creating more opportunities for plant breeders. 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. Sources of planting materials



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’ criteria in selecting seeds for new plantings



Farmers’ capacity to identify trees resistant to diseases and pests and high-yielding cocoa trees 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 Farmers’ capacity to identify trees with disease resistance
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Table 26. Farmers’ willingness to buy new varieties developed by breeders and average price accepted to pay for such varieties.



Descriptions Willingness to buy high-yielding varieties Price per pod Price per seedling/cutting/clone



Percentage reporting 98.6 Price per (GH¢) unit 0.04 0.03



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 regularly 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. The criteria were based on the farmers’ observation of particular tree characteristics. Such trees were tagged with identification labels indicating a particularly promising characteristic, 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. Criteria for identifying promising trees



Farmers demonstrated interest in new varieties by using hybrids on their farms for rehabilitation 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 averaged 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). Farmers’ interest in new varieties



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



Variable



Bpcontr Capsidcontr Mistcontr Pruning Shade control Infilling Weeding Fertilizer



Unstandardised coefficients B 9.799E-05 3.779E-04 1.641 1.140E-03 7.657E-04 2.141E-04 2.263E-04 3.984E-05



Standard error .000 .000 13.535 .000 .000 .000 .000 .000



Standardised coefficients Beta .115 .190 .003 .088 .057 .018 .332 .063



T-value



Significance level (P)



2.706 3.501 .121 2.759 1.732 .451 5.145 2.423



.007 .000 .904 .006 .084 .652 .000 .016



* Linear regression through the origin
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Table 28. Quantitative estimates of relative effects of regions on cocoa yields (average for 2003) *



95% confidence interval for B Unstandardised Standard coefficients error (B) Ashanti 190.8 12.2 Brong Ahafo 191.2 11.2 Central 229.9 13.3 Eastern 260.0 14.4 Volta 126.3 23.0 Western 255.1 10.4 Region



Standardised coefficients (Beta) .275 .300 .305 .317 .096 .432



Tvalues



Pvalues



15.658 17.038 17.320 18.011 5.480 24.590



.000 .000 .000 .000 .000 .000



Lower bound 167 169 204 232 81 235



Upper bound 215 213 256 288 171 275



* Linear regression through the origin



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 characteristics required by co-operating with farmers. Breeders can commercialise research by concentrating their efforts on marketable client-oriented products. Possible consequences for breeding strategies



Effect of farmers’ practices on yield 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 significant only at the 10% probability level. Effect of pests and diseases control and agronomic practices on cocoa yields



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 significant regional effects on yields. These factors should be seriously considered in developing improved planting materials for cocoa farmers. Regional effects
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Table 29. Farmer orientation to research and co-operative spirit



Descriptions Willingness to work with research Willingness to share budwood Number of seedlings required for infilling Number of seedlings required for new planting



Percentage reporting 93.3 97.6 Expected number 200 607



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



Activity Land clearance Planting temporary shade Planting permanent shade Weeding and maintenance pruning Harvesting & breaking pods Counting total pods harvested Counting no. of diseased/healthy pods per tree



Percentage of farmers responding 92 92 79 95 95 87 87



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 willing to collaborate with researchers to test such seedlings on their farms and to share budwood if any promising trees were found on their farms. Farmers also indicated the conditions 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 testing 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 operations 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 cooperate 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’ environment should be encouraged. In searching for desirable germplasm to meet farmers’ needs, institutional researchers can collaborate with farmers to identify local planting materials 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. 24
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Abstract A survey was conducted among 280 cocoa farmers from 2001-2003, in six main cocoagrowing 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 individual 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 materials, despite the availability of improved varieties. Seventy-one percent of the farmers surveyed 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 surveyed. 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 administration, by small-scale farmers using non-selected plant materials introduced by French missionaries. 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 common 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 production 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, 26
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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 numerous non-selected trees, the farmers’ planting material seemed to be interesting for the identification of promising resistant trees. The situation in Côte d’Ivoire has necessitated an understanding of the farmers’ knowledge and use of planting material on their farms followed by the incorporation of their participation 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’ knowledge 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 predominantly 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 provided 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 wellknown 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 performing 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.). 28
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Identification of outstanding trees An important output of this survey was to obtain the farmers’ response to the identity of outstanding individual trees on their holdings. In all the regions visited during the survey, farmers 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 evaluated by leaf test in the nursery stage as open-pollinated seedling progenies, for their resistance 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 create 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 materials to establish new farms were improved varieties selected by the CNRA. However, farmers 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. 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 Selection criterion Yield potential Insect infestation Ppr incidence Total AB: Abengourou A: Aboisso



