
 

 

  

 

 

 

Annual Report 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cocoa Research Unit 

The University of the West Indies 
St. Augustine, Trinidad and Tobago 

2009 

 



 

 

  

 

 

 

Annual Report 2008. St. Augustine, Trinidad and Tobago: Cocoa Research Unit, the 

University of the West Indies. 85 pp. 

 

The work of CRU is made possible by support from 

 

 

 

 

 

 

Cocoa Research Unit 

The University of the West Indies 

St. Augustine, Trinidad and Tobago 

 

Tel: +1 868 662 8788 

 +1 868 662 2002 Ext. 2115 

Fax: +1 868 662 8788  

E-mail: cru@sta.uw.edu 

 

              

 

 

 

 

 

 
 

 

 

 

 

 

Cocoa Research 

Association, UK 
 

Ministerie van 

Landouw, Natuur en 

Voedselkwaliteit, 

Holland 

 
United Nations Common 

Fund for Commodities  

 

Lindt & Sprüngli 

(International) AG, 

Switzerland 

Guittard Chocolate 

Company, 

Burlingame, USA 

Cadbury Ltd., UK 

 

Masterfoods, UK 

 

Ministry of Agriculture, 

Land and Marine 

Resources, Government 

of the Republic of 

Trinidad and Tobago 

 
World Cocoa 

Foundation, USA 

 

The University of the 

West Indies, Trinidad and 

Tobago 

 

The University of 

Reading, UK 

 

International Cocoa 

Germplasm Database  

 

The University of 

Hamburg, Germany 

 

Valrhona, France 

 

Bioversity 

International 

 

 

 

Towson University, 

Maryland, USA 

 

Queensland Department 

of Primary Industries & 

Forestry, Australia 

 

 

 



 

 

  

 

 

 

 
 

Contents 
 

 

Introduction ............................................................................................................................ 1 

The Cocoa Research Unit – an overview ............................................................................... 7 

 

Conservation 

 

Safeguarding the International Cocoa Genebank, Trinidad ................................................. 16 

Accession and Plot Heterogeneity at the ICG,T .................................................................. 24 

 

Characterisation 

 

Examining phenotypic relationships among Trinitario cacao clones held in the   

International Cocoa Genebank, Trinidad ............................................................................. 30 

Progress in resolving identity issues among the Nanay accessions held in Trinidad: the 

contribution of the collaborative USDA/CRU DNA Fingerprinting Project....................... 37 

Progress with the Cacao Clones Manual project ................................................................. 46 

 

Evaluation 

 

Evaluation of cocoa germplasm for resistance to Witches‟ Broom disease ........................ 52 

Physical and organoleptic quality attributes of selected Imperial College Selections - first 

impressions .......................................................................................................................... 57 

 

Utilisation 

 

An investigation of the microfloral succession during cacao (Theobroma cacao L.) 

fermentation ......................................................................................................................... 66 

An update on the germplasm enhancement for Witches‟ Broom disease programme ........ 75 

 

Cocoa Research Advisory Committee ................................................................................. 78 

Cocoa Research Unit staff 2008 .......................................................................................... 79 

Publications and presentations ............................................................................................. 81 

Visitors to CRU in 2008 ...................................................................................................... 84 

Acronyms and abbreviations................................................................................................ 85 



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 1 

Introduction 

Introduction 
 

Research on cacao at the Cocoa Research Unit (CRU) continues to be centred on the valuable 

germplasm resources in the International Cocoa Genebank, Trinidad (ICG,T). As in recent years, 

our activities are summarised in the Overview (next section) and have been grouped under the 

headings of conservation, characterisation, evaluation and utilisation. However, there is 

considerable overlap and interdependence among these categories so that, for example, 

characterisation and evaluation depend on conservation and utilisation depends on effective 

evaluation. All the current activities in CRU have been mentioned in the Overview, but all our 

work is not reported in detail every year. Detailed reports are presented from areas where there 

have been significant findings or progress, so an individual activity may only be reported once 

every few years.  

Details of the Cocoa Research Advisory Committee, staff, publications and visitors and a 

complete list of acronyms are given at the end of the report. In the text, acronyms will also be 

defined, normally only at their first mention. 

CRU is a research centre in the Faculty of Science and Agriculture of the University of the 

West Indies (UWI). Core activities in CRU are made possible by financial support from the 

Government of the Republic of Trinidad and Tobago (GORTT) and the Cocoa Research 

Association Ltd., UK (CRA). Sources of additional support for special projects and collaboration 

from other organisations are listed on the inside front cover of this report.  

  

Projects 

The CFC/ICCO/Bioversity
1
 project entitled Cocoa productivity and quality improvement: a 

participatory approach started in June 2004 and is referred to in this report as the 

“CFC/ICCO/Bioversity Cocoa Productivity Project”.  Good progress continues to be made in 

two major components of this project (germplasm enhancement for Black Pod resistance and 

Witches‟ Broom resistance). The Black Pod resistance component that was being executed by 

the late David Iwaro, is demonstrating a significant increase in the proportion of resistant 

individuals in the enhanced population. Many of the most promising individuals have been 

transferred to the International Cocoa Quarantine Centre, Reading (ICQC,R), UK. Second-round 

crosses have been made to further accumulate resistance genes for Black Pod and selections from 

these progeny will be planted in the field in 2009. The programme of germplasm enhancement 

for Witches' Broom disease is also progressing well, and selections made from crosses in year 

two and three are currently being screened for resistance to Black Pod disease.  

The second phase of the project to Evaluate cocoa germplasm for resistance to Witches’ 

Broom disease is continuing with support from the World Cocoa Foundation (WCF). We are 

making good progress in compiling a comprehensive list of diverse accessions with confirmed 

resistance to Witches' Broom disease. These are being transferred to the ICQC,R for further 

distribution to end users. 

CRU is continuing to participate in the project To develop a DNA
2
 fingerprinting database 

                                                 
1
 United Nations Common Fund for Commodities/International Cocoa Organisation/Bioversity International  

2
 Deoxyribonucleic acid 
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for all major cacao collections in the Americas with the United States Department of Agriculture 

(USDA), through an agreement between USDA and CRU with inputs from CIRAD
1
. Since the 

start of the project in 2001, DNA samples from all the accessions held in the ICG,T have been 

sent to the USDA molecular biology laboratory in Beltsville, USA, and results for the Nanay 

accession group are discussed in this report.  

The project entitled DNA markers for cacao traits is continuing with funding from the 

GORTT Research Development Fund. This work is being undertaken by Lambert Motilal, who 

was hosted by the USDA Molecular Biology Laboratory in Beltsville for much of the year. This 

is part of a larger collaborative project between CRU and USDA; Molecular characterisation of 

the cocoa germplasm in the International Cocoa Genebank, Trinidad (ICG,T). The objective is 

to carry out association mapping to relate genes to specific traits in cacao. 

The project entitled Safeguarding the International Cocoa Genebank, Trinidad: a global 

resource for the cocoa industry is supported jointly by the Support Scheme for Sustainable 

Development of the Cocoa and Chocolate Sector (administered by the Dutch Ministry of 

Agriculture, Nature and Food Quality (LNV)) and the CRA, UK. In this report, it will be referred 

to as the "Dutch LNV Project to Safeguard the ICG,T". The main aim is to upgrade the irrigation 

facilities in the University Cocoa Research Station (UCRS), improve security of the site and re-

propagate material at risk of genetic erosion. A large number of rooted cuttings have been 

propagated both by CRU (on Campus) and by the Agricultural Services Division of the Ministry 

of Agriculture, Land and Marine Resources (MALMR), Centeno, and over 200 genotypes were 

planted in the field this year.  

A project To assess the quality attributes of the Imperial College Selections was approved by 

the Dutch LNV in June 2006 for funding by the Support Scheme for Sustainable Development of 

the Cocoa and Chocolate Sector. Pods harvested from a working group of 30 ICS genotypes in 

the first two cropping seasons were used to make cocoa liquors, which have  been assessed for 

flavour and are being analysed for flavour related chemical compounds. The third year harvest 

and on-farm processing is on-going. The project has attracted co-financing support and 

collaboration from several manufacturers of premium chocolate. 

The project entitled Development of a neutraceutical and flavour profiling system of cocoa 

beans in Trinidad and Tobago funded by the GORTT Research Development Fund, is a joint 

project between CRU and the Department of Chemistry, UWI. The purpose is to acquire in-

house expertise to perform analyses of flavour chemistry in cocoa, and involves the training of 

two post-graduate students. 

A collaborative project between CRU and MALMR, Improvement of resistance to Black Pod 

disease in Trinidad Selected Hybrids (TSH), was approved by the GORTT to begin in 2007. The 

start of the project was delayed due to the illness and passing of David Iwaro, however David 

wrote a detailed workplan while in hospital, and pollinations for the breeding design began in 

2008.  

A collaborative project between CRU and Towson University (TU) entitled Assessment of 

the effect of the micro-floral succession during post-harvest cocoa fermentation on flavour was 

undertaken in 2008. Classical microbiological techniques were used in UWI to study microflora 

succession and, in addition, the micro-organisms have been analysed by molecular methods in 

                                                 
1
 Centre de Coopération Internationale en Recherche Agronomique pour le Développement, France 
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Towson. The programme involved an exchange of Masters students; Ashley Kurzweil visited 

CRU in January and Naailah Ali visited TU in July. The final results are pending. 

A collaborative project between CRU and Towson University entitled Detection of 

misidentified plants in Theobroma cacao germplasm collections in Trinidad. DNA samples 

extracted from leaves of replicated trees of Imperial College Selections are being analysed as 

part of the Dutch LNV project “To assess the quality attributes of the Imperial College 

Selections”. The objective is to verify the identity of all trees from which pods are being 

harvested. Sarah Bharath was hosted by TU for five weeks in August-September 2008, when she 

learnt the methodology for DNA analysis with SSRs. 

 

Staff news 

David Butler (Head of CRU) resigned with effect from 31 July 2008 to take early retirement and 

to assist his son set up an enterprise in Brazil. Subsequent to him submitting his resignation in 

January, there was some delay in the search process to find a new Head, and David Butler agreed 

to return to Trinidad to take up a 5-month contract as Head from 1 September. During August 

2008, Frances Bekele and Darin Sukha were jointly responsible for overseeing the activities of 

CRU. 

Peninna Deberdt (CIRAD Visiting Scientist) resigned on 31 March 2008 to take up a new 

position in Guadeloupe. She had been working on pre-breeding and methodologies for assessing 

resistance to Witches' Broom disease in cacao as part of the CFC/ICCO/Bioversity Cocoa 

Productivity Project. 

Surendra Surujdeo-Maharaj (Technical Assistant) left at the end of his contract on 31 March 

2008 to take up a post-doc position in CIRAD, France. He had been working on the WCF project 

"Evaluation of cocoa germplasm for resistance to Witches' Broom disease". 

Darin Sukha (Junior Research Fellow until 31 July 2008) spent the period 7 April to 29 May 

2008 at CIRAD Persyst UMR Qualisud (Unit of Mixed Research) on study leave to carry out 

near infrared reflectance spectroscopy and high performance liquid chromatography analyses for 

levels of purine compounds (theobromine and caffeine) on fermented and dried cocoa bean 

samples generated from the project “To assess the quality attributes of the Imperial College 

Selections”. Whilst at CIRAD, he worked with senior researchers in areas of cocoa spectroscopy 

(Fabrice Davrieux), chemistry (Emile Cros and Renaud Boulanger) and organoleptic analyses 

(Sophie Assemat).  Whilst in Europe he also visited the Cocoa Research Group at the Biocentre 

Klein Flottbek, University of Hamburg, Germany and Fassbender & Rausch in Berlin and Peine, 

Germany.   

Valmiki Singh (Technical Assistant) was appointed on 4 August 2008 to work on the Dutch 

LNV Project to Safeguard the ICG,T. He is carrying out propagation work, assisting with 

grafting, establishing rooted cuttings and arranging field planting of young plants. 

Carelene Lakhan (Technical Assistant) left on 31 August 2008 at the end of her contract to 

take up a scholarship for a higher degree. She had been working on a GORTT Research and 

Development Fund project “DNA markers for cacao traits”, recording morphological traits of 

designated cacao populations in UCRS. 

Naailah Ali (part-time Technical Assistant) resigned on 30 September 2008 to take up a post 

in the food industry. She had been working on the Dutch LNV Project “To assess the quality 
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attributes of the Imperial College Selections”, preparing cocoa liquors and organising sensory 

evaluation of the samples. 

