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APPENDIX A
[bookmark: _Toc451790499][bookmark: _Toc451790725]CRA WORK ON BEHALF OF GCGRA 
[bookmark: _Hlk51765392][bookmark: _Hlk51834473]Background: The Mabang Megakarya Selection Programme (MMSP) is a major cocoa breeding programme which aims to lead to the supply of improved planting materials for Ghanaian farmers and to develop better cocoa breeding knowledge that will also benefit cocoa farmers around the world. The programme is being undertaken by the Cocoa Research Institute of Ghana (CRIG) and is located at their CRIG-Mabang Station. The programme is currently supported by the Government of Ghana through COCOBOD/CRIG in partnership with GCGRA and builds on previous phases of the programme which have received support from the Government of the Netherlands, Mars-Wrigley, Mondelez International and Cocoa Research (UK) Ltd.  It was conceived as a response to the threat posed by Phytophthora megakarya (a causal agent of Black Pod rot), through development of clones that yield well in the presence of this devastating disease. Its objectives are to i) to select high performance clones as a step towards the modernisation of the Ghanaian cocoa economy ii) to identify improved pollen parents for use in the existing seed gardens and iii) to develop a coherent breeding methodology for cocoa.
Over the past 15 years, MMSP has established a well-developed infrastructure including office, nursery and post-harvest facilities, as well as a functional pumping station to enable dry season watering which can be critical to the survival of newly planted trials. MMSP has a permanent staff of 38, including a number who have built up their experience from the very start of the programme, and it benefits from external consultants with the expertise needed to develop and support the implementation of the programme, including trial design, information management and analysis. Field activities are carried out by a capable casual workforce recruited from Mabang village and the surrounding area. The Pathology, Entomology, Agronomy, Social Sciences and Statistics Divisions of CRIG have provided additional critical support throughout the implementation of MMSP.  An efficient data management system using barcoding technology has been developed for the programme with support from the consultants (see ICGD section) and the Head of Computer Services of CRIG together with another Technician have been involved in its implementation.
[bookmark: _Hlk70604875][bookmark: _Hlk69997268]
Current Status: As of September 2021, data are being collected from 50 “active” trials including three clone trials planted in April-May 2021. The total trial area is over 100 ha with over 4,100 clones and over 230 bi-parental crosses based on approximately 60 parents under evaluation. A review of MMSP results is in progress and will likely confirm that promising seedling materials outyield standard controls by well over 150%. The cocoa planted on the Kodi site at Mabang came through the dry season in good shape with a moderate mid-crop on many of the clonal trees.  The team have access to further sources of material for evaluation now that at least 68 of the clones which had been sent to CRIG Tafo from ICQC, R have been established at Mabang.  They include PBC123, a clone used commercially in Malaysia and Indonesia and which shows promise in observation plots in Liberia. Updated data on the socio-economic benefits of MMSP to the local area have shown that among former and present MMSP casual workers, 60 have gained tertiary qualifications and a further 32 are working towards them.

[bookmark: _Hlk84863441]GCGRA has continued to provide the secretariat for the MMSP Board and fund the work of the consultants Dr Rob Lockwood and Dr. Chris Turnbull (the latter through the ongoing secondment arrangement with the University of Reading), in addition to the support for the non-permanent staff costs at MMSP. The COVID-19 pandemic has prevented both Drs Lockwood and Turnbull from visiting Ghana in this reporting period but electronic communications have been used extensively. Fortunately, the fieldwork of the MMSP programme at Mabang has been able to continue effectively following the introduction of appropriate social distancing measures at, and around, the Mabang Station.


 
[bookmark: _Toc451790500][bookmark: _Toc451790726][bookmark: _Hlk21366308]CRA WORK ON BEHALF OF COCOA RESEARCH (UK) (CRUK)
CRA provides the secretariat for the CRUK Technical Committee (on a cost recovery basis) liaising with researchers and their institutes over the technical component of the projects.
CRUK’s projects in the reporting period were:
[bookmark: _Toc478388863][bookmark: _Hlk51148460][bookmark: _Hlk85125588]P038 Climate Change Platform 
[Total CRUK contribution £1.02M 2017-2021, project extended on no additional cost basis to December 2022 as additional sources of funds received]
Principal Investigators: Prof. Paul Hadley, Drs. Andrew Daymond and Fiona Lahive at the University of Reading
Background: A better understanding of the physiological response of the cocoa tree to its growing environment, and how its genetic background affects this response, will play an important role in predicting the potential impact of climate change on cocoa production and in developing strategies to mitigate these effects.  Whilst factors such as temperature, water-availability, shading and variety have long been known to affect cocoa productivity and quality, interpretation of field data is complicated due to the interactive effects of these factors. Moreover, predictions of the impact of climate change on cocoa production made by models using this data, may not accurately take into account the effects of these interactions, and in particular, the productivity enhancing effects of higher levels of CO2 which are poorly understood for tropical tree crops like cocoa. 
The state of the art facilities at the Controlled Environment Laboratories at the University of Reading enable cocoa plants to be grown to maturity under simulated climate change conditions, and provide the information needed to improve the accuracy of these predictions and mitigation strategies. CRUK supported research since 2010 has investigated the effects of different temperature, irrigation/drought and enhanced CO2 regimes on both immature and pod-bearing cocoa plants of contrasting varieties. The research outputs thus far include two PhD theses, several scientific papers in refereed journals and numerous conference presentations and collaborations where the results have been shared with the cocoa community. 
[bookmark: _Hlk70588669]Current Status: The current five-year project involves two research staff (Dr Daymond and Dr. Lahive) and a PhD student (Mr. Julián Mateus-Rodriguez of Agrosavia, Colombia). The experimental approach has involved work on seedlings conducted in growth cabinets and on pod bearing trees in the cocoa physiology greenhouse. Results have demonstrated how elevated CO2 concentrations can help mitigate the effects of high temperatures, and that some varieties are more tolerant to water stress and higher temperatures than others. Current work is particularly focussing on using the techniques developed for screening for high temperature tolerance based on chlorophyll fluorescence and cell membrane thermostability. Initial results suggest that trees grown at higher temperatures, and at higher CO2 levels have cell membranes with higher thermostability than those grown under cooler conditions. The techniques are also being used to screen the material held in ICQC,R for any genetic diversity in thermostability. Experiments are underway to investigate the effects of temperature and elevated CO2 on pollen viability, and fruit and seed development. Results from these experiments, together with findings from published research, are being used as the basis for development of a predictive physiological model to quantify climate change and genotype effects on growth and yield potential. The group has been successful in securing funding from other sources for complementary field-based research in Ghana which will allow calibration and validation of the physiological model.  The team have recently published a paper on genotypic variation in responses of mature cocoa to elevated CO2 and water deficit covering results obtained from studies undertaken in the previous phase of the project.  They also contributed to a recently published paper with colleagues from the Meteorology Department at the University of Reading and other institutions on modelling the potential effects of climate change on cocoa plant productivity in West Africa. The results indicate that even under a high emissions scenario, cocoa net primary productivity (NPP) will be maintained in the regions of West Africa where cocoa is currently grown throughout the 21st Century. This finding is in contrast to previous models that did not involve measurements of the plants reactions and is the first to take into account empirical data on cocoa responses to rising CO2 concentrations. Although NPP is not equivalent to yield, it does represent the resource available to the plant for growth, including allocation into pod production. Further studies on the effects of environmental conditions on the allocation of resources to pod production and bean quality are underway.
Note regarding the impact of the COVID-19 pandemic: The care of the experimental cocoa plants has been maintained effectively even though the University ceased to operate normally during the first lockdown period. Safe working practices are now in place to allow continuation of experimental work and the researchers have also been able to continue their desk-based activities, including data analysis and writing up of results, whilst working from home. 

P039 Verticillium wilt in DR Congo and Uganda [COMPLETED DECEMBER 2020]
[Total CRUK contribution £21,000 2017-2020]
Principal Investigators: Prof. Steve Woodward, Prof David Burslem, Dr Eric Boa at University of Aberdeen
[bookmark: _Hlk51156165]Verticillium wilt is caused by a soil-borne fungus, Verticillium dahliae, which is widely distributed but causes particular problems in the cocoa growing areas of DR Congo (DRC) and Uganda. CRUK contributed towards a PhD project supported by ESCO (a local Ugandan cocoa exporter) and the University of Aberdeen to gain a better understanding of the disease and how it can be managed. The student, Anne-Sophie Bouchon, completed her PhD thesis in 2020 and is currently preparing papers for publication.  The main findings from the research included the discovery of four distinct genetic groups amongst the Verticillium isolates studied and the development of two promising new techniques to rapidly screen for resistance. These techniques could be used to classify clones as resistant or susceptible in the laboratory based on leaf /stem tissues but unfortunately it was not possible to carry out the field validation in Uganda that had been planned due to travel restrictions imposed during the COVID-19 pandemic. The genomic association work undertaken identified three SNPs which can be used to discriminate between resistant and susceptible genotypes. One of these is associated with a gene with similarities to genes known to be important in resistance to Verticillium infections in cotton but further work would have to be undertaken to confirm these preliminary findings.

P041 Elucidation of Cocoa Swollen Shoot Disease Pathology and Insect Vector Retention Using Electron and Confocal Microscopy
[Total CRUK contribution £60K 2018-2021]
Principal Investigators: Dr. Andy Wetten, Prof. Dawn Arnold, Dr Dann Turner 
Background: Cocoa swollen shoot virus disease (CSSVD), which results from Cocoa swollen shoot virus (CSSV) infection, has been recognized as one of the most important diseases limiting cocoa production in West Africa. While there has been significant progress in determining the genetic diversity of CSSV isolates in recent years, there are still major knowledge gaps relating to the transit of the virus in its mealybug vector and the means by which the virus disrupts the normal functioning of the plant once it has been infected. A better understanding of these processes will contribute to the development of improved management strategies for the disease. 
Current Status: The student, Megan Richardson, continues to develop the extraction and microscopy techniques needed to locate the CSSV within the plant and mealybug tissues. She is finalising a publication on the new technique she has developed for extraction/purification/quantification of CSSV from stem tissues. Early results from the Immunofluorescent confocal laser microscopy work show a concentration of fluorescence in the spongy mesophyll cells of CSSV infected leaves and Ms. Richardson plans to follow up this work with Fluorescence in situ hybridization (FISH) to locate CSSV DNA within leaf/stem tissues. The first paper has been published following the joint work with colleagues from University of Reading and CIRAD on the integrated viral sequence that has been identified in the genomes of a wide range of cocoa types. Ms. Richardson is continuing to study the inheritance of the integrated sequences using seedlings from controlled crosses supplied by ICQC,R and carrying out mealy-bug based transmission studies to confirm the hypothesis that the sequences can only be transmitted as part of the plant’s DNA.
[bookmark: _Hlk51164489]
[bookmark: _Hlk84866844]P040 Evaluating Long Term Soil Organic Matter Dynamics in Cocoa Plantations In Indonesia
[Total CRUK contribution £49K 2018-2021 with an additional £4500 contribution towards a three month extension to end July 2021. Project benefitted from support from Cranfield University, British Council Newton Fund and collaboration with Mars-Wrigley]
Principal Investigators: Dr Ruben Sakrabani & Dr Paul Burgess at Cranfield University
Background: Soil Organic Matter (SOM) plays an essential role in soil health affecting many aspects including water holding capacity, carbon storage, nutrient availability, heavy metal mobility and microbial populations. SOM levels can be improved through the regular addition of composts and manures but levels can quickly reduce in soils when crops are cultivated - especially under tropical conditions. CRUK is co-supporting a PhD project with Cranfield University to model restoration strategies for soil fertility using organic inputs using existing datasets and new data collected from cocoa farms and research centres in Indonesia covering a range of sites with different aged plantings and agronomic practices.
Current Status:  The student, Thomas Fungenzi, is currently completing his thesis which will comprise four scientific publications covering different aspects of his research; i) Global meta-analysis on carbon storage in cocoa plantations – paper is being re-drafted following the acquisition of data sets for West African sites kindly made available by CIRAD, ii) Medium-term Effect of Fertilizer, Compost, and Dolomite on Cocoa Soil and Productivity in Sulawesi, Indonesia – paper has been published in Experimental Agriculture in August 2021, iii) Dynamics of Soil Organic Matter, Carbon, and Nitrogen in a Chronosequence of Cocoa Farms in Sulawesi (Indonesia) – paper in final stages of preparation, and iv) Modelling Soil Organic Matter Dynamics in Cocoa Farms – paper in final stages of preparation. The latter paper reports on the model developed to simulate soil organic matter dynamics in a cocoa field and allows users to run simulations with different scenarios of organic matter inputs.  Following the travel restrictions imposed by the COVID-19 pandemic, it was not possible for Mr. Fungenzi to make a further visit to Indonesia to gather more data for validation of the model, as had been originally planned, but he has been able to acquire sufficient data for his needs. Mr. Fungenzi has been granted an extension and intends to submit his thesis by December 2021.

[bookmark: _Hlk51231305][bookmark: _Hlk21366345][bookmark: _Toc451790738]
[bookmark: _Hlk70600995]P042 Cadmium Accumulation In Cocoa: Testing Of Candidate Genes In Yeast
[Total CRUK Contribution 2019/20 £53,498K with an additional £20,736.94 for a 3 month extension to end September 2021. A no-additional cost extension to end December 2021 has been agreed 
Principal investigator: Prof. Jim Dunwell, University of Reading, Prof. P. Umaharam, University of the West Indies
Background: There is considerable interest in developing cocoa varieties and rootstocks which produce cocoa beans compliant with new EU legislation for maximum levels of heavy metals, even when they are grown in areas with soils known to contain high levels of cadmium.  The ability to identify gene variants in cocoa which confer low cadmium (Cd) uptake would accelerate progress in developing new varieties that are urgently needed by farmers. CRUK is supporting a short study by a post-doctoral scientist at the University of Reading (Dr Ihsan Ullah) to use a transgenic yeast assay to assess the functional behaviour of a range of cocoa genes in terms of their ability to act as transporters of Cd. The project commenced in January 2019 with the training provided at the University of Reading for a post-doctoral scientist from CRC, Trinidad. However, it was then agreed that the workplan be adjusted to allow Dr Ihsan to continue his involvement in other projects which would complement the CRUK work..  
Current Status: Although progress in some aspects was delayed due to laboratory closures imposed during the first COVID-19 lockdown, safe working procedures have now been developed to allow experimental work to continue.  The yeast assay showed that it is unlikely that the differences in Cd uptake characteristics of the cocoa varieties tested is due to variations in the coding region of either the NRAMP5 or the HMA3 genes investigated, though it is possible that variation in the promoter region of these genes might be involved.  The next step has been to test if these gene variants have an effect in a simple plant system by transforming Arabidopsis plants with a range of these constructs. Seeds from all these transgenic plants are now available. They provide a valuable resource in which to test the uptake and partitioning of Cd and to validate the yeast assay as a means to screen a wider range of germplasm for its potential value in developing low Cd uptake planting materials.  A second paper has been recently been submitted about the isotope work carried out with Imperial College. 
In addition to the work on Cd uptake, Dr. Ullah has been working with colleagues from ICQC,R, CIRAD, and UWE to investigate integrated viral sequences in cocoa genotypes (see sections on ICQC,R and CRUK project P041) and has led work with colleagues from ICQC,R and CRC on the development and use of techniques to detect mild strain viruses CaMMV and CYVBV in materials held in ICQCR and in published DNA sequences from sources including Southeast Asia and the Americas (see ICQC,R section). Two publications have resulted from this work to date and another is under preparation.  

Publications from CR (UK) Supported Projects October 2020-October 2021
Black, E., Pinnington, E., Wainwright, C., Lahive, F.M., Quaife, T., Allan, R.P., Cook, P., Daymond, A.J., Hadley, P., McGuire, P.C., Verhoef, A., Vidale, P.L. 2020. “Cocoa Productivity in West Africa under Climate Change: A Modelling and Experimental Study.” Environmental Research Letters 16 (1). https://doi.org/10.1088/1748-9326/abc3f3.
Bouchon, A-S 2020. Vascular wilt disease of Theobroma cacao in Uganda and DR Congo caused by Verticillium dahliae: studies on management using a genetic approach. PhD Thesis, University of Aberdeen
Fungenzi, T., Sakrabani, R., Burgess, P. J., Lambert, S., & McMahon, P. (2021). Medium-term effect of fertilizer, compost, and dolomite on cocoa soil and productivity in Sulawesi, Indonesia. Experimental Agriculture, 57(3), 185–202. https://doi.org/10.1017/S0014479721000132
Lahive, F. M., Handley, L. R., Hadley, P., & Daymond, A. J. (2021). Climate Change Impacts on Cacao: Genotypic Variation in Responses of Mature Cacao to Elevated CO2 and Water Deficit. Agronomy, 11(5), 818. https://doi.org/10.3390/agronomy11050818
Moore, R.E.T., Ullah, I., Dunwell, J.M. and Rehkämper, M. (under review) Impact of Fe and Zn amendments on Cd uptake and translocation by hydroponically grown Theobroma cacao: a stable isotope investigation.  Environmental Pollution, Submitted.
Muller, E., Ullah, I., Dunwell, J. M., Daymond, A. J., Richardson, M., Allainguillaume, J., & Wetten, A. (2021). Identification and distribution of novel badnaviral sequences integrated in the genome of cacao (Theobroma cacao). Scientific Reports, 11(1), 8270. https://doi.org/10.1038/s41598-021-87690-1
[bookmark: _Hlk86236324]Ullah, I., Daymond, A.J., Hadley, P., End, M.J., Umaharan, P., Dunwell, J.M. (2021) Identification of Cacao Mild Mosaic Virus (CaMMV) and Cacao Yellow Vein-Banding Virus (CYVBV) in Cocoa (Theobroma cacao) Germplasm. Viruses, 13, 2152. https://doi.org/10.3390/v13112152
[bookmark: _Hlk21441026]


APPENDIX B
Cocoa Research Centre, The University of the West Indies
Report on Activities for the Period October 2020 to September 2021
Background: The Cocoa Research Centre (CRC) is a campus centre of the University of the West Indies established with the following mandates: conservation, research and innovation and international and regional outreach for cocoa.  The CRC curates the International Cocoa Genebank, Trinidad (ICG,T), widely regarded as one of the largest and most diverse collections of internationally available cocoa genetic resources in the world and that has the responsibility to assess and supply cocoa genetic material to fuel the worlds’ cocoa breeding programmes.   The CRC undertakes pure and applied research in the areas of genetic resources management, genetics, plant pathology, agronomy and food technology.  In addition to its own staff and students, CRC hosts visiting scientists from other institutions including CIRAD and has had many collaborative projects with scientists from other departments in UWI, and academic institutes with an interest in cocoa worldwide.  CRC established an International Fine Cocoa Innovation Centre with support from the EU/ACP Science and Technology Fund to showcase innovations along the value chain and to support entrepreneurship, diversification and development and is exploring opportunities for commercialisation to generate income from the products and services that have been developed.  The CRC offers short-term apprenticeship training in a wide range of areas including DNA fingerprinting, morphological characterization of cocoa, disease management, disease screening, agronomy, postharvest management, flavour characterization and chocolate making, as well as technical assistance to countries worldwide. The Centre organizes international and regional conferences, workshops and expositions and participates in others.  CRC has developed and marketed a 70% dark chocolate under the name “Spirit of Chocolate”. CRC is the portal to the human resources of the University in support of the economic diversification of the region through development of the cocoa sector. 
Current Status: Details of the research, outreach and information dissemination activities are given in the CRC interim report for the period October 2020-March 2021, and the CRC Director’s report prepared for the CRAB meeting held 2021 attached below. The draft minutes of the CRAB meeting are also attached.


                 
Outreach and Information Dissemination (Including some publications and activities supported from sources in addition to those currently provided by CRA/CRUK/GCGRA) 
Due to the COVID-19 pandemic, many planned events including some training courses and workshops had to be postponed, though a number of video-conferencing events have been held. The CRC Annual Research Symposium (CARDS) was held over two days by video-conferencing, with a session focussing on quality and food safety on 21st  July and a session on genetic resources and utilisation on 28th July 2021. Feedback following the event was very positive and the events were attended by over 400 persons from 54 countries.
Recent Publications
Bekele F and Bekele I (2020) Social and environmental impacts on agricultural development. In: Management Association, I. (Ed.), Environmental and Agricultural Informatics: Concepts, Methodologies, Tools, and Applications. Chap. 59, pp. 1299-1334. [Reprint]. IGI Global. http://doi:10.4018/978-1-5225-9621-9.ch059
Gopaulchan D, Motilal LA, Kalloo RK, Mahabir A, Moses M, Joseph F, and Umaharan P (2020) Genetic diversity and ancestry of cacao (Theobroma cacao L.) in Dominica revealed by single nucleotide polymorphism markers. Genome 63(12): 585-595  https://doi.org/10.1139/gen-2019-0214
Holder AWB, Elibox W and Umaharan P (2021) A first approach to develop a quantitative screening method to identify resistance to bacterial leaf spot disease caused by Acidovorax anthurii in anthurium. European Journal of Plant Pathology 160: 147–159
Holder-John, AWB., Elibox, J.W., Umaharan, P. (2021). A rapid leaf-disc vacuum-infiltration screening for assessing resistance to bacterial leaf spot disease in anthurium. Scientia Horticulturae 288: 110348.
Lewis C, Lennon A, Eudoxie G, Sivapatham P and Umaharan P (2021) Plant metal concentrations in Theobroma cacao as affected by soil metal availability in different soil types. Chemosphere 262 (127449): 1-12. Online Aug 2020 doi:10.1016/j.chemosphere.2020.127749.
Lewis V., Farrell, A., Umaharan, P. and Lennon, A.M. (2021). Genetic variation in high light responses of Theobroma cacao L. accessions. Heliyon https://doi.org/10.1016/j.heliyon.2021.e07404
Lennon, A. M., Lewis, V. R., Farrell, A. D., & Umaharan, P. (2021). Photochemical responses to light in sun and shade leaves of Theobroma cacao L. (West African Amelonado). Scientia Horticulturae, 276, 109747. https://doi.org/10.1016/j.scienta.2020.109747
Petchayo Tigang S, Tchotet Tchoumi J-M, Roux J, Nguefack J, Begoude Boyogueno AD, Mbenoun M, Mfegue CV, Nyassé S, Ndoumbé Nkeng M and Ten Hoopen GM (2020) Armillaria root rot threatens Cameroon’s Penja pepper (Piper nigrum L.). Tropical Plant Pathology 45:534-543. doi:10.1007/s40858-020-00361-w
Ramjattan, R and Umaharan, P. (2021). Interrelationships between yield and its components in hot pepper (Capsicum chinense Jacq). Scientia Horticulturae (in press).
Ramtahal, G., Umaharan, P., Davis, C., Roberts, C., Hanuman, A and Ali, L. Mitigation of cadmium uptake in cocoa: efficacy of soil application methods of lime and biochar. Chemosphere (Submitted).
[bookmark: _Hlk85127016]Ullah, I, Daymond, A.J., Hadley, P., End, M.J., Umaharan, P, and Dunwell, J.M. (2021). Identification of cacao mild mosaic virus (CaMMV) and cacao yellow vein-banding virus (CYVBV) in cocoa (Theobroma cacao) germplasm. Viruses, 13, 2152. https://doi.org/10.3390/v13112152
Vanderschueren R, Argüello D, Blommaert H, Montalvo D, Barrazadi F, Maurice L. Schreck E, Schulin R, Lewis C, Vazquez JL, Umaharan P, Chavez E, Sarret G, Smolders, E (2021). Mitigating the level of cadmium in cacao products: Reviewing the transfer of cadmium from soil to chocolate bar. Science of the Total Environment 781 (146779) doi:10.1016/j.scitotenv.2021.146779
Wang, B., Motilal, L.A., Meinhardt, L.W., Yin J., and Zhang D. 2020. Molecular characterization of a cacao germplasm collection maintained in Yunnan, China using single nucleotide polymorphism (SNP) markers. Tropical Plant Biology 13: 359–370. doi:10.1007/s12042-020-09267-y

[bookmark: _Hlk21363048]

[bookmark: _Hlk85126903]APPENDIX C
IC3 at CATIE, Costa Rica
Report on Activities for the Period (October 2020 – September 2021) prepared by Allan Mata Quirós, Dominique Dessauw, Adriana Arciniegas Leal and Rolando Cerda Bustillos



APPENDIX D

Cocoa Research at the University of Reading, UK. 
Report on Activities for the Period October 2020 to September 2021
Background: The University of Reading has been working on cocoa science for over 35 years. Much of this research is centred in the School of Agriculture, Policy and Development (APD) which has custom-built greenhouse facilities on campus to grow cocoa plants to pod-bearing size. The environments in different sectors of the greenhouses are computer-controlled to simulate the current conditions in nominated cocoa-producing regions. Moreover, temperature, watering regimes and CO2 concentration can be manipulated to study how cocoa plants will respond to climate change. The research group also has access to separate controlled environment facilities where experiments can be undertaken, for example to study cadmium uptake or Cocoa Swollen Shoot Virus disease, together with well-equipped laboratories for molecular biology, tissue culture and imaging/microscope studies.  The International Cocoa Quarantine Centre, Reading (ICQC,R) (see ICQC,R Report below) is maintained at a separate site about four miles from the main campus and provides access to some 360 different cocoa varieties for use in research, as well as, on request, exporting disease-free plant material when requested. The APD research group works with scientists from elsewhere in the University including the Departments of Geography and Environmental Science, Meteorology and Food Technology. The APD research group has also built excellent relationships with many cocoa research institutes through joint projects, studentships and the linkages developed through the International Cocoa Germplasm Database. 
[bookmark: _Hlk72161282]Current Status: In addition to the projects supported by CRUK and CRA described in this report, the cocoa research group continues to undertake research supported by individual companies and other sources. The cocoa group has continued work on the BBSRC-GCRF (“Global Challenges Research Fund”) project on composting and biochar production from cocoa farm waste (pod husks and prunings) in collaboration with the Cocoa Research Institute of Ghana and Kwame Nkrumah University of Science and Technology (Kumasi). The group is also continuing collate meteorological data to complement crop data at various sites in Ghana and physiological data at MMSP, Mabang and Cote d’Ivoire thanks to support from GCRF-Agritech. This information will be very valuable in validating the modelling activities in the CRUK climate change project. The project supported by ICCO to review cocoa farming systems worldwide, with inputs from experts across cocoa-growing countries, is nearing completion. 
Outreach and Information Dissemination (Including some publications and activities supported from sources in addition to those currently provided by CRA/CRUK/GCGRA) 
Information is being added to the website https://research.reading.ac.uk/cocoa/ to highlight the cocoa research underway at the University. There are separate pages for general information on the ICQC,R, ICGD, Climate Change and Soil Amendments projects and further sections on research underway in the Food and Nutritional Sciences  and other departments are under development.