AB 81 51 14 146



Cocoa growing region D G DA 47 57 38 36 47 25 19 1 62 104 83



A 64 30 4 98



D: Divo DA: Daloa
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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. Acknowledgements We wish to acknowledge the Common Fund for Commodities (CFC) for the funding received through the CFC/ICCO/Bioversity International project. We wish to thank Mrs Emile Liadé and Affian Kacou, technicians at the CNRA/LCB laboratory, for their help in collecting promising material, and Mr Abonga Kacou, for driving us around in all the regions surveyed. References Alverson W., B.Whitlock, R. Nyffeler, C. Bayer and D. Baum. 1999. Phylogeny of the core Malvales: evidence from ndhF sequence data. Amererican Journal of Botany 86: 1474-1486. Bartley B.G.D. 2005. The Genetic Diversity of Cocoa and its Utilization. Wallingford, UK. CABI Publishing. 341p. Besse J. 1976. Notes sur le matériel végétal représenté dans les collections de cacaoyer de l’IRCC en Côted’Ivoire. Technical note of IRCC. 7pp. Besse J. 1977. Sélection générative du cacaoyer en Côte-d’Ivoire: bilan et orientation des recherches. Pages 95-103 in Proceedings 5th International Cocoa Research Conference. COPAL. Ibadan, Nigeria. Freud E.H., P. Petithuguenin and J. Richard 2000. Les Champs De Cacao: Un Defi De Competitivite AfriqueAsie. Kharthala-CIRAD. 205 p. Keli J., A. Assiri, K. N’Goran, J. N’Goran and I. Kébé. 2005. Evolution de l’amélioration variétale du cacaoyer et des systèmes de production de la cacaoculture en Côte d’Ivoire. Science et Nature 2 (2) : 107-218. Koné Y. 1999. Etude de la structure actuelle des populations de Phytophthora spp., agent de la pourriture rune des cabosses du cacaoyer. DAA, Ecole Supérieur d’agronomie. 109pp. Pokou N.D., J.A.K N’Goran, I.Kébé, A. Eskes, M Tahi and A. Sangaré. 2008. Levels of resistance to Phytophtora pod rot in cocoa accessions selected on-farm in Côte d’Ivoire. Crop Protection 27: 302-309.
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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 encuestaszona 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 partir 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 mayoría 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 survey was conducted to characterize the socioeconomic environment and cocoa production systems in three traditional cocoa production areas. This information will be used as a valuable 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 questions along six main groups of indicators was applied. The indicators grouped socioeconomic 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 15th – 17th October 2006, San José, Costa Rica
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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) followed 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 practice 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 plantations come from seed collected in the farmers’ plantations (North), from commercial nurseries and INIAP (Llanuras and Piedemonte). In the Northern area, a large part of the traditional 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 plantations 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 proportion 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 fincas de los productores. Por otro lado, este tipo de investigación ayuda a consolidar las relaciones entre los técnicos y productores, para lograr un mejor entendimiento de sus necesidades y permitir una reorientación de los conceptos considerando la influencia de los factores socioeconómicos y el funcionamiento de los sistemas de producción, que actualmente 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 32
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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 sistemas 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 sistemas de producción en tres áreas cacaoteras tradicionales del Ecuador para diseñar un proceso 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 tradicionales: 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 temáticos: 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 frecuencias parciales y acumuladas en las que se apoyó la interpretación de los resultados.



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



Área estudiada



Localidades



Provincia



Colaboradores



La Lejía, El Piñoelal, Puente .