Claudia Lyons (Secretary) retired on 20 October 2008 after 33 years of service to the Cocoa 

Research Unit.  Claudia served as Secretary for seven successive Heads of Unit and played a 

vital role in the evolution of CRU during her tenure.  CRU hosted a retirement function on 12 

December 2008 at the Ortinola Estate Great House for Claudia in recognition of her invaluable 

contribution to CRU and we wish to thank her for many years of dedicated service and extend 

our best wishes to her for a happy and relaxing retirement.  

 

 Visitors 

Ashley Kurzweil from Towson University visited CRU from 13 to 23 January 2008. She assisted 

with cacao fermentation experiments and collected samples from the fermentation mass for 

molecular analysis of microflora succession during the process. 

Jean-Marc Thévenin visited CRU from 7 to 16 February 2008. He participated in the 

CIRAD-CRU Technical Committee meeting and agreed to take on the responsibility to supervise 

work on pre-breeding for Witches' Broom and Black Pod diseases until the vacant positions for 

Plant Pathologists in CRU are filled. Jean-Marc will continue to be based in Montpellier, France 

and will maintain contact with support staff in CRU by email as well as making regular visits to 

CRU at critical times to assess progress with the research. 

Daniel Kadow visited CRU from 10 February to 9 March 2008. Daniel was a post-graduate 

student from the University of Hamburg and came to CRU to undertake controlled fermentation 

experiments (incubations) in cacao. 

Catherine Marshall and Zainab Ali were hosted as placement students in CRU from 26 May 

to 31 July 2008. Ms. Marshall assisted with fermentation and drying activities and leaf sample 

preparation in the Dutch LNV project “To assess the quality attributes of the Imperial College 

Selections”. Ms. Ali mainly assisted with work on conservation and testing of pollen viability, 

but also gained exposure to DNA extraction techniques, micro-grafting and the leaf test to screen 

for resistance to Black Pod disease. 

Frazer Higgins was a placement student from the University of Bath, UK from September 

2007 until July 2008, supported by Cocoa Research UK. He undertook two main projects; one on 

compatibility studies of selected clones, and the other on variations in wet to dry weight 

conversions for cocoa beans. He also assisted with propagation activities in the Dutch LNV 

project to Safeguard the ICG,T. 

Nicholas Cryer visited CRU from 28 November to 1 December 2008 from Reading 

University, UK. He collected leaf samples from the International Clone Trial of the 

CFC/ICCO/Bioversity Cocoa Productivity Project for research on epigenetic modification of 

genomic DNA in response to environmental factors such as temperature. 

Tony Lass (chairman of CRA) visited CRU on 4 December 2008. He met with staff and 

visited the ICG,T to discuss preparations for the field trip of the Roundtable for a Sustainable 

Cocoa Economy meeting in March 2009. 

 

International Cocoa Genebank, Trinidad 

On Saturday 23 August 2008, a tropical storm associated with a tropical wave that later became 
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Hurricane Gustav affected Trinidad and Tobago.  The ICG,T at UCRS, Centeno suffered damage 

due to localised high winds and torrential rainfall.  Numerous shade trees and wind breaks fell 

throughout the cocoa fields in the ICG,T and in the aftermath, roads within the UCRS were 

temporarily inaccessible.  

Work started immediately to clear access roads with help from MALMR, and field workers 

were recalled from vacation leave. Only after a detailed assessment was the extent of the damage 

realised; there were 133 fallen shade trees, 242 cocoa trees were directly hit, 13 cocoa trees were 

uprooted and 148 small grafted trees were destroyed in Nursery 8. However, when considered in 

context, there are over 10,000 cocoa trees in UCRS and less than 3% of the individual trees were 

seriously affected. Furthermore, since most plots contain replicated trees, only one clone was 

completely lost in Fields 5B, 6A and 6B and virtually all the damaged cocoa trees are expected 

to grow back.  

The dramatic reduction in overhead shade in the fields was a concern, especially if the 2009 

dry season were to be severe. To reduce the risk of losing trees in exposed plots with only one or 

two live trees, these have been drastically pruned where necessary to reduce their overall size, 

and temporary shade (bananas) were planted to protect the cacao trees. 

It is with gratitude and great appreciation to all staff and field workers that we have now fully 

recovered from this freak weather event. 

 

Meetings and events  

David Butler participated as a member the ICCO Ad Hoc panel on fine of flavour cocoa 

in London, UK on 18 January 2008. 

Darin Sukha made an oral presentation at the Tobago Cocoa Conference in Bon Accord, 

Tobago on 22 January 2008 on “Cocoa quality – concepts and practices to maximise revenue”.  

Surendra Surujdeo-Maharaj successfully defended his Ph.D. thesis “Studies on the genetics 

of resistance in Theobroma cacao L. to Witches‟ Broom disease caused by Crinipellis 

perniciosa” in January 2008 and graduated with high commendation in November 2008.  

David Butler participated in an "Expert consultation meeting on the establishment and 

composition of the Global Strategic Cacao Collection" in Reading, UK from 10-13 March 2008. 

This was a meeting of the CacaoNet Conservation Strategy Technical Working Group.  

Darin Sukha successfully defended his Ph.D. thesis “The influence of processing location, 

growing environment and the effect of pollen donor on the flavour attributes cacao (Theobroma 

cacao L.) varieties” in March 2008 and graduated in November 2008. 

CRU mounted a booth at the “AgriTech Expo 2008: experience new agriculture”, held at the 

University Field Station from 16-20 April. The exhibition was organised to mark the 60
th

 

Anniversary of UWI. 

Naailah Ali successfully completed her M.Sc. in Food Science and Technology and 

graduated with distinction in November 2008. Her dissertation was on "Assessment of the effect 

of the micro-floral succession during post-harvest cocoa fermentation on flavour". 

Frances Bekele and Lambert Motilal made oral presentations and Darin Sukha presented 

posters at the International Congress on "Overcoming Challenges to Developing Sustainable 

Agri-Food Systems in the Tropics". The congress (also to mark the 60
th

 Anniversary of UWI) 

was held in Port of Spain, Trinidad from 30 November - 5 December 2008. 
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A tribute to David Butler

David Butler assumed the role of Head of Unit in September, 1997 and resigned with effect from 

31
 
July 2008. Through his leadership, the Cocoa Research Unit has continued to make significant 

contributions in cacao conservation and research towards one day realising a sustainable cocoa 

economy.  This achievement was recognised by the WCF, who presented him with an award for 

his contribution to cacao research in 2003. 

During his tenure, CRU has participated in some major international cocoa research projects 

and initiatives including three CFC-funded projects, projects supported by the Support Scheme 

for Sustainable Development of the Cocoa and Chocolate Sector as well as the establishment of 

CacaoNet, to mention a few.  All these projects and initiatives have made significant progress to 

promote and secure cacao diversity.   David Butler is admired and respected for his approachable 

nature, patience, diplomacy, clear thinking and quiet tenacity in the changing world of cocoa 

research.  He has also developed and strengthened the research capability at CRU and made the 

Unit one of the most collaborative of the cocoa research centres.  The excellence in scientific 

research and good reputation of CRU has continued and been enhanced under his leadership over 

the last 12 years.   

It is therefore appropriate to take this opportunity to formally thank him not only for the 

years of service to CRU, but also for the dedication and interest he has taken in expanding both 

the conservation efforts at the ICG,T and the research capability at CRU.  We wish him Gods‟ 

blessings for a long and fulfilling retirement.  

 

 

Dr. Butler receives a farewell token from Prof. L.A. Wilson while Prof. J.A. Spence looks on 
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The Cocoa Research Unit – an overview 
 

Cocoa, obtained from cacao (Theobroma cacao L.), makes a unique contribution to the flavour 

and textural properties of chocolate that holds an almost universal appeal to people of all ages. 

The international cocoa community generally classifies cocoa beans into two broad types. The 

first is Forastero cocoa, with highly pigmented beans, used in the manufacture of cocoa butter 

and high volume chocolate lines. These beans, referred to as bulk cocoa, make up over 95% of 

the world production. The second type is Criollo cocoa, mainly grown in Central and northern 

South America, whose white or pale violet beans are used to manufacture chocolate of the 

highest quality. Trinitario is a hybrid of the two types that originated in Trinidad but is now 

grown in many locations. It provides specific flavour distinctions in fine chocolate. Criollo and 

Trinitario beans are collectively known as „fine or flavour‟ cocoa. There are, however, 

exceptions to this generalisation such as Nacional cocoa from Ecuador, which is believed to be a 

Forastero type classified as fine or flavour. Another group is Refractario, which comprises 

germplasm selected in Ecuador in the 1920s and 1930s. Selections were made of the few 

survivors among seedlings that had been infected by Witches‟ Broom disease. 

Cacao was introduced into Trinidad around 1575 and ever since that time has been an 

integral part of the history of Trinidad and Tobago. Cocoa first became a staple product of 

Trinidad at the start of the 18
th

 century and from the 1860s to the 1920s it played an essential role 

in the social and economic development of the society. In 1921 cocoa production in Trinidad and 

Tobago reached 34,000 metric tonnes per year, making the country amongst the world leaders in 

cocoa exports. Given the prominent position of Trinidad and Tobago in the international cocoa 

market at that time and the outbreak of Witches‟ Broom disease in 1928, a Cocoa Research 

Scheme was established in Trinidad to provide support for local and international cocoa 

production.  

Cocoa research began in Trinidad at the Imperial College of Tropical Agriculture (ICTA, 

now UWI) in 1930 and has continued uninterrupted since that time. CRU is responsible for 

maintenance of the ICG,T around which on-going research activities in the Unit are centred. 

Cacao germplasm has to be conserved as a living collection, since seeds do not remain viable if 

they are frozen and other methods of cryo-preservation are not yet widely available. The ICG,T 

is situated at UCRS, a 37 ha site, originally part of the La Reunion Estate at Centeno. Work to 

establish the ICG,T began in 1982 with support from the European Union, by propagating trees 

using rooted cuttings from existing collections in Trinidad. These collections had been 

established at different locations on the island using selected varieties from Trinidad and Tobago, 

from other national collections and from numerous missions to collect primary germplasm. They 

include the Imperial College Selections (ICS), which resulted from an exhaustive survey in 

Trinidad and Tobago carried out by F.J. Pound between 1930 and 1935. About 50,000 high-

yielding trees were selected and those bearing small and thick-shelled pods were eliminated. The 

100 most productive trees (ICS 1 to 100) were selected from the resulting 1,000 using exact 

criteria from detailed observations.  

A main source of original material for the ICG,T was Marper Farm at Manzanilla, east 

Trinidad, established by F.J. Pound following his expeditions to Ecuador and the upper Amazon 

between 1937 and 1942. The trees at Marper are now old and have suffered periods of neglect; 

however they still serve as an important anchor in confirming the identity of clones in the ICG,T 

and in replacing material which has proved difficult to establish. In addition, germplasm was 

available from other expeditions such as the Anglo-Colombian expedition in 1952-53 and 
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Chalmers‟ expeditions to Ecuador between 1968 and 1972. By 1994 over 2,000 accessions had 

been planted in the ICG,T and additional clones are added as they become available. The 

genebank contains one of the most diverse collections of cacao germplasm in the world and has 

been designated a Universal Collection by IPGRI
1
 (now Bioversity International).  

Since the ICG,T was established, research activities in CRU have been centred on the 

collection. The ICG,T is considered to be of major importance to the future of world cocoa 

production, but the potential of the collection cannot be fully exploited unless the accessions are 

characterised, evaluated, and made available to end users in cocoa-producing countries. 

Furthermore, information related to the germplasm must be well documented and made readily 

available in a user-friendly format.  

CRU has an interest in all aspects of cacao cultivation, including quality. Our mission is to 

provide support for the provision of varieties suited to sustainable cocoa production, both locally 

and globally, by making planting material available with improved traits for high yield potential, 

disease resistance, high fat content and with good flavour characteristics. 

Research efforts at CRU over the last 10 years have been directed towards the task of 

characterising and evaluating all the accessions in the ICG,T, selecting those with desirable traits 

and undertaking pre-breeding to produce genetically diverse populations with enhanced 

characters (such as disease resistance). Below is a summary of achievements and an outline of 

plans for future research in the medium-term time frame. 

 

Conservation 

Maintenance and propagation 

If the ICG,T is not well maintained, research progress would become limited, so a balance is 

necessary between funds directed towards the genebank maintenance and research.  