Reports


	
Recent publications on cocoa from the University of Reading (October 2020-Septemberl 2021) 
Awudzi, G. K., Hadley, P., Hatcher, P. E., & Daymond, A. J. (2020). Mirid feeding preference as Plant influenced by light and temperature‐mediated changes in plant nutrient concentration in cocoa. Annals of Applied Biology, 177(3), 395–403. https://doi.org/10.1111/aab.12636
Black, E., Pinnington, E., Wainwright, C., Lahive, F.M., Quaife, T., Allan, R.P., Cook, P., Daymond, A.J., Hadley, P., McGuire, P.C., Verhoef, A., Vidale, P.L. 2020. “Cocoa Productivity in West Africa under Climate Change: A Modelling and Experimental Study.” Environmental Research Letters 16 (1). https://doi.org/10.1088/1748-9326/abc3f3.
Daymond A., Bekele F. (2022) Cacao. In: Priyadarshan P., Jain S.M. (eds) Cash Crops. Springer, Cham. https://doi.org/10.1007/978-3-030-74926-2_2
Lahive, F. M., Handley, L. R., Hadley, P., & Daymond, A. J. (2021). Climate Change Impacts on Cacao: Genotypic Variation in Responses of Mature Cacao to Elevated CO2 and Water Deficit. Agronomy, 11(5), 818. https://doi.org/10.3390/agronomy11050818
Lamport, D., Christodoulou, E. and Achilleos, C. (2020) Beneficial effects of dark chocolate for episodic memory in healthy young adults: a parallel-groups acute intervention with a white chocolate control. Nutrients, 12 (2). e483. ISSN 2072-6643 doi: https://doi.org/10.3390/nu12020483	
Moore, R.E.T., Ullah, I.,  Dunwell, J.M. and Rehkämper, M. (under review) Impact of Fe and Zn amendments on Cd uptake and translocation by hydroponically grown Theobroma cacao: a stable isotope investigation.  Environmental Pollution, Submitted.
Muller, E., Ullah, I., Dunwell, J. M., Daymond, A. J., Richardson, M., Allainguillaume, J., & Wetten, A. (2021). Identification badnaviral and distribution of novel sequences integrated in the genome of cacao (Theobroma cacao). Scientific Reports, 11(1), 8270. https://doi.org/10.1038/s41598-021-87690-1
Ullah, I., Daymond, A.J., Hadley, P., End, M.J., Umaharan, P., Dunwell, J.M. (2021) Identification of Cacao Mild Mosaic Virus (CaMMV) and Cacao Yellow Vein-Banding Virus (CYVBV) in Cocoa (Theobroma cacao) Germplasm. Viruses, 13, 2152. https://doi.org/10.3390/v13112152


Conferences/Events

Dr. Daymond gave a presentation on ICQC,R/ICGD at the INGENIC Asia-Pacific Breeders Meeting held 20 April by video-conference.
Dr. Daymond gave a presentation on Cocoa Research at the University of Reading at the Tropical Agriculture Association meeting held 19th October, 2021 at the University of Reading

Press/Media
 
16th May 2021 International Cocoa Quarantine Centre featured on “Rachel Khoo’s Chocolate” on the Food Network (streamed version available from https://www.discoveryplus.co.uk/show/rachel-khoos-chocolate episode 12). Andrew Daymond and Stella Poole are both featured talking about the work of the Centre and its importance in supplying germplasm globally.
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THE UNIVERSITY OF THE WEST INDIES, ST. AUGUSTINE.
COCOA RESEARCH CENTRE

Interim Report to CRA — Sept 2020 — May 2021 (8 months)

Background

Cocoa Research Centre of the University of the West Indies (CRC) consists of 8 research staff
and 14 project staff. Frances Bekele is on sabbatical leave this year which resulted in one less
research staff member during the year. Martijn ten Hoopen of CIRAD left in June to take up
a new position within CIRAD and hence we also did not have the services of a CIRAD staff
member during this reporting period. CRC received core funding from the Government of the
Republic of Trinidad and Tobago (GORTT) and the Cocoa Research Association Ltd of UK
(CRA). The contribution from the GORTT was reduced by 50% due to COVID-19 induced
economic decline within the country, resulting in undue stress on the finances of the centre.
The conservation effort however received US$ 300,000 from a USDA-FAS funded project
(MOCCA) for the period 2019-2021 (2 years), which allowed several priority activities to
upgrade the International Cocoa Genebank, Trinidad (ICG,T) to be undertaken,
complementing the ongoing conservation work supported by the contribution from CRA as
well as support cadmium mitigation in six countries in Latin America

Cocoa Research Centre (CRC) has three mandates

(1) Conservation and management of the International Cocoa Genebank, Trinidad
(2) Research to support development
(3) Outreach.

The report is therefore divided into three sections.

Section 1: Conservation

The main field collection of the genebank is located at Centeno approximately 22 km from
the Cocoa Research Centre, although the most recent acquisitions are either maintained in
the greenhouse or in the campus fields on the St Augustine site. The newly acquired
accessions are propagated and then introduced into the field genebank. The work
associated with ICG,T can be divided into the work packages as outlined below. The work
will be described along these subheadings.

(1) Survey to identify at-risk accessions and re-propagation to generate additional healthy

plants
(2) Augmentation of the collection including safety duplication
(3) Characterization of the collection including morphological characterization and DNA

fingerprinting
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(4) Fidelity of the collection

(5) Agronomic management of the Collection
(6) Evaluation of the collection

(7) Documentation and data curation

(8) Transfer of germplasm.

(9) Germplasm utilisation

1. Survey to identify ‘at-risk’ accessions

A comprehensive survey of the ICG,T was undertaken to identify ‘at-risk’ accessions which
are represented by less than four healthy plants in the field genebank.

2. Re-propagation, Augmentation and Safety Duplication
One hundred of the accessions identified as “at risk” in the survey were propagated by
grafting on to a known rootstock with a view to generating vigorous plants which can be
used as a source of material for cuttings for eventual field planting. At least five plants of
each of the accessions were grafted and are being maintained in the CRC greenhouses. This
work was done with support from the funding received from the MOCCA project.

Rooted cuttings of (a) ‘at-risk’ accessions and (b) newly introduced accessions to augment
the genebank, are being propagated to introduce into the field. Furthermore, 500 accessions
identified for the strategic collection are being propagated for planting at a separate site for
safety duplication (see below)

Propagation of rooted cuttings: -  Propagation is on-going in the existing propagating
frames. A total of 20 accessions have been rooted; and others are on-going.

Construction of a propagation greenhouse:- A propagation greenhouse (with an automated
misting system has been constructed to support the large-scale propagation). The
construction has been completed but the propagation activity in the newly constructed
greenhouse has not begun. Funding for this came from the MOCCA project

Field site for the strategic collection: - A tender was developed and a contract has been
offered to clear a forested area in the genebank to plant the strategic collection (500
accessions) in a duplicated site. The work was supposed to begin in the dry season but due
to unusual inclement weather this job has not started. Funding for this came from the
MOCCA project.

3. Characterization of the collection

Morphological characterization of the accessions in the genebank continued. The data that
have been collected over the years are summarized below:
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Leaf data:
Flower data:

Fruit data:

Complete data:

3222 (2350 primary and 872 enhanced genotypes)

3363 (2412 primary and 951 enhanced genotypes)

2434 (1989 primary and 445 enhanced genotypes)

2387 (1968 primary and 419 enhanced genotypes)

Incomplete data (fruit): 635 (218 primary and 417 enhanced genotypes)

The following table provides the progress that has been made to date.

Table 1. Measures of Performance versus Achievement for the period October, 2020 —

April, 2021.

Measure Oct ’20 — April ’°21 | May ’21 — Sep ’21 Whole Year!
Target  Achieved | Target Achieved | Target Achieved

Fruit data 40 30 20 - 60 30
Flower data 45 41 55 - 100 41
Leaf data 45 37 55 - 100 37
Complete data
(leaf, flower, 40 33 40 - 80 33
fruit)

ITotal number of accessions characterised up to April 22nd, 2021:

Cacao Clones Manual
Photographs and botanical descriptions of mature ripe and / or unripe pods for 1302
accessions have been collated for the Cacao Clones Manual

Parinari Population (PA) Manual

From October, 2020 to April, 2021- 25 pods (mature ripe and / or unripe) for 18 PA
accessions were collected, described and photographed. This manual currently consists of
105 accessions with photographs of both ripe and unripe pods and 9 accessions with a
photograph of only one pod, together with their botanical descriptions.

We are missing photographs of 17 pods needed in order to complete the manual with all
of the PA accessions that have been completely characterized
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4. Fidelity testing and establishing a core collection

Fidelity testing:

The fidelity testing that started previously continued with support from the MOCCA
project. During the 2020-21 period we have SNP genotyped a total of 1,988 accessions
from ICG,T (CRC) using 182 primers, and are collecting leaves at present to complete a
second round of SNP fingerprinting from ICG,T.

Establishing a core public collection: -

In an attempt to establish a core public cacao collection we are SNP genotyping all the
accessions in the ICG,T (CRC) and IC3 (CATIE) with support from the MOCCA project.
We have also taken the opportunity to SNP genotype 622 accessions at the ICG,T, 658
accessions from IC3 and 193 accessions from ICQC,R. We are collecting leaves from
ICG,T, and IC3 to conduct a second round of SNP genotyping, which will complete the
entire collection. This will provide an opportunity to develop a Cacao Core Collection
of publicly held material and allow us to understand the level of duplication between the
two public genebanks.

Establishing a core collection for cocoa

With support from Nestle and CRA we are attempting to develop an international core
collection that would consist of both materials from the public collections and national
collections. This is at its early stage, but any and all the data arising will be placed in the
public domain — potentially accessed through (or held in) ICGD. The methodology for
the study is being developed collaboratively.

5. Agronomic management of ICG,T.

Table 2. Agronomic management of the ICG,T from Sept 2020 to 30 April 2021.

Operation/Activities Outputs

Weed management Three cycles of brush cutting completed, herbicide
applied once to control weeds in open areas

Shade management Two cycles of pruning of temporary shade trees were
completed.

Clearing of fallen permanent | Cutting or lopping of toppled large permanent shade trees

trees (on-going as and when it happens)

Chupon pruning Two cycles of chupon pruning carried out.

Sanitary pruning Sanitary pruning of Field 6A 50% complete. Work on-
going

Termite control Termite control not done during this time period
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Operation/Activities

Outputs

Irrigation

Due to continuous rainfall during the dry season, this was
not necessary this year

Fertilising of young trees and
trees being used by
researchers.

Approximately 1500 trees manured and fertilised

Fire trace maintenance

Due to continuous rainfall during the dry season, this was
not necessary this year

Fire watch

Due to continuous rainfall during the dry season, this was
not necessary this year

Clearing of debris after floods

Was not necessary

Maintenance of sheds

Two sheds were rehabilitated during the period.

Triennial census to identify
vulnerable accessions

Census of trees and updating of maps completed for
approximately 50% of ICG,T

Harvesting

Large quantities of pods were harvested 6 times during
this period both for research and for commercialisation.

Support from the Agronomy
Team for research work
including post graduate
projects

Consistent support was provided for at least one post
graduate student and to persons working on the MOCCA,
MARS, MONDELEZ and CAOBISCO projects.

Quarantine operations and
international transfer of cocoa
accession

Budwood from 10 cocoa clones was sent in September
2020 to ICQC, Another transfer is due to be sent in June
2021. Leaves of three clones were sent to Ihsan Ullah of
University of Reading for work associated with
development of tools to detect viruses in March 2021.
Leaves were received for 168 varieties from Reading for
DNA fingerprinting.

. Evaluation of the material in the genebank

Genetic variation of cadmium bioaccumulation

In addition, to evaluation of accessions for cadmium bioaccumulation under the
ECA/CAOBISCO/FCC funded project, further evaluation and validation continued
under the Nottingham/CRC project. Over 600 accessions have been evaluated for bean,

and leaf cadmium levels.
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Genetic variation for field resistance to witches’ broom disease

Taking advantage of a widespread incidence of the witches’ broom disease in the
genebank and the throughout Trinidad and Tobago this year, we screened the strategic
collection (500 accessions) for resistance to witches’ broom disease. We will use GWAS
to identify potential genetic markers and candidate genes for witches’ broom resistance.

The screening for witches’ broom resistance using the agar droplet method continued in
the greenhouse. A total of 25 accessions were evaluated for symptom development over
a 7-month period.

Genetic variation for ability to withstand high light intensity

A method of screening accessions for high light intensity tolerance has been developed
as part of a graduate student project. Two publications have been published and another
is being drafted.

Genetic variation for pod development period and flowering time
A graduate student project is underway to understand the genetic diversity in 500
accessions of cocoa. The student recently upgraded to a PhD programme.

Genetic variation for drought tolerance

Two graduate student projects are underway to understand the genetic diversity for
drought tolerance traits in the ICG,T. A tree based GIS map is being developed to screen
for drought tolerance marker traits using drones carrying a variety of sensors.

Genetic variation for cocoa quality traits

A small scale individual plot fermentation system has been developed and is being
validated. This will be used to test flavour profiles of different cocoa accessions. In
addition, butterfat profiles are also being studied.

7. Documentation and barcoding system
An SQL based searchable database has been developed with support from the Campus
IT Services. This is being tested at the moment. Once the testing process has been
completed, the entire data set will be uploaded into the system. A prototype plot and tree
based GIS map is being developed to link geographical information into the database, so
that maps can be developed to facilitate assessment of any locational effects on
phenotype/trait expression.

A comprehensive relabeling exercise commenced in April and will continue through the
year. Following the relabeling and GIS mapping exercise, it is our intention to implement
a plot based barcoding system.

8. Germplasm and planting material transfer
During the year the following genetic materials were imported and exported.

Imported material: No budwood was imported during the period since it was not
possible to obtain the necessary import permits under the lockdown conditions. One
transfer is due in June, 2021. Leaves of 168 accessions were received for DNA
fingerprinting.





CRA21-06

Exported material: One transfer of 10 accessions was done in September 2020; Another
transfer is expected in June 2021. Leaves of three clones were sent to Thsan Ullah of
University of Reading to support the development of improved tools for screening of
viruses in ICQC,R.

9. Germplasm utilization

To support the development of genetic markers to better utilize the germplasm
(a) A genomic pipeline for GWA Studies has been established in association with

Nottingham University. It has been validated using pod colour as a marker and will
be used with other traits:

(1) cadmium bioaccumulation in leaves and beans,

(i1) arange of pod and bean characteristics

(ii1) flowering time and pod development period

(iv) Witches’ broom resistance

(b) A number of QTL populations are being developed to validate the findings from the

GWA studies. Land has been prepared to plant the QTL population in the field.

Section-2. Research

During the current year CRC has been involved in a number of research projects. The
following are on-going projects funded by various funding agencies. CRC also carries out
research on a confidential basis for other companies

ONGOING PROJECTS

1.

Funding Agency: ECA-CAOBISCO-FCC

Project Title: Mitigation of cadmium contamination in cocoa

Impact: Genetic, soil amelioration and good agricultural practices to reduce cadmium
contamination of cocoa beans. 2015-2020. Extended to June 2021

Funding Agency: Ministry of Trade and Industry through MCFCSL

Project Title Geographical Indications for ‘Trinidad Montserrat Hills Cocoa’

Impact: Geographical Indications based branding of cocoa; Understanding the effect
of season and harvesting cycles on cocoa bean characteristics and its impact on cocoa
sensory quality in three locations in Trinidad.

2019-2021

. Funding Agency: NGC - Research Development and Impact Fund

Project title: Product, process and market innovations to support sustainable cocoa
sector development

Impact:

Develop a pilot flexible scale fermentation system to support variable quantities of
cocoa beans without compromising quality
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Develop a passive/active cocoa bean dryer to improve consistency in quality
Development of an eMarketing system to support marketing of cocoa, intermediary
products and chocolates.

2019-2021

Funding Agency: USDA-FAS- Technoserve-LWR

Project title: Maximising Opportunities in Coffee and Cocoa in the Americas —
subproject: Mitigation of cadmium in Latin America (MOCCA)

Impact: Cadmium mapping in four central American countries, diagnostic study and

development of an evidence-based nuanced approach to cadmium mitigation
2019-2021

Funding Agency: UK Prosperity Fund for Colombia that is delivered through Innovate
UK Project Title: Controlling cocoa bean fermentation for enhanced chocolate flavour
Partners: Nottingham University; Vegan Chocolates by Luisa, Fedecacao

Impact: Understanding quality as influenced by fermentation microflora.2019-2021

NEW PROJECTS

1.

Funding Agency: GCRF, UK

Collaborating Institution: Nottingham University, Future Food Beacon

Project title: Coupling local crops and new technologies to improve livelihoods and
nutrition in Africa and the Caribbean

Impact: Microbial succession as affected by growing environment and its impact on
cocoa quality; Metabolomics of quality parameters, Provenance of Cocoa beans
determined by ICP-MS, XRF and NIRS; Cd mapping of Jamaica

2020-2021

Funding Agency: Compete Caribbean (shortlisted, not yet awarded)

Collaborator: PriceWaterhouse Coopers

Project Title: Development of Block-Chain Traceability System for cocoa in Trinidad
and Tobago

. Funding Agency: ECA-CAOBISCO-FCC

Project Title: Mitigation of Aluminium contamination in cocoa
Impact: Understanding pathways to Al contamination in 5 countries and good
agricultural practices to reduce Al contamination of cocoa beans. 2021-2024.

Collaborative Projects with the MALF

Title: Improving productivity, quality and cadmium mitigation in cocoa

Impact: Effect of fertilisation and rootstock on cocoa productivity, effect of TSH
genotype and fermentation on cadmium levels in cocoa; understanding the effect of
pulp factors on fermentation progression and cocoa sensory quality.
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5. Funding Agency: STDF

Title: Improving capacity building and knowledge sharing to support management of
cadmium level in cocoa in Latin America and the Caribbean.

Expected Impact: Testing nuanced evidence based approach to cadmium mitigation in
Trinidad and Tobago for cost effectiveness.

2021-2023.

Funding Agency: Nestle

Title: Towards an Optimal Understanding of Global Cocoa Diversity
Impact: Development of a core collection based on haplotype analysis
2021-2022

Funding Agency: DeSIRA

Project Title: Clima-LoCa: Fostering climate relevant and low cadmium innovations to
enhance the resilience and inclusiveness of the growing cocoa sectors in Colombia,
Ecuador and Peru.

Partner — CIRAD (Collaborator: CRC) - GWAS of cadmium absorption and
partitioning in cocoa

2019-2023

Funding Agency: USDA-ARS (Beltsville)

Project Title: Genetic diversity of Witches’ Broom isolates and host-pathogen
interaction between susceptible and resistant clones.

Impact: Genetic diversity of the Moniliophthora perniciosa and the mechanism of
infection of witches” broom pathogen and potential resistance genes using
transcriptomics

2020-2022

RESEARCH PROPOSALS IN DEVELOPMENT

1.

Determination of presence of endogenous microorganisms in pulp and cotyledon of
mature cacao fruit

Lab scale fermentation utilising inoculum from sampling of farms

Impact of fermentation manipulation on microbial succession, flavour and cadmium
content.

Graduate student research projects

1.

Ali, N . (PhD)

Title: Understanding fermentation dynamics of Genetic groups and its effect on flavour
and nutraceutical levels. (awaiting thesis examination)

Impact: Varietal Branding

Supervisors: S. Mujaffar and P. Umaharan

2. Auhing, SA MSc. Food Science
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A preliminary study of molecular sensory characterization of potent odorant
compounds in chocolates made from International Cocoa Award winning bean samples
from three different origins. MSc Food Science,

On-going

Impact: Product development — floral flavoured chocolates

Supervisor: Darin Sukha

3. Sukha, C MSc. Food Science and Technology
The use of jaggery as a substitute for refined sugar in dark chocolate formulation. MSc.
Food Science and Technology, Fac. Engineering, The University of the West Indies,
St. Augustine, Trinidad
on-going
Impact: Novel product development — Jaggery based chocolates
Supervisor: Darin Sukha

4. Mabharaj, T. (M.Phil)
Genetic diversity and population structure in farmer varieties of Trinidad cacao
(Theobroma cacao L.) using single nucleotide polymorphism (SNPs) markers.
(ongoing)
Impact: Varietal Branding
Supervisors; Lambert Motilal and Winston Elibox

5. Lewis, C (PhD)
The effect of genotype of cadmium bioaccumulation in cocoa and mechanism of
uptake.
On-going
Impact: Reducing cadmium in cocoa beans
Supervisors: P. Umaharan and Adrian Lennon

6. Lewis, M. (PhD Geoinformatics)
Multivariate risk and constraint framework of the Trinidad cocoa sector using a
Geographic Information System. PhD (Geolnformatics)
On-going
Impact: Development of geographical indications based branding and precision
agriculture
Supervisors: Bheshem Ramlal and P. Umaharan

7. Sahadeo, P.J. (MPhil)
Improving cocoa bean value through optimised drying techniques in cocoa
On-going
Impact: Improving cocoa drying to improve quality of cocoa using a drying rate
algorithm chip
Supervisors: Ricardo Clarke, Xsitaaz Chadee, Darin Sukha

8. Chakrabarty, S. (PhD)
Genetic diversity and genetic control of flowering time and pod development period in
Theobroma cacao.

10
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10.

11.

On-going
Impact — Molecular breeding approaches to mitigate effects of drought
Supervisor: P. Umaharan, D. Saravanakumar

Sankar, A. (PhD)

Environmental GWAS to understand genetic factors that contribute to geographical
adaptation.

On-going

Impact: Understanding adaptation genes in Theobroma cacao L.

Supervisor: P. Umaharan

Lewis, V. (M Phil)

Genetic, morphological, physiological and biochemical variation for high light level
tolerance in cocoa.

On-going. Getting ready to upgrade

Impact: Developing a no-shade orchard system to optimize cocoa productivity.
Supervisors: A. Lennon, A. Farrell, P. Umaharan

Dalip, D.(M.Phil)

Genetic diversity for drought tolerance in cocoa.

Just started.

Impact — Developing drought tolerant cocoa through genetic and cultural approaches.
Supervisors — Winston Elibox, P. Umaharan, A. Farrell.

The details of the research findings will be presented at the next CARDS Symposium on a date
to be fixed

Section-3. Outreach

The outreach activities of CRC fall into the following categories

Nk W=

Technical assistance to countries in Latin America and the Caribbean
Short-term training, apprenticeships, internships

Symposia, webinars

CRC services

Commercialization

Positions Held and Training Received

Publications

1. Technical Assistance

1.

Funding Source: Compete Caribbean

Countries supported: Dominica, Belize and St. Lucia

Technical support:

(a) Design, operational guidelines, standard operating procedures of a Centralised
Fermentation System and training on postharvest processing

11
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(b) Support for the development of quality standards, quality management systems,
laboratory infrastructure design, equipment and standard operating procedures for
physical quality assessment, sensory assessment and analysis, certification and
traceability, and branding.