Guayas



UNOCACE



Los Ríos



UNOCACE



Bolívar



UNORCIE, UOCN



Esmeraldas



UTE-LVTE, FEPP



Llanuras aluviales



Chimbo



de la zona Central



La Esperanza, Colombia Alta, La Gudelia y El Guayabo



Zona Centrode Piedemonte



El Rosario, San Gerardo, San Pedro de Cumandá, Buenos Aires, San Luís de Pambil



Zona Norte



Colon Eloy, Río Santiago, 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
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Figura 1. Mapa cacaotero del Ecuador mostrando las zonas bajo estudio. a. Zona Norte b. Zona Centro Piedemonte c. Zona de llanura Aluvial



Resultados Características socioeconómicas Los resultados se presentan en la Figura 2. En general las fincas son explotadas por sus propios 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. 34
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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



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 sombramiento es proporcionado mayormente (71%) por especies pertenecientes al bosque tropical 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 plantas/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 estudio. 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 15th – 17th October 2006, San José, Costa Rica
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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



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 influenciado por la presencia de baja humedad, escaso régimen de inundaciones y menor presencia de sombra (Figuras 4-a, b). Por otro lado, los productores señalan que la sequía también contribuye a la baja productividad 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 importante 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 desconocida en todas las áreas, pero la situación es más crítica en el Norte, donde el 94% de las huertas 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 36
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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



y combinados (manual y químico), que son mas notorios en el Piedemonte (37% de preferencia entre productores) y en menor escala en el Norte (9% de preferencia entre productores) (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 proporción 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 15th – 17th October 2006, San José, Costa Rica
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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 productores 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: productividad, 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 80
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Cuadro 2. Rendimiento promedio anual de cacao seco (kg/árbol) en el estudio de tres zonas cacaoteras tradicionales en Ecuador Zona Piedemonte Norte Esmeraldas Sur Esmeraldas Llanuras



Promedio 0,23 0,17 0,36 0,30



CV 30 81 87 56



Mín 0,12 0,02 0,05 0,07



Máx 0,32 0,47 0,79 0,52



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 resultados 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 preferencia 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 preferencias). 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).
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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



No



0



Sí



NORTE



15th – 17th October 2006, San José, Costa Rica



40 20



No tiene interés



Clones de INIAP



Clon CCN-51



b. Nuevas variedades de interés



a. Ampliación de frontera agrícola con cacao



60



PIEDEMONTE



0



No



Sí



c. Interés en la investigación participativa



LLANURA ALUVIAL



39



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



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 productividad 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 criterios 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 investigación participativa, para aprender prácticas adecuadas de manejo y compartir experiencias con los técnicos. Reconocimiento El presente trabajo recibió financiamiento del Fondo Común de Productos Básicos (CFC) dentro del marco del proyecto CFC/ICCO/Bioversity sobre “Mejoramiento de la Productividad y de la Calidad del Cacao con un Enfoque Participativo del Productor”, como parte del convenio de cooperación técnica y financiera entre Bioversity Internacional y INIAP. Literatura El presente estudio base para fomentar la investigación participativa en la generación de nuevas variedades de cacao con participación directa del productor, es el primero en su tipo desarrollado en Ecuador.
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Farm Practices, Knowledge and Use of Cocoa Planting Material in Trinidad: a Survey Report K. Maharaj, P. Maharaj and D. Ramnath Ministry of Agriculture, Land and Marine Resources, Research Division, Central Experiment Station, Centeno via Arima P.O., Trinidad.



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 farmers’ 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 evaluated 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 individual 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 cultivation 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 natural 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 planting 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, 15th – 17th October 2006, San José, Costa Rica
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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 present on these farms consists of TSH material, Imperial College Selections (ICSs), preICSs and various combination crosses. This material represents useful genetic diversity 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 materials 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 mountainous 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 significant 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. 42
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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 experience in producing cocoa by merit of their age and the majority of them have had basic primary school education.



Figure 1. Cocoa growing areas surveyed in Trinidad



15th – 17th October 2006, San José, Costa Rica
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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 Year range 25-35 35-45 45-55 >55



% 3 11 24 62



Experience Year range 20



% 5 10 14 71



Education Type None Primary Secondary Tertiary



% 5 58 36 1



Figure 2. Percentage distribution of cocoa holdings by hectarage
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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 Farm size (ha)



Small 0-10 Medium 10.1-20 Large >20



Yield range (kg/ha) 80-600



Age (yrs) 25 1-5 and >25 Other combinations



120-800



% 2 9 8 50 13 18



Spacing (m) 3.6 x 3.6 3.0 x 3.0 2.4 x 2.4 1.8 x 1.8 3.6 x 3.6 and 3.0 x 3.0 Other combinations