Apart from routine maintenance such as weed control, pruning, shade management, irrigation 

and security/firewatch, there is a continuous need for re-propagation of clones. When the ICG,T 

was established, 16 trees of each accession were planted in each plot, however, in the majority of 

cases, not all the trees grew and some accessions proved very difficult to establish as rooted 

cuttings. The situation now (over 20 years after establishing the first plots) is that plots contain 

anything from 1 to 16 trees, and some accessions have no survivors. Plots with less than three 

living trees are considered at risk to genetic erosion. The urgent need to conserve these clones by 

grafting their budwood onto rootstocks is being addressed, and the grafted plants are being 

established in clonal gardens. In cases where there is no survivor in UCRS, but the original tree 

in Marper Farm or elsewhere is still alive, budwood from the original tree is being grafted onto 

rootstocks. Cuttings are being taken from well established grafted plants and rooted to fill gaps in 

the ICG,T with plants on their own roots. It is important to make a concerted effort to raise plants 

from rooted cuttings if at all possible, to avoid potential confusion in the future with chupons 

from rootstocks. 

 

New introductions 

The ICG,T is considered to be a dynamic germplasm collection. We are continuously adding 

accessions from collecting expeditions (when the opportunity arises) or from other national 

                                                 
1
 International Plant Genetic Resources Institute 
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collections. The objective of these inputs is to increase the representation of genetic groups that 

are currently under-represented in the genebank, thereby creating a balanced collection with 

maximum genetic diversity. Towards this end, recent acquisitions (since 1990) are Trinitario 

populations from other islands in the Caribbean and Central America, Lower Amazon material 

from French Guiana and Venezuela, wild Criollo material from Belize, and genetically diverse 

Upper Amazon clones from the John Allen collection, Ecuador. Until 2003, new material was 

introduced through the Barbados Cocoa Quarantine Station. However, this activity has been 

suspended due to financial constraints. Material is now being introduced to Trinidad through the 

ICQC,R, UK. 

 Further acquisitions are proposed when funding permits, from Mexico (Criollo/Trinitario), 

Costa Rica (CATIE
1
) (Criollo), Guyana (Lower Amazon), French Guiana (Lower Amazon), 

Bolivia, Columbia, Ecuador and Peru (Upper Amazon) and Brazil (Lower Amazon). This would 

improve the representation of the known genetic groups of cacao in the ICG,T. 

 

Documentation 

New introductions, difficulties of establishment, and filling gaps in the ICG,T mean that field 

maps and databases need to be continuously updated. Each tree has been assigned a unique 

number to accurately record the source of samples for research and other purposes. This will 

avoid confounding issues if trees are identified as off-types subsequent to a research activity, 

since it will always be possible to return to the same tree within a plot. From 1998 to 2001, we 

completed the task of drawing up-to-date maps, and in numbering plots within fields and trees 

within plots. All this information has been organised in a database to enable notes about 

individual trees to be included, and this information is being continuously updated. 

 

Verification 

The task of establishing the ICG,T from ageing trees by use of rooted cuttings was complex and 

there was ample opportunity for mislabelling to occur. Steps in which errors may have arisen 

include: 

 Collection of budwood for cuttings during the clonal propagation of trees from Marper 

Farm prior to their planting in the ICG,T or on campus. The budded trees in Marper Farm 

were already old when the multiplication process started in the 1980s. Many of the trees 

had multiple trunks, which included rootstock as well as scion material. In addition, some 

trees have fallen and re-grown in new locations, so these are difficult to identify from the 

field maps. In other cases, seed may have germinated at the base of the original tree, in 

which case trunks of seedlings would be difficult to distinguish from the trunk of the 

original tree.  

 Mislabelling of plants in the greenhouse after clonal propagation, e.g. when rooted 

cuttings were moved from the propagation bin to harden off, or from the hardening-off 

area to another part of the greenhouse or from the greenhouse to the genebank. 

 

Some off-types have been recognised from the pod morphology, and these trees are being 

tagged to avoid their mistaken use in research. In recent years, further off-type trees have been 

identified using DNA sequencing methods, and it is now recognised that all trees being used for 

research or distribution should be verified by DNA fingerprinting to ensure their correct identity. 

                                                 
1
 Centro Agronómico Tropical de Investigación y Enseñanza 
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Initially, molecular verification was undertaken using random amplified polymorphic DNA 

(RAPD) analysis, this being the technique available in CRU when the work started in 1997. 

Results from the RAPD analysis showed that approximately 70% of the trees tested were true to 

type. However, more recently results from some RAPD analyses have been shown to be 

inconsistent, so it is possible that the 30% off-types identified by this technique is not accurate. 

Since 2001, we have adopted microsatellite analysis (otherwise known as Simple Sequence 

Repeats, SSR) for the verification work. In recent years, the majority of DNA analysis has been 

carried out using a sequencer in the USDA-ARS laboratory in Beltsville through a collaborative 

agreement between CRU and USDA. SSR analysis for DNA fingerprinting is reported to be 

reliable, with consistent results between different laboratories. 

The task of verifying every tree in the ICG,T (over 11,000 trees) is enormous, so it is 

necessary to set priorities to arrive at achievable targets in the short- and medium-term. Clones 

identified as having desirable traits (such as disease resistance, good yield potential, high 

butterfat content or beans of superior flavour) will be given a high priority for the verification of 

individual trees within plots. 

 

Characterisation 

Morphological characterisation 

A significant proportion of the accessions in the ICG,T have yet to be fully described. To address 

this problem, a concerted effort is being made to systematically document each accession using 

morphological descriptors. Work started in 1990 using a complete list of 65 morphological 

descriptors developed by the International Board for Plant Genetic Resources (now Bioversity 

International) in 1981, but initial progress was slow and this was superseded by a short list of 22 

morphological descriptors developed at CRU. The list includes detailed descriptions of leaves, 

flowers and fruit for traits that aid identification and/or affect economic yield. It remains a large 

task even with the short list of descriptors, and the work was further streamlined in 2000 by 

reducing the sample size of pods from 20 to 10 and that of flowers from 15 to 10. Full 

descriptions of 1,464 accessions and flower descriptions of 2,090 have now been completed. As 

they are recorded, the descriptors are entered in a local database and are also sent to the 

International Cocoa Germplasm Database, Reading, UK, for global distribution. 

Having reached a point where large numbers of accessions in the ICG,T have been 

characterised, analyses are possible to examine phenotypic variation among various groups of 

cacao (such as Upper Amazon Forastero, Refractario, Lower Amazon Forastero, and Trinitario). 

Furthermore, this large volume of carefully catalogued data should form the basis of new 

avenues of work. Recently developed techniques allow the possibility of gene association 

between specific traits (recorded as morphological characters) and well-identified parts of the 

cacao genome. Such information could lead to rapid advances in selection for desirable traits in 

plant breeding programmes of the future.  

 

Molecular characterisation  

From 1994 to 2001, molecular characterisation was carried out using RAPD analysis, with the 

completion of over 600 accessions. This technique provided information used to assess the 

genetic diversity within the germplasm collection. Genetic diversity studies can be used to 

identify cacao types that are over- or under-represented in the ICG,T, to assess the degree of 

homogeneity within accession groups, and the genetic distances between them. For cacao, the 
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term population is normally used to refer to accessions sharing the same collection name, but 

here the term “accession group” will be used. The geographic origin within an accession group 

can vary from a small estate to a large region. This would naturally affect its genetic diversity.  

This work took a new direction in 2001 when the CRU/USDA Fingerprinting Project was 

initiated. In this project we are generating a DNA fingerprint of each accession in the ICG,T 

(2,300 accessions), taking a sample from the most original tree of each clone. The analysis is 

done using 15 SSR primers, selected to cover most of the cacao genome (9 of the 10 

chromosomes) and to give good differentiation between clones. The results of these analyses not 

only provide a means of positively identifying each clone, but also provide data for genetic 

diversity studies. DNA has been extracted in CRU from each accession, and the samples are 

being analysed in USDA, Beltsville with an automatic sequencer. This collaborative effort will 

markedly accelerate the rate of progress in genetic diversity studies from that possible in CRU 

alone.  

Information on genetic diversity within and between accession groups will be vital to the 

selection of populations for inclusion in germplasm enhancement and breeding programmes of 

the future. 

 

Evaluation 

To assess the value of accessions in the ICG,T, traits that affect the economic yield need to be 

evaluated. Examples of these traits are disease resistance, bean size, pod index (the number of 

pods needed to produce 1 kg of dry beans), cocoa butterfat content and flavour potential.  

 

Disease resistance 

Two important diseases that affect cacao in Trinidad are Black Pod disease (BP), caused by 

Phytophthora spp., and Witches‟ Broom disease (WB), caused by Moniliophthora perniciosa 

(Aime and Phillips-Mora) (previously Crinipellis perniciosa (Stahel) Singer). 

Mass screening for resistance to BP was started in 1996 using a detached pod inoculation 

method, which distinguishes pre- and post-penetration types of resistance. Inoculations are 

carried out with P. palmivora, the more aggressive of two species of Phytophthora found in 

Trinidad (P. palmivora (Butler) Butler and P. capsici Leonian). So far, over 1,400 accessions 

have been screened at least once and the inoculation has been repeated on 967 accessions. 

Overall, about 13% of the clones tested are either resistant or moderately resistant to BP, 

although the proportion of resistant clones is greater in the Forastero group than in the Trinitario 

group.  

In addition to screening by controlled inoculation, the incidence of BP in the field has been 

observed in the ICG,T. This combination of detached pod inoculations in controlled conditions 

with field observations over a number of years will provide sound evidence on host resistance to 

BP.  

Mass screening for resistance to WB is being undertaken using a spray inoculation method. 

This work was started in 1998 using young grafted plants, replicated up to five times to allow 

inoculations of the same clone to be repeated. The inoculation method had to be adapted for use 

with grafted plants (as opposed to seedlings) and to the environmental conditions in Trinidad, so 

early progress in this project was slow. However, almost 800 accessions have now been screened 

by spray inoculation. Results from this work identify clones that are susceptible to WB, but there 

is a need to verify true resistance to WB where few or no symptoms developed after inoculation. 
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This is because escapes are common with the spray inoculation method.  

An optimised agar-droplet method is being used to confirm and quantify the WB resistance 

of promising clones from spray inoculation. These results will also be combined with field 

observations in the ICG,T over a number of years. 

 

Quality traits 

The percentage butterfat has been determined in over 400 clones from the ICG,T and further 

determinations are being made in selected clones.  

Assessment of flavour is an aspect of evaluation of particular value to cocoa farmers in 

Trinidad and Tobago, who produce „fine or flavour‟ cocoa. Sensory assessments are carried out 

using trained panellists to investigate effects of various post-harvest processes on the flavour 

attributes of selected accessions. Recent work has demonstrated the consistency of trained panels 

to give quantitative sensory assessments, and flavour profiles are being documented for a range 

of accessions. We plan to extend this effort to determine flavour profiles of clones with other 

desirable traits such as good yield potential and/or disease resistance.  

The assessment of flavour traits is an expanding area of investigation in CRU, and there is an 

increasing demand for the CRU taste panel to assess flavour of cocoa liquors from a wide range 

of cocoa producing countries.  

  

Utilisation and application 

Distribution 

Selected cacao accessions from a diverse genetic background with desirable agronomic traits are 

being distributed to cocoa-producing countries via the ICQC,R. After satisfying the required 

period in quarantine, these elite accessions will be distributed to a range of cocoa-producing 

countries, including participants in the CFC/ICCO/IPGRI Germplasm Utilisation Project (Cocoa 

germplasm conservation and utilisation: a global approach). Selections from disease resistant 

trees in the germplasm enhancement programmes (below) are being distributed in a similar way.  

 

Germplasm enhancement 

From 1998 to 2002, over 90 accessions were used in a pre-breeding programme to accumulate 

genes for resistance to BP. Parents were selected by considering their genetic diversity, 

geographic origin and economically important traits, as well as disease resistance. 

Progeny from crosses in the pre-breeding programme were evaluated for BP resistance with a 

leaf inoculation method. This permitted early selection of seedlings and comparison of the 

disease resistance of parents and progeny at an early stage. The most resistant individuals in the 

progeny were planted in field trials and are being evaluated for performance, not only in terms of 

BP resistance, but also precocity, vigour, productivity and WB symptoms. Results from field 

observations and detached pod inoculations confirm substantially improved resistance in these 

selections compared to unselected populations. The main objective of the pre-breeding 

programme is to produce enhanced germplasm that will introduce resistance genes to 

conventional breeding programmes in various cocoa-producing countries throughout the world.  