(¢) Cadmium mapping, diagnostic study, evidence based cadmium mitigation strategy
development, train-the-trainer workshops

(d) Factors affecting productivity of cocoa, rehabilitation of farms, fertility mapping,
evidence based fertigation technology, train-the-trainer workshop

(e) DNA fingerprinting, technical assistance in setting up a clonal garden, propagation
infrastructure, variety deployment.

(f) Agro-ecological mapping, training on climate smart agriculture practices.

Duration 2020-2021

2. Funding Source: IDB Cluster Project
Country supported: Trinidad and Tobago
Technical support: Quality management and certification, technology incubation
services, provision of standardized cocoa couverture, certification and traceability,
development of a storage facility.
Duration: 2021-2023

3. Propositions MARNDR/PITAG/SFQ-07/18 - Sous-programme de recherche-
formation-développement agricole destinés a affronter les problemes majeurs se posant
au sein du systeme de culture dans le domaine agroforesterie a dominante cacaoyer
dans les départements Grand’Anse, Haiti. Agronomes et Vétérinaires Sans Frontieres.
(AVSF Project).

Country supported: Haiti

Technical support: Cadmium and fertility mapping, Training on soil and bean
sampling, diagnostic study of soils, development of an evidence based nuanced
approach to cadmium mitigation; DNA fingerprinting to identify cocoa varieties,
determine genetic diversity and support in setting up a clonal garden. Training on
quality management along the value chain. Training on physical and sensory analysis.
Training on value addition. Training on branding, certification and traceability.
Duration; 2020-2022

4. GCRF — Cadmium mapping
Country supported: Jamaica
Technical Support: Training on sampling of beans and soil. Analysis of samples and
cadmium mapping. Training on mitigation of cadmium in Jamaica.
2021

5. Funding Source - EU-FAO
Country supported: St. Lucia
Technical support: Value chain analysis; Train-the-trainer workshops to various value
chain components; Value addition training
Not started yet.

6. Funding Source — USDA-FAS-Technoserve-LWR
Countries supported — Peru, Ecuador, Honduras, Guatemala, Nicaragua, El Salvador

12
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Technical support — Cadmium mapping support; support for diagnostic study train-the-
trainer workshop on cadmium mitigation; Setting up national cadmium focal points and
development of coordinated agenda. Working with the national cadmium focal points
to develop a cadmium mitigation strategy. Organising a regional stakeholder forum
and multistakeholder collaborative platform. Production of newsletters and video clip
for dissemination. Conducting a ring test of cadmium testing laboratories in the region
and provision of feedback and training

2020-2021

Funding Source: USDA-FAS — PSU

Title: Research and Scientific Exchange Program to Support the Development of Fine
or Flavor Cacao in Latin America and the Caribbean

Countries supported: Central America (AMACACAOQ); Ecuador; Peru; Brazil
Technical Support: Postharvest processing; quality management systems; sensory

Analysis; Certification and traceability.
2019-2021

. Funding Source: STDF

Title: Improving capacity building and knowledge sharing to support management of
cadmium level in cocoa in Latin America and the Caribbean.

Countries supported: Peru, Ecuador and Colombia

Impact: Development and transfer technologies to other countries.

2. Short-term Training

Due to COVID-19, we did not conduct any face-to-face short courses, apprenticeship
programmes or internships for the current year.

1.

Basic and Advanced Chocolate Making Courses
Although numerous requests for the course were received, we were unable to offer
courses due to the COVID-19 pandemic.

DNA fingerprinting Course
Again a number of requests were received but we were unable to conduct courses due
to the COVID-19 pandemic.

Postharvest training Course
Sukha, D.A. (2021). Cocoa Fermentation Monitoring. Training of San Juan Estate staff
for Guittard Project 15th January 2021.

4. On-line Training.

- Ramtahal, G, Lewis, M and Umaharan, P. Step-by-Step guide to sampling beans
and soil for Cadmium analysis and mapping (Haiti)

- Ramtahal, G., Motilal, L., Lewis, M and Umaharan P. Step-by-Step guide to
sampling beans and soil for Cadmium analysis and leaves for DNA fingerprinting
and mapping (Dominica)

- Umabharan, P and Ramtahal G. Evidence based mitigation of Cadmium in Cocoa
(Peru, Ecuador, El Salvador, Guatemala, Nicaragua and Honduras)

13
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- Ramtahal, G. Results of a GAP analysis for Peru, Ecuador, El Salvador, Guatemala,
Nicaragua and Honduras

- Ramtahal, G. Train-the-Trainer workshop on mitigation of cadmium in cocoa for
Peru, Ecuador, El Salvador, Guatemala, Nicaragua and Honduras

- Sukha, D.A. (2020). Cocoa Sensory Evaluation — Introductory Concepts and
Principles for Master Trainers. Webinar Training for Meso-American Association
of Fine Cacao and Chocolate (AMACACAO) 2nd — 4th December 2020.

- Sukha, D.A. (2021). Quality management in cocoa - Process flow and procedures.
Webinar presentation: Training for Dominica/ Belize/ St. Lucia Cocoa Cluster
Development Project 20th April 2021.

- Sukha, D.A. (2021). Technical considerations towards building a cocoa quality
ecosystem. Webinar Presentation: Focus Group Meeting towards the development
of National Cocoa Bean Standards. Dominica/ Belize/ St. Lucia Cocoa Cluster
Development Project. 6th April 2021.

- Sukha, D.A. (2021). Selling cocoa beans - Aspects of the market and market
requirements. Webinar Presentation: Training for Dominica/ Belize/St. Lucia
Cocoa Cluster Development Project 24th February 2021.

- Sukha, D.A. (2021). Introduction to quality - Factors affecting flavour development
in cocoa.  Webinar Presentation: Training for Dominica Cocoa Cluster
Development Project 24th February 2021.

3. Symposia, Conferences and Other Meetings
3.1 Cocoa Research Centre Research and Development Symposium (CARDS)

Held on the 19 August 2020, it attracted 364 participants globally with others unable to
participate receiving recordings posted on the 24" August, 2020. The participation
involved 20 global cocoa based companies as well as 5 NGOs.

3.2 Regional Virtual Round Table on Cadmium for LAC

The virtual Cadmium Round-Table meeting was held on September 11, 2020 involving 55
cocoa stakeholders across 10 countries from Latin America as well as other cocoa-based private
sector companies. The objective was to share best practices, facilitate information exchange
and collaboration between countries and to obtain feedback on MOCCA’s Cd mitigation
methodology. Present were all stakeholders (private, public sector, non-governmental
organizations, research institutions) from all the six MOCCA countries as well as Colombia,
Costa Rica, Mexico and Dominican Republic.

3.3 Regional Forum on Cadmium mitigation

The virtual Regional Forum involving 165 participants was held on the 12" of November, 2020
among the key actors of the cocoa sector in Latin America including the Industry,
Research/Academia and Governmental/Non-governmental organizations, under the auspices
of the MOCCA project. Prof Umaharan opened the forum with a MOCCA strategy statement
outlining the approach and the role of MOCCA and other stakeholders and was followed by
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panel discussions with six (6) actors involving three key panels with five (5) predesigned
questions each

3.4 Impact Investment for T&T Cocoa Sector, by John Forrer, George Washington University
and Mark Christian, C-Spot. Cocoa Research Centre, UWI, 11 January, 2021

The webinar workshop targeted the politicians, and cocoa stakeholders in Trinidad and Tobago.
A total of 36 participants attended including the Ministers of Trade and Industry, Agriculture,
Land and Fisheries, Permanent Secretaries of the two Ministries, Advisor to the Prime Minister,
CEO and Chairman of the Board of Directors of Cocoa Development Company of Trinidad
and Tobago, Directors of the Ministry of Agriculture, Representatives from Exportt, Investt,
EXIMBank, Agricultural Development Bank, IICA, FAO, CARDI, CARIR], NAMDEVCO
and their respective boards.

3.5 On-line workshops for the National Cadmium Coordinating Committees in Honduras,
Nicaragua, El Salvador and Guatemala

The workshops were conducted individually with each of the four countries during the period
Feb 4 —11, 2021. The membership, work programme and timelines, distribution of work and
the role of the MOCCA project were discussed and agreed upon.

3.6 The Impossible Chocolate Bar? — A three-part webinar series focussing of sustainability of
the cocoa sector

CRC in collaboration with Institute for Corporate Responsibility, George Washington
University and C-Spot hosted a three-part global webinar series entitled ‘The Impossible
Chocolate Bar’. 22" April; 29" April and 20" May, 2021. On average there was 75
participants in the first two webinars.

3.7 Training workshops conducted
3.61 Compete Caribbean (Belize, Dominica, St. Lucia)
Workshop on cadmium mitigation in cocoa — sampling approaches, cadmium
mapping, DNA fingerprinting November, 2020.
Quality Management Standards Development and Quality Management Training, 24"
February, 2021.
Technical considerations towards building a cocoa quality ecosystem 6™ April, 2021.

Sampling and Physical Quality Assessment — laboratory infrastructure, protocols and
standard operating procedures 21 April, 2021.

3.6.2 AVSF (Haiti)
Workshop on cadmium mitigation in cocoa — sampling approaches, cadmium mapping,
DNA fingerprinting October, 2020.

3.6 Other presentations at webinars, symposia and conferences

Sukha, D.A. (2020). The relationship between post-harvest processing and quality attributes
in cocoa beans. Webinar Presentation: CocoaTown LLC, USA Webinar series. 12th December
2020.
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Sukha, D.A. (2020). Relation of post-harvest and quality attributes in cocoa beans. Webinar
Presentation: World Cocoa and Chocolate Day - Post Harvest and Commercialisation.
Guayaquil, Ecuador. 3rd October 2020.

Umabharan, P. (2020). Research Agenda at the Cocoa Research Centre. Nottingham University
Research Series. 15" December, 2020

Ramtahal, G. “Progress in cocoa and cadmium research: Cocoa Research Centre”. Foro virtual
del Cacao y Chocolate Latinoamericano — “Respuestas en tiempos de crisis: Impactos en la
demanda y retos a la cadena de valor de cacao y chocolate en Latinoamérica en un mundo post
pandemia” Lima-Peru, 20-22 de Julio, 2020.

Ramtahal, G. “Presentacion de la estrategia cadmio (Cd) de MOCCA-LWR”. Mesa redonda
con investigadores y decisores para avanzar las agendas de mitigacion de cadmio en
Latinoamérica, Costa Rica, 11 de Septiembre, 2020. Plataforma Zoom.

Umabharan, P. “Estrategia pais para el mapeo de cadmio (Cd) en suelos y granos”. Mesa redonda
con investigadores y decisores para avanzar las agendas de mitigacion de cadmio en
Latinoamérica, Costa Rica, 11 de Septiembre, 2020. Plataforma Zoom.

Umabharan P. (2021). Leveraging cocoa genetic resources to support the cocoa industry. FFB
Seminar series. Nottingham University. 2" February, 2021.

Umabharan, P. (2021). Leveraging cocoa genetic resources for the cocoa industry. Cacao and
Chocolate Research Network. Penn State University. 3" March, 2021.

Umabharan, P (2021). Mitigation of cadmium bioaccumulation in cocoa. Joint Research Fund
meeting of ECA/CAOBISCO/FCC. 27 April, 2021.

Gilmour, M (2021). Barry Callebaut approach to sustainability and improving productivity.
30" March, 2021. Presentation to the staff of the Cocoa Research Centre

4. CRC Services

4.1 Global DNA Fingerprinting Service:
Reporting period: 1 Sept 2020 — 30 April 2021

Number | Country Requesting Date Invoiced No. of Samples
1 Ecuador 27 Sept 2020 20
2 Dominica 31 Sept 2020 30
3 Haiti 27" Oct 2020 69
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4 Costa Rica 29" Oct 2020 658
5 Japan 9t Apr 2021 59
6 England 22" Apr 2021 193
7 Costa Rica 227 Apr 2021 658
8 Ecuador 22" Apr 2021 20
9 Thailand 22" Apr 2021 15
10 Trinidad pending 3

1725
4.2 Quality Assessment Reports (Sept 2020 — April 2021)
Physical and sensory analysis — 26 reports
Physical assessment report only — 2 reports

Sensory Assessment reports - 95 reports

5. Commercialisation

With the EU/ACP funded project ‘International Fine Cocoa Innovation Centre’, CRC has
begun a new chapter to establish a commercial entity. Although not registered as a
company yet (delayed due to COVID-19 pandemic), work is on-going to establish it as a
commercial entity following approval from the UWI campus.

The downstairs of House No. 21 was renovated and equipped to produce an intermediate
size cocoa processing facility capable of producing 20-25 t of couverture per year. In
addition, one of two technology incubators envisaged for the facility has been completed.
We have already begun technology incubation services, but the business incubation
services that started before the pandemic has stopped. The quality assessment and DNA
fingerprinting work are continuing. The government funding for the larger chocolate
factory has not yet been released so the larger equipment is still in containers, although
considerable effort was made during the year to make approaches to the government and
make presentations to try to accelerate the process

During the period CRC has produced
232 kg of Cocoa beans from pods harvested from ICG,T

350 kg of nibs for sale
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14 kg of chocolates

A proposal was developed and submitted to Angostura to supply 10 t of nibs per year but
we haven’t yet heard back from them.

There are other possible interested parties as well.

6. Positions Held and Training Received

1.

4.

6.

Umaharan, P was appointed as chairman of a cabinet appointed Committee to report on
setting up a virtual centre of Agriculture and Biotechnology to stimulate agriculture
production, productivity, quality and value addition. Jan 10 to Feb 20™, 2021.

Umabharan, P and Fletcher-Paul, L have been appointed by FAO as consultants to develop
a national food security strategy for Trinidad and Tobago to be presented at the UN Global
Food Summit.

Umaharan, P has also been appointed as Jury to a 5 member panel to determine the
UNESCO Equatorial Guinea Prize on Life Sciences

Umaharan, P. Member of the CCCGC of the USDA. 2020 onwards.

Sukha, D.A. - Co-Chairman of the International Group on Cocoa Quality
(InCoQuality).from 2017 to present

Sukha, D,A. - Member of International Cocoa Organization (ICCO) ad hoc panel of experts
on Fine or Flavour cocoa. 2010 - present

7. Sukha, D.A. - Member of the International Taste Panel for the Cocoa of Excellence

Programme, Alliance of Bioversity International and CIAT, Rome 2009 — present

. Sukha, D.A. - Member of the Technical Committee for the Cocoa of Excellence Programme,

Alliance of Bioversity International and CIAT, Rome 2014 to present

9. Sukha, D.A. - Member of the Advisory Counsel for the Heirloom Cacao Preservation (HCP)

Fund of the Fine Chocolate Industry Association of America (FCIA).2018 to present.

10. Sukha, D.A. - Founding member of the Working Group - International Standards and

protocols for cacao quality co-ordinated by Alliance of Bioversity International and CIAT,
Rome (2015 — present)

On-line Courses Attended
Umaharan, P. [P Commercialisation and Technology Transfer for the Caribbean.

Organised by the WIPO.7™ December 2020-18 December, 2020.

7. Publications

7.1 Technical bulletins

Survey methodologies bean and soil cadmium testing
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Step-by-step bean and soil sampling protocols for cadmium mitigation

Step-by-step leaf sampling protocols for DNA fingerprinting and genotype
identification

Standard Analytical Protocols for Bean and Soil cadmium testing

Standard Operating Procedures and quality control systems for soil and bean testing
laboratories

List of Analytical Laboratories and information on the tests provided

An evidence based approach to cadmium mitigation in cocoa — towards a nuanced
approach to cadmium mitigation in Latin America and the Caribbean.

A generic policy brief for Cadmium mitigation that can be adapted to individual
countries

Standard operating procedures for operating a Centralised Fermentation Centre
Standard operating procedures for a cocoa quality certification laboratory
Standard operating procedures for sensory analysis and reporting

Flavour map for Trinidad and Tobago

Manual for Establishing Geographical Indications in Cocoa

MOCCA Cadmium Newsletters. Issues 1-5

7.2 Technical Reports

Umaharan P (2021). Virtual Centre of Excellence in Agriculture and Biotechnology.
Final Report on Establishing the Virtual CoE. Submitted to the cabinet on behalf of the
Multidisciplinary team for Virtual CoE-Agriculture and Biotechnology February 21,
2021.

Ramtahal, G (2021). Report on the proficiency testing of cadmium testing laboratories
in Latin America and the Caribbean. MOCCA project (Technoserve-LWR). Cocoa
Research Centre, 2021.

7.3 Book Chapters

Bekele F and Bekele I (2020) Social and environmental impacts on agricultural
development. In: Management Association, I. (Ed.), Environmental and Agricultural
Informatics: Concepts, Methodologies, Tools, and Applications. Chap. 59, pp. 1299-
1334. [Reprint]. IGI Global. http://doi:10.4018/978-1-5225-9621-9.ch059

7.4 Journal Articles

Gopaulchan D, Motilal LA, Kalloo RK, Mahabir A, Moses M, Joseph F, and Umaharan
P (2020) Genetic diversity and ancestry of cacao (Theobroma cacao L.) in Dominica
revealed by single nucleotide polymorphism markers. Genome 63(12): 585-595
https://doi.org/10.1139/gen-2019-0214
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Petchayo Tigang S, Tchotet Tchoumi J-M, Roux J, Nguefack J, Begoude Boyogueno
AD, Mbenoun M, Mfegue CV, Nyassé¢ S, Ndoumbé Nkeng M and Ten Hoopen GM
(2020) Armillaria root rot threatens Cameroon’s Penja pepper (Piper nigrum L.).
Tropical Plant Pathology 45:534-543. d0i:10.1007/s40858-020-00361-w

Wang, B., Motilal, L.A., Meinhardt, L.W., Yin J., and Zhang D. 2020. Molecular
characterization of a cacao germplasm collection maintained in Yunnan, China using

single nucleotide polymorphism (SNP) markers. Tropical Plant Biology 13: 359-370.
doi:10.1007/s12042-020-09267-y

Holder AWB, Elibox W and Umaharan P (2021) A first approach to develop a
quantitative screening method to identify resistance to bacterial leaf spot disease caused

by Acidovorax anthurii in anthurium. European Journal of Plant Pathology 160: 147—
159

Lewis C, Lennon A, Eudoxie G, Sivapatham P and Umaharan P (2021) Plant metal
concentrations in Theobroma cacao as affected by soil metal availability in different soil
types. Chemosphere 262 (127449): 1-12. Online Aug 2020
doi:10.1016/j.chemosphere.2020.127749.

Lennon, A. M., Lewis, V. R., Farrell, A. D., & Umaharan, P. (2021). Photochemical
responses to light in sun and shade leaves of Theobroma cacao L. (West African
Amelonado). Scientia Horticulturae, 276, 109747.
https://doi.org/10.1016/j.scienta.2020.109747

Vanderschuerena R, Argiielloab D, Blommaertc H, Montalvo D, Barrazadi F, Maurice L.
Schreck E, Schulin R, Lewis C, Vazquez JL, Umaharan P, Chavez E, Sarret G,
Smolders, E (2021). Mitigating the level of cadmium in cacao products: Reviewing the
transfer of cadmium from soil to chocolate bar. Science of the Total Environment 781
(146779) doi:10.1016/j.scitotenv.2021.146779

Ramjattan, R and Umaharan, P. (2021). Interrelationships between yield and its
components in hot pepper (Capsicum chinense Jacq). Scientia Horticulturae (in press).

Holder AWB, Elibox W and Umaharan P (2021) A rapid leaf-disc vacuum-infiltration
screening for assessing resistance to bacterial leaf spot disease in anthurium. Scientia
Horticulturae (in press).

Ramtahal, G., Umaharan, P., Davis, C., Roberts, C., Hanuman, A and Ali, L. Mitigation
of cadmium uptake in cocoa: efficacy of soil application methods of lime and biochar.
Chemosphere (Submitted).
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COCOA RESEARCH ADVISORY BOARD MEETING- August, 2021

DIRECTOR’S REPORT

The 2020-2021 academic year was marred by a COVID-19 shutdown of the UWI
during May 2021 - August 2021 (4 months) and continuing; and limited operation of
UWI for the entire year. The essential services and project activities of CRC however
continued even during the shutdown of the UWI.

The report is divided into four sections Administration, Research/projects,
Conservation, Outreach, Commercialisation.

SECTION-1 ADMINISTRATION

1. STAFF MATTERS
1.1 Retirements, resignations and termination of contracts

The organogram attached gives a birds-eye view of the staffing of the Cocoa Research
Centre (Appendix-1).

Termination of contracts:

With the closing of the IMPACTT project the contracts for Karen Lee Lum,
Kamaldeo-Maharaj, Damian Wilson, Marvin Lewis, Vickeisha Lall and Saila
Ramkissoon were terminated in February, 2020. Caleb Lewis’s contract was
terminated in August, 2021 at the end of the ECA-CAOBISCO-FCC project.

Ms. Karen Lee Lum, Project Manager (Moved on as project manager in I[ICA)

Mr. Damian Wilson, Project Assistant (Rehired as project assistant)

Ms. Vickeisha Lall - Technical Assistant (Rehired in Food Technology)

Ms. Amrita Mahabir - Technical Assistant (Rehired Nottingham Cd project)

Ms. Marvin Lewis - Technical Assistant (Rehired MOCCA- Bioversity proj)

Mr. Kamaldeo Maharaj - Field Coordinator (Moved on as Director, CDCTTL)
Ms. Saila Ramkissoon, Food technology team Rehired as Tech Asst in Food Tech
Mr. Caleb Lewis, Technical Assistant ECA-CAOBISCO-FCC project

Completion of on-the-job Training Internships
The internships of the following on-the-job trainees came to an end during the
2020-21 period following a two-year stint at the Cocoa Research Centre.





Notably the salaries for the on-the-job trainees are covered by the Ministry of
Education of the GORTT.

- Yinka D’Niece Jabgir - O]JT (Agronomy team) - Left Sept 2020

- Siddique Graham - OJT (Communications. Genomics) - Left 2020

- Anna Toussaint - O] T (Genomics team/ Food Technology) Left March 2021

- Keshan Mahabir - OJT (Pathology team) - Left March 2021

- Chelsie Roberts - O]JT (Cadmium team) - Rehired as Technical Assist.
Completed February 2021

CIRAD Staff:

Martijn Ten Hoopen of CIRAD returned to Montpellier in June 2020. We haven't
had a replacement as yet.

Resignation:

Ms. Saila Ramkissoon, Food technology team - December 2020.
(Migrated to the UK)

Retirement

Harry Mahangoo, after working with CRC since 2001 as a casual and later on a
contract for services to support specific projects reached the retirement age of 65
in July, 2021.

1.2 New recruitments or re-positioning
The following personnel were hired under various projects

- Marvin Lewis - Tech Asst. MOCCA - Bioversity Project, 1st March, 2020

- Grafton Dick -Technical Assistant, 1st August, 2020

- Mr. Damian Wilson - Project Assistant, 1st February, 2020.

- Amrita Mahabir - Tech Asst. Nottingham/ Cd project - Ist March, 2020

- Vickeisha Lall - Tech Assistant -Nottingham GCRF project Jan 2021

- Lincoln McDonald - Research Assistant - RDI fund project - March, 2020
- Chelsea Roberts - Technical Assistant - Jan 2021

- Larry Abraham - Hire date February 2021 to replace Saila Ramkissoon

1.3 Sabbaticals

Frances Bekele went on Sabbatical during the year 2020-21 academic year.

1.4 Staff training





Naailah Ali
1-day workshops attended on the following

- Introduction to Permaculture (30t January 2021), hosted by Wa Samaki
Ecosystems, Freeport, Trinidad.

- Introduction to Composting (6% February 2021); hosted by Wa Samaki
Ecosystems, Freeport, Trinidad.

- Introduction to Natural (Grass) Weaving (10t April 2021). Hosted by
Permaculture Trinidad- Wa Samaki Ecosystems, Freeport, Trinidad. hosted
by Wa Samaki Ecosystems, Freeport, Trinidad.

Vickeisha Lall

- Edx courses through Harvardx: R Basics (April 2020), Data Visualisation
(May 2020), Probability (June 2020)

- Course through University of Amsterdam: Basic Statistics (February 2021)

- Edx through University of Texas at Austin: Linear Algebra (Ongoing)

1.5 Staff and graduate student qualifications

1. Naailah Ali completed and submitted her PhD thesis in food technology
entitled ‘Fermentation behaviour and quality of selected cacao genetic
groups’ and is awaiting her thesis defence examination. She is supervised
by Path Umaharan and Saheeda Mujaffar

2. Surja Chakrabarti successfully defended her application for an upgrade of
her registration to a PhD in September, 2021. Her work is entitled
‘Exploiting the Cocoa genetic variation for flowering time and pod
development period for climate adaptation: genetic variation and
relationship to selected yield components. She is supervised by Path
Umaharan and Saravanakumar Duraisamy

3. Caleb Lewis completed his PhD on genetics of cadmium bioaccumulation in
cocoa and is finalising his thesis for submission. Supervised by Path
Umaharan and Adrian Lennon.