% 48 20 4 1 16 11



150-1000



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 consisting 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 perceived 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), breadfruit (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 forest 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 15th – 17th October 2006, San José, Costa Rica
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Table 3. Frequency of pest and disease problems experienced on farms Pest/disease



Black pod



Witches’ broom



Mealy bugs/



Cocoa



disease



disease



ants



beetle



Birds



Rodents



44



69



Parameters Farms affected (%)



29



95



6



7



Extent of losses (%) Mild



37



68



48



Medium



40



24



32



Severe



23



11



20



Table 4. Frequency of other problems encountered by cocoa farmers Problem Drought Excessive rainfall Availability of labour Cost of labour Quality of labour Theft of pods Credit Buying practices of Agents Inadequate prices Access roads Drainage Extension services



Frequency (%) 42 63 80 65 52 13 4 18 100 38 4 12



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 indicates 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 incidence 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 carried 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 46
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Figure 3. Frequency of farmers practising different cocoa husbandry methods Disease Control Fertilization
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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 systems consisting of annual weed control and pod-harvesting. The pruning that is practised 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 inadequate 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 15th – 17th October 2006, San José, Costa Rica
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Figure 4: Satisfaction levels expressed by farmers from using cocoa planting material
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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 composed 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 common. 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). Table 5. Frequency of reasons used by farmers for liking the varieties grown Feature Large pods/Large beans Large bearers Disease resistance Various combinations (vigour, pulp, shell, small trees, etc) No response
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Percent (%) 32 24 1 34 9
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Almost half of the farmers surveyed (48%) disliked varieties which had an apparent susceptibility 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 resistance (Table 6). Identification of outstanding trees An important output of this survey was to obtain farmers’ response to the identity of outstanding individual trees on their holdings. These were previously described as “interesting”. 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 farmers 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 trials, both on-station and on-farm.



Table 6. Percentage of phenotypic variation observed by farmers Parameter Between trees Tree size No. of pods Pod size Pod colour Bean size Resistance to disease Pod thickness Resistance to pests



15th – 17th October 2006, San José, Costa Rica



Percent (%) 94 24 73 75 48 56 36 3 2
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Figure 5. Farmers’ preferences for planting material: clones versus seedlings
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Reasons



• Hilly terrain 57% • Easier to manage 19% • Prolific 24%



Both 11%



Seedlings 57%



Clones 32%



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 6. Frequency of farmers indicating desirable features in new varieties Bigger trees Pest resistance Better quality Smaller trees Quick yielding Black pod resistance High yielding Big pods Large beans
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Figure 5 shows farmers’ preferences for either clonal or seedling material with the attendant 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 desirable 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 understanding 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 primarily 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 farmers 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. Acknowledgements The authors are very thankful for the support received from the CFC/ICCO/Bioversity International project on “Cocoa Production and Quality Improvement, a Participatory Approach”. The wonderful cooperation provided by cocoa farmers is truly acknowledged, together with the support of Mr Bruce Lauckner and Marcus Jones of CARDI, Trinidad, in data analysis, and the staff of Cocoa Research, Centeno for their contribution. 15th – 17th October 2006, San José, Costa Rica
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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 materials, 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 populations. 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 certain 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 facilitate 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 15th – 17th October 2006, San José, Costa Rica
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Table 1. Number of mother trees selected in farmers’ fields in six cocoa-growing regions for three selection criteria



Regions Selection criteria High pod production Low incidence of Phytophthora Low infestation with mirids Total



Abengourou 81



Aboisso



Divo



Gagnoa



Daloa



Soubré



Total



64



47



57



38



38



325



14



4



0



0



1



0



19



51



30



36



47



23



30



217



146



98



83



104



62



68



561



Table 2. Reference clones used in our study: Upper Amazon (UA), Lower Amazon (LA), American Trinitario and African Trinitario genotypes Reference clones



Genetic origin UA



Seed-garden parents



Representatives of African founder genotypes



IMC 67, NA32, T85/799, UPA402 UPA409, UPA419 UPA603, UPA608 IFC 312, IFC316 IFC 701, IFC710 IMC47 PA7



LA



African Trinitario



American Trinitario



IFC1 IFC 15 IFC 307



IFC 306 IFC 412



POR UF 676 UF667



IFC1 IFC2 IFC5



ICS46



promising trees (Pokou et al. 2005). Here we present the results on genetic diversity, evaluated with microsatellite markers, for accessions selected in a participatory manner in farmers’ 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 54
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Figure1. Cocoa-growing areas surveyed in Côte-d’Ivoire (indicated by circles)