A similar pre-breeding programme was initiated in 2004 for WB. Progeny from crosses 

between WB resistant clones are being screened with the agar-droplet inoculation method and 

promising seedlings are also being screened for BP resistance. Other work in CRU aims to 



 

 

 13 

Overview 

develop alternative techniques for early screening of resistance to WB.  

 

Marker assisted selection 

Research at CRU in the CAOBISCO
1
 project (1995-2000) identified quantitative trait loci (QTL) 

for resistance to BP based on results of the leaf inoculation method. Selected plants from the 

same progeny were planted in the field, and we can now confirm the validity of the leaf 

inoculation method with field observations and detached pod inoculations as the plants have 

come into bearing. Confirmation of the QTL would open the possibility of marker assisted 

selection in future breeding programmes for BP resistance.  

Other work (outside CRU) is underway to search for QTL for resistance to other diseases 

such as WB and Frosty Pod disease (FP, caused by Moniliophthora roreri (Ciferri & Parodi, 

Evans et al.). When this has been completed, it should be possible to use marker assisted 

selection for germplasm enhancement even for diseases not present in Trinidad (such as FP).  

It is likely that other advanced molecular techniques such as expressed sequence tags and 

microarray analysis will lead to other selection methods in the future. However, the application 

of such techniques is entirely dependent on reliable datasets for traits of interest. The painstaking 

ground work at CRU on morphological characterisation, disease resistance screening and 

evaluation for quality traits has the potential to form a rigorous basis for such future 

investigations. 

 

Conclusion 

Since establishing the ICG,T, substantial progress has been made in research at CRU. A large 

body of information has been accumulated and documented, some of which has immediate 

applications, and some of which will form the basis for future investigations. For example, the 

list of 100 priority clones available in the ICG,T that are part of the “CFC/ICCO/IPGRI Project 

Collection” has been transferred to the ICQC,R. This is the end-point of a large body of research 

in CRU, including morphological and molecular characterisation, evaluation for BP and WB 

(screening and field observations) and cocoa butterfat determinations. Many of the selected 

clones are already available for further distribution to other cocoa-producing countries, and the 

remainder will be available shortly. 

As the work of characterisation and evaluation continues, further selections of priority 

germplasm will be possible. In addition, practical results from the germplasm enhancement 

programme will soon be forthcoming after completing some basic field observations. A number 

of selections from BP resistant populations have already been sent to intermediate quarantine for 

further distribution. 

The utilisation of the substantial body of information resulting from on-going activities in the 

development of novel selection methods provides the prospect of an exciting future for cocoa 

research. The possibility of molecular based selection techniques, together with well-documented 

information on genetic diversity, could lead to unprecedented progress in cocoa breeding in the 

foreseeable future.  
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Damage to Field 6B at the ICG,T caused by the tropical storm on 23 August  
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Safeguarding the International Cocoa Genebank, Trinidad 
 

B. Latchman, Valmiki. Singh, D. R. Butler and J. Joseph  

 

The Dutch LNV Project “Safeguarding the International Cocoa Genebank, Trinidad” 

commenced in 2006. Objectives set at the start of the project were as follows:  

 To establish a new propagation facility on the UWI St. Augustine Campus to propagate 

rooted cuttings; 

 To re-introduce clones to UCRS that were not represented in the genebank from historic 

genebanks (Marper Estate, San Juan Estate and Campus fields) in Trinidad; 

 To improve security at UCRS; 

 To establish an irrigation system for the ICG,T. 

During 2008, much focus of the project was geared towards the establishment of rooted cuttings 

in the field and making the irrigation system operational prior to the 2009 dry season.  

 

The irrigation system 

The irrigation system was designed to alleviate the problem of trees being lost due to drought in 

years when the dry season is severe. This problem has been exacerbated in recent years due to 

restrictions imposed by the Water and Sewage Authority of Trinidad and Tobago on the amount 

of water used from the Caroni River for irrigation. The irrigation system in UCRS encompasses 

two large reservoirs located to the east and west of the genebank fields, connected by a main 

header pipe. The header pipe feeds a network of pipes and hydrants throughout the fields to 

ensure each plant is within a 30 m working radius of a hydrant.  

The two reservoirs together are designed to supply 25,000 m
3
 of water, half the annual 

requirement for the ICG,T, the rest of which will continue to be supplied by the Caroni River, 

which forms the northern boundary of UCRS. Water from the river will also be used more 

efficiently in the new irrigation system. We expect the irrigation system to be operational from 

early in 2009, when both reservoirs will be completed and the full network of pipes and hydrants 

installed. 

 

Rooted Cuttings 

Grafted plants that were established in Field 4A in the 1990s are being propagated via rooted 

cuttings to be established in vacant plots in the fields at UCRS. This is being done to eliminate 

potential problems in the future of confusing scion and rootstock material. 

Trees in Field 4A were pruned, fertilised and irrigated to promote the growth of good 

propagating material. Cuttings have been propagated both at UWI and by the Agricultural 

Services Division, MALMR, normally collecting 25 cuttings per clone in each consignment. The 

poor success rate experience in previous years (Latchman et al., 2008) has continued, however a 

total of 38,877 rooted cuttings have now been attempted from 532 accessions (277 were repeated 

at least twice, and some were repeated up to six times). Of these, 131 clones have 10 or more 

surviving plants, 260 clones between 1 and 9 surviving plants and 141 clones have no surviving 
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plants. Details of the numbers of cuttings collected and the number of surviving plants are given 

in Table 1. 

 

Table 1. Numbers of cuttings collected (C) from 532 clones in Field 4A at UCRS and 

surviving plants with roots (R). 

 
Clone name C R  Clone name C R  Clone name C R 

AGU 2 [CHA] 95 4  ICS 30 50 1  NA 49 25 12 

AM 1/107 [POU] 65 3  ICS 31 75 17  NA 507 100 4 

AM 1/109 [POU] 25 6  ICS 35 50 17  NA 58 75 1 

AM 1/12 [POU] 70 0  ICS 39 50 0  NA 61 120 4 

AM 1/40 [POU] 20 0  ICS 42 50 6  NA 669 95 1 

AM 1/53 [POU] 70 0  ICS 53 70 18  NA 678 25 0 

AM 1/68 [POU] 90 2  ICS 56 25 14  NA 687 25 0 

AM 1/70 [POU] 70 22  ICS 58 65 14  NA 689 25 3 

AM 1/8 [POU] 95 3  ICS 62 45 10  NA 691 25 5 

AM 1/85 [POU] 70 25  ICS 73 50 1  NA 717 50 1 

AM 1/87 [POU] 90 3  ICS 77 65 4  NA 720 70 5 

AM 1/88 [POU] 45 1  ICS 81 45 3  NA 721 95 1 

AM 1/96 [POU] 70 24  ICS 82 50 4  NA 724 25 0 

AM 1/97 [POU] 65 4  ICS 88 50 13  NA 728 25 5 

AM 2/1 [POU] 90 4  IMC 10 50 0  NA 732 25 0 

AM 2/14 [POU] 70 0  IMC 18 50 0  NA 74 50 15 

AM 2/18 [POU] 90 5  IMC 49 50 0  NA 764 25 0 

AM 2/19 [POU] 70 36  IMC 50 50 0  NA 766 25 1 

AM 2/20 [POU] 65 10  JA 1/5 [POU] 50 1  NA 770 50 2 

AM 2/21 [POU] 70 9  JA 1/9 [POU] 50 5  NA 780 75 0 

AM 2/28 [POU] 45 10  JA 10/34 [POU] 125 0  NA 794 20 1 

AM 2/3 [POU] 65 3  JA 10/35 [POU] 75 1  NA 81 50 9 

AM 2/31 [POU] 65 18  JA 10/51 [POU] 100 0  NA 824 25 0 

AM 2/41 [POU] 45 28  JA 10/58 [POU] 50 0  NA 835 75 0 

AM 2/45 [POU] 45 15  JA 2/12 [POU] 45 8  NA 92 50 1 

AM 2/6 (557) [POU] 70 3  JA 3/37 [POU] 70 20  NA 95 70 20 

AM 2/88 [POU] 45 3  JA 3/4 [POU] 70 11  OC 61 [VEN] 25 0 

AM 2/9 [POU] 45 0  JA 5/11 [POU] 70 24  PA 105 [PER] 75 0 

AM 2/96 [POU] 45 10  JA 5/27 [POU] 25 9  PA 118 [PER] 75 0 

AMAZ 10/1 [CHA] 120 0  JA 8/42 [POU] 50 23  PA 124 [PER] 75 0 

AMAZ 11 [CHA] 95 0  JA 9/1 [POU] 75 1  PA 125 [PER] 75 0 

AMAZ 15/15 [CHA] 45 0  LCT EEN 127 75 0  PA 134 [PER] 45 0 

AMAZ 5/2 [CHA] 70 4  LCT EEN 15/S-3 125 0  PA 135 [PER] 45 3 

AMAZ 6 [CHA] 25 11  LCT EEN 162/S-1010 115 13  PA 139 [PER] 75 0 

B 11/2 [POU] 45 0  LCT EEN 163/A 125 0  PA 176 [PER] 75 0 

B 13/5 [POU] 45 3  LCT EEN 163/D 100 0  PA 187 [PER] 45 1 

B 14/13 [POU] 45 1  LCT EEN 20/S-10 125 8  PA 189 [PER] 75 0 

B 14/14 [POU] 45 0  LCT EEN 201 100 0  PA 194 [PER] 75 0 

B 22/3 [POU] 45 5  LCT EEN 202 75 4  PA 20 [PER] 95 1 

B 5/11 [POU] 45 2  LCT EEN 203/S-3 50 0  PA 200 [PER] 95 1 

C 96 [TRI] 45 11  LCT EEN 21/S-4 75 6  PA 207 [PER] 75 0 

C 97 [TRI] 45 6  LCT EEN 212/S-4 100 4  PA 275 [PER] 50 0 
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C 99 [TRI] 93 12  LCT EEN 23 75 2  PA 289 [PER] 45 2 