4. Tricianna Maharaj completed her MPhil thesis on the topic of ‘Genetic
diversity and population structure in farmer varieties of Trinidad cacao
(Theobroma cacao L.) using single nucleotide polymorphism (SNPs) markers.
She is finalising her thesis for submission in September, 2021. Supervised
by Lambert Motilal and Winston Elibox.





5. Antoinette Sankar is continuing her PhD work on Environmental GWAS to
understand genetic factors that contribute to geographical adaptation. Her work
has been slowed down due to COVID-19. Supervised by Path Umaharan

6. Marvin Lewis continued his PhD work in geoinformatics on the topic
‘Multivariate risk and constraint framework of the Trinidad cocoa sector using a
Geographic Information System’. Supervised by Bheshem Ramlal and Path
Umaharan

7. Pricilla Sahadeo is continuing her M.Phil thesis entitled ‘Improving cocoa
bean value through optimised drying techniques in cocoa’ She is registered in
Physics and is supervised by Ricardo Clarke and Xsitaaz Chadee of Physics
and Darin Sukha of CRC. She is planning to get her work upgraded to a PhD.

8. Vernessa Lewis is continuing her M.Phil thesis entitled ‘Genetic, morphological,
physiological and biochemical variation for high light level tolerance in cocoa’
supervised by Adrian Lennon, Aidan Farrell and Path Umaharan.

9. Darius Dalip is continuing his M.Phil thesis entitled ‘Genetic diversity for
drought tolerance in cocoa’ His work has been delayed due to COVID-19. He
is supervised by Winston Elibox, Aidan Farrell and Path Umaharan.

10. Auhing, SA completed her MSc in Food Technology with a project entitled ‘A
preliminary study of molecular sensory characterization of potent odorant
compounds in chocolates made from International Cocoa Award winning bean
samples from three different origins. MSc Food Science.

11. Saila Ramkisson completed her MBA International Trade, Logistics and
Procurement. Arthur Lok Jack Global School of Business.

1.6 Vaccination Status

88% of CRC staff and students of CRC have been fully vaccinated

1.7 Staff recognitions

Path Umaharan

Chair of the cabinet appointed committee to establish a virtual centre of
excellence in Agriculture and Biotechnology. 2021

Co-lead of the National Consultation on Food Summit and the development of
the T&T position paper along with Dr. Lystra Fletcher-Paul. 2021





Member of International Jury of the UNESCO- Equatorial Guinea International
Prize for Research in Life Sciences, Paris. 2015 -

Founding Member of CacaoNet - International Consortium for Cocoa Genetic
Resources, Bioversity International, Rome. 2010 -

Member of the USDA, Cocoa and Coffee Germplasm Committee 2020 -

Member of the Minister of Agriculture, Land and Fisheries appointed Committee
to develop a Strategic Plan for the Cocoa Industry in Trinidad and Tobago.

Member, CARICOM appointed Committee on Biotechnology and Biosafety,
Member of the Cabinet Appointed National Biosafety Committee, and Technical
Lead of the Regional Biosafety Project 2008 -

Member, Caribbean Plant Genetic Resources Network (CAPGERNET) and UPOV
representative 2002 -

Member of the National Cocoa Steering Committee 2016 -

Chairman of the UWI Library Committee, 2020 -

Darin Sukha

Co-chair of the International Group on Cocoa Quality (InCoQuality). (Present).

Chairman of the International Cocoa Organization (ICCO) Expert Working Group
on Fine or Flavour cocoa (Present).

Member of International Cocoa Organization (ICCO) ad hoc panel of experts on
Fine or Flavour cocoa. (2010 - present)

Member of the International Taste Panel for the Cocoa of Excellence -
International Cocoa Awards at the Salon du Chocolat, Paris (2009 - present)

Member of the Technical Committee for the Cocoa of Excellence Programme,
Bioversity International, Rome (2014 - Present).

Member of the International Taste Panel for the Heirloom Cacao Preservation
(HCP) Fund of the Fine Chocolate Industry Association of America (FCIA) (2013
- present).

Founding member of the Working Group - International Standards and
protocols for cacao quality co-ordinated by Bioversity International, Rome
(2015 - present).

Darin Sukha served as the chair of the Specification Committee for Cocoa
Quality Standards of the Trinidad and Tobago Bureau of Standards (February
2018 - present)





Frances Bekele

Member Scientific Committee of the International Symposium on Cocoa
Research 2020 -

2. FACILITY AND EQUIPMENT UPGRADES

2.1 Factory Building

The redesign, renovation and build was tendered and the contract has been prepared
to the House of Marketing (Trinity) Ltd for an estimated budget of TT$650,000.00.

Due to COVID-19 the GORTT has not been able to release funds to support this facility.
The Campus Principal is actively seeking private sector investment. CRC has also
submitted a RFP for the investment forum organised by Caribbean Export in
September, 2021.

Due to the non-commissioning of the factory based on the contract with EU/ACP the
factory equipment purchased under the project was deemed an illegible
expenditure. Although letters from the Director, CRC, Campus Principal and the
Minister of Agriculture, Land and Fisheries were sent to EU/ACP to reconsider their
decision, the decision was not reversed.

The containers that contain the factory equipment were subjected to rust removal
and painting.

2.2 Renovation of House No. 21

The renovation of the downstairs of the House No. 21 situated at the University Field
Station was completed during 2020/21. The renovations included a technology
incubator and an intermediary cocoa processing facility. Both have been completed,
fully equipped and has been recently operationalised. The six business incubators
remain unoccupied due to COVID-19. UberGreen Organics has occupied the first
technology incubator. The intermediary chocolate facility is supporting the following
commercial outfits by supplying cocoa liquor and cocoa couverture:

- Bellevue Exotic Chocolates

- Ubergreen Organics

- Estate Chocolates Ltd

- Kairi Chocolates

- WellBecks, Barbados - under negotiations
- Angostura - under negotiation





2.3 Renovation of Greenhouses

One greenhouse was renovated under the MOCCA project to allow better facilities for
propagating rooted cuttings. An extension to this facility was built to allow for the
hardening of plants. During the 2020-21 period 16 new benches were built and
others refurbished. Due to COVID-19 lockdown the mist irrigation system is yet to be
installed, although the payments have been made.

Another greenhouse is being refurbished to accommodate the additional plants from
propagation.

2.4 Prototype small scale fermenter and an active/passive dryer

Two prototype small scale fermenters and three active/ passive dryers were built
under the RDIFUND project. The fermenters were completed and were subjected to
first round of testing during January-March, 2021. Additional modifications were
done and will be subject to a second round of testing in the next season. One dryer
has been built and tested and two other modifications are being built one in a
collaborator farm and the other at Mount Hope for further testing. These are being
tested under a PhD student project.

3. Partnerships and collaborations
3.1 MOA with Cocoa Research Association
In progress. UWI template has been sent.
3.2 Twinning agreement with Nottingham University, UK
Not much progress due to COVID-19 lockdown
3.3 MOU with University of Reading, UK

Not much progress due to COVID-19 lockdown





SECTION-2: RESEARCH

The research work at the Cocoa Research Centre is largely conducted with support
from research funding through a number of projects. The following is an account of
the on-going projects at CRC and summary of progress on those projects.

4. RESEARCH PROJECTS

I. Cadmium mitigation

4.1 Phase-Il ECA/CAOBISCO/FCC project

The second phase of the project started in June 2019 and will end in June 2021. A
no cost extension was obtained to complete the administrative closure of the
project. Due to COVID-19 restrictions the experiments that were conducted but
the laboratory analysis has been delayed due to laboratory closures. These
should be completed by December. Research is on-going on understanding stock-
scion relationships on cadmium mitigation, the effect of age of tree, canopy
position and pod development period on cadmium bioaccumulation, the effect of
developmental and seasonal changes on cadmium bioaccumulation, the effect of
postharvest processing and postharvest treatments on cadmium levels and
distribution within seed and the effect of micronutrient fertilisation (foliar or soil
amendments) on cadmium levels. The study on absorption and partitioning in
cadmium in various plants in 5 high and 5 low cadmium absorbing varieties in a
hydroponics system has been completed and results presented at the CARDS-
2021 symposium. At present working on a decision tree so that the information
learnt from the project can be extended to the Latin America and the Caribbean
region. One paper has been submitted and three others are in preparation.

4.2 Uptake of cadmium & partitioning in cocoa trees using radioactive Cd tracking.

The project is a collaboration between Université Grenoble Alpes, France,
University of Leuven and the Cocoa Research Centre involves two parts.

- The first investigates cadmium partitioning by tracking radioactive Cd in
various plant parts in high cadmium accumulating and low cadmium
accumulating adult cocoa accessions. Both Geraldine Sarret from Grenoble
Alpes and her postgraduate student Hester Blommaert visited the Cocoa
Research Centre and sampled trees in the ICGT over a two-week period in
January, 2020. Given the COVID-19 restrictions the second phase of sampling
is being planned for January - February, 2021 to study the partitioning in a
farmer field in the North-east of Trinidad.





- The second focuses on understanding the root stock-scion effects on
partitioning Cd in plant parts in young reciprocal grafted platns. The plants
were grafted but during COVID-19 a number of them have died. A second
round of grafting is planned for early September, 2021.

4.3 Mapping of cadmium in Latin America and the Caribbean

With support from four separate projects the work that was conducted in
Trinidad and Tobago on cadmium mapping, diagnostic study, mitigation
strategy development and execution is being extended into the Latin America
and the Caribbean region.

- With support from MOCCA (USDA-LWR) cadmium mapping (bean data) in
Honduras, Guatemala, Nicaragua and El Salvador are being pursued.
Additionally, soil samples were also collected to allow for a diagnostic study
and mitigation strategy development. Due to COVID-19 sample collection was
delayed but has now been completed and has been sent to service laboratories
for analysis. The MOCCA project supports in addition to the four countries in
Central America two others in South America (Peru and Ecuador). CRC under
the project has developed a step-by-step approach to cadmium mitigation and
provides technical assistance to the six countries, releases a quarterly
newsletter on cadmium and conducted a ring-test of 8 laboratories that
operate in the LAC region in 2021. Additional train-the-trainer workshops are
being planned for later in the year.

- With support from GCRF Funds cadmium mapping is being pursued in Jamaica
to understand the levels of cadmium in beans emerging from the various
parishes in Jamaica.

- With support from Compete Caribbean Funds, cadmium mapping, diagnostic
study and mitigation strategy development is being done in Dominica. The
bean (Cd) and soil samples (Cd, macro & micronutrients, organic matter, pH,
CEC, physical properties) have been collected and are being analyzed.

- With support from funds from AVCF, cadmium mapping, diagnostic study and
mitigation strategy development is being done in HAITI. Samples are being
collected but this process has been delayed by the political and other
environmental turmoil in recent times.

4.4 CLIMALOCA project

The above project ‘Climate Relevant- Low Cadmium’ is an EU funded project
involving Colombia, Ecuador and Peru and involving a number of European
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and Latin American Institutions. Itis led by CIAT in Colombia. CRC being out
of the Latin American Region is an associate member of the project and will be
involved in screening a panel of cocoa varieties in a greenhouse study. During
the year a short-list of 100 varieties were selected for the study, a plan and
costing for the building of a screen house was developed and tenders were
done. Funding for the implementation of the project will have to be supported
by CRC although the CLIMALOCA will support the analytical costs etc. Gideon
Ramtahal of CRC attend the kick of meeting for the project between the 26-29
February, 2020. Project activities due to COVID-19 haven'’t started as yet.

4.5 Ministry of Agriculture, Land and Fisheries (MALF) Collaborative projects

To bring about greater coordination between the research at CRC and that at
the MALF a number of collaborative projects were developed and are being
executed collaboratively. Given the resources and strengths some research
activities will be led by MALF and others by CRC. The outline of the projects
including those on cadmium mitigation are presented in Appendix-2.

4.6 STDF project on cadmium mitigation in LAC region

Standards and Trade Development Facility (STDF) has approved a project to
support a collaborative approach to cadmium mitigation in LAC. The project
is being implemented by Inter-American Institute for Cooperation in
Agriculture (IICA) and executed in four countries viz. T&T, Colombia, Ecuador
and Peru. CRC is the executing agency in T&T. Given the per capita income of
T&T STDF is unable to provide funding for T&T. The EU has therefore agreed
to support the T&T component through a project that it is supporting with
IICA. The project is due to begin later this year.

4.7 Nottingham University Collaboration on Genetics of Cadmium Mitigation

GWAS mapping of 600 accessions in the Cocoa Genebank for leaf and bean
cadmium levels in adult trees and leaves and xylem sap in rooted cutting
grown in high Cd soil was carried out in collaboration with UoN and putative
markers associated with cadmium bioaccumulation in cocoa have been
identified. 12 QTL crosses are being made to validate the putative markers
identified. The parents with the specific markers are also being rooted at
present to be evaluated in a greenhouse trial. This project is supported by
MARS-Wrigley.
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In a separate activity leaf, bean and soil samples from high and low cadmium
bioaccumulators were sent to Jennifer Schmidt of Mars-Wrigley for root soil
microbiological study.

Il. Cocoa Quality management

4.8 RDIFUND Proof-of-Concept Funding — Design, build and test fermenters and

dryers to optimise quality (4 components)

Fermenters: Funding was provided by UWI under the RDI-POC funding
window. With the funding CRC has developed two prototypes of a
fermentation system to allow for flexible processing of various volumes of
cocoa without compromising quality. The prototypes were tested in January-
March 2021 at campus and will be validated in two farms over the next season.
Once validated this will allow small farmers to ferment cocoa over the season
without compromising quality. The design and evaluation is being led by a
technical assistant hired under the project - Lincoln McDonald, with
supervision from Darin Sukha and Naailah Ali.

Dryers: One prototype of a small scale drying system has been developed and
tested in Jan-March 2021. A new active/ passive automated drying system has
been designed and is being built in two sites - Mount Hope and at the San Juan
Estate for testing. The evaluation is being carried out in collaboration with
the Department of Physics involving a graduate (Priscilla Sahadeo) with
supervision from Ricardo Clarke, Xsit Chadee and Darin Sukha. The student is
studying the seasonal and environmental factors affecting the drying rate and
quality in cocoa in three selected sites. The active/passive prototypes of the
dryers will be tested to ensure that quality can be better managed using the
dryers particularly in difficult sites.

Traceability and quality certification: Under the project CRC has applied to the
Trinidad and Tobago Bureau of Standards under TTLabs project for CRC
quality laboratory to obtain full accreditation. The Ministry of Trade and
Industry has supported this request and this will begin later this year. CRC
was supposed to test the traceability system built under the IMPACTT project
this year. Due to COVID-19 and the inability to have one-on-one interaction
did not allow this to be pursued.

Standards development: Further to the development of physical standards for
Trinidad and Tobago, CRC in collaboration with the TTBS has applied to
CROSQ to develop regional standards for cocoa quality. This will be developed
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based on a four tier system of standards- sustainability, physical quality,
sensory quality and food safety.

4.9 Compete Caribbean project to build a solar storage facility

CRC has received support to design, build and test a purpose built cocoa
storage facility for small farmers. We are in the process of signing the contract
for this. CRC has already developed a prototype design for the building of this
at [IFCIC in Mount Hope.

4.10 Understanding Seasonal Effects on Quality

Farmers complain about quality deterioration although they adhere to best
practices in fermentation and drying. To understand the effects of season on
the quality of start material, the fermentation dynamics and drying and their
effects in turn on physical and sensory quality were monitored in three sites
over 15 sequential harvests. The data was analysed and presented at CARDS-
2021. This will allow for better management to improve quality.

4.11 GCRF-Nottingham Project: Understanding the influence of microbiology on
fermentation quality and providence

The project was supported by Global Challenges Research Fund - UKRI and
was conducted in collaboration with University of Nottingham. Fermentation
was monitored in 6 locations in Trinidad representing very different agro-
ecologies over two fermentation cycles. The source material and volume, the
fermentation dynamics as well as microbial succession, proteomics and
metabolomics were monitored during fermentation. The samples were dried
under standard conditions and physical and sensory quality determined. The
microbes were also isolated and stored to establish inoculum in the future.
The analyses of samples are still on-going. A number to technologies are being
used to determine the providence for cocoa originating from different
countries.

4.12 Guittard-CRC project: Understanding fermentation manipulation
methodologies on quality

The project in a farmer’s field seeks to understanding the effect of fermentation
manipulation practices on cocoa quality and how various factors can be
compensated by modified fermentation practices.
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4.13 Geographical Indications Project (Min of Trade, GORTT)

A study to establish a control document and technical document to support the
establishment of a geographical indication based brand for Montserrat Hills was
completed during the 2020-21 academic year. The study was part of an overall
project supported by Ministry of Trade and Industry and the Montserrat Cocoa
Farmers’ Cooperative Society Ltd (MCFCSL) to support the latter’s application for
a Geographical Indications in the European Union. The data collected sought to
establish origin-linked measureable qualities that can be used to certify the
Montserrat hills Cocoa as a Geographical Indication. The final application has
been resubmitted to EU for consideration based on the results.

4.14 Block-Chain Traceability System

Price Water House-Coopers along with CRC and the Brasso Seco Cocoa Farmers’
Association has submitted an application to Compete Caribbean to support the
development of a Block-Chain Traceability solution for cocoa traceability. The
project has been shortlisted and entering into the second phase of negotiations
with other traceability problem owners. This was transferred from Compete
Caribbean to IDB-LAB for funding. This is still pending approval.

4.15 Developing quality ecosystems and training on quality management
4.15.1 Compete Caribbean Project to support Belize, Dominica and St. Lucia

With support from Compete Caribbean CRC is helping to design quality
management systems for the three countries including supporting the
development of quality standards, supporting the development of appropriate
fermentation, drying and storage infrastructure with standard operating
procedures, supporting design and build of quality testing laboratories with the
appropriate standard operating procedures, food safety considerations, training
on postharvest processing, physical and sensory analysis and any other support.

4.15.2 AVSF project to support Haiti (Propositions ARNDR/PITAG/SFQ-07/18)

Under the AVSF (Agronomes et Vétérinaires Sans Frontieres) funded project CRC in
addition to the above support (as described for the Compete Caribbean project)
is also providing support to develop a flavour map for Haiti and for provision of
training on value addition. Given the situation in Haiti all the activities this year
have occurred through virtual training and technical support.
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4.15.3 AMACACAO project to support quality in Central America

Central America is developing a standard for quality ‘CUNAKakaw’ for which CRC
has been providing support over the years. At present AMACACAO is seeking
further assistance to develop a cadre of trained persons who can operationalise
the standard throughout Central America. This project is under development.

4.15.4 USDA-FAS-PSU project- Quality Management in LAC

This is a quality management and sensory training project for Latin America
particularly to support Peru, Ecuador, Colombia and Brazil. The funding came
from USDA through Penn State University. Virtual sensory analysis training is
was conducted this year to complete three years of training for Cocoa Innovation
Centres in Brazil and Peru as well as ESPOL in Ecuador. The project was
completed during this year and the final report submitted.

4.15.5 Funding Agency: UK Prosperity Fund for Colombia

Innovate UK Project Title: Controlling cocoa bean fermentation for enhanced
chocolate flavour

Partners: Nottingham University; Vegan Chocolates by Luisa, Fedecacao

To understand quality as influenced by fermentation microflora.2019-2021

lll. Risk Mitigation and Sustainability
4.16 Data-based management system and mobile app

The project that started in 2018 with the development of an agro-ecological map
and continued this year by building additional GIS layers. The overall objective
of the project is to develop a geography based risk management and precision
agriculture model that is linked to cost of production of cocoa. This will allow for
better decision making by public and private sector. During the year remote
sensing data over 15 years was accessed to create additional layers on the GIS
map. For the upcoming year an on-the-ground-survey is being planned to capture
additional data. This is being pursued by Marvin Lewis as his PhD project. He is
being co-supervised by staff from the geo-informatics department of the Faculty
of Engineering. It is hoped that this will create a better risk and agronomic
management of cocoa enterprises and more focussed support for such
enterprises.
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4.17 Disease resistance studies — blackpod and witches’ broom diseases
4.17.1 GWAS study of witches’ broom resistance

Following an epidemic of the witches’ broom disease in T&T and in the genebank,
550 accessions were subjected to field evaluation of resistance to the disease
during March to May, 2021. The data collected was presented at CARDS-2021.
The data showed considerable variation among cocoa accessions with respect to
witches’ broom resistance based on a number of parameters. The data also
showed a correlation with accessions identified as resistance to witches’ broom
resistance in the greenhouse. We are planning to subject the data to GWAS as the
sequencing data for these accessions are available.

4.17.2 Field screening: Second cycle of blackpod population enhancement program

A population enhancement programme for blackpod resistance was established
as part of the CFC project based on identification of 90 plus varieties in the
genebank with resistance to blackpod. The progenies of crosses were screened
and the resistant population was planted as generation-1. These were
subsequently field screened for resistance and a second cycle of crosses were
performed, progeny generated and screened for resistance. These were planted
and have grown into adult trees. These were subjected to field screening this
year for black pod resistance and resistance identified for future crossing.

4.17.3 USDA-ARS-CRC project: Transcriptomics to study witches’ broom resistance

As part of the project two activities are on-going. First, a differential panel of
known resistant and susceptible witches’ broom accessions were grafted, grown
to 6 months old plants and inoculated with witches’ broom pathogen and samples
isolated in a time series and sent for transcriptomic analysis to identify potential
differentially expressed genes. These will provide an indication of putative genes
for resistance to witches’ broom disease. This experiment has not been
completed due to COVID-19 lockdown and will continue into next year.

In a separate study, witches’ brooms were collected from the different agro-
ecologies where cocoa are grown and pure cultures of the witches’ broom
pathogen (Monoliophthora perniciosa) isolated and shipped for sequencing to
determine whether there were significant differences among the strains. If this
is confirmed, pathogenicity tests will be carried out to determine the biological
differences among them.
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4.17.4 Cocoa Infecting Viruses in the ICGT

Following the identification and sequencing of two viruses (CaMMV and CYVBYV)
within the International Cocoa Genbank in 2017, variants of CaMMV have been
detected in Puerto Rico and Brazil. Although these are mild and have not shown
to have an adverse effect on the growth, development and yield of the cocoa tree,
there arises a question whether there may be other such elusive viruses hidden
within the collection that may be of quarantine importance. Historically, material
was transferred to Trinidad as budwood from Peru, Ecuador, Colombia and
countries in the Caribbean and there is a chance that those transfers may have
carried with it a number of elusive badnaviruses from the centre of diversity of
cocoa.

Ajoint proposal between CRC, University of Arizona (Judy Brown) and USDA-ARS
(Osman Guttierez, Dapeng Zhang) was developed and has been funded by USDA-
FAS to investigate this and is due to commence next year.

In addition, work was conducted in collaboration with the University of Reading
(Jim Dunwell, Thsan Ullah, Andrew Daymond) to develop conventional PCR and
Lamp PCR tests to identify CaMMV and CYVBYV, respectively. This will allow for
further studies on the dispersion and epidemiology of these viruses.

4.18 Climate change mitigation studies at CRC
4.18.1 Sensor equipped drones to monitor drought tolerance

CRC had purchased two drones under the IMPACTT project to identify drought
tolerance based on a number of sensors including multispectral, thermal and
canopy density sensors. CRC had registered the drones and applied for flying
licence given that ICGT is located closer than 5 km from the airport. Due to
COVID-19 we haven’t made much progress. We were asked to obtain insurances
for the drones, which we have obtained three tenders. Furthermore, the dry
season last year was quite wet in that we did not have to even irrigate the
genebank.

This approach will allow us to map at the macro-scale accessions with very
diverse response to various degrees of drought as it manifests during the dry
season. This will then be verified in further studies to better understand the
mechanism behind the responses.
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4.18.2 Phenotypic polymorphism: time to flowering & pod development period.

A graduate student is studying flowering time following the dry season of
accessions and the pod development period as a means of avoiding drought. The
study has identified considerable genetic variation in flowering time following a
dry spell and pod development period, both of which would have great relevance
to environmental adaptation. She has completed two years of work and is
continuing this year to obtain data on 300 plus accessions. The early results were
presented at CARDS-2020, and based on her results the student’s registration
was upgraded to a PhD. Two publications are in preparation.

4.18.3 Genetics of drought tolerance

This project is based on conducting a diallel analysis and an M x N analysis of
drought tolerance parameters. The study involves identification of various
anatomical, physiological and biochemical mechanisms exhibited by cocoa to
mitigate the influence of drought and understand the genetic basis for these
mechanism. This will follow from the work involving the macroscale study
described earlier. The graduate student that had registered for the project was
unable to start due to COVID-19 situation. Hence this project hasn’t progressed.

4.18.4 Genotypic differences in high light tolerance

Another graduate student is investigating the morphological, anatomical,
physiological, biochemical and genetic basis for differences in tolerance to high
light intensity in cocoa. The first phase of the work was presented at CARDS-
2021 symposium. Two papers were published on the work during the academic
year. The student is planning to obtain her upgrade to a PhD this year to continue
this study.