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 genotypes 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. 15th – 17th October 2006, San José, Costa Rica
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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-population (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 presence 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 heterozygosity (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 genoTable 3. Mean heterozygosity level of farm accessions collected in six regions Region Aboisso Abengourou Divo Daloa Gagnoa Soubré



He



Ho



0,59 0.61 0.58 0.61 0.61 0.63



0.50 0.50 0.46 0.50 0.54 0.54



Mean number of alleles/locus 7.5 7.75 7.58 7.08 7.0 7.58



He: expected heterozygosity Ho: observed heterozygosity
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Figure 2. FCA performed with accessions from all regions



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 reference 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 identified 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 15th – 17th October 2006, San José, Costa Rica
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Figure 3. Scatter plot of accessions from all regions and Forastero (Upper and Lower Amazon) and Trinitario reference clones (Tr = Trinitario)



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 origin of accessions analyzed, as these were composed of seedlings obtained from open pollination. 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 genetically intermediate between UA and LA (Amelonado) reference genotypes. However, a certain 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 crossing 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. 58
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Figure 4. Scatter plot of farm accessions from the Abengourou region (+) including resistance accessions (• = Abengourou-R) compared with Forastero (Upper and Lower Amazon) and Trinitario reference clones (Tr = Trinitario)



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. Acknowledgements Our thanks go to Emile Liadé technician at the CNRA/LCB, to Sunday Taiwo, technician at the IITA/CBL, to Nanette Langevin and Cecile Olano, technicians at USDA-ARS laboratories, for their help with the experiments. We are also grateful for the support received from the CFC/ICCO/Bioversity project on “Cocoa Germplasm Utilization and Conservation, a Global Approach” with the farm survey and collecting the farms’ accessions and from the 15th – 17th October 2006, San José, Costa Rica
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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 introductions 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 questionnaire-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 representing all the cocoa-growing regions of Ghana. The survey results indicated a high incidence 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 collected planting materials from seed gardens, a significant number collected from unapproved sources. The survey also revealed that some useful segregants are appearing in farmers’ plantings, which could be incorporated into future breeding programmes. The collection was fingerprinted with microsatellite markers, which revealed a significant deficit of heterozygotes in the farmers’ materials in relation to the breeders’ materials indicating a relatively 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 15th – 17th October 2006, San José, Costa Rica
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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 unapproved 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 villages 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 materials, 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 varieties 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. 62
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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 markers 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



15th – 17th October 2006, San José, Costa Rica
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Table 1. Cocoa accessions collected from breeders’ field gene banks and farmers’ fields for DNA analysis Germplasm collections 1. Parental collections Upper Amazon Amelonado and local Trinitario 2. Breeders’ collections Series II hybrids and F3 Amazon progenies 3. Other collections Aburi Gardens Tetteh Quarshie 4. Farmers’ field accessions Volta region Central region Eastern region Ashanti region Brong Ahafo region



Western region



Total



Population



Number of accessions



1



81



2



23



3



38



4 5



10 7



6 7 8 9 10



16 9 28 51 18



11



377



11



96



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 farmers’ 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 constituted 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 materials from approved sources (seed gardens). In general, 25.8% acquired their planting mate64
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No black pod level 10%



Severe black pod level 43%



Mild black pod level 27%



Medium black pod level 20%



Figure 2a. Overall severity of black pod infection on farms of all six regions 70
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Region Figure 2b. Severity of black pod infection (%) in each region



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% expressing 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 satisfaction, 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 indicated that 99.7% of the respondents expressed an interest in obtaining new improved varieties 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 evalu15th – 17th October 2006, San José, Costa Rica
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Table 2. Cocoa diseases mentioned by farmers as being on their farms 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 0.6 Epiphytes (climbers) Premature ripening 0.5



ated with Nei’s (1978) estimation of gene diversity (Table 4). The overall mean gene diversity of the parental and breeders’ collections (0.759) was significantly (P 
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