CC 10 70 11  LCT EEN 246 75 0  PA 293 [PER] 50 0 

CC 17 95 10  LCT EEN 250 100 0  PA 45 [PER] 75 0 

CC 37 70 4  LCT EEN 251 100 0  PA 72 [PER] 75 0 

CC 38 70 13  LCT EEN 261/S-4 100 2  PA 81 [PER] 50 0 

CC 39 25 12  LCT EEN 280 100 0  PA 90 [PER] 75 0 

CC 40 70 8  LCT EEN 325 100 0  RIM 10 [MEX] 25 12 

CC 41 95 5  LCT EEN 326 25 8  RIM 101 [MEX] 50 26 

CC 49 120 1  LCT EEN 327 125 0  RIM 106 [MEX] 50 22 

CC 54 70 14  LCT EEN 332 100 0  RIM 113 [MEX] 45 12 

CC 71 70 3  LCT EEN 37/F 25 4  RIM 117 [MEX] 25 1 

CC 9 40 13  LCT EEN 46 125 1  RIM 12 [MEX] 50 12 

CERRO AZUL 10 45 2  LCT EEN 6/S-1 25 7  RIM 13 [MEX] 50 23 

CL 10/10 90 13  LCT EEN 62/S-4 75 3  RIM 19 [MEX] 45 12 

CL 10/11 90 17  LCT EEN 66 125 0  RIM 2 [MEX] 45 17 

CL 10/14 90 6  LCT EEN 67 125 0  RIM 24 [MEX] 25 4 

CL 10/17 50 0  LCT EEN 72 100 0  RIM 41 [MEX] 50 21 

CL 10/23 90 0  LCT EEN 82 75 1  RIM 48 [MEX] 45 19 

CL 10/25 70 1  LCT EEN 83/S-8 100 0  RIM 6 [MEX] 50 19 

CL 10/3 45 11  LCT EEN 84 165 0  RIM 71 [MEX] 25 8 

CL 10/33 45 10  LCT EEN 85 125 5  RIM 75 [MEX] 25 4 

CL 13/17 65 2  LCT EEN 90 100 0  RIM 76 [MEX] 25 3 

CL 13/35 70 4  LCT EEN 90/S-7 120 1  RIM 8 [MEX] 50 6 

CL 13/36 45 0  LP 1/20 [POU] 70 5  SC 1 [COL] 20 9 

CL 13/41 70 8  LP 1/25 [POU] 45 4  SC 11 [COL] 20 7 

CL 13/43 70 2  LP 1/37 [POU] 25 0  SC 12 [COL] 50 14 

CL 13/65 70 17  LP 2/11 [POU] 45 15  SC 15 [COL] 70 2 

CL 19/10 46 7  LP 3/19 [POU] 70 4  SC 17 [COL] 25 11 

CL 19/2 65 11  LP 4/15 [POU] 70 9  SC 19 [COL] 50 13 

CL 19/21 65 32  LP 4/45 [POU] 45 14  SC 20 [COL] 25 3 

CL 19/33 110 0  LP 4/5 [POU] 50 0  SC 3 [COL] 50 10 

CL 19/36 90 3  LP 5/1 [POU] 70 10  SC 4 [COL] 50 12 

CL 19/41 65 20  LP 5/3 [POU] 50 0  SC 5 [COL] 50 8 

CL 19/42 65 2  LV 10 [POU] 75 0  SC 6 [COL] 25 14 

CL 27/109 70 9  LV 14 [POU] 50 1  SC 7 [COL] 25 4 

CL 27/14 95 27  LV 17 [POU] 50 8  SJ 1/1 [POU] 50 0 

CL 27/21 65 3  LV 2 [POU] 100 0  SJ 1/10 [POU] 50 2 

CL 27/34 115 1  LV 27 [POU] 100 2  SJ 1/11 [POU] 75 1 

CL 27/43 45 2  LV 33 [POU] 75 20  SJ 1/18 [POU] 75 0 

CL 27/49 70 12  LV 37 [POU] 120 7  SJ 1/28 [POU] 95 2 

CL 27/7 90 13  LV 9 [POU] 50 2  SJ 1/29 [POU] 50 7 

CL 27/71 45 0  LX 1 120 10  SJ 1/33 [POU] 100 0 

CL 27/72 90 2  LX 18 25 1  SJ 1/37 [POU] 100 0 

CL 27/74 120 2  LX 2 100 8  SJ 2/12 [POU] 100 0 

CL 78/2 90 30  LX 24 100 15  SJ 2/17 [POU] 50 1 

CL 9/11 90 2  LX 41 145 2  SJ 2/26 [POU] 50 3 

CL 9/12 65 2  LZ 17 150 0  SLA 10 50 1 

CL 9/19 90 2  LZ 4 75 3  SLA 13 70 4 

CL 9/51 91 14  LZ 5 25 14  SLA 48 50 4 

CL 9/7 65 2  LZ 7 100 3  SLA 77 50 2 
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CLM 35 45 0  LZ 8 100 6  SLA 95 50 3 

CLM 6 45 0  MAR 1 25 4  SM 1 [POU] 50 0 

CLM 65 70 2  MAR 3 50 8  SM 5 [POU] 50 7 

CLM 78 65 0  MAR 9 50 0  SM 9 [POU] 75 1 

CRU 270 45 2  MAR 10 100 2  SPA 12 [COL] 45 5 

CRU 271 50 9  MAR 11 50 5  SPA 16 [COL] 25 1 

CRU 4A/1 45 3  MAR 12 50 4  SPA 18 [COL] 25 13 

CRU 4A/10 45 0  MAR 13 20 6  SPA 20 [COL] 25 7 

CRU 4A/11 70 0  MAR 14 50 1  SPEC 41/6 50 3 

CRU 4A/2 100 3  MAR 17 25 0  TRD 1 100 3 

CRU 4A/3 70 0  MAR 19 100 6  TRD 108 100 0 

CRU 4A/4 95 0  MAR 20 50 0  TRD 109 100 2 

CRU 4A/5 70 8  MAR 21 50 2  TRD 110 100 4 

CRU 4A/6 120 0  MAR 22 25 20  TRD 111 120 5 

CRU 4A/7 45 3  MO 82 150 0  TRD 112 100 2 

CRU 4A/8 45 10  MO 87 50 1  TRD 113 75 0 

CRU 4A/9 70 0  MO 96 50 2  TRD 114 100 0 

DOM 1 45 10  MOQ 1/12 25 12  TRD 115 100 0 

DOM 10 65 15  MOQ 1/21 100 0  TRD 116 20 11 

DOM 13 70 1  MOQ 1/24 125 0  TRD 117 25 14 

DOM 14 95 0  MOQ 2/28 70 1  TRD 118 100 4 

DOM 15 70 0  MOQ 2/31 100 2  TRD 119 25 12 

DOM 16 70 4  MOQ 3/1 50 0  TRD 13 95 0 

DOM 18 70 2  MOQ 3/16 50 0  TRD 15 85 21 

DOM 20 75 0  MOQ 4/16 145 0  TRD 16 25 10 

DOM 21 45 5  MOQ 4/2 45 1  TRD 18 70 6 

DOM 23 45 7  MOQ 4/21 75 0  TRD 19 100 2 

DOM 24 70 0  MOQ 4/23 125 0  TRD 2 25 11 

DOM 25 20 11  MOQ 4/25 75 6  TRD 23 100 1 

DOM 27 70 4  MOQ 5/12 100 0  TRD 24 75 4 

DOM 3 95 2  MOQ 5/29 100 4  TRD 27 50 0 

DOM 30 45 28  MOQ 5/34 100 5  TRD 28 100 3 

DOM 31 70 12  MOQ 6/103 70 7  TRD 29 50 8 

DOM 33 45 5  MOQ 6/107 70 9  TRD 3 50 3 

DOM 34 70 3  MOQ 6/113 75 0  TRD 30 45 0 

DOM 35 21 9  MOQ 6/28 25 12  TRD 32 90 20 

DOM 4 45 4  MOQ 6/5 50 23  TRD 33 90 22 

DOM 5 70 9  MOQ 6/52 150 0  TRD 34 25 10 

DOM 7 70 23  MOQ 6/72 50 2  TRD 35 45 13 

DOM 8 95 8  MOQ 6/73 100 10  TRD 37 100 1 

DOM 9 41 3  MOQ 6/85 95 2  TRD 38 100 0 

FSC 13 25 9  MOQ 6/91 50 17  TRD 39 140 2 

GNV 22 20 4  MOQ 6/92 120 0  TRD 41 20 12 

GS 12 100 4  NA 1 100 5  TRD 42 90 12 

GS 13 125 0  NA 104 100 8  TRD 43 90 15 

GS 37 100 5  NA 110 50 12  TRD 44 100 8 

GS 39 75 0  NA 111 75 11  TRD 45 25 13 

GS 4 115 5  NA 112 50 6  TRD 46 100 1 

GS 45 100 0  NA 113 75 0  TRD 47 25 13 

GS 55 25 8  NA 114 100 4  TRD 48 100 0 
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GS 58 100 0  NA 127 75 8  TRD 49 75 4 

GS 59 100 0  NA 13 100 3  TRD 5 25 11 

GS 6 25 16  NA 157 75 10  TRD 50 100 0 

GS 61 75 11  NA 170 100 7  TRD 52 100 0 

GS 62 100 4  NA 176 100 4  TRD 53 100 0 

GU 114/P 20 14  NA 178 100 11  TRD 58 75 0 

GU 151/F 70 2  NA 19 100 6  TRD 6 100 0 

GU 175/P 70 5  NA 191 25 7  TRD 60 90 12 

GU 195/P 75 0  NA 204 100 10  TRD 65 90 18 

GU 219/F 70 6  NA 214 50 8  TRD 66 65 24 

GU 222 25 18  NA 229 50 9  TRD 7 75 0 

GU 241/P 70 7  NA 241 25 1  TRD 71 50 4 

GU 243/H 20 13  NA 244 75 7  TRD 75 100 5 

GU 255/P 25 12  NA 246 100 17  TRD 77 100 0 

GU 261/P 65 13  NA 251 75 0  TRD 79 100 0 

GU 265/P 70 15  NA 26 25 7  TRD 8 70 1 

GU 271/P 25 15  NA 271 75 2  TRD 81 100 2 

GU 277/G 25 17  NA 277 50 0  TRD 85 25 9 

GU 286/P 25 19  NA 326 75 9  TRD 86 100 6 

GU 300/P 20 14  NA 327 25 8  TRD 88 110 9 

GU 305/P 25 18  NA 33 100 7  TRD 9 75 0 

GU 307/F 25 0  NA 331 50 2  TRD 90 50 8 

GU 310/P 45 11  NA 339 50 5  TRD 92 125 1 

GU 322/P 25 12  NA 370 75 3  TRD 93 100 0 

GU 335/P 25 13  NA 372 100 8  TRD 94 95 5 

GU 339/M 45 27  NA 39 75 15  TRD 95 95 4 

GU 351/P 20 9  NA 395 100 5  TRD 99 125 2 

GU 353/L 25 3  NA 399 50 0  UF 122 100 3 

ICA 70 [COL] 75 1  NA 406 100 2  UF 38 100 4 

ICS 12 95 30  NA 423 45 5  UF 4 100 4 

ICS 15 50 7  NA 435 25 4  UF 602 120 3 

ICS 2 25 5  NA 45 75 9  UF 613 45 2 

ICS 20 70 10  NA 47 150 0  UF 700 75 4 

ICS 23 25 1  NA 471 100 0  UF 705 50 0 

ICS 28 50 1  NA 475 25 0  UF 709 75 2 

ICS 3 25 18         

 

 

Transplanting of rooted cuttings 

Transplanting of rooted cutting was carded to begin with the onset of the wet season (June/July). 

These plans were unavoidably changed owing to a freak storm, which devastated parts of the 

ICG,T.  As a result, transplanting began in October 2008 and a total of 1,754 trees from 275 

clones were re-introduced into Fields 5A and 5B at UCRS. Plots were re-designed to 

accommodate a minimum of eight plants instead of the traditional 15 or 16, and a minimum of 

two trees have been planted per plot so far (Table 2). 
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Table 2. Clones transplanted and the number of plants per plot (N)  