4.18.5 Environmental GWAS study of climate resilience of cocoa

This study is being carried out as a collaboration between Cocoa Research Centre
and UoN to understand the genes involved in climate resilience. This will involve
the resequencing of all the LC TEEN and other accessions collected from Peru
with geographical location tags. Antoinette Sankar of the Cocoa Research Centre
will be involved in this along with David Gopaulchan.

UPCOMING PROJECTS/PROPOSALS

4.19 Mitigation of Aluminium Contamination of Cocoa
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CRC submitted a proposal to the Joint Research Fund of ECA-CAOBISCO-FCC to
investigate the sources of contamination of aluminium in cocoa. CRC had
previously carried out a preliminary study over a one-year period with support
from BDSI in Germany investigating levels of contamination and sources of
aluminium in Trinidad and Tobago. The project was approved and the contract
has been signed and is due to begin in 2021-2022 academic year.

4:20 EU-FAO Project, St. Lucia: Germplasm conservation, value addition

We are in negotiations with the project with regards to supporting a component
on conservation of genetic resources, cocoa value chain analysis and value
addition support.

4.21 ETN grant -Horizon 20-20 funding: Cadmium mitigation

Hohenheim University in collaboration with UFZ and HCM in Germany, CIRAD
and Grenoples-Antilles University in France, Nottingham University in UK,
Leuven and Ghent from Belgium, University of Vienna, Austria is preparing a
proposal to establish a doctoral network to investigate the science of cadmium
mitigation. CRC and the JRF of ECA-CAOBISCO-FCC will be associate members in
the project.

5.0 Staff Publications

Please see End of the document.
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SECTION-3 CONSERVATION

The main field collection of the genebank is located at Centeno approximately 22
km from the Cocoa Research Centre, although the most recent acquisitions are
either maintained in the greenhouse or in the campus fields on the St Augustine
site. The newly acquired accessions are propagated and then introduced into the
field genebank. The work associated with ICG,T can be divided into seven work
packages as outlined below and were conducted with funds allocated by CRA-UK.
In addition, a project funded by MOCCA also allowed additional conservation
work. The conservation efforts will be described under the following
subheadings.

(1) Survey to identify at-risk accessions and re-propagation to generate additional
healthy plants

(2) Augmentation of the collection including safety duplication

(3) Characterization of the collection including morphological characterization
and DNA fingerprinting

(4) Fidelity of the collection

(5) Agronomic Management of the Collection

(6) Evaluation of the collection

(7) Documentation and data curation

(8) Transfer of germplasm.

(9) Germplasm Utilisation

6.1 Survey to identify ‘at-risk’ accessions
A comprehensive survey of the ICGT was undertaken to identify ‘at-risk’ accessions
which are represented by less than four healthy plants in the field genebank.

6.2 Re-propagation, Augmentation and Safety Duplication
One hundred of the accessions identified as “at risk” in the survey were propagated
by grafting on to a known rootstock with a view to generating vigorous plants
which can be used as a source of material for cuttings for eventual field planting.
At least five plants of each of the accessions were grafted and are being maintained
in the CRC greenhouses. This work was done with support from the funding
received from the MOCCA project.
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Box-1: MOCCA Project (TECHNOSERVE-LWR-Bioversity International)

CRC as part of a consortium involving Technoserve and LWR won a grant to support 6
countries in Latin America and the Caribbean. The project is entitled ‘Maximising
opportunities in Coffee and Cocoa in the Americas’, abbreviated MOCCA. Under the
project CRC will be involved in two subprojects. The first supports mitigation of
cadmium in 6 Latin American countries (discussed earlier). The second supports the
rehabilitation of the International Cocoa Genebank, Trinidad.

Renovation of the ICGT

USDA-FAS provided funds through the MOCCA project to support Germplasm
Conservation. The project executing agencies LWR/Technoserve provided funding
through Bioversity International to both CRC and CATIE to support conservation
projects (2 years 2019 Oct - 2021 Sept). Under the project CRC has five components:

1. A survey to identify the ‘At Risk Accessions’, propagate and safe keep in the
greenhouse
250 accessions have been identified as At Risk and the 100 most vulnerable have
been grafted and are being maintained in the greenhouses of the Cocoa Research
Centre

2. Renovate an existing greenhouse into a propagation greenhouse to support the
propagation and infilling of vacancies within germplasm plots
The renovation has been completed and new benches have been constructed. An
additional hardening area has also been constructed by extension of the greenhouse.
Only the setting up of the mist propagation is outstanding and has been delayed by
the second COVID-19 lockdown.

3. Fidelity testing using 192 SNP markers to identify off type trees within plots.
This is continuing with 3000 samples already DNA fingerprinted. Another 3000
samples are being collected for DNA fingerprinting. Again this was delayed by
COVID-19 induced lockdown.

4. Identify a core and a strategic collection of 500 genotypes, propagate and duplicate
the collection.
The identification of the 500 genotypes have been completed and plants are being
propagated. A contract to clear an area for planting will be given soon.

5. Develop a geo-referenced database for the genebank (Appendix V). Staff were hired
and work begun in Jan 2020.
The geo-referenced database has been set up. One field has been completed during
the year.

We are seeking a no-cost extension for six months to complete the deliverables





Rooted cuttings of (a) ‘at-risk’ accessions and (b) newly introduced accessions to
augment the genebank, are being propagated to introduce into the field.
Furthermore, 500 accessions from the ICGT which have been identified as [of
strategic importance/priority conservation value] are being propagated for
planting at a separate site for safety duplication

Propagation of rooted cuttings:- Propagation is on-going in the existing
propagating frames, while the mist irrigation system in the newly refurbished
greenhouse is operationalized (See below). A total of 40 accessions have been
rooted; and others are on-going.

Construction of a propagation greenhouse:- A propagation greenhouse has been
constructed to support the large-scale propagation. The construction has been
completed but the propagation activity in the newly constructed greenhouse has
not begun owing to delays in setting up the misting system. Funding for this
came from the MOCCA project

Field site for the strategic collection: - An RFP was developed and a contract has
been offered to clear a forested area in the genebank to plant the strategic
collection (500 accessions) in a duplicated site. The work was supposed to begin
in the dry season but due to unusual inclement weather this job has not started.
Funding for this came from the MOCCA project.

6.3 Characterization of the collection

Morphological characterization of the accessions in the genebank continued. The
data that have been collected over the years are summarized below:

Leaf data: 3222 (2350 primary and 872 enhanced genotypes)
Flower data: 3363 (2412 primary and 951 enhanced genotypes)
Fruit data: 2434 (1989 primary and 445 enhanced genotypes)

Complete data: 2387 (1968 primary and 419 enhanced genotypes)
Incomplete data (fruit): 635 (218 primary and 417 enhanced genotypes)

The following table provides the progress that has been made to date.
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Table 1. Measures of Performance versus Achievement for the period October, 2020

- April, 2021.

Measure Oct’20 - April 21 May '21 - Sep '21 Whole Year1l
Target Achieved | Target Achieved Target Achieved

Fruit data 40 35 20 15 60 50

Flower data 45 41 55 - 100 41

Leaf data 45 37 55 - 100 37

Complete Data

(leaf, flower,

fruit) 40 33 40 11 80 44

1Total number of accessions characterised up to April 22nd, 2021:

Cacao Clones Manual
Photographs and botanical descriptions of mature ripe and / or unripe pods
for 1302 accessions have been collated for the Cacao Clones Manual

Parinari Population (PA) Manual

From October, 2020 to April, 2021- 25 pods (mature ripe and / or unripe) for
18 PA accessions were collected, described and photographed. This manual
currently consists of 105 accessions with photographs of both ripe and unripe
pods and 9 accessions with a photograph of only one pod, together with their
botanical descriptions.

We are missing photographs of 17 pods needed in order to complete the
manual with all of the PA accessions that have been completely characterized

Box 2: CRA Supplementary Project

A new project to support the work on the renovation of the
International Cocoa Genebank was developed and supported by CRA to
further advance the work on the rehabilitation of the genebank that was
started under the MOCCA project. Two fields have been subjected to
pruning of cocoa and shade trees, sanitation, removal of termite nests
and fertilization during the period June to August.
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6.4 Fidelity testing and establishing a core collection

Fidelity testing:

The fidelity testing that started previously continued with support from the
MOCCA project. During the 2020-21 period we have SNP genotyped a total of
1988 accessions from ICGT (CRC), and are collecting leaves at present to
complete a second round of SNP fingerprinting from ICGT.

Establishing a core collection for cocoa

a) Establishing a core public collection  CRC is collaborating with CATIE,
Costa Rica to SNP genotype all accessions in the two genebanks (ICGT and IC3)
and ICQC, R (University of Reading) to establish a core public collection. We
have also taken the opportunity to sequence all the accessions held at the
cocoa quarantine ICQC,R. Support for these came from CRA-UK, MOCCA,
RDIFund, CATIE (MOCCA project). This will provide an opportunity to develop
a Cacao Core Collection of publicly held material and allow us to understand
the level of duplication between the two public genebanks. It will also help to
resolve potential conflicts in identity between the collections as well their
fidelity and the integrity of the genetic resources pipeline from genebank to
ICQC,R to countries.

(b) Cocoa Core Collection

Nestle Project: Towards an Optimal Understanding of Global Cocoa
Diversity

Nestle is collaborating with CRC, CATIE, University of Reading and other
national collections to establish a cocoa core collection. The project initiated in
2021 and is expected to continue into 2022. This project is expected to be
complementary to the on-going project to identify a core public cocoa collection;
and will be useful in identifying gaps within the public collections.
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6.5 Agronomic management of ICGT.

Table 2. Agronomic management of the ICGT from Sept 2020 to 30 April 2021.

Operation/Activities

Outputs

Weed management

Three cycles of brushcutting completed, herbicide
applied once to control weeds in open areas

Shade management

Two cycles of pruning of temporary shade trees were
completed.

Clearing of fallen
permanent trees

Cutting or lopping of toppled large permanent shade
trees (on-going as and when it happens)

Chupon pruning

Two cycles of chupon pruning carried out.

Sanitary pruning

Sanitary pruning of Field 6A 50% complete. Work on-
going

Termite control

Termite control not done during this time period

Irrigation

Due to continuous rainfall during the dry season, this
was not necessary this year

Fertilising of young trees
and trees being used by
researchers.

Approximately 1500 trees manured and fertilised

Fire trace maintenance

Due to continuous rainfall during the dry season, this
was not necessary this year

Fire watch

Due to continuous rainfall during the dry season, this
was not necessary this year

Clearing of debris after
floods

Was not necessary

Maintenance of sheds

Two sheds were rehabilitated during the period.

Triennial census to identify
vulnerable accessions

Census of trees and updating of maps completed for
approximately 50% of ICGT
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Harvesting

Large quantities of pods were harvested 6 times
during this period both for research and for
commercialisation.

Support of research work
including post graduate
projects

Consistent support was provided for at least one post
graduate student and to persons working on the
MOCCA, MARS, MONDELEZ and CAOBISCO projects.

Quarantine operations and
international transfer of
cocoa accession

Budwood from 10 cocoa clones was sent in September
2020 to ICQC, Another transfer is due to be sent in
June 2021. Leaves of three clones were sent to Ihsan
Ullah of University of Reading for work associated
with development of tools to detect viruses in March
2021. Leaves were received for 168 varieties from
Reading for DNA fingerprinting.

6.6 Evaluation of the material in the genebank

Genetic variation of cadmium bioaccumulation

In addition, to evaluation of accessions for cadmium bioaccumulation under the
ECA/CAOBISCO/FCC funded project, further evaluation and validation
continued under the Nottingham/CRC project. Over 600 accessions have been
evaluated for bean, and leaf cadmium levels.

Genetic variation for field resistance to witches’ broom disease
Taking advantage of a wide spread incidence of the witches’ broom disease in
the genebank and the throughout Trinidad and Tobago this year, we screened
the strategic collection (500 accessions) for resistance to witches’ broom
disease. We will use GWAS to identify potential genetic markers and candidate
genes for witches’ broom resistance.

The screening for witches’ broom resistance using the agar droplet method
continued in the greenhouse. A total of 25 accessions were evaluated for
symptom development over a 7-month period.

Genetic variation for ability to withstand high light intensity

A method of screening accessions for high light intensity tolerance has been
developed as part of a graduate student project. Two publications have been
published and another is being drafted.
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Genetic variation for pod development period and flowering time
A graduate student project is underway to understand the genetic diversity in
500 accessions of cocoa. The student recently upgraded to a PhD programme.

Genetic variation for drought tolerance

Two graduate student projects are underway to understand the genetic
diversity for drought tolerance traits in the ICGT. A tree based GIS map is being
developed to screen for drought tolerance marker traits using drones carrying
a variety of sensors.

Genetic variation for cocoa quality traits

A small scale individual plot fermentation system has been developed and is
being validated. This will be used to test flavour profiles of different cocoa
accessions. In addition, butterfat profiles are also being studied.

6.7 Documentation and barcoding system
An SQL based searchable database has been developed with support from the
Campus IT Services. This is being tested at the moment. Once the testing
process has been completed, the entire data set will be uploaded into the
system. A prototype plot and tree based GIS map is being developed to link
geographical information into the database, so that maps can be developed for
traits.

A comprehensive relabeling exercise commenced in April and will continue
through the year. Following the relabeling and GIS mapping exercise, it is our
intention to implement a plot based barcoding system.

6.8 Germplasm and planting material transfer
During the year the following genetic materials were imported and exported.

Imported material: No budwood was imported during the period. One
transfer is due in June, 2021. Leaves of 168 accessions were received for DNA
fingerprinting.

Exported material: One transfer of 10 accessions was done in September
2020; Another transfer is expected in June 2021. Leaves of three clones were
sent to Thsan Ullah of University of Reading to support the development of
improved tools for screening of viruses in ICQC,R.
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6.9. Germplasm utilization
To support the development of genetic markers to better utilize the
germplasm

(a) A genomic pipeline for GWA Studies has been established in association
with Nottingham University. It has been validated using pod colour as a
marker and will be used with other traits:

(i) cadmium bioaccumulation in leaves and beans,
(ii) arange of pod and bean characteristics

(iii) flowering time and pod development period
(iv) Witches’ broom resistance

(b) A number of QTL populations are being developed to validate the findings
from the GWA studies. Land has been prepared to plant the QTL
population in the field.

SECTION-4 OUTREACH AND DEVELOPMENT

7. Technical Assistance (6)

7.1 Funding Source: Compete Caribbean Duration Sept 2020 -Dec 2021
Countries supported: Dominica, Belize and St. Lucia

Technical support:

(a) Design, operational guidelines, standard operating procedures of a
Centralised Fermentation System and training on postharvest processing

(b) Support for the development of quality standards, quality management
systems, laboratory infrastructure design, equipment and standard
operating procedures for physical quality assessment, sensory assessment
and analysis, certification and traceability, and branding.

(c) Cadmium mapping, diagnostic study, evidence based cadmium mitigation
strategy development, train-the-trainer workshops

(d) Factors affecting productivity of cocoa, rehabilitation of farms, fertility
mapping, evidence based fertigation technology, train-the-trainer
workshop

(e) DNA fingerprinting, technical assistance in setting up a clonal garden,
propagation infrastructure, variety deployment.

(f) Agro-ecological mapping, training on climate smart agriculture practices.

28





7.2Funding Source: IDB Cluster Project Jan 2021 - Dec 2022
Country supported: Trinidad and Tobago

Technical support: Quality management and certification, technology incubation
services, provision of standardized cocoa couverture, certification and
traceability, development of a storage facility.

7.3 Propositions MARNDR/PITAG/SFQ-07/18 - Sous-programme de recherche-
formation-développement agricole destinés a affronter les problemes
majeurs se posant au sein du systeme de culture dans le domaine
agroforesterie a dominante cacaoyer dans les départements Grand’Anse,
Haiti. Agronomes et Vétérinaires Sans Frontieres. (AVSF Project).

Country supported: Haiti

Technical support: Cadmium and fertility mapping, Training on soil and bean
sampling, diagnostic study of soils, development of an evidence based nuanced
approach to cadmium mitigation; DNA fingerprinting to identify cocoa varieties,
determine genetic diversity and support in setting up a clonal garden. Training on
quality management along the value chain. Training on physical and sensory
analysis. Training on value addition. Training on branding, certification and
traceability.

Duration; Sept 2020- Dec 2022

7.4 GCRF - Cadmium mapping
Country supported: Jamaica

Technical Support: Training on sampling of beans and soil. Analysis of samples
and cadmium mapping. Training on mitigation of cadmium in Jamaica.
2021

Funding Source - USDA-FAS-Technoserve-LWR (2020-2021)

Countries supported - Peru, Ecuador, Honduras, Guatemala, Nicaragua, El Salvador
Technical support - Cadmium mapping support; support for diagnostic study train-
the-trainer workshop on cadmium mitigation; Setting up national cadmium focal
points and development of coordinated agenda. Working with the national
cadmium focal points to develop a cadmium mitigation strategy. Organising a
regional stakeholder forum and multistakeholder collaborative platform.
Production of newsletters and video clip for dissemination. Conducting a ring test
of cadmium testing laboratories in the region and provision of feedback and
training

7.5 Funding Source: USDA-FAS - PSU
Title: Research and Scientific Exchange Program to Support the Development of
Fine or Flavor Cacao in Latin America and the Caribbean
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Countries supported: Central America (AMACACAO); Ecuador; Peru; Brazil
Technical Support: Postharvest processing; quality management systems; sensory
Analysis; Certification and traceability.

2019-2021

7.6 Funding Source: STDF
Title: Improving capacity building and knowledge sharing to support
management of cadmium level in cocoa in Latin America and the Caribbean.
Countries supported: Peru, Ecuador and Colombia
Impact: Development and transfer technologies to other countries.

8. Short-term Training (15)

Due to COVID-19, we did not conduct any face-to-face short courses,
apprenticeship programmes or internships for the current year.

8.1 Basic and Advanced Chocolate Making Courses
Although numerous requests for the course were received, we were unable to
offer courses due to the COVID-19 pandemic.

8.2 DNA fingerprinting Course
Again a number of requests were received but we were unable to conduct
courses due to the COVID-19 pandemic.

8.3 Postharvest training Course
Sukha, D.A. (2021). Cocoa Fermentation Monitoring. Training of San Juan

Estate staff for Guittard Project 15th January 2021.

8.4 On-line Training courses offered

8.4.1 Ramtahal, G, Lewis, M and Umaharan, P. Step-by-Step guide to sampling
beans and soil for Cadmium analysis and mapping (Haiti) November 314 2020

8.4.2 Ramtahal, G., Motilal, L., Lewis, M and Umaharan P. Step-by-Step guide to
sampling beans and soil for Cadmium analysis and leaves for DNA
fingerprinting and mapping (Dominica) October 4th 2020

8.4.3 Umaharan, P and Ramtahal G. Evidence based mitigation of Cadmium in
Cocoa (Peru, Ecuador, El Salvador, Guatemala, Nicaragua and Honduras)

8.4.4 Ramtahal, G. Results of a GAP analysis for Peru, Ecuador, El Salvador,
Guatemala, Nicaragua and Honduras

8.4.5 Ramtahal, G. Train-the-Trainer workshop on mitigation of cadmium in cocoa
for Peru, Ecuador, El Salvador, Guatemala, Nicaragua and Honduras
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8.4.6 Sukha, D.A. (2020). Cocoa Sensory Evaluation - Introductory Concepts and
Principles for Master Trainers. Webinar Training for Meso-American
Association of Fine Cacao and Chocolate (AMACACAO) 2nd - 4th December
2020.

8.4.7 Sukha, D.A. (2020). The relationship between post-harvest processing and
quality attributes in cocoa beans. Webinar Presentation: CocoaTown LLC,
USA Webinar series. 12th December 2020.

8.4.8 Sukha, D.A. (2021). Selling cocoa beans - Aspects of the market and market
requirements. Webinar Presentation: Training for Dominica/ Belize/St.
Lucia Cocoa Cluster Development Project 24th February 2021.

8.4.9 Sukha, D.A. (2021). Introduction to quality - Factors affecting flavour
development in cocoa. Webinar Presentation: Training for Dominica Cocoa
Cluster Development Project 24th February 2021.

8.4.10 Sukha, D.A. (2021). Technical considerations towards building a cocoa
quality ecosystem. Webinar Presentation: Focus Group Meeting towards
the development of National Cocoa Bean Standards. Dominica/ Belize/ St.
Lucia Cocoa Cluster Development Project. 6th April 2021.

8.4.11 Sukha, D.A. (2021). Quality management in cocoa - Process flow and
procedures. Webinar presentation: Training for Dominica/ Belize/ St.
Lucia Cocoa Cluster Development Project 20th April 2021.

8.4.12 Sukha, D.A. (2021). Sensory Analysis Training. Practical Webinar Training
for Dominica Cocoa Cluster Development Project. 8th June, 2021

8.4.13 Sukha, D.A. (2021). Post-harvest processing of cocoa to optimise quality -
Webinar Training for AVSF Cocoa Development Project - Haiti. Delivered
in two parts 15th and 22nd June, 2021.

8.4.14 Sukha, D.A. (2021). Quality management in cocoa - process flow and
procedures. Webinar Training for AVSF Cocoa Development Project - Haiti
Delivered in two parts 29th June and 6th July, 2021.

8.4.15 Sukha, D.A. (2021). Cocoa processing for intermediate and final products.
Webinar Training for AVSF Cocoa Development Project - Haiti - 17th
August, 2021.

9. Symposia, Conferences (6)
9.1 Cocoa Research Centre Research and Development Symposium (CARDS)

CARDS-2020 Held on the 19 August 2020, it attracted 364 participants globally
with others unable to participate receiving recordings posted on the 24th August,
2020. The participation involved 20 global cocoa based companies as well as 5
NGOs.
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CARDS-2021 was held on the July 21st and July 28th 2021. There were 12 30 min
presentations over the two days. Together over 400 persons from 54 countries
attended the two webinars. Together 52 persons from 15 chocolate companies
attended the symposium. Detailed evaluation is presented in Appendix-3.

9.2 Regional Virtual Round Table on Cadmium for LAC

The virtual Cadmium Round-Table meeting was held on September 11, 2020
involving 55 cocoa stakeholders across 10 countries from Latin America as well
as other cocoa-based private sector companies. The objective was to share best
practices, facilitate information exchange and collaboration between countries
and to obtain feedback on MOCCA'’s Cd mitigation methodology. Present were all
stakeholders (private, public sector, non-governmental organizations, research
institutions) from all the six MOCCA countries as well as Colombia, Costa Rica,
Mexico and Dominican Republic.

9.3 Regional Forum on Cadmium mitigation

9.4

The virtual Regional Forum involving 165 participants was held on the 12th of
November, 2020 among the key actors of the cacao sector in Latin America
including the Industry, Research/Academia and Governmental/Non-
governmental organizations, under the auspices of the MOCCA project. Prof
Umaharan opened the forum with a MOCCA strategy statement outlining the
approach and the role of MOCCA and other stakeholders and was followed by
panel discussions with six (6) actors involving three key panels with five (5)
predesigned questions each

Impact Investment for T&T Cocoa Sector, by John Forrer, George Washington
University and Mark Christian, C-Spot. Cocoa Research Centre, UWI, 11
January, 2021

The webinar workshop targeted the politicians, and cocoa stakeholders in
Trinidad and Tobago. A total of 36 participants attended including the Ministers
of Trade and Industry, Agriculture, Land and Fisheries, Permanent Secretaries of
the two Ministries, Advisor to the Prime Minister, CEO and Chairman of the Board
of Directors of Cocoa Development Company of Trinidad and Tobago, Directors
of the Ministry of Agriculture, Representatives from Exportt, Investt, EXIMBank,
Agricultural Development Bank, IICA, FAO, CARDI, CARIRI, NAMDEVCO and their
respective boards.
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9.5 On-line workshops for the National Cadmium Coordinating Committees in
Honduras, Nicaragua, El Salvador and Guatemala

The workshops were conducted individually with each of the four countries
during the period Feb 4 - 11, 2021. The membership, work programme and
timelines, distribution of work and the role of the MOCCA project were discussed
and agreed upon.

9.6 The Impossible Chocolate Bar? - A three-part webinar series focussing of
sustainability of the cocoa sector

CRC in collaboration with Institute for Corporate Responsibility, George
Washington University and C-Spot hosted a three-part global webinar series
entitled ‘The Impossible Chocolate Bar’. 22nd April; 29th April and 20th May,
2021. On average there was 75 participants in the first two webinars.

10.0 Other presentations at webinars, symposia and conferences (13)

Sukha, D.A. (2020). The relationship between post-harvest processing and quality
attributes in cocoa beans. Webinar Presentation: CocoaTown LLC, USA Webinar
series. 12th December 2020.