 
Clone N  Clone N  Clone N  Clone N 

AM 1/109 [POU] 6  RIM 2 [MEX] 4  LV 9 [POU] 2  RIM 71 [MEX] 8 

AM 1/68 [POU] 2  RIM 24 [MEX] 2  LX 2 9  RIM 75 [MEX] 4 

AM 1/70 [POU] 9  DOM 8 8  LX 24 7  RIM 76 [MEX] 3 

AM 1/85 [POU] 9  FSC 13 9  LZ 5 6  RIM 8 [MEX] 2 

AM 1/96 [POU] 9  GS 12 4  LZ 8 4  SC 11 [COL] 7 

AM 1/97 [POU] 2  GS 55 7  MAR 1 3  SC 12 [COL] 9 

AM 2/1 [POU] 4  GS 6 8  MAR 11 3  SC 17 [COL] 9 

AM 2/18 [POU] 4  GS 61 5  MAR 13 6  SC 19 [COL] 9 

AM 2/19 [POU] 9  GS 62 4  MAR 19 9  SC 20 [COL] 3 

AM 2/20 [POU] 4  GU 114/P 9  MAR 22 2  SC 3 [COL] 4 

AM 2/21 [POU] 9  GU 151/F 2  MO 96 9  SC 4 [COL] 6 

AM 2/28 [POU] 9  GU 175/P 5  MOQ 1/12 2  SC 5 [COL] 8 

AM 2/31 [POU] 9  GU 219/F 6  MOQ 2/31 4  SC 6 [COL] 9 

AM 2/41 [POU] 9  GU 222 9  MOQ 3/16 8  SC 7 [COL] 4 

AM 2/45 [POU] 9  GU 241/P 4  MOQ 4/2 5  SJ 1/10 [POU] 2 

AM 2/6 [POU] 10  GU 243/H 9  MOQ 4/25 4  SJ 1/28 [POU] 2 

AM 2/96 [POU] 12  GU 255/P 9  MOQ 5/29 9  SJ 1/29 [POU] 7 

AMAZ 6 9  GU 261/P 9  MOQ 6/28 9  SJ 2/26 [POU] 2 

B 22/3 [POU] 4  GU 265/P 9  MOQ 6/5 4  SLA 13 4 

B 5/11 [POU] 2  GU 271/P 9  MOQ 6/73 9  SLA 48 4 

C 96 [TRI] 9  GU 277/G 9  MOQ 6/91 5  SLA 95 3 

C 97 [TRI] 6  GU 286/P 9  NA 1 8  SM 5 7 

C 99 [TRI] 9  GU 300/P 9  NA 104 9  SPA 12 [COL] 5 

CC 10 9  GU 305/P 9  NA 110 2  SPA 18 9 

CC 37 4  GU 310/P 9  NA 111 9  SPA 20 7 

CC 39 9  GU 322/P 9  NA 112 4  SPEC 41/6 3 

CC 40 8  GU 335/P 9  NA 114 2  TRD 1 3 

CC 41 4  GU 339/M 12  NA 176 8  TRD 109 2 

CC 54 4  GU 351/P 9  NA 178 4  TRD 110 4 

CC 9 9  GU 353/L 9  NA 19 7  TRD 111 5 

CL 10/10 6  ICS 12 12  NA 191 9  TRD 116 12 

CL 10/11 9  ICS 15 4  NA 204 7  TRD 117 9 

CL 10/14 4  ICS 2 5  NA 214 9  TRD 118 3 

CL 10/3 9  ICS 20 3  NA 229 4  TRD 119 9 

CL 10/33 9  ICS 3 9  NA 244 12  TRD 15 9 

CL 13/17 2  ICS 31 9  NA 246 7  TRD 16 9 

CL 13/41 8  ICS 35 9  NA 26 2  TRD 18 6 

CL 13/43 2  ICS 42 6  NA 271 4  TRD 2 9 

CL 13/65 8  ICS 53 9  NA 3/27 8  TRD 24 2 

CL 19/10 7  ICS 56 3  NA 326 5  TRD 29 2 

CL 19/2 2  ICS 58 9  NA 33 5  TRD 3 3 

CL 19/21 8  ICS 62 9  NA 339 3  TRD 32 9 

CL 19/41 9  ICS 77 2  NA 370 7  TRD 33 9 

CL 27/109 6  ICS 82 4  NA 372 9  TRD 34 9 

CL 27/14 8  ICS 88 8  NA 39 2  TRD 35 9 

CL 27/49 9  JA 1/9 [POU] 5  NA 406 5  TRD 41 8 

CL 27/7 11  JA 2/12 [POU] 8  NA 423 4  TRD 42 2 
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CL 78/2 8  JA 3/37 [POU] 9  NA 435 2  TRD 43 9 

CL 9/51 8  JA 3/4 [POU] 9  NA 45 9  TRD 45 9 

CRU 270
1
 2  JA 5/11 [POU] 9  NA 49 2  TRD 47 9 

CRU 271
2
 9  JA 5/27 [POU] 9  NA 507 5  TRD 5 9 

CRU 4A/2 3  JA 8/42 [POU] 9  NA 691 5  TRD 60 7 

CRU 4A/5 2  LCT EEN 20/S-10 4  NA 728 4  TRD 65 10 

CRU 4A/7 2  LCT EEN 202 4  NA 74 2  TRD 66 9 

CRU 4A/8 6  LCT EEN 21/S-4 6  NA 770 9  TRD 71 4 

DOM 1 4  LCT EEN 212/S-4 4  NA 81 15  TRD 81 2 

DOM 10 6  LCT EEN 261/S-4 2  NA 95 3  TRD 85 9 

DOM 15 2  LCT EEN 326 8  PA 135 [PER] 2  TRD 86 6 

DOM 20 2  LCT EEN 37/F 7  PA 289 [PER] 9  TRD 88 7 

DOM 21 2  LCT EEN 6/S-1 7  RIM 10 [MEX] 9  TRD 90 8 

DOM 24 2  LP 1/25 [POU] 2  RIM 101 [MEX] 9  TRD 94 3 

DOM 25 12  LP 2/11 [POU] 9  RIM 106 [MEX] 9  TRD 95 4 

DOM 27 2  LP 3/19 [POU] 2  RIM 113 [MEX] 9  UF 122 2 

DOM 30 8  LP 4/15 [POU] 9  RIM 12 [MEX] 9  UF 38 4 

DOM 31 4  LP 4/45 [POU] 9  RIM 13 [MEX] 9  UF 4 4 

DOM 33 3  LP 5/1 [POU] 9  RIM 19 [MEX] 9  UF 613 2 

DOM 35 12  LV 17 [POU] 8  RIM 41 [MEX] 9  UF 700 4 

DOM 4 4  LV 33 8  RIM 48 [MEX] 9  UF 709 2 

DOM 7 9  LV 37 [POU] 6  RIM 6 [MEX] 9    
1
 Rename clone: CRU 270 (MIS_TTOICGT_CBO 177 [VEN]) 

2
 Rename clone: CRU 271 (MIS_TTOICGT_ICS 55) 

 

Improvements to the security of UCRS 

The southern boundary of UCRS has been fenced using concrete posts and live wind break 

trees of Water Apple (Syzygium javanicum) to secure multiple strands of barbed wire. In addition 

three gates have been erected at the entrances to UCRS. The northern boundary of the site is 

defined by the Caroni River and does not require any fencing. Boundaries on the east and west 

sides of UCRS are being re-defined in a new lease agreement with the Government of Trinidad 

and Tobago. Further boundary fencing is pending the completion of the new lease whilst fencing 

of the irrigation reservoirs with barbed wire, securing with gates and appropriate warning signs 

will be done once final pipe fitting is completed in early 2009. 

 

Future Work 

Cuttings will continue to be collected from trees in Field 4A, and clones that have been 

attempted numerous times without any success will be propagated via micro-grafting, ensuring 

that the union is below the cotyledonary node (Sreenivasan, 1995). Recently introduced 

genotypes in the Campus fields and green houses, as well as in nursery plots at UCRS will also 

be propagated via rooted cuttings for introduction into the main field plots.  

Grafting will continue on clones not present in UCRS until a minimum of five plants has 

been achieved, at which time they will be planted in nursery plots in the genebank. Further 

planting of rooted cuttings in vacant plots in the fields at UCRS will also continue from the start 

of the next rainy season (June 2009). 
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Accession and Plot Heterogeneity at the ICG,T 
 

L.A. Motilal, P. Umaharan and D. Zhang  

 

Introduction 

The ICG,T contains a diverse assemblage of cacao germplasm that is maintained as clonally 

replicated trees which are established either from grafted plants or rooted cuttings. The 

germplasm material is distributed over five fields at UCRS (Fields 4A, 5A, 5B, 6A and 6B), and 

each tree has a small aluminium label bearing the alphabetical field section designation, as well 

as plot and tree number. Field 4A contains plots with a maximum of four trees that are all grafted 

material and which serve as a budwood garden. The other fields were planned with plots 

containing a maximum of 16 trees with each plot containing replicated clonal plants of a 

particular accession. In Field 5B and 6B, all trees were believed to be propagated as rooted 

cuttings, and in Field 5A the majority of trees were propagated as rooted cuttings, although some 

plots may contain grafted trees. There are, however, accessions which are represented in more 

than one plot and in more than one field. An accession is taken, in this context, as a designated 

variety and holdings within the genebank and encompasses all trees over all plots that are 

assigned this name according to CRU records. Under the CRU/USDA Fingerprinting Project, a 

reference tree for each accession was selected from the most original site (Marper Farm, San 

Juan Estate, UWI Campus fields and where no other is available from the UCRS) and its multi-

locus microsatellite profile developed.  

There remains, however, a need to assess the homogeneity of the ICG,T as part of the larger 

thrust to identify true-to-type and mislabelled trees within the germplasm collection. 

Homogeneity can be defined as the uniformity of multilocus microsatellite profiles from 

replicated trees. Homogeneity can be assessed at two levels: 1) individual plots can be assessed 

for uniformity, referred to here as “plot homogeneity” or 2) accessions (all trees from all plots 

labelled with the same clone name) can be assessed to verify uniformity of plots and provide a 

measure of “accession homogeneity”. The proportion of homogenous plots within each field can 

also be determined and several situations may arise: 

a) an accession is present in only one plot  

b) an accession is present in more than one plot within the same field 

c) an accession is present in one plot per field in multiple fields 

d) an accession is present in more than one plot per field over multiple fields. 

The number of existing trees at the time of leaf collection for DNA sampling would determine 

the actual number of trees to be utilised in the assessment of homogeneity. A plot with only one 

tree would be excluded from plot homogeneity determination, but would, however, be included 

in the determination of accession homogeneity provided that the accession is not represented by 

only one tree in the ICG,T. 

In each of these cases, the replicated trees of the accession may (1) be all genetically uniform 

and matched to the reference tree of the designated accession, (2) be all genetically uniform, but 

not matched to the reference tree of the designated accession, (3) contain a mixture of genotypes 
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that may or may not include a match to the reference tree of the designated accession. It is 

possible that a plot with few trees can be uniform and correctly match the designated accession 

but another plot designated as containing the same accession and having a full complement of 

trees is mixed and does not match with the designated accession.  

The number of trees per accession within a field genebank is under flux due to events that 

would decrease the number of living trees (such as death from natural ageing; removal or death 

by natural events like disease, drought or wind damage etc.) or increase the number of living 

trees (replanting of replicated clonal material). The assessment of homogeneity within the ICG,T 

is therefore a snapshot of the situation that existed at the time of sample collection. This report 

provides the current status of findings related to plot and accession homogeneity in the ICG,T 

from trees that were sampled in 2005 at UCRS. 

 

Materials and Methods 

Multiple trees of the same accession, whether from more than one plot or more than one field 

were sampled in 2005 from UCRS. In some accessions, multiple trunks exist at a single planting 

location and represent a potential for mislabelling if the tree had been propagated by budding or 

grafting and rootstock material has become dominant. Two trunks at selected tree positions of 14 

such accessions were also sampled for verification. Microsatellite regions (nine loci) were 

amplified individually and multiplexed post-PCR for separation on a Beckman Coulter capillary 

sequencer as previously described (Motilal et al., 2008). Allele calling was given some flexibility 

by assigning questionable profiles as similar which would tend to reduce the number of 

mislabelling events (increase in Type II error). A homogenous plot was taken to be one in which 

the trees present at the time of collection were all identical to each other. Distribution of plot 

heterogeneity was tested by Chi-square across Fields 4A, 5A, 5B and 6B from arcsine 

transformed data against a calculated average arcsine value. 

 

Results 

At present, results are available from 841 trees representing 183 accessions growing in 198 plots 

for eight to nine microsatellite loci.  Heterogeneous accessions were present in all fields, with 

Field 5B  

 

Table 1. Accession heterogeneity in the International Cocoa Genebank, Trinidad at the 

University Cocoa Research Station. 

 

Field 

Number of accessions 

with at least two trees 

Number of 

corresponding 

accessions assessed
1
  

Number of 

heterogeneous 

accessions 

Percentage of 

heterogeneous 

accessions 

4A 376  64 (17.0 %) 17 26.6 

5A 315 17 (5.4 %)   6 35.3 

5B 548  68 (12.4 %) 34 50.0 

6A   77 14 (18.2 %)   2 14.3 

6B 298 23 (7.7 %)   9 39.1 
1
Percentage of total number of accessions with at least two trees 



 

 26 

Conservation 

 

and Field 6B having the most heterogeneous accessions at a level of 50 % and 39 %, respectively 

(Table 1). Although not all the trees were sampled for every accession, the heterogeneity among 

all assessed accessions was estimated at 40.6 % which agreed well with a sub-sample of 80 

accessions from which all the existing trees at the time of collection were analysed (Table 2). 

 

Table 2. Heterogeneity of accessions in relation to proportion of trees assessed in the 

International Cocoa Genebank, Trinidad at the University Cocoa Research 

Station. 

 
Proportion of trees assessed 

relative to total number of 

trees in genebank 

Number of accessions 

assessed 

Heterogeneous accessions 

(percentage values) 

100 % 80 32 (40.0 %) 

75 % - 99 % 26 13 (50.1 %) 

50 % - 74 % 41 15 (36.6 %) 

26 % - 49 % 22 10 (45.5 %) 

≤ 25 % 11   3 (27.3 %) 

Total 180 73 (40.6 %) 

  

Table 3. Plot heterogeneity within the International Cocoa Genebank, Trinidad at the 

University Cocoa Research Station. 

 
Field 

assessment 

% trees assessed relative to plot total from plots with at least two trees 

Total 100 % 75 – 99 % 50 – 74 % 26 – 49 % ≤ 25 % 

Number  

of plots 

assessed 

in Field 

4A 56 0 8 0 0 64 

5A 9 2 5 0 1 17 

5B 32 15 15 7 0 69 

6A 8 3 3 1 0 15 

6B 6 4 8 3 2 23 

Total  111 24 39 11 3 188 

        

Number 

of mixed 

plots
1
 

4A 16 (28.6%) n.a. 1 (12.5%) n.a. n.a. 17 (26.6%) 

5A 2 (22.2%) 2 (100.0%) 2 (40.0%) n.a. 0 (0.0%) 6 (35.3%) 

5B 13 (40.6%) 11   (73.3%) 7 (46.7%) 3 (42.9%) n.a. 34 (49.3%) 

6A 1 (12.5%) 0     (0.0%) 1 (33.3%) 0   (0.0%) n.a. 2 (13.3%) 

6B 4 (66.6%) 1   (25.0%) 3 (37.5%) 1 (33.3%) 0 (0.0%) 9 (39.1%) 

Total  36 (32.4%) 14   (58.3%) 14 (35.9%) 4 (36.4%) 0 (0.0%) 68 (36.2%) 
1
Percentage values relative to corresponding cells from upper portion of table are bracketed 

 
Several accessions are present in more than one plot either within a field or more commonly 

between fields. The heterogeneity by plot rather than by accession ranged from 27 – 39% (Table 

3) and the heterogeneity was similarly distributed (χ
2
 = 2.5, d.f. = 3, P > 0.05) across fields 

(excluding Field 6A). Heterogeneous plots were categorised according to the number of groups 

of identical individuals, as follows: 

a) two groups within a plot (45 plots, 23.9 %),   

b) three groups within a plot (10 plots; 5.3 %) and  
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c) more than three groups within a plot (13 plots, 6.9 %)  

Out of the plots with at least two trees that were assessed, 63.8 % (120 plots) were 

homogenous. Fourteen accessions were present in more than one plot and of these, two 

accessions, JA 1/11 [POU] and JA 3/4 [POU], had dissimilar genetic identities between plots. 

However, 100 % of the trees in the different plots were only assessed for JA 1/11 [POU]. This 

accession is listed in the ICG,T database in two plots, Field 5B D247 (3 trees) and Field 5B F469 

(16 trees), and both plots were found to be heterogeneous in this study. The trees in plot D247 

(originally labelled as JA 1/1 [POU]) were all different from each other and also distinct from the 

trees in plot F469. 

Fourteen accessions were represented by DNA samples from two trunks from the same tree 

position (there were 16 pairs of samples with two accessions originating from two tree 

positions). These multiple trunks were similar pair wise (93.3 %) with only one pair (SJ 2/20 

[POU], F5B B131) exhibiting differences. 

 

Discussion 

Accession and plot heterogeneity was assessed in the ICG, T at UCRS and was estimated to be 

40.6 % and 36.2 %, respectively. The similar level of plot heterogeneity across the fields 

suggested that simple, random errors in mislabelling occurred rather than deliberate mis-planting 

of fields. This is supported by the existence of similar trees in disparate locations even when 

multiple locations were themselves heterogeneous, and the predominance of two genotype 

groups in heterogeneous plots. The predominance of two groups could have resulted from a 

simple mistake at the time of budwood or cutting collection, by picking material from both the 

intended tree for propagation and from a neighbouring tree. Similarly, during transport from the 

propagation facility to the field, and depositing material at the planting site, handling can easily 

be visualised as inadvertently including a few plants from another accession in close proximity to 

the accession of interest.  

The presence of multiple trunks in trees of several accessions throughout the five fields is of 

concern if rootstock of grafted or budded plants become dominant and overtop the true plant or if 

the true plant dies back and the resulting chupons are derived from rootstock material. However, 

the preliminary results indicate that where multiple trunks exist at the same planting position, 

chances are very high that these are identical to each other. The exception, so far, of SJ 2/20 

[POU] in Field 5B Plot B131 was surprising in that this field (like Field 6B) was supposedly 

established with only rooted cuttings. 

The plot originally labelled JA 1/1 on field maps (plot D247) is distinct from the other plot 

labelled JA 1/11 [POU] (plot F469) and until microsatellite profiles are compared with the 

reference genotypes, the identity of these two plots D247 and F469 in Field 5B should not be 

ascribed to either JA 1/1 [POU] or JA 1/11 [POU]. It should be noted that the results presented in 

the current study are focused on homogeneity of plots and accessions, rather than the veracity of 

plot labels. There could be cases where a plot is homogenous, but had been ascribed the wrong 

name, or a mixed plot may or may not contain the reference genotype. These details will be 

provided in a forthcoming study. 
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Examining phenotypic relationships among Trinitario cacao clones 

held in the   International Cocoa Genebank, Trinidad 
 

F.L. Bekele, G.G. Bidaisee and J. Bhola  

 

Introduction 

The indigenous variety of cacao in Trinidad and Tobago is Trinitario – a hybrid of Criollo and 

Forastero (Cheesman, 1944).  Criollo and Trinitario beans are collectively known as “fine or 

flavour” cocoa, which has a high demand among manufacturers of fine chocolates and 

commands premium prices on the world market.  The reputation of Trinidad and Tobago as a 

producer of 100% fine or flavour is well-known (Bekele, 2004).  A ready market exists for all 

the cocoa Trinidad and Tobago can produce because of its premium quality (Mooleedhar, 1995). 

Grade I cocoa beans exported from Trinidad and Tobago currently command between US $4,500 

to $5,300 per tonne compared to US $2,300 per tonne paid for bulk cocoa (New York Futures 

market, March, 2009). 

Recently, the World Bank Development Market Place agreed to fund a project entitled: 

“Identification and promotion of ancient cacao diversity through modern genomics methods to 

benefit small-scale farmers”. This project was conceptualized by Dr. J.M.M. Engels of 

Bioversity International in recognition of the importance of ancient cacao varieties in providing 

fine or flavour cocoa for a niche market. The lead scientists of the project are from the University 

of British Columbia, Canada, and the implementing organisation is Bioversity International. The 

Ministry of Agriculture, Land and Marine Resources (MALMR), Trinidad and Tobago, is the 

primary partner in this project, and CRU will facilitate certain aspects of research and assist with 

phenotypic characterisation of selected genotypes and flavour assessment of cocoa liquor 

samples.   

The objective of this report is to provide information on phenotypic and agronomic traits of 

233 regional Trinitario cacao accessions that are conserved in the ICG,T and may be assessed 

during the aforementioned project.  They were collected in the Caribbean islands of Dominica, 

Haiti, Grenada, Guadeloupe, Martinique and Trinidad and Tobago.  Here data collated on 

characters of economic interest for these accessions are compared with those available for 1,464 

accessions representing 81 diverse accessions groups from the ICG,T. 

 

Materials and methods 

Fruit characterisation 

One thousand four hundred and sixty-four accessions have now been characterised with 

morphological descriptors according to the standard protocol described by Bekele et al. (1994; 

2006). These descriptors were selected based on the findings of Bekele and Bekele (1996) and 

Bekele and Butler (2000), and are listed in Table 1. They were found to be the most 

discriminative and taxonomically useful and precluded redundancy (Bekele et al., 1994).  In 

addition, they were also selected for ease of observation, reliability of scoring, and, in the case of 

seed characters, agronomic/economic value. 
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Table 1. Descriptors used for morphological characterisation - their states and sample sizes 

(n).  

 
Descriptor State 

Flower, anthocyanin intensity in column of pedicel  1=green, 2=reddish, 3=red [n=10] 

Flower, sepal length (mm) [n=10]   

Flower, anthocyanin intensity on ligule 0=absent, 3=slight, 5=intermediate, 7=intense [n=10] 

Flower, ligule width (mm) [n=10]  

Flower, anthocyanin intensity in filament  0=absent, 3=slight, 5=intermediate, 7=intense [n=10] 

Flower, style length (mm) [n=10]  

Flower, ovule number [n=10]  

Fruit, shape   1= oblong, 2= elliptic, 3=obovate, 4= orbicular, 5= other 

Fruit, basal constriction  0=absent, 1=slight, 2=intermediate, 3=strong, 4=wide 

shoulder [n=10] 

Fruit, apex form 1=attenuate, 2=acute, 3=obtuse, 4=rounded, 5=mammillate, 

6=indented [n=10] 

Fruit, surface texture (rugosity or degree of 

wartiness)   

0=absent, 3=slight, 5=intermediate, 7=intense [n=10] 

Fruit, anthocyanin intensity in mature ridges  0=absent, 3=slight, 5=intermediate, 7=intense [n=10] 

Fruit, ridge disposition  1=equidistant, 2=paired  [n=10] 

Fruit, primary ridge separation  1=slight, 2=intermediate, 3=wide [n=10] 

Fruit, pod wall hardness [n=10]   3= ≤ 2.0 MPa, 5= > 2.0 MPa ≤ 2.49 MPa, 7=  2.5 MPa 

Fruit, length (cm) [n=10]    

Fruit, width (cm) [n=10]  

Seed, number [n=10]  

Seed, shape  1=oblong 2=elliptic 3=ovate 

Seed, cotyledon colour 1=white, 2=grey, 3=light purple, 4=medium purple, 5=dark 

purple, 6=mottled [n=40] 

Wet bean weight (total) (g) [n=10]  

Cotyledon length (cm) [n=20].  

Cotyledon width (cm) [n=20].  

Cotyledon weight (g) [n=20]  

Pod index (the number of pods required to produce 

1 kg of dried cocoa)  [n=10] 

 

 

Among the 1,464 accessions studied were 154 Trinitario accessions from 7 accession groups: 

GA [HAI] (1), GDL (2), DOM (18), GS (24), ICS (64), MAR (7) and TRD (38) (refer to Table 

2).  The data recorded for these cultivated and selected accessions were used to assess the 

phenotypic diversity among the regional Trinitario accession groups represented.   

Since an absence or low concentration of anthocyanin pigment in cotyledons is associated 

with fine or flavour cocoa (Wellensiek, 1931), those Trinitario accessions with no or very little 

pigment were identified. However, many cacao researchers, including Wellensiek, have reported 

that genotypes expressing the recessive condition for cotyledon colour (white seeds), such as 

CATONGO, tend to have a lower rate of survival.  Consequently, individuals with pale-

coloured, pigmented beans are regarded as more desirable than white seeds. 

It must be noted that the effect of the male parent on the expression of cotyledon colour 

could mask the genetic constitution of certain clones. 
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Table 2. Trinitario germplasm characterised at the International Cocoa Genebank, 

Trinidad. 

 

Accession code 

Name 

represented by 

code 

Country of 

origin 

Number of 

accessions in 

ICG,T  

Number of 

accessions 

characterised  

DOM Dominica Dominica 25 18 

GA [HAI] Grande Anse Haiti 1 1 

GDL Guadeloupe Guadeloupe 4 2 

GS Grenada Selection Grenada 32 24 

ICS 
Imperial College 

Selections 

Trinidad, 

Nicaragua and 

Venezuela 

93 

 

64 

MAR Martinique Martinique 13 7 

TRD Trinidad Trinidad 68 38 

 

Statistical analysis 

Descriptive statistics were generated using MINITAB 15 (Minitab Inc., 1997) for the 1,464 and 

154 accessions studied, respectively, based on 25 descriptors (Table 1).   

 

Phenotypic relationships among accessions  

Principal Component Analysis (PCA) was used to examine the level of diversity and grouping of 

the Trinitario germplasm.  Data for the 25 descriptors used for characterisation were first 

standardised to eliminate the effects of different scales of measurement.  

 

Table 3. Descriptive statistics for 1,464 fully characterised accessions. 