Sukha, D.A. (2020). Relation of post-harvest and quality attributes in cocoa beans.
Webinar Presentation: World Cocoa and Chocolate Day - Post Harvest and
Commercialisation. Guayaquil, Ecuador. 3rd October 2020.

Umaharan, P. (2020). Research Agenda at the Cocoa Research Centre. Nottingham
University Research Series. 15t December, 2020

Sukha, D.A. (2021). Towards Realising the Impossible Chocolate Bar. Webinar
and guided tasting for Chocolate Island Webinar series #3 20th May 2021.

Gopaulchan, D. and Alj, N.A. (2021). Update on Cocoa Projects. Future Food
Beacon of Excellence Briefing. 15th-17th June, 2021. University of Nottingham,
Sutton Bonington Campus, Loughborough, U.K. (Presented virtually). 15th June,
2021

Gopaulchan, D. and Alj, N.A. (2021). Update on Cocoa Projects. Future Food
Beacon of Excellence Briefing. 15th-17th June, 2021. University of Nottingham,
Sutton Bonington Campus, Loughborough, U.K. (Presented virtually).
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Ramtahal, G. “Progress in cocoa and cadmium research: Cocoa Research Centre”.
Foro virtual del Cacao y Chocolate Latinoamericano - “Respuestas en tiempos de
crisis: Impactos en la demanda y retos a la cadena de valor de cacao y chocolate en
Latinoamérica en un mundo post pandemia” Lima-Peru, 20-22 de Julio, 2020.

Ramtahal, G. “Presentacion de la estrategia cadmio (Cd) de MOCCA-LWR”. Mesa
redonda con investigadores y decisores para avanzar las agendas de mitigacion de
cadmio en Latinoamérica, Costa Rica, 11 de Septiembre, 2020. Plataforma Zoom.

Umaharan, P. “Estrategia pais para el mapeo de cadmio (Cd) en suelos y granos”.
Mesa redonda con investigadores y decisores para avanzar las agendas de
mitigacién de cadmio en Latinoamérica, Costa Rica, 11 de Septiembre, 2020.
Plataforma Zoom.

Umaharan P. (2021). Leveraging cocoa genetic resources to support the cocoa
industry. FFB Seminar series. Nottingham University. 2" February, 2021.

Umaharan, P. (2021). Leveraging cocoa genetic resources for the cocoa industry.
Cacao and Chocolate Research Network. Penn State University. 3 March, 2021.

Umaharan, P (2021). Mitigation of cadmium bioaccumulation in cocoa. Joint
Research Fund meeting of ECA/CAOBISCO/FCC. 27 April, 2021.

Martin Gilmour (2021). Barry Callebaut approach to sustainability and improving
productivity. 30th March, 2021. Presentation to the staff of the Cocoa Research
Centre

11. CRC Services

11.1 Global DNA Fingerprinting Service:
Reporting period: 1 Sept 2020 - 31 July 2021

Number | Country Requesting | Date Invoiced No. of Samples
1 Ecuador 2nd Sept 2020 20

2 Dominica 3rd Sept 2020 30

3 Haiti 27t Oct 2020 69

4 Costa Rica 29th Oct 2020 658

5 Japan 9th Apr 2021 59
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6 England 22nd Apr 2021 193
7 Costa Rica 22nd Apr 2021 658
8 Ecuador 22nd Apr 2021 20
9 Thailand 22nd Apr 2021 15
10 Trinidad pending 3

As a comparison with 2019/20 - 604 samples

11.2 Quality Assessment Reports (Sept 2020 - April 2021)

Physical and sensory analysis
Physical assessment report only

Sensory Assessment reports

- 27 reports

- 2 reports

- 95 Samples

14 samples (local clients); 55 samples OLAM;
36 samples for National Cocoa Awards;
3 samples for Brazil;

Sensory Assessment for Cocoa of Excellence - 235 samples

478 tastings

Total number of quality reports for 2021

As a comparison with 2020/21 - 49 reports

11.3 Genebank tours

2020/2021-0

2019/2020 - 127 persons

12.0 Events held

None

- 147

1725
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13.0 Websites, social media and on-line platforms

CRC expanded its web presence by launching the CocoaNEXT website which provides
pages for each of the Cocoa Growing Countries in the Caribbean. The objective is to
allow countries in the Caribbean countries to know what others are doing and partake
in the learnings in a collaborative way. In addition, this is a means of documenting
best practices for the countries, so that other countries can benefit from it.

SECTION-5 COMMERCIALISATION

With the EU/ACP funded project ‘International Fine Cocoa Innovation Centre’, CRC
has begun a new chapter to establish a commercial entity. Although not registered as
a company yet (delayed due to COVID-19 pandemic), work is on-going to establish it
as a commercial entity following approval from the UWI campus.

The downstairs of House No. 21 was renovated and equipped to produce an
intermediate size cocoa processing facility capable of producing 20-25 t of couverture
per year. In addition, one of two technology incubators envisaged for the facility has
been completed. We have already begun technology incubation services, but the
business incubation services that started before the pandemic has stopped. The
quality assessment and DNA fingerprinting work are continuing. The government
funding for the larger chocolate factory has not yet been released so the larger
equipment is still in containers, although considerable effort was made during the
year to make approaches to the government and make presentations to try to
accelerate the process

During the period CRC has produced

232 kg of Cocoa beans from pods harvested from ICGT
350 kg of nibs for sale

14 kg of chocolates

A proposal was developed and submitted to Angostura to supply 10 t of nibs per year
but we haven’t yet heard back from them.

There are other possible interested parties as well.

36





6. Others

1.

Umaharan, P was appointed as chairman of a cabinet appointed Committee to
report on setting up a virtual centre of Agriculture and Biotechnology to stimulate
agriculture production, productivity, quality and value addition. Jan 10th to Feb
20th, 2021.

Umaharan, P and Fletcher-Paul, L have been appointed by FAO as consultants to
develop a national food security strategy for Trinidad and Tobago to be presented
at the UN Global Food Summit.

Umaharan, P has also been appointed as Jury to a 5 member panel to determine
the UNESCO Equatorial Guinea Prize on Life Sciences

Umaharan, P. Member of the CCCGC of the USDA. 2020 onwards.

Sukha, D.A. - Co-Chairman of the International Group on Cocoa Quality
(InCoQuality).from 2017 to present

Sukha, D,A. - Member of International Cocoa Organization (ICCO) ad hoc panel of
experts on Fine or Flavour cocoa. 2010 - present

. Sukha, D.A. - Member of the International Taste Panel for the Cocoa of Excellence

Programme, Alliance of Bioversity International and CIAT, Rome 2009 - present

. Sukha, D.A. - Member of the Technical Committee for the Cocoa of Excellence

Programme, Alliance of Bioversity International and CIAT, Rome 2014 to present

. Sukha, D.A. - Member of the Advisory Counsel for the Heirloom Cacao Preservation

(HCP) Fund of the Fine Chocolate Industry Association of America (FCIA).2018 to
present.

10. Sukha, D.A. - Founding member of the Working Group - International Standards

and protocols for cacao quality co-ordinated by Alliance of Bioversity
International and CIAT, Rome (2015 - present)

On-line Courses Attended

Umaharan, P. IP Commercialisation and Technology Transfer for the Caribbean.
Organised by the WIPO.7th December 2020-18 December, 2020.
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7. Publications
7.1 Technical bulletins

Survey methodologies bean and soil cadmium testing
Step-by-step bean and soil sampling protocols for cadmium mitigation

Step-by-step leaf sampling protocols for DNA fingerprinting and genotype
identification

Standard Analytical Protocols for Bean and Soil cadmium testing

Standard Operating Procedures and quality control systems for soil and bean
testing laboratories

List of Analytical Laboratories and information on the tests provided

An evidence based approach to cadmium mitigation in cocoa - towards a
nuanced approach to cadmium mitigation in Latin America and the Caribbean.

A generic policy brief for Cadmium mitigation that can be adapted to individual
countries

Standard operating procedures for operating a Centralised Fermentation
Centre

Standard operating procedures for a cocoa quality certification laboratory
Standard operating procedures for sensory analysis and reporting
Flavour map for Trinidad and Tobago

Manual for Establishing Geographical Indications in Cocoa

MOCCA Cadmium Newsletters. Issues 1-5

7.2 Technical Reports

Umaharan P (2021). Virtual Centre of Excellence in Agriculture and
Biotechnology. Final Report on Establishing the Virtual CoE. Submitted to the
cabinet on behalf of the Multidisciplinary team for Virtual CoE-Agriculture and
Biotechnology February 21, 2021.

Ramtahal, G (2021). Report on the proficiency testing of cadmium testing
laboratories in Latin America and the Caribbean. MOCCA project
(Technoserve-LWR). Cocoa Research Centre, 2021.
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7.3 Book Chapters (1)

Bekele F and Bekele I (2020) Social and environmental impacts on agricultural
development. In: Management Association, 1. (Ed.), Environmental and
Agricultural Informatics: Concepts, Methodologies, Tools, and Applications.
Chap. 59, pp. 1299-1334. [Reprint]. IGI Global. http://doi:10.4018/978-1-
5225-9621-9.ch059

7.4 Journal Articles (11)

Gopaulchan D, Motilal LA, Kalloo RK, Mahabir A, Moses M, Joseph F, and
Umaharan P (2020) Genetic diversity and ancestry of cacao (Theobroma cacao

L.) in Dominica revealed by single nucleotide polymorphism markers. Genome
63(12): 585-595 https://doi.org/10.1139/gen-2019-0214

Petchayo Tigang S, Tchotet Tchoumi J-M, Roux ], Nguefack ], Begoude Boyogueno
AD, Mbenoun M, Mfegue CV, Nyassé S, Ndoumbé Nkeng M and Ten Hoopen GM
(2020) Armillaria root rot threatens Cameroon’s Penja pepper (Piper nigrum L.).
Tropical Plant Pathology 45:534-543. d0i:10.1007/s40858-020-00361-w

Wang, B., Motilal, L.A,, Meinhardt, L.W,, Yin ]., and Zhang D. 2020. Molecular
characterization of a cacao germplasm collection maintained in Yunnan, China
using single nucleotide polymorphism (SNP) markers. Tropical Plant Biology 13:
359-370.d0i:10.1007/s12042-020-09267-y

Holder AWB, Elibox W and Umaharan P (2021) A first approach to develop a
quantitative screening method to identify resistance to bacterial leaf spot disease

caused by Acidovorax anthurii in anthurium. European Journal of Plant Pathology
160: 147-159

Holder-John, AWB, Elibox, ].W., Umaharan, P. (2021). A rapid leaf-disc vacuum-
infiltration screening for assessing resistance to bacterial leaf spot disease in
anthurium. Scientia Horticulturae 288: 110348.

Lewis C, Lennon A, Eudoxie G, Sivapatham P and Umaharan P (2021) Plant metal
concentrations in Theobroma cacao as affected by soil metal availability in
different soil types. Chemosphere 262 (127449): 1-12. Online Aug 2020
do0i:10.1016/j.chemosphere.2020.127749.

Lewis V., Farrell, A.,, Umaharan, P. and Lennon, A.M. (2021). Genetic variation in
high light responses of Theobroma cacao L. accessions. Heliyon
https://doi.org/10.1016/j.heliyon.2021.e07404
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Lennon, A. M,, Lewis, V. R,, Farrell, A. D., & Umaharan, P. (2021). Photochemical
responses to light in sun and shade leaves of Theobroma cacao L. (West African
Amelonado). Scientia Horticulturae, 276, 109747.

https://doi.org/10.1016/j.scienta.2020.109747

Vanderschuerena R, Argiielloab D, Blommaertc H, Montalvo D, Barrazadi F,
Maurice L. Schreck E, Schulin R, Lewis C, Vazquez JL, Umaharan P, Chavez E,
Sarret G, Smolders, E (2021). Mitigating the level of cadmium in cacao products:
Reviewing the transfer of cadmium from soil to chocolate bar. Science of the Total
Environment 781 (146779) doi:10.1016/j.scitotenv.2021.146779

Ramjattan, R and Umaharan, P. (2021). Interrelationships between yield and its
components in hot pepper (Capsicum chinense Jacq). Scientia Horticulturae (in
press).

Ramtahal, G.,, Umaharan, P., Davis, C.,, Roberts, C.,, Hanuman, A and Alj, L.
Mitigation of cadmium uptake in cocoa: efficacy of soil application methods of
lime and biochar. Chemosphere (Submitted).

40





Appendix 1

COCOA RESEARCH CENTRE

DIRECTOR
Prof. Path Umaharan

PROJECT MANAGEMENT

Damian Wilson -Project Assistant

SECRETARIAT
Sophia Thompson - Secretary

Lyris Wilson-Hazzard - Office attendant

GCRF Project Staff
Vickeisha Lall - Technical Assistant
Krystal Daniel - OJT

AGRONOMY GROUP/ GENEBANK MGT

Annelle Holder - Contract Officer
John Joseph - Laboratory Assistant

Teemul Jugmohan - Atg Foreman

MOCCA PROJECT STAFF
Rena Kalloo - Technical Officer
Marvin Lewis - Technical Officer
Sterling Jagmohan -Field Assistant

Jason Bhola Field Assistant

GENEBANK CHARACTERISATION
Frances Bekele - On Sabbatical
Gillian Bidaisee - Contract Officer
Junior Bhola - Laboratory Assistant

ECA/CAOBISCO/FCC STAFF
Gideon Ramtahal -Reearcher

Caleb Lewis - Technical Assistant

PATHOLOGY GROUP
Romina Umaharan - Contract Officer

Martijn Ten Hoppen - Research Fellow CIRALC

Vindra Singh - Technical Assistant

COCOA ORCHARD PROJECT STAFF
Vinosh Jadoo - Field Assistant
Ryan Small - Field Assistant

Carlos Perez Field Assistant

GENOMICS GROUP

Lambert Motilal - Contract Officer
Antoinette Sankar - Contract Officer

RDI FUND PROJECT

Lincoln McDonald - Research Assistant

FLAVOUR AND QUALITY GROUP
Darin Sukha - Research Fellow
Naailah Ali - Contract Officer

OTHER PROJECTS
Kadine David -Technical Assistant
Lincoln McDonald - Research Assistant
Grafton Dick - Technical Assistant
Amrita Mahabir - Technical Assistant
Larry Abraham - Technical Assistant
Chelsea Roberts - Technical Assistant
Keshan Mahabir - OJT

Anna Toussaint -OJT

GREENHOUSE STAFF
Leon Ail - Field Assistant

Harinand Mahangoo Field Assistant

GRADUATE STUDENTS
Vernessa Lewis, Surja Chakrabarty

Darius Dalip, Tricianna Maharaj, Pricilla

GENEBANK STAFF
Clint Burnley - Field Assistant
Valentine DeGale - Field Assistant
Paul Solozano Field Assistant
Glen St Louis Field Assistant
Wayne St. Louis - Field Assistant
Frank Paul - Field Assistant
Alan Romero - Field Assistant

Keston Sinanan - Field Assistant

ADJUNCT STAFF OF THE CENTRE
Adrian Lennon - Life Sciences - Biochemist (Photosynthesis, Cadmium, Broom)
Winston Elibox - Life Sciences - Quantitative Genetics (Genetics of yield) —’
Aidan Farrell - Life Sciences - Plant Physiology (Drought tolerance)
Duraisamy Saravanakumar - Food Productio«*
Ricardo Clarke - Physics - Solar Energy, |
Govind Seepersad - Ag. Econ & Ext - Cost of production & Niche marketing
Gaius Eudoxie - Food Production - Soil Fertility Mgt and cadmium mitigation
Shaheeda Mujaffar - Chemical Engineering - Drying technology
Renique Murray - Mechanical Engineering - small holder mechanisation
Bheshem Ramlal - Geoinformatics - GIS mapping
Xsitaaz Chadee - Physics - drying system*
Christine Carrington - Medical Schooty¢
Jonas Adai - Medical School - Nutraceuticalsfe
Naveen Seecheran - Medical School - Nutraceuticals






Appendix-2: JOINT MALF-CRC RESEARCH 2021

. . Responsibility Outcomes &
Experiment Time Farmer support
MALF CRC Joint Impact
The effect of fertiliser application and pruning on Jan-Jun Lead - Conducting trial & Support - Experimental Publication | Farmer demonstration, Train the trainer | Improved farmer
performance of 19 TSH varieties in Centeno 2021 data collection design & data analysis workshop for extension, bulletin yield and profitability
Dwarfing rootstock to reduce cost of production, improve Jan-Jun Joint lead - Conduct Joint lead - Develop Joint Set up a field trial to validate and Improved farmer
cocoa productivity and profitability - Use of interstocks vs 2022 preliminary trial with IMC | screening methods for approach | demonstrate to extension and farmers yield and profitability
less vigorous stocks 67 and Amelonado identifying dwarfing
interstocks rootstock
Identification of low cadmium bioaccumulating TSH varieties | Jan-Jun Joint lead - Collection of Joint lead - Cd analysis, Publication | Recommendation to AS for nuanced Mitigating Cd levels
for targeted distribution in high Available-Cd soils. - Wet 2021 Aug- samples from each TSH data analysis & Bulletin | distribution; Training of extension and in beans to
season and Dry season Sep 2021 variety CDCTTL overcome export
restrictions
Effect of cadmium in cocoa beans from pods harvested from | Jan-June Joint lead - Collection of Joint lead - Experimental | Publication | Demonstrate pruning method to Mitigating Cd levels
trunk, primary and secondary branches 2021 samples from two design, Cd analysis, DNA | & Bulletin maximise harvest from main trunk to in beans to
varieties in ICT over three | fingerprinting to test reduce cd in beans overcome export
replicates fidelity, data analysis restrictions
Manipulating fermentation to reduce cadmium levels in Jan-Jun Support - provide pods of | Lead - conduct Publication | Demonstrate fermentation manipulation | Mitigating Cd levels
cocoa 2021 one TSH variety fermentation & Bulletin | to reduce cadmium to extension and in beans to
experiment, data farmers overcome export
collection & analysis restrictions
Determine correlation between cadmium in fermented and Jan-Jun Joint lead - Collection of Joint lead - conduct Publication | Convert Cd map based on unfermented Mitigating Cd levels
non-fermented beans of 20 TSH varieties 2021 pods for fermentation fermentation & collect bean data to fermented bean data; in beans to
and unfermented beans samples; Cd analysis & Better able to offer nuanced strategies overcome export
for Cd analysis data analysis for mitigation to farmers restrictions
Effect of application of fertiliser on cadmium levels in cocoa Jan- Joint lead - Collection of Joint lead - Design of Publication | Demonstrate interaction of fertiliser Mitigating Cd levels
beans in 20 varieties Jun,2021 bean samples from experiment, cd analysis, and application on Cd levels in beans to
fertilised and unfertilised | data analysis Bulletin overcome export
plots restrictions
Understanding pulp characteristics of 21 varieties in the ICT Jan-Jun, Support - Collection of Lead - Student will Publication | Future work on linking pulp to Improving flavour
to identify factors influencing fermentation progression 2021 one pod per rep for each carryout expt & analysis metagenomics to flavour diversity of T&T
var
Developing a sampling strategy for butter fat compositional Jan-Sep, Support - Access to ICT Lead - CRC student
analysis in the ICGT - wet and dry season 2021 collects pods over
several trees in 6 reps to
determine sample size
Identifying butterfat composition in TSH varieties Jan-Jun, Joint - Collection samples | Joint - Butterfat Publication | Supporting chocolatiers and value add Devp chocolates for
2021 from each variety in 5 compositional analysis producers diff climates

reps






Appendix-3

Cocoa Research Centre’s Annual Research and Development Symposium, 2021
(CARDS-2021)

P. Umaharan, Director, Cocoa Research Centre, The University of the West Indies, St. Augustine campus,
Trinidad and Tobago.

The annual research and development symposium of the Cocoa Research Centre of the University of the
West Indies was held as webinars on the 21" and 28™ of July, 2021. The webinars were held from 9:00
am to 12:30 pm. On the first day a short opening ceremony was held between 9:00 am to 9:30 chaired
by Mr. Winston Rudder, chairman of the Cocoa Research Advisory Board. A welcome was given by Prof
Brian Copeland, Campus Principal followed by opening remarks by Prof Path Umaharan Director of the
Cocoa Research Centre. The opening ceremony was officially opened with an address by Senator the Hon.
Clarence Rambharat, Minister of Agriculture, Land and Fisheries. Together over 400 persons from 54
countries attended the two webinars.

Day-1

Day-1 focussed on research and development in the area of quality and food safety and was chaired by
Ms Antoinette Sankar. Following an overview presentation by Prof. Umaharan on ‘Building a cocoa quality
and food safety ecosystem in the Caribbean’, four presentations were given by Sukha et al., on an
evidence-based toolkit on monitoring fermentation in cacao, Ramtahal et al on ‘Research and
development towards the mitigation of cadmium’, Lewis et al on ‘Understanding cadmium
bioaccumulation in cacao’ and Gopaulchan et al on ‘Genome-wide Association Study on cadmium
bioaccumulation in cocoa’.

Day-2

Day-2 focussed on research and development in the areas of genetic resources and utilisation and was
chaired by Ms. Naailah Ali. Following a welcome and an overview presentation by Prof. Umaharan,
Director of CRC entitled ‘Building a genetic resource pipeline from the genebank to cocoa farms’; six
presentations followed. The first was by Romina Umaharan et al on ‘Field evaluation of witches’ broom
resistance in the ICGT, under a natural epiphytotic’ followed by Tricianna Maharaj et al on the ‘Genetic
diversity of on-farm cocoa in Trinidad’. Then Antoinette Sankar et al presented on ‘Phenotypic and genetic
diversity of Maranon genetic group at the ICGT’, which was followed by ‘Responses to high light of
Theobroma cacao accessions’ by Lennon et al. The last two presentations were on the MOCCA project on
the renovation and rehabilitation of the ICGT by Rena Kalloo et al and Fidelity testing & establishment of
a core collection based on DNA fingerprinting by Motilal et al.

Attendance by geography

Table-1 shows the attendance on Day-1 and Day-2 and its geographical distribution. Overall over 400
participants attended the webinars from 54 countries. Day-1 recorded 358 attendees from 49 countries





while Day-2 registered 267 participants from 44 countries. During Day-1 the numbers were somewhat
higher than for Day-2. Nevertheless, on both days 75% of the attendees were from the Americas while
the remaining 25% were distributed around the rest of the world. Europe took the second largest share
of 13 percent of the attendees, while Africa and Asia-Pacific regions each recorded approximately 6-7%
of the attendees for both days.

Twelve countries from the Caribbean, 6 countries from South America, 4 countries from Central America,
2 countries from North America, 10 countries from Europe, 9 countries from Africa and 11 countries from
the Asia-Pacific region participated in the symposium. Of the participating countries Trinidad and Tobago
had the largest number of participants (day 1: 144; day-2 #: 84), followed by USA (day 1: 46; day 2: 49),
UK (day 1: 20; day 2: 15) and Colombia (day 1: 16; day 2: 11).

The differences in numbers in attendees between day-1 and day-2 could be largely accounted for by the
differences in attendees from Trinidad and Tobago. On the first day of webinar 144 attendees from T&T
participated in the webinar, compared to only 84 on day 2. The breakdown indicated the difference in
numbers was fuelled by the large number of emerging chocolatiers who were interested in quality and
food safety issues affecting their product on day-1.

Table 1: Geographical spread of accessions to Day-1 and Day-2 of the webinars

. CARDS-2021 Representation
Region
Day-1 Day-2 % of total

Americas North America 47 51 13 19
Central America 9 8 2.5 3
South America 34 19 10 7
Caribbean 181 119 51 45
Total 271 197 76.5 74
Others Europe 48 34 13 13
Africa 17 17 5 6
Asia-Pacific 22 19 6 7
Total 87 70 24 26
Overall 358 267 100 100

Number of countries represented 49 44 54 countries

Attendance by stakeholder groups.

The distribution of cocoa industry stakeholders who attended the webinars on day-1 and day-2 of the
webinars is shown in Table-2. Since all participants did not share clearly their roles during registration
the information is available for only 332 participants on day 1 and 257 participants on day-2.





Being a research symposium as expected the number of researchers from research institutions and
Universities were the most predominant group attending the webinars — 33% of the attendees on day-1
and 37% of the attendees in day-2 of the symposium. The other four stakeholder groups, support
agencies (agriculture services, extension services, developmental support), farmer/processors, industry
(multinationals) and SMEs (chocolatiers mainly) each accounted for between 10-15% of the total
attendance on each of the day. The remaining 15% of the attendees came from developmental
agencies, policy makers, NGOs, with a smattering of media and bloggers making up the rest. Given the
wide cross section of stakeholder groups CARDS attracts it is important to ensure that the presentations
have a wide appeal.

There was a strong representation from the major multinational chocolate companies, Mondelez (12),
Mars-Wrigley (7), Barry Callebaut (6), Olam, Nestle and Casa Luker (5 each), Hershey, Meiji, Guittard,
Ritter Sport and Laderach (2 each) and Cargill, 12-tree, and Valrhona (1 each).

Table 2: The distribution of participants over the various stakeholder categories.

CARDS-2021 Representation
Category
Day-1 Day2 % of total

Researchers 111 95 334 37.0
Support Agency 50 30 15.1 11.7
Farmer/Processors 46 35 13.9 13.6
SMEs 38 28 11.4 10.9
Industry (multinationals) 34 36 10.2 14.0
NGOs 18 7 5.4 2.7
Development Agency 14 15 4.2 5.8
Policy makers 15 6 4.5 2.3
Media 3 1 0.9 0.4
Bloggers 3 4 0.9 1.6

332 257 100.0 100.0

Stakeholder feedback regarding webinar

Regarding feedback with regards to the symposium, feedback is available only for day-1 of the webinar
at present. Of the 358 persons that participated only 93 persons completed the feedback questionnaire.
The analysis of results are presented in Table 3.





Table-3: Feedback from the Day-1 webinar from 93 participants during an exit survey.

1. Overall Experience (Scale 1-5)

Extremely good 40 43%
Very good 43 46%
Good 4 4%
Satisfactory 4 4%
Not Satisfactory 2 2%

2. Perception of the length of proceedings

Just right 75 81%
Too long 8 9%
Too short 10 11%

3. Question and Answer session

Extremely good 35 38%
Very good 41 44%
Somewhat good 16 17%
Not good 1 1%

4. Feedback on usefulness of video clips

Extremely good 33 36%
Very good 52 56%
Somewhat good 7 8%
Not of value 1 1%

Approximately 90% of the participants thought the overall experience was either exceptional or very
good. Most persons (81%) also thought that the length of the webinar sessions were just about right. The
remaining 19% were almost equally divided between ‘too long’ or ‘too short.” 82% of those participated
in the survey thought that the questions and answer sessions were extremely good or very good. An
overwhelming percentage (92%) regarded the video clips as extremely good or very good and thought
that they provided a useful interlude between the talks.

Asked to choose the talk that they most enjoyed 36% chose the overview provided by Prof. Umaharan,
32% chose the talk on fermentation by Darin et al., 16% chose the talk on cadmium mitigation by Ramtahal
et al while 9 and 6% chose those on genetics and mechanism of cadmium bioaccumulation presented by
Gopaulchan et al and Lewis et al., respectively. These differences may reflect the complexities of the
presentations given the wide stakeholder attendance.

Overall the two part CARDS-2021 webinar series has been a success. It continued to attract a wide range
of participants globally and across a variety of cocoa stakeholder groups, following up from last year’s
webinar. It has firmly entrenched as a yearly activity that stakeholders look forward to between the
International Cocoa Research Symposium organised by ICCO. Given the broad spectrum of stakeholder





groups it attracts, it may be important to have a greater variety of presentations to hold their interests.
Additionally, greater participation from collaborators would make it more globally attractive.
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		Fruit data:     2434 (1989 primary and 445 enhanced genotypes)
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INTRODUCTION

The future of the cacao cultivation depends on the availability and access to the huge genetic diversity of the specie. Cacao genebanks have a very important role on this matter, due to their participation in the conservation and distribution of valuable cacao germplasm, the promotion of the chocolate industry and the development of new varieties with better characteristics, such as productivity, resistance to diseases and extreme conditions, and good quality.

The International Cacao Collection at CATIE (IC3) is one of the two most important international collections in the world. IC3 and the genebank in the University of West Indies in Trinidad and Tobago ensure global access to cacao germplasm through the conservation of their collections, both under the public domain, included in the International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA). 

The International Cacao Collection at CATIE (IC3) was established in Cabiria, Turrialba, in 1944 and since 2001-2002, the collection was replicated in two contrasting locations in Costa Rica: at La Montaña Farm, in Turrialba (600 m.a.s.l.) and at La Lola Farm, in Matina, Limón (40 m.a.s.l.). CATIE has recently undertaken work to improve the physical and genetic characteristics of the collection, but these efforts require the commitment and support of many partners, including national and international players in public and private sectors.

The collection has a very active role in the distribution and exchange of cacao germplasm within tropical America and with other cacao-producing regions around the world.  For instance, tolerant clones to moniliasis and black pod diseases identified at CATIE are periodically transferred to the International Cocoa Quarantine Centre at the University of Reading, UK as well as to other research institutes in many countries. 








DESCRIPTION OF THE COLLECTION



· Accessions and area

Currently, the collection conserves 1250 accessions, represented by three trees each. IC3 is located in La Montaña Farm, Turrialba and replicated in La Lola Farm, Matina, Limón, in the Atlantic region of Costa Rica. In both sites, it comprises 10 ha (5 ha each).

La Lola Farm

La Montaña Farm































· Accessions rehabilitated and replanted

Different factors can produce the death of some trees in the field, so, frequently, the status of the trees is reviewed, in order to avoid missing accessions. As soon as one dead tree is detected, the clone is propagated by grafting to complete the three trees per accession.

During the period, more than 300 trees belonging to 196 clones were grafted and replanted, in La Montaña as well as in La Lola. In every case when a missed tree is detected, budsticks are collected from the surviving trees and taken to the nursery for the grafting process. Labeling is very important to avoid any errors in the replanting process.

The list of clones is as follows:



		5E

		CRIOLLO-65

		ICS-95 T1

		MOQ-6/95

		RIM-39



		AMAZ-11

		DOM-25

		ICS-95 T2

		NA-111

		RIM-41



		AMAZ-15/15

		DOM-3

		IFC-5

		NA-399

		RIM-48



		AMAZ-6/3

		DR-1

		IMC-14

		NA-702

		RIM-52



		Amelonado-15

		EBC-10/S-401

		IMC-20

		NA-824

		RIM-68



		Amelonado-17

		EEG-48

		IMC-33

		Nacional-1(A11)

		RIM-76



		ARF-30

		EET-395

		IMC-38

		Nacional-1(A7)

		SC-13



		B-7/14

		EET-400

		IMC-45

		Nacional-4(A47)

		SC-20



		B-7/21

		El Cuá

		IMC-78

		Nacional-4(A52)

		SC-64



		B-9/10-25

		EQX-O

		IMC-85

		OC-61

		SC-9



		C-8756

		EQX-Z

		INIFAP-51

		OC-77

		SCA-11



		Carmelo-2

		FHIA-577

		INFAP-70

		P-22

		SGU-104



		CC-107

		FILA-49

		JA-10/12

		P-7p

		SGU-43



		CC-11

		FILA-61

		JA-5/24

		P-8p

		SGU-50



		CC-236

		GDL-7

		JA-6/2

		PA-124

		SGU-60



		CC-252

		GN-20

		KER-6

		PA-156

		SGU-72



		CC-37

		GU 123-V

		Lafi-7

		PA-169

		SGU-90



		CC-44

		GU 147-N

		LCTEEN-302

		PA-303

		SIAL-339



		CC-57

		GU 166-N

		LCTEEN-341/S-3

		PA-51

		SJ-1/19



		CC-69

		GU 183-G

		LECTEEN-368

		PBC-123

		SJ-1/40



		CC-9

		GU 200-L

		LCTEEN-37/G

		Playa Alta-2

		SPA-4



		CHUAO-120

		GU 221-H

		LCTEEN-68

		PMCT-10

		SPEC-13845



		CHUAO-24

		GU 239-H

		LCTEEN-D

		PMCT-11

		SPEC-194/15



		CL-10/27

		GU 255-V

		LF-1

		PMCT-13

		SPEC-41/6-18



		CL-13/4

		Honduras-1

		LP-4/20

		PMCT-17

		TAP-10



		CNS-22

		HY-2714202

		LP-4/24

		PMCT-29

		TARS-1



		CRINKLE LEAF

		ICS-1

		LP-4/8

		PMCT-39

		TARS-14



		CRIOLLO-1

		ICS-100

		LV-17

		PMCT-45

		TARS-23



		CRIOLLO-12

		ICS-12

		México-11(A1)

		PMCT-49

		TARS-34



		CRIOLLO-13

		ICS-134

		México-11(A2)

		PMCT-50

		TRD-32



		CRIOLLO-18

		ICS-137

		México-4(A4)

		PMCT-53

		TSH-516



		CRIOLLO-19

		ICS-27

		México-4(A5)

		PMCT-98

		UF-601



		CRIOLLO-22

		ICS-39

		México-7(A1)

		RIM-10

		UF-667



		CRIOLLO-23

		ICS-48

		México-7(A2)

		RIM-100

		UF-677



		CRIOLLO-28

		ICS-5

		México-7(A3)

		RIM-105

		UF-700



		CRIOLLO-37

		ICS-6

		ML-1/2 Peso

		RIM-15

		UNAP-2



		CRIOLLO-56

		ICS-61

		ML-4

		RIM-19

		VB-663



		CRIOLLO-62

		ICS-68

		MO-20

		RIM-2

		YAMADA-LVD



		CRIOLLO-63

		ICS-91

		MO-9

		RIM-21

		YAMADA-LVK



		 

		 

		 

		 

		Yucatán







· New accessions introduced

In February 2021, A group of 20 accessions were introduced from the International Cocoa Quarantine Centre at the University of Reading. The budwood were received in good conditions and immediately grafting was undertaken. Regular observations and maintenance of the plants were made during the following 4 months in the nursery to assure the higher survival rate and establish them in the field.

Out of the 20 clones, 5 clones were unsuccessful and so they will be requested again in October 2021, when a new group of clones will be received from Reading and 7 more clones from a clonal garden of the Ministerio de Agricultura y Ganadería of Costa Rica.



		Clone Name

		Established in the field

		Clone Name

		Established in the field



		AM-1/57

		

		PNG-139

		X



		COCA-3348/44

		

		PNG-210

		X



		CRU-104

		X

		PNG-215

		X



		CRU-89

		X

		PNG-224

		X



		EET-28

		

		PNG-336

		X



		ICS-42

		

		PNG-360

		X



		IMC-33

		

		SCA-10

		X



		IMC-85

		X

		SHRS-07

		X



		LP-4/8

		X

		SPEC-194/15

		X



		PA-126

		X

		TAP-12

		X









 





















· Main activities developed



· Cacao and shade pruning

Maintenance pruning for the cacao trees and shade species is applied every 6 months in the collection during the rainy season in Turrialba and La Lola. The practice involves the elimination of horizontal branches and the ones over 3 meters. This important practice stimulates the development of new branches to maintain the health and juvenility of the trees.

    

· Elimination of chupons 

Chupons are eliminated every three months during the weed control application. This practice is very important, mainly in the juvenile plants established in the field.

[image: D:\BK\Allan\Documents\Fotos CACAO\Podas\IMG_20200617_101028.jpg]



· Sampling and soil analysis 

Monitoring the soil fertility is also very important to ensure good growth, productivity and health of the trees. During the period, soil samples were collected in all the plots in La Montaña Farm and sent to CATIE’s soil laboratory for the chemical analysis. Based on the results, actions were undertaken to correct any deficiencies detected. 



· Fertilizer application

Fertilization with 18-5-15 (NPK) is applied in the field every three months in February, May, August and November. 150 g per tree is applied per time, to a total of 600 g/tree/year. 

























· Harvest

Harvest was done every two weeks and monthly at the end of the period when production of pods is reduced. Fresh beans were sold to local consumers, and some clones were fermented and dried in CATIE’s facilities to continue the process of evaluation of quality that CATIE regularly do to identify parameters of flavor in the accessions conserved in the genebank.
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· Herbicide application

Although the weed control is done mainly manually, herbicide is used rationally, only in the plots where weeds grow faster than other plots. If necessary, herbicide is applied every 3-4 months.



· Manual weeding control

Manual control is the main way to control weeds. The weed control is usually applied every three months in all sections of the collection, especially in the gardens and areas surrounding the collection. Depending on the environmental conditions, more frequent applications are necessary.



· Elimination of disease-infected pods

Pods infected by the common diseases in the collection (Frosty Pod Rot - Moniliophthora roreri and Black Pod Rot - Phytophthora palmivora) are regularly eliminated from the collections every two weeks or every month, depending on the incidence. This practice permits a better control of the dissemination of pathogens.
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· Elimination of infected trees

“Mal de machete” caused by Ceratocystis cacaofunesta is a disease affecting some trees in the field. When a tree is detected with the disease, is eliminated and replanted. Although is not usual, a few trees infected by Rosellinia were detected in the collections some months ago and they were completely eliminated and control practices were applied to avoid dissemination of the pathogen. 



· Accessions characterized

In the CATIE’s genebank, most common activities related to characterization are: Artificial inoculations to test resistance, Compatibility test and quality tests. 



· Artificial inoculations

Artificial inoculations with the pathogens Moniliophthora roreri and Phytophthora palmivora are routine undertaken in the collection to identify the sources of resistance to these diseases. Many clones have been already evaluated and categorized as resistant or susceptible in different ranges. 

In the last year, 1415 pods were inoculated with M. roreri in 17 events and 283 pods in 12 events with P. palmivora. The number of total trees evaluated were 511 and 138, respectively.







· Compatibility test

Self-compatibility is a character evaluated in the genebank. For this, mature flower buds are covered with a tube of glass, fixed to the tree with a rubber band. Artificial pollinations are done the next morning between 6:00 and 11:00 am, by rubbing the anthers from a male parent on the stigma of the female parent flower until pollen grains are seen to remain adhered to the stigma.

After pollinations, the flowers are again covered with the tubes and fifteen days later is determined the percentage of flower retention. When retention is ≥30%, clones are classified as self-compatible.

A group of 19 clones belonging the series ML-, RIM- and SGU- were evaluated during the last year, as follows:



		México-10

		RIM -15



		ML-1/2 Peso

		RIM-13



		ML-102

		SGU-50



		ML-103

		SGU-54



		ML-105

		SGU-60



		ML-106

		SGU-67



		ML-22

		SGU-71



		ML-4

		SGU-82



		ML-75

		SGU-89



		P-22

		







· Quality test

Basic quality tests are done in the field and in the Quality Cocoa Laboratory of CATIE. After harvest, microfermentation are completed clone by clone for some 6 days and then the samples are dry under the sun. Samples are brought to the laboratory where a cut test is the first step, followed by roasting, shelling, grinding and conching.

Small samples of cocoa liquor are prepared in the laboratory and are sometimes used for organoleptic evaluations. On occasions, samples are shared with partners in the chocolate industry where chemical analyses are undertaken.

Thirty-eight clones were evaluated for regarding quality, as shown below:

		ARF-1

		EET-381

		MAN-12



		ARF-6

		EET-387

		MAN-15/2



		BE-10

		EET-397

		México-1(A3)



		Búfalo-1

		EET-408

		México-1(A4)



		CC-213

		EET-45

		NA-33



		CC-225

		FHIA-485

		Nacional -1(A3)



		CC-235

		FHIA-707

		Nacional-1(A3)



		CC-262

		ICS-1

		Nacional-2(A19)



		CCN-16

		ICS-39

		Nacional-2(A25)



		CRIOLLO-15

		ICS-4

		RB-46



		EEG-29

		ICS-47

		SCA-9



		EEG-48

		ICS-95

		TSH-516



		EET-103

		LV-28
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Minutes of the Quarantine Advisory Board held on 12t April 2021

Held via video call

Present: Tony Lass (Chair), Peter Bretting, Colin Campbell, Heidi Canning, Andrew Daymond, Jim
Dunwell, Michelle End, Julie Flood, Martin Gilmour, Osman Gutierrez, Paul Hadley, Jean-Philippe
Marelli, Stella Poole, lhsan Ullah, Andy Wetten; Observer: Jia Haiyan

Apologies: Clare Sterling
1. Minutes of the meeting held on 27*" February 2020

One typographic error was noted on page 3, otherwise the minutes were accepted as an accurate
record.

2. Working arrangements under Covid 19

Andrew Daymond reported that on the onset of Covid-19, a number of precautions had been put in
place including identifying staff who could provide emergency cover in the event that quarantine staff
were affected by Covid and stocking up on essential supplies. Fortunately, no staff members had been
affected by Covid over the last year.

3. Staffing

Andrew Daymond reported that Heidi Canning had joined the University in March 2020 and was
spending 50% of her time working in the International Cocoa Quarantine Centre and 50% on the Cocoa
Climate Change project. She works at the ICQC,R in the mornings and on the University campus in the
afternoons in order to align with the ICQC,R Operations Manual procedures that states that nobody
should enter the quarantine facilities if they have been in another greenhouse on the same day.

Andrew Daymond added that lhsan Ullah has been contracted to the project for three months to
conduct PCR activities.

4. Facilities

Andrew Daymond reported that there had been no major issues with the facilities over the winter
period.

5. Throughput
i Exports

Andrew Daymond reported that a total of 12 budwood exports had taken place since March 2020 and
that six of these batches were to IRAD in Cameroon. Three batches of seed had also been supplied
(see Appendix I). Jia Haiyan asked if any procedure was in place regarding information and benefit
sharing relating to materials supplied. The Chairman replied that the International Cocoa Germplasm
Database (ICGD, also hosted by the University of Reading) provides a global platform for data sharing
on cocoa (see www.icgd.reading.ac.uk). Organisations that have received material from ICQC,R are
contacted on a regular basis to request information on clones that have been characterised in the field
(for example, productivity, bean characteristics, resistance to pests and diseases), which might then
be put in the public domain via ICGD. This information is then available to the global cocoa research
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community. ! Andrew Daymond added that all material that is exported is accompanied by the FAO
Standard Material Transfer Agreement, which requires that recipients share information on the
material received. Unfortunately, recipients of germplasm shipments do not always respond in a
timely way (or occasionally not at all) by providing information on the success of their buddings,
despite regular reminders by the ICQC,R team.

Imports

Andrew Daymond reported that an import from the Cocoa Research Centre, Trinidad in September
2020 had not produced successful grafts. A probable cause for this was that the rootstocks were rather
overgrown due to the consignment being delayed due to Covid related issues. A consignment of six
clones had been received from CATIE, Costa Rica in November 2020, the grafts of which had yielded
surviving examples of three of these clones. A further consignment of eight clones had been received
from CATIE, Costa Rica, in March 2021. At the time of the meeting, it was too early to assess their
survival.

iii. Material supplied other than budwood

Andrew Daymond reported that a number of leaf samples and seedlings had been supplied to support
particular research efforts (see Appendix | for details).

jii. Release from quarantine

Andrew Daymond reported that one clone had been released from quarantine (NA 184), which has
reported tolerance to Phytophthora pod rot.

iv. Summary of exports from the last 10 years

It had been agreed at the previous meeting that a yearly stock-take would take place of the number
of despatches and total number of clones exported (see Appendix |, Figure 1). The 12 budwood
despatches that had taken place in 2020 was comparable with previous years, in spite of the
challenges caused by the Covid-19 pandemic. Furthermore, the total number of accessions exported
(423, which includes cases where the same accession is sent to more than one location) was high
compared with the previous ten years. Jean-Philippe Marelli asked whether flowers buds that had
been exported in the past had been used by the recipients for somatic embryogenesis. Andrew
Daymond replied that this was the case and that the recipients in these cases were Deroose Plants in
Belgium and Nestlé in France.

6. Review of proposed deliverables for 2020/2021

Andrew Daymond that a number of deliverables had been proposed by CRA for the period October
2020 to September 2021, to align with the preparation of the CRA Annual Report. Overall, these
deliverables were on target (see Appendix | for details). Jia Haiyan asked about the context of the
deliverable relating to SNP fingerprinting. Osman Gutierrez replied that the Reference Genotype

1 NOTE: There is also a regular, and on-going, literature search by the ICGD team for published information for
data on cocoa breeding programmes and on material dispatched from ICQC,R that is used in them. All members
of the ICQC,R Board are requested to advise the Reading team about any publications they encounter containing
data on cocoa breeding programmes as well as any information on material dispatched from ICQC,R be these in
refereed journals, and/or conference proceedings and/or in the grey literature, such that this information can
be included in ICGD. Action: ALL
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Working Group had been set up in 2016 (with him, Chris Turnbull, and representatives from CRC-
Trinidad and Mars as members) with the objective of recommending a core set of SNPs to use for
cross-identification purposes and to assign reference genotypes as standards (representing true
types). A core set of 96 SNPs had been recommended by this working group and any fingerprinting
undertaken on material in ICQC,R includes these 96 SNPs.

Paul Hadley said that he felt that some of these proposed deliverables were rather artificial. Peter
Bretting questioned the appropriateness of having a target for exports, given that this is largely out of
the control of IQCQ,R, which provides materials in response to requests. Peter Bretting suggested that
a better target would be in terms of the proportion of requests fulfilled. The Chairman concluded that
some more consideration was needed as to how such deliverables might be formulated so as to be
most effective in managing performance in the future.

7. Entomology report

Colin Campbell reported on his inspection of the facilities, which had taken place on 8™ April 2021. On
a positive note, there had been no sightings of aphids within the facilities for some time. Localised
outbreaks of two-spotted spider mite had been an intermittent issue and using a series of pesticides
had been recommended. The number of cockroaches in the facility had increased but control
measures put in place were working well (see Appendix Il for further details).

Colin Campbell concluded by saying how well the facility had been managed by Stella Poole and Heidi
Canning over the last year, in the face of all the challenges arising from lockdown and the risks
associated with COVID-19.

In the light of the above comments, the Chairman suggested that it might be useful for Colin Campbell
to do a further inspection of ICQC,R over the summer period.

Action: The quarantine team to liaise with Colin Campbell to arrange an inspection at an appropriate
time.

8. Virology report

Andy Wetten reported on his inspection of the facilities, which had taken place on 8" April 2021.
Overall, the plants were looking in good condition, with marginal necrosis being observed on just a
few plants. Andy Wetten also complemented Stella Poole and Heidi Canning on their efforts in
maintaining the facilities over the previous year.

See Appendix Il for further details.
9. Pathology Issues

Julie Flood reported that she would be doing her inspection in late May. Andrew Daymond had
reported that a particular clone had shown a cushion gall (most likely caused by Fusarium spp.) and
that plant was being re-propagated.

10. Research and development
i Update on research on viral integration

Jim Dunwell gave a presentation describing evidence for ancient viral integration within the cocoa
genome. The work was a collaborative effort between the University of Reading, CIRAD and the
University of the West of England. A paper had been accepted for publication on this work in the
journal Scientific Reports (see https://www.nature.com/articles/s41598-021-87690-1).




https://www.nature.com/articles/s41598-021-87690-1
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ii. PCR virus testing

Ihsan Ullah presented an update on screening of ICQC,R germplasm for cacao mild mosaic virus
(CaMMV) and cacao yellow vein-banding virus (CYVBV) (both viruses that have been detected in
Trinidad). Since these viruses have been detected in other collections (such as the cocoa collection in
Puerto Rico), it had been decided by the Reading team that it was necessary to screen the ICQC,R
collection using PCR primers based on recently published viral sequences. To validate the PCR based
assay using newly designed primers, leaf samples from the clone ICS 27, ICS 76 (with or without disease
symptoms) and RIM 53 were obtained from CRC, Trinidad. Based on the results of these tests primers
were then selected for a broader screen of all the ICQC,R germplasm. Subsequently, 96 accessions
were screened from the ICQC,R germplasm for CYVBV and CaMMV. The CaMMV primer set had
amplified an expected size band in two accessions from GEBP material from Trinidad. These products
had then been sent for sequencing to determine whether they are actually viral.

Osman Gutierrez reported that USDA had embarked on a project to screen for the same two viruses
amongst 1000 trees in the Puerto Rico collection. A manuscript had been submitted relating to this
work. Jean-Philippe Marelli added that Mars had been contributing towards screening the Puerto Rico
collection as well as cocoa material in Brazil.

iiii. SNP fingerprinting

Andrew Daymond reported that leaf samples from approximately 150 accessions had been sent to
CRC, Trinidad for SNP fingerprinting.

iv. Safe movement guidelines

Andrew Daymond reported that he had been working with Michelle End to update the Technical
Guidelines for the Safe Movement of Cacao Germplasm (Editors: M.J. End, A.J. Daymond and P.
Hadley- last update 2017). The authors of sections on different pests and diseases had been contacted
and a couple of updates had already been provided. The original intention was to complete the
exercise of updating the guidelines ahead of the International Symposium on Cocoa Research in late
September 2021. It is now likely that this Symposium will be delayed until late 2022, but the target of
completing the update by the end of September 2021 will remain in place.

11. Review of Operations Manual

The Chairman reported that various amendments had been made to the Operations Manual and the
revised text had already been circulated to the Board. These amendments included various small ones
relating to pesticides used and changes in relation to Brexit. A new paragraph had been added relating
to propagation and quarantine of materials which had not been placed in the public domain under the
ITPGRFA, for which it was proposed that charges could be made.

Action: Board members to inform Andrew Daymond of any further comments or suggested changes
by 23" April 2021 concerning this revised version of the Operational Manual that had been circulated.

12. Long Term Funding for Cocoa Genetic Resources

The Chairman reported that the process of broadening the resource base for funding of cocoa genetic
resources was continuing. Some progress had been made and the process was on-going.
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13. AOB

Martin Gilmour reported that he had been conducting a study of what clones are used in different
locations, which may be available for international transfer. He would report on this at the next
meeting.

Andrew Daymond said that he would be participating in the (on-line) INGENIC South-East Asia
breeders group meeting on 20 April and would give a presentation on the ICQC,R.
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Appendix |: Staffing, Greenhouse Facilities and Germplasm Movement

Working under Covid-19 conditions

At the onset of Covid-19, provisions were put in place for safe working procedures within the
International Cocoa Quarantine Centre, according to University regulations, including social distancing
and limits on visitors. Furthermore, various contingencies were put in place including identifying
University staff who could provide cover in the case of quarantine staff having to self-isolate and
stocking up on consumable items. In May 2020, the UK Animal and Plant Health Authority confirmed
that they were able to continue to do pre-export inspections and so we have been able to resume
with exports in response to requests since them.

Staffing
Heidi Canning joined the team in March 2020. Heidi spends 50% of her time on the quarantine project
(mornings) and 50% on the climate change project (afternoons).

The staffing arrangements for ICQC, R are summarised as follows:-

Day-to-day project management: Andrew Daymond (45% of time on project)

Greenhouse technicians: Stella Poole (full time). Heidi Canning (50% of her time on the quarantine
project and 50% on the climate change project).

Ihsan Ullah is employed on the project from March to May 2021 to conduct PCR analyses

Project leader: Paul Hadley

Facilities
There have been no major changes or problems encountered with the facilities during the winter
period.

Throughput

Exports

A total of 12 budwood exports have taken place since March 2020. These include six consignments to
IRAD in Cameroon, who have had a focus on increasing the genetic diversity available for their
breeding programme. The previous occasion that material was sent to Cameroon was in 2013. The
consignment to the University of Ghent in Belgium was in support of a PhD student there. The
consignment sent to CATIE, Costa Rica was part of their commitment under the MOCCA programme,
whereby they will be introducing 40 new clones this year to the CATIE genebank.





CRA21-04

Table 1: Summary of budwood exports made between March 2020 and April 2021

Date Country Institute # of clones | Feedback

sent
29/06/2020 | Sierra Leone SLARI 39 18 clones established
25/08/2020 | Belgium University of Ghent 1 Managed to produce

sufficient plants
through top grafting
for an experiment

17/08/2020 | Cameroon IRAD 32 At least one

14/09/2020 | Cameroon IRAD 36 successful  graft of
171 clones.

12/10/2020 | Cameroon IRAD 43

02/11/2020 | Cameroon IRAD 50

16/11/2020 | Cameroon IRAD 48

30/11/2020 | Cameroon IRAD 47

07/12/2020 | Sao Tomé and | HBD Principe 40 About 50% of the

Principe material survived

09/11/2020 | Malaysia MCB 46 Surviving examples of
40 clones.

05/02/2021 | Costa Rica CATIE 20 Currently  surviving

examples of 18
clones. Any that do
not take will be re-
sent later in the year.
22/02/2021 | Mauritius Food and Agricultural Research | 8 Grafts starting to
and Extension Institute grow out

Table 2. Material supplied as seed between March 2020 and April 2021

Date Institute Country Number of seed sent Feedback

31/07/2020 | Volcani Institute Israel 65 (CCN 51) High level of
germination

17/09/2020 | Wageningen University | Netherlands | Seed from two clones High level of
germination

30/11/2020 | Better Seeds, Givat | Israel Seed from four clones Initial high germination

Chen. but only 6 plants

ultimately survived.

Imports

A batch of 10 clones was received from the Cocoa Research Centre, Trinidad on 22" September 2020.
Unfortunately, none of these survived. A likely reason for this is that the rootstocks were rather
overgrown since the consignment was somewhat delayed due to Covid related issues.

A consignment of 6 clones was received from CATIE, Costa Rica on 16/11/2020. Currently there are
surviving examples of 3 clones (Table 3). A further consignment was received from CATIE of eight
clones on 22/03/2021. The budwood was in good condition on arrival.
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Table 3. Material established from the consignment received from CATIE, Costa Rica on 16/11/2020

Clone Reason for import

ARF 2 Tolerance to frosty pod rot

GU 139/A High productivity and tolerance to blackpod
CHUAO 120 Tolerance to frosty pod rot

Releases from quarantine
One clone has been released from quarantine (NA 184). The clone belongs to the Upper Amazon
Nanay population and has reported tolerance to Phytophthora pod rot.

Material supplied other than budwood (not for propagation)
The following materials have been supplied:-

- Leaves to Germany (Busgen-Institut, Goettingen) for research purposes

- Leaves to Emmanuelle Muller (CIRAD, France). For research purposes relating to collaborative
research between Reading/CIRAD/UWE

- Seedlings and leaf samples to Andy Wetten (UWE) for research purposes

List of Visitors to ICQC, R between March 2020 and April 2021

All visitors confirmed compliance with ICQC, R visitor procedures

Date Forename Surname Organisation Country
07/03/2020 Martin Gilmour Barry Callebaut UK
07/03/2020 Nicolas Mounard Barry Callebaut UK
07/03/2020 Nicko Debenham  Barry Callebaut UK
07/03/2020 Gavin Bown Barry Callebaut UK
02/10/2020Robin Dand FCC UK
27/10/2020 Nathaniel Moss ESCO UK
27/10/2020Nick Moss ESCO UK/Uganda
08/03/2021 Sukhi Sanghera UOR UK
UOR (head of School of

08/03/2021Simon Mortimer Agriculture) UK
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Historical exports

A summary of material exported from ICQC, R between 2009 and 2020 is summarised in Figure 1. In
2020, there were a total of 12 dispatches and over 400 accession exported. All clonal material was
dispatched as budwood.
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Figure 1. Summary of exports between 2010 and 2020. A. Number of despatches. B. Number of
accessions (this includes where the same accession has been sent to more than one location)
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Deliverables

A list of deliverables was agreed with CRA for the year October 2020 to September 2021 and circulated
to CRA members. A summary of the current state of play with these deliverables is summarised in

Table 4.

Table 4. Progress on deliverables for the period October 2020 and September 2021.

Deliverable Indicator Status as of April 2021
10 accessions exported in total 10 exports Comfortably on target- 8 to
date
4 export consignments to be sent to the 2 to CRC 1 sent to CATIE, a 2" to CATIE
international collections 2 to CATIE is anticipated
CRC are currently working on
obtaining an import permit
Receipt of four consignments of budwood from the 2/2 imports 2 * consignments received
international collections from CRC from CATIE
2/2 imports | Consignments from CRC will be
from CATIE scheduled for the summer
Clone verification using the CRC SNP set to confirm 100 clones ~150 samples sent to CRC
identity of each accession (100 clones) Trinidad for fingerprinting in
Nov 2020. The processing of
these at CRC is currently
delayed due to Covid issues.
Annually review and update the Operational Manual | Review Underway and will be complete
in place governing the operation of ICQC,R complete by the end of April 2021

Expansion of suite of PCR primers for molecular New primers | In progress
screening to include primers based on sequences for | in use
the Trinidad viruses
ICQC,R: Improvements to the ICQC,R website to 50/50 clones | In progress
further assist users prioritise material for acquisition | annotated
on ICQC,R
website
ICQC,R: Revised edition of the Technical Guidelines Complete by | On schedule. A range of experts
for the Safe Movement of Cacao Germplasm. the end of have been contacted to review

September

relevant sections.
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Appendix II: Entomology Report —April 2021

My inspection was conducted on 8 April 2021 with the assistance of Stella Poole. A week earlier Stella
had sent me a summary of the pest problems she had dealt with since my last inspection on 27
February 2020 (her report is appended). Despite the poor growing conditions during winter the
majority of plants appeared healthy notwithstanding marginal necroses on some of the oldest leaves.
Stella and Heidi have excelled in keeping the facility healthy for such a long period despite the
additional stresses brought on by the Covid pandemic.

There have been no outbreaks of aphids in the intervening 14-month period suggesting that the
control measures applied at that time effectively eradicated all survivors from previous treatments. |
also noted that gravel has been spread outside in order to close off gaps along the edges of the tunnels
preventing aphids from entering via that route. There were no aphids or remnants of them on the
yellow sticky traps in any of the tunnels indicating that winged aphids are unlikely to have flown in.
The blue sticky traps hanging in the tunnels were also free of pest species, the catches consisting of
mycetophilid midges only. Stella mentioned that the sticky traps had not needed replacement since
my last inspection. The glue on them remains effective so the traps will only need replacing when time
permits.

Two spotted spider mite remains the most persistent pest problem in the facility as ‘flare-ups’ occur
with remarkable rapidity in such a warm environment. Trials with biocontrols backed up by a bio-
friendly pesticide have had mixed results. Inoculations with the predatory phytoseiid mites Amblyseius
andersoni and A. californicus have provided acceptable control of spider mites on bench grown
seedlings and on plants isolated from touching one another but are proving much less effective on
dense foliaged mature trees. These plants were flushing new leaves at the time of my visit, and were
devoid of spider mites, but there was evidence that spider mites had induced partial defoliation of
older leaves on several plants; AMAZ 5/2 (RUQ 93) was particularly badly affected. The non-poisonous
pesticide Eradicoat, a starch which kills arthropods by suffocation, is being used as a supplement to
predator release, but because it kills by contact only it has to be applied at frequent intervals. In a
confined environment black fungal moulds can develop in the starch deposits left on leaves, which
can itself then cause defoliation. Eradicoat is proving most effective as a supplement to predators on
seedlings and isolated plants, but mature trees present challenging targets for this type of pesticide
as it is all but impossible to achieve adequate coverage of any spider-mite infested leaves high in the
canopy; detecting incipient outbreaks from ground level is also difficult. The predatory mites are less
impacted by Eradicoat than the pest as any that emerge from the release sachets after the spray has
been applied are safe. A fog of Dynamec plus a follow-up fog a week later has been used when
necessary to protect these mature trees from severe spider mite damage. However, as reported
previously, Dynamec is now much less effective than hitherto having been used repeatedly for at least
13 years. Floramite, a bifenazate acaricide approved in UK for use on strawberries, has proved
effective both as a spray and as a fog after tests on a few problem plants, but there is uncertainty
about how frequently the pesticide may be applied. On strawberry, the label states a maximum of
twice per season. | am currently investigating whether there are perhaps existing approvals for other
crops with less restrictive intervals between applications. Several other potential alternative acaricides
may be worth consideration. | mentioned spirodiclofen as a possibility in my last report, other
possibilities include etoxazole (marketed as ‘Borneo’ in UK), which is a contact ovicide and larvicide
with reported residual activity of 45-60 days and with approval for use on fruit and vegetable crops,
and fenpyroximate (marketed as ‘(E)-fenpyroximate’ in UK) which kills motile stages and which also
has approval for use on fruit and vegetables. The restricted frequency of application of these
compounds stems from a belated official attempt to reduce the possibility that mites will develop
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resistance to the products and so preserve their longevity, but that restriction should not prevent the
use of products with different modes of action applied sequentially.

Cockroaches were first recorded as a problem of mature trees in 2020. Stella reports that my
recommendation to use Decis impregnated paper tissue where the insects aggregate has reduced
their incidence considerably. The use of predators for controlling spider mites has possibly caused and
at least exacerbated the cockroach problem. The spider mite predators are marketed in sachets
containing rolled cereals as a food source. The predators emerge over several days from sachets
suspended from leaf petioles. During the night cockroaches frequently chew their way into the sachets
in order to eat the rolled grains. Stella has been exploiting this behaviour by injecting Decis in to
expired sachets from which all predators have emerged and re-hanging them as bait. This tactic is also
helping to reduce cockroach populations. In addition, other poisonous baits are being tested as
outlined in Stella’s report. As a further control measure, paper towels soaked in Decis and loosely
packed in plant pots are distributed throughout the tunnels to provide overnight roosts. The contents
are disposed of weekly. The combination of these measures is reducing cockroach incidence but has
not fully eliminated the problem. However, as current biocontrol measures against spider mite are
unreliable on the mature trees which are susceptible to cockroach damage, a return to chemical
control of spider mite combined with an absence of food sachets should further reduce the problem.

Colin Campbell 12 April 2021

Pest Issues, Cocoa Quarantine tunnels, March 2020 - March 2021

Aphid — no sightings at all over the last year. Tunnel 1 used to always have a presence to some degree,
mainly in the Winter but not during Winter 2020/21. Possibly this is a result of sealing up the length
of the west side of the tunnel with 12”’s of gravel.

Spider Mite -this remains a constant issue though there have been a few developments since the last
ICQC,R meeting

Bio control (Amblyseius andersoni & Amblyseius californicus, via hanging packets) has been used
exclusively as spider mite control in tunnels 1 (benches only), 4 & 5 over the last 14 months. This has
led to an almost complete eradication of the issue there. There is still a minor issue on tunnel 1
benches on older clones but it now feels much more in control.

In tunnels 1, 2 & 3 outbreaks have constantly occurred but mainly on known clones that historically
have spider mite issues, the worst culprits being — RIM 189, LZ 8, PLAYA ALTA 2, SPEC 54/1, NA 710,
NA 702, CRUZ 7/14, AMAZ5/2.

In the worst cases we use a ‘Dynamec’ fog (plus a follow up fog a week later) though we have mainly
been using ‘Eradicoat’ for minor outbreaks & this has generally worked well. In some cases, multiple
sprays are needed which can lead to a build-up of black mould spores on the leaves and minor de-
foliation.

We have also recently started to trial a Bifenazate acaricide, ‘Floramite’ which is mainly recommended
for use on two spotted spider mite in strawberries. Initial findings are very positive — | trialled it on a
couple of troublesome small plants in tunnel 1 with good results, followed by a fog on LZ 8, again, very
good results. Importantly, it seems to have no negative effect on the health of the tree in question. It
should be noted that it can only be used twice within a growing season.

12
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Cockroaches — ‘Decis’ traps (soaked onto paper towels) are still being set, which has led to a total
reduction in some areas. I've also set manual traps (a series of pots with a tempting substance like
cocoa pod pulp inside) which are emptied directly into bins for disposal. Recently I've been laying a
bait mixture of equal parts flour/icing sugar/boric acid which they have been consuming & hopefully
taking back to the nest.

Additional Information — following your recommendations regarding an alternative to ‘ Intercept’ we
have found a flonicamid systemic insecticide (‘Mainman’) but have yet to trial it within the tunnels via
the mixing/dosing tank. This will take place in April 2021.

Stella Poole

April 2021
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APPENDIX Ill: Virology Report

The cocoa plants at Hall Farm ICQC,R were inspected by Andy Wetten with assistance from Stella Poole
on 8™ April 2021. The health of the plants in general was good given their gradual recovery from low-
light conditions at this time of year, with flowers apparent and flushing of new foliage occurring in all
5 tunnels.

There were signs of leaf margin chlorosis and necrosis on older foliage (e.g. GEBP 123/A-M [RUQ
1648], Tunnel 2 — left hand image below) that has been apparent previously in March/April, but the
majority of these plants were also exhibiting new flush leaves coming through. Some limited evidence
was also present of inter-vein chlorosis (e.g. SIAL 339 [RUQ 48] and CL 19/10 [RUQ 905-B] — centre and
right below) but this was predominantly on plants that are positioned by the cooler, outer wall of
Tunnel 1.

Stems and foliage were assessed for viral symptoms and, as with the last 2020 inspection, no leaf
chlorosis, red vein banding, flecking (on new flush leaves) or stem swellings characteristic of cacao
badnavirus infection was apparent on any of the plants.

As part of the on-going collaborative assessment of a possible integration of fragments of badnavirus-
like sequences in cacao genomes all clones that had previously exhibited PCR evidence of such events
were examined particularly closely with representative foliage being photographed: none of these
clones exhibited viral symptoms.

Andy Wetten

April 2021
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| International Cocoa Germplasm Database

International Cocoa School of Agriculture, Policy
Germplasm Database and Development
University of Reading
RG6 6AS

phone +44 (0)118 378 5530
email icgd@eading.ac.uk
web www.icgd.reading.ac.uk

Interim Report on the ICGD Project May 2021

Dr C.J. Turnbull

The International Cocoa Germplasm Database (ICGD) is the primary source of information on the
characteristics, origin and location of cocoa genetic resources worldwide. The database aims to
support the continuing breeding efforts required to maintain sustainable cocoa production in the face
of increasing pressures from pests and diseases, current low yields, and the uncertainties posed by
global climate change, whilst addressing the increasing need for environmental and social
responsibility. The ICGD is made available free of charge via the website "'www.icgd.reading.ac.uk’ and
has continued to be an important resource for the cocoa research community since it was launched
in 1989.

1. Update on ICGD Achievements

Data Input

Data acquisition remains the priority of the ICGD and information has continued to be uploaded, with
the remaining project period focussing on requesting and inputting data.

Data Summary

e 17,544 clones with 13,211 additional synonyms.

e 41,656 datapoints for 11,639 clones.

e 448,891 genetic fingerprints for 2771 clones?.

e 17,892 known locations for 10,886 clones (not including ICQC,R)>.
e 2062 images for 868 clones.

e 224 recommended clones for 18 countries

Over the last few months, a large amount of data has been collected and entered into Excel
spreadsheets with the help of Dr Michelle End, including two short secondments from CRA Ltd., the
costs of which were funded from the ICGD project. Information has been gathered from over 100
sources, including new clone catalogues, accession lists and reports from collecting expeditions.

' These figures currently exclude the Mars-Wrigley profiles for their private collections while a protocol
for dealing with mislabelled materialis discussed as part of the verification work.

2Data on accessions held in the International Cocoa Quarantine Centre, Reading (ICQC,R) are accessed
directly from the project database.





Information has also been collected from PhD theses and the online libraries of research institutes.
Some of this data is already available online, with more in the process of being uploaded to ICGD.

These collations have included the introduction of new fields (e.g. yield efficiency, yield as fresh bean
weight per tree), with others to be added as the spreadsheets are imported. This requires updates to
the search and display routines.

Genomic data

A new addition to ICGD are links to genomic data sets to facilitate access to this type of information
for the growing number of ICGD users who are using advanced genomics technologies to contribute
to cocoa breeding programmes. Genome information can aid the discovery of new genes and allows
the development of molecular markers for a broad range of traits. These markers can then be used by
breeders to select promising material, by screening the DNA from the large number of seedlings
generated in breeding programmes, at an early stage in the process. This initial selection step at the
seedling stage can vastly reduce the number of plants that are evaluated in field trials, which is
especially useful in crops such as cocoa that take many years to mature and evaluate fully (potentially
saving time, space requirements and reducing research costs).
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An example of the new addition of genomic data sources to search options in ICGD

Background information (e.g. type of study) and clones used are being added to ICGD with links to the
repositories hosting the original data, providing a single point of access to find data hosted on a variety
of different sites in different formats. It also allows clones linked to genomic studies to be incorporated
into trait-based searches, such as resistance to a particular disease, or used to identify collections that
hold that material.

Updated coordinates

The GPS coordinates for the material collected by CIRAD from French Guiana in 1987 and 1990 have
been added/updated from the notes supplied by Philippe Lachenaud (CIRAD, recently retired).





Search Output

The information generated by a search (including complex searches) can now be viewed and exported
to Excel.

Group Name Search

In addition to searching for individual clone names, group names can be entered (e.g. SCA, AMAZ,
CCN, etc.) to list all clones in the group (with or without synonyms). Background information about
the origin of the group name can be viewed and the clone list generated can be submitted to further
searches (e.g. locations holding the clones).

Name codes in Data

Every name is given a name code to help distinguish synonyms and homonyms, as well as to deal with
small formatting differences in names. Previously, when data was added to ICGD, the code for the
‘accepted name’ was used to identify the clone. As more accessions have been added, particularly
from accession lists, it has sometimes been difficult to distinguish synonyms and accepted names. The
new system keeps the original name code linked to the data, and data is grouped by codes linking
synonyms with accepted names. If our understanding of a name changes (e.g. a name previously
considered a synonym is determined to be a separate clone), this only needs updating in one table
and all data will linked with that newly-accepted name will group separately from the original accepted
name.

Additional Help

Dr Michelle End provided some additional help finding and collating new data for ICGD. This included
two short secondments from CRA where Dr End was employed by the University of Reading on a short-
term/part-time contract. Dr End was given a University of Reading email address to help contact
researchers and breeders from institutes around the world. The data was collated into Excel sheets
ready for uploading to the ICGD.

Dr lhsan Ullah also received support from existing funds within the ICGD project to help assess how
the ICGD could be developed to provide support to cocoa breeders seeking to benefit from the
increasing availability of genomic information on the crop. His initial work has focussed on the
identification of the initial set of genomic data to be entered into the database. This is a very important
new area of development for ICGD and provision for some additional support from Dr Ullah has been
included in the next project proposal (from 1%t August 2021) to develop this area further.

ICQC,R and ICGD Project Impact

A new section has been added to the ICQC,R pages of the ICGD website that highlights the impact of
the project, with a list of papers and presentations that mention the utilisation of material provided
via the ICQC,R. There are also two case studies from the Central Plantation Crops Research Institute
(CPCRI) in India and the Agricultural Research Institute for Development (IRAD) in Cameroon.

A list of 230 references citing ICGD was also generated from the INCOCOA library and Google Scholar
and will be included as a separate document and posted on the ICGD website.
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Papers and presentations that mention the utilisation of material provided via the ICQC,R

Australia Malaysia

Diczbalis, Y., Lemin, C,, Richards, M. and Wicks, C. (2010). Producing Cocoa in Northern Nuraziawati, M.Y. (2008). The Collection of International Clones 2005 — 2007 at MCB Hilir
Australia. (RIRDC Publication No. 09/092). http:/www.rirdc.gov.au. Perak. Malaysia Cocoa Vol. 5 (No. 1), 24-26. Malaysian Cocoa Board, Kota Kinabalu
Belgium Nuraziawati, M. Y., Azmi, C. A., Shari Fuddin, . and Zailaini M. J. (2014). The tolerance

level of cacao clones against Vascular Streak Dieback Disease. In: Proceedings of the
Malaysian International Cocoa Conference (MICC 2013), Kuala Lumpur, Malaysia, 7-8th
October 2013. Malaysian Cocoa Board. pp. 48 - 50.

Wever, )., Everaert H., Coppieters, F., Rottiers, H., Dewettinck, K., Lefever, S. and Messens,
K.{2019). The development of a novel SNP genotyping assay to differentiate cacao
clones. Nature Scientific Reports, 9:3512. https:#doi.org/10.1038/541598-019-45884
8 Nuraziawati, M. Y., Azmi, C. A, Shari Fuddin, 5. and Zailaini M. J. (2013). Evaluation on
Brail cacao clones tolerance against vascular streak dieback disease. 6-8th June 2013,
Machado, R.C.R., Monteverde-Penso, E.]., Pires, J.L., Motamayor, J.C. and Aitken, W.A.
(2007). Characterisation and selection of cacao clones planted at high density at
Almirante, Bahia, Brazil. In: Proceedings of the 15th International Cocoa Research
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National Biotechnology Seminar. Penang, Malaysia.

Nuraziawati, M.Y., Khairul Bariah, 5., Lea, J. and Alias, A.D. (2015). Assessment of genetic
variation in cacao clones collection of MCB Hilir Perak using simple sequence repeat
(SSR) markers. 12-13th August 2015, Malaysian Genetic Congress ke-11. University

The new ‘Project Impact’ section on the ICQC,R web pages

2. Additional Work Within the Project

Mabang Megakarya Selection Programme (MMSP)

As part of the continuing support and as a result of existing equipment getting old, some time will be
spent introducing Android devices to MMSP. Equipment may be available locally in Ghana (rugged
mobile phones) or exported from the UK and programming will be required to incorporate these new
devices, though initial set-up is simple to implement remotely and much of the development will likely
take place during the initial phase of the proposed next ICGD project.

3. Revision of the Workplan and Request to Extend the
End Date

The ICGD project was due to finish at the end of May 2021. However, as a result further successful
funding applications, Dr Turnbull has continued to be involved with several other projects, including
the National Fruit Collection (NFC) project, work funded by Mondelez, and the GCRF project in Ghana.
In addition, a small amount of unspent funds remain in the project as a result of unspent travel budget
(as a result of the pandemic).

In total, this covers an additional 2 months of work, which would bring the end date of the project to
31°' July 2021. CRA have very recently agreed a further two month no-cost extension to that date.





4. Proposed Activities

ICGD Data Input

The project will focus on continuing to enter the data collected over the last few months in Excel,
which includes information published in journals and institute reports (including websites), as well as
data submitted following requests made directly to individuals and institutions.

SNP Profiles and Verification Status Information

The Reference Genotype Working Group is due to meet 7" June 2021 and will update the accepted
SNP markers to include additional sets used by CRC. Reference accessions from ICG,T expected to
become available.

Project Proposal for continued support to ICGD

A proposal for the next phase of the project is now in the final stages of preparation for review by
CRA.
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