 

Descriptor Mean 

Standard 

Error 

Standard 

Deviation 

Coefficient of 

Variation (%) Minimum Maximum 

Sepal length (mm) 7.6 0.02 0.89 12.5 5.13 9.9 

Ligule width (mm) 2.4 0.01 0.31 12.5 1.49 3.8 

Ovule number 43.6 0.14  5.32 12.2 30.0 66.0 

Style length (mm) 2.3  0.01 0.34 14.7 1.21 3.6 

Pod length (cm) 15.9 0.05 1.89 11.8 10.6 23.5 

Pod width (cm) 8.2 0.02 0.78 9.6 5.7 11.1 

Total wet bean weight (g)  56.7  0.35 13.4 23.6 20.2 102.4 

Bean number 38.8 0.15 5.85 15.0 17.0 59.0 

Cotyledon weight (g) 0.98  0.01 0.21 21.2 0.44 1.84 

Cotyledon length (cm) 2.2  0.01 0.19 8.9 1.37 2.72 

Cotyledon Width (cm) 1.2 0.003 0.12 10.1 0.63 1.62 

Pod Index 27.9 0.19 7.27 26.0 13.9 92.8 

 

Results 

Descriptive statistics for the 1,464 accessions studied are presented in Table 3 and the mean pod 

index values (PI) for the 154 Trinitario accessions are listed in Table 4.  Table 4 also contains the 

mean pod index value and associated statistics for the full complement of clones studied to 

facilitate comparison with the values recorded for the Trinitario accession groups.  It is 

noteworthy that five of the seven Trinitario groups viz., GA [HAI], GDL, GS, ICS and TRD, had 
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mean PI values that were appreciably lower and thus more favourable than the ICG,T mean. The 

mean cotyledon weights for DOM, GA [HAI], GDL, GS, ICS, MAR and TRD were 0.94g, 

1.02g, 1.22g, 1.11g, 1.14g, 0.89g and 1.03 g, respectively.  As was found previously (Bekele et 

al. 2006; 2007 and Iwaro et al., 2003), the ICS and GS had very desirable bean traits.  The 

accessions with the most outstanding economic traits in terms of yield potential, as measured by 

PI (less than 20), and cotyledon size, pod wall hardness and cotyledon colour are presented in 

Table 5.   GS 10 and ICS 16 were the only Trinitario accessions in the study with pale cotyledon 

colour. 

 

Table 4. Mean pod index values for the 154 Trinitario accessions studied. 

 

Accession 

group        

Number of 

accessions 

observed 

Mean 

Pod Index 

value 

Standard 

error 

Standard 

deviation 

Minimum 

Pod Index 

value 

Maximum 

Pod Index 

value 

DOM 18 28.3 1.20 5.1 21.9 39.1 

GA [HAI] 1 20.4 0.00 0.0 20.4 20.4 

GDL 2 21.5 1.66 2.4 19.8 23.2 

GS 24 23.8 0.79 3.9 17.2 31.9 

ICS 64 23.8 0.63 5.0 15.6 38.9 

MAR 7 28.9 1.05 2.8 24.4 32.9 

TRD 38 26.5 0.91 5.6 15.3 38.8 

ICGT 1,464 27.9 0.19 7.3 13.9 92.8 

 

Table 5. Most promising Trinitario accessions in the study. 

 

Accession Bean number 

Cotyledon 

weight (g) Pod Index 

Cotyledon 

colour 

Pod wall 

hardness 

TRD 35 41 1.59 15.3 5 5 

ICS 60 39 1.64 15.6 4 7 

ICS 68 50 1.26 15.9 4 7 

ICS 43 38 1.64 16.1 4 7 

ICS 5 43 1.37 16.9 4 5 

ICS 7  41 1.43 17.1 5 5 

GS 10 45 1.29 17.2 3 5 

ICS 16 42 1.38 17.3 3 5 

ICS 6 43 1.33 17.5 4 7 

GS 29 37 1.54 17.6 4 5 

GS 4 38 1.45 18.2 4 7 

ICS 75 38 1.41 18.7 5 7 

ICS 111 36 1.46 19.0 4 7 

ICS 93 39 1.32 19.4 5 5 

*ICS 63 39 1.31 19.6 4 7 

TRD 117 49 1.04 19.6 4 5 

ICS 85 41 1.24 19.7 4 5 

*TRD 45 36 1.41 19.7 5 7 

GDL 1 41 1.23 19.8 5 3 

ICS 8 40 1.26 19.8 4 3 

ICS 1 39 1.29 19.9 4 7 

Pod wall hardness:      3 = < 2.0 MPa      5 = 2.0 to 2.49 MPa      7 =  2.5 MPa 

Cotyledon colour:        3 = light purple   4 = medium purple       5 = dark purple 

* Selections included in the CFC/ICCO/IPGRI Project Collection (Sounigo et al., 2005) 
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Principal Component Analysis revealed that there is no distinct separation among the 

Trinitario accession groups studied, but rather the accessions are interspersed to form one 

heterogeneous grouping (Figure 1). However, it was noteworthy that the seven MAR accessions 

were grouped relatively closely together. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Principal Component Score Plot of the Trinitario accession groups studied based 

on 25 morphological descriptors. 

 

Discussion and Conclusion 

The promising Trinitario accessions in terms of bean size, pod index, pod wall hardness and pale 

cotyledon colour (as an indicator of Criollo ancestry) are listed in Table 5 and can be referenced 

for future germplasm enhancement activities. Pod wall (sclerotic layer) hardness has been 

identified as a phenotypic factor associated with resistance to the pod borer (Conopomorpha 

cramerella (Snellen)) due to increased mortality of the larvae with harder pod walls (Azhar, 

1988).  All of the promising Trinitario accessions were observed to have moderately hard or hard 

pod walls apart from GDL 1 and ICS 8.  

In terms of genetic distinctness, Johnson et al. (2004) found ICS 10, 57, 77, 80 and 95 most 
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distinct among the 57 ICS clones included in their study.  These may be potential parental 

candidates for germplasm enhancement due to their genetic diversity. However, none of them 

were identified in Table 5 among the most promising Trinitario accessions.   

The data presented here can augment those to be generated in the recently approved project on 

Identification and promotion of ancient cacao diversity through modern genomics methods to 

benefit small-scale farmers as was done in the study described by Johnson et al. 2009. In 

particular, the new study will include flavour assessment of selected Trinitario genotypes to add 

another dimension to this study. 
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Progress in resolving identity issues among the Nanay accessions 

held in Trinidad: the contribution of the collaborative USDA/CRU 

DNA Fingerprinting Project 
 

M. Boccara and D. Zhang 

 

During his expeditions to collect material with resistance to Witches‟ Broom disease, Dr. F.J. 

Pound collected pods from trees showing desirable traits along the Rio Nanay valley in Peru 

(Pound, 1943a, b). It is reported that pods were taken from 14 to 17 different trees, free of WB. 

After a suitable quarantine period in Barbados, healthy budwood from seedlings was grafted for 

establishment mostly in Marper Farm fields in Manzanilla. According to the listings of 1943, 340 

trees from the Nanay group were planted in these fields, now called Blocks C and D. Sixty years 

later, 156 trees with Nanay labels are still alive in Marper Farm, and a total of 226 accessions 

have been duplicated in ICG,T and are recorded in the ICG,T database at CRU. 

Mislabelling is a recurrent problem in every collection of living material and rigorous visual 

observations made over the years have suggested that some propagation errors were made 

(Bekele et al., 2005), justifying the use of modern tools to resolve identity issues. 

A joint USDA/CRU collaborative project that aims to obtain DNA fingerprints of cocoa 

germplasm held in the ICG,T started in 2001; the Nanay accessions being of special interest to 

the cocoa community, particular attention has been focused on that group.  

 

Achievements 

Leaves were collected from every original live tree in Blocks C and D of Marper Farm and from 

trees in UCRS where not present in Marper Farm. Extra leaf samples were also collected from 

replicated trees in UCRS for conformity control tests. 

A total of 300 samples were collected, including 156 original trees in Marper Farm, 70 trees 

present only in UCRS fields and 74 for the purpose of verification. (Table 1) 

DNA samples extracted in CRU were sent to the USDA-ARS Beltsville laboratory to be 

processed according to the planned protocol and guidelines (Saunders, 2000). 

 

Data analysis 

The results of the DNA fingerprinting profiles are currently available for a total of 1,300 

accessions from UCRS and Marper Farm fields, including the NA accessions referred to in this 

study and have been analysed for different purposes: 

 

 To assess the population identity of the Nanay group 

 To assess the diversity of the group 

 To detect off-type individuals 

 To verify the conformity of duplicate trees 

 To assess population admixture 

 To discover potential mislabelling 
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Table 1. List of NA accessions sampled and their location in 2008. 
 

Clone 

name 

Marper 

Farm 
Status UCRS Status 

 Clone 

name 

Marper 

Farm 
Status UCRS Status 

NA 1 C1042 + 4A +  NA 157 D649 0 --  
NA 3 C1045 + --   NA 159 D650 + --  

NA 8 C1058 + --   NA 168 D435 + 5B + 

NA 12 C1048 + --   NA 170 D478 + --  
NA 13 C1091 + 6B +  NA 176 --  4A, 5B + 

NA 14 C1047 + --   NA 178 D434 0 --  
NA 16 C1093 + 5B +  NA 179 --  5B + 

NA 19 --  4A +  NA 181 --  6A + 
NA 21 D65 + 5A +  NA 183 --  5B + 

NA 26 D584 + 5B +  NA 184 D823 +  5B + 

NA 30 D97 + --   NA 186 --  5B + 
NA 32 --  6B +  NA 187 D816 + 6B + 

NA 33 --  4A +  NA 189 --  5A + 
NA 34 --  6B +  NA 191 --  5B + 

NA 39 D138 + --   NA 194 D191 + --  

NA 40 D120 + --   NA 204 D476 0 --  
NA 43 --  5A +  NA 206 --  6A + 

NA 45 D673 + --   NA 217 D386 + --  
NA 46 D157 + 5B +  NA 218 D418 + --  

NA 47 --  4A, 5B +  NA 223 --  Campus 0 
NA 48 D141 + --   NA 226 --  6B + 

NA 49 --  4A +  NA 227 --  5A + 

NA 58 --  5B +  NA 228 --  5B + 
NA 61 D267 + 4A +  NA 229 D483 + --  

NA 62 D590 + 4A, 6A +  NA 230 --  6B + 
NA 66 --  5B +  NA 232 --  5B + 

NA 68 D135 + 5B +  NA 235 --  5B + 

NA 69 D607 + --   NA 241 D440 + 4A + 
NA 70 D129 + --   NA 244 --  5B + 

NA 71 D695 + 5A +  NA 246 D459 + --  
NA 74 D206 + --   NA 251 D490 + --  

NA 79 D612 + --   NA 254 D372 + --  

NA 81 D221 + --   NA 256 D269 + --  
NA 84 D134 + --   NA 258 D444 0 --  

NA 87 --  5B +  NA 260 D341 + --  
NA 90 D577 + 5B +  NA 266 --  5B + 

NA 92 D608 + 5B +  NA 268 D310 + --  
NA 95 D222 + -- +  NA 271 D270 + 5B  

NA 98 --  6B 0  NA 277 D313 + --  

NA 1/19 D187 + --   NA 279 --  5A + 
NA 104 D227 +  5B +  NA 280 D838 + --  

NA 106 D252 + --   NA 283 --  5B + 
NA 110 D579 + --   NA 286 --  5B + 

NA 111 D248 + --   NA 289 --  5B + 

NA 112 --  5B +  NA 300 --  5B + 
NA 113 --  4A, 5B +  NA 311 --  5B + 

NA 114 --  4A, 5B +  NA 312 D294 + 5B  
NA 118 --  6B +  NA 320 --  5B + 

NA 127 D229 + --   NA 322 D291 + --  
NA 129 --  5A +  NA 326 D289 + --  

NA 137 D622 + 6B +  NA 327 --  5B + 
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NA 140 D349 + --   NA 329 --  5A + 

NA 141 --  5B +  NA 331 D477 + --  
NA 142 D682 + 6A +  NA 335 --  5B + 

NA 144 D626 + --   NA 337 D822 + --  

NA 145 D642 + -- +  NA 339 --  4A + 
NA 149 D278 + 5B +  NA 342 --  6B + 

NA 154 D624 + --   NA 359 --  5B + 
NA 155 D276 + --   NA 370 D783 + --  

NA 156 D457 + --   NA 371 D788 + 5B  
NA 372 D417 + --   NA 718 C183 + --  

NA 387 --  5A +  NA 719 C228 + 5A + 

NA 395 D697 + --   NA 720 C26 + --  
NA 399 D456 + --   NA 721 C234 + --  

NA 406 --  5B +  NA 724 C662 + 4A + 
NA 409 --  5A +  NA 725 C675 + --  

NA 423 D757 + --   NA 726 --  Campus + 

NA 427 D466 + --   NA 728 C434 0 --  
NA 432 D717 + --   NA 730 D336 + --  

NA 435 D760 + 5B +  NA 732 C132 + 4A + 
NA 462 D784 + 5B +  NA 733 D721 + --  

NA 471 --  6A +  NA 734 D546 + --  
NA 475 D469 + 5B +  NA 739 D193 + 5A + 

NA 504 D465 + 5A +  NA 746 D213 + --  

NA 507 --  5B +  NA 747 D360 + --  
NA 519 D808 + 5A +  NA 750 --  6A + 

NA 528 D774 + --   NA 753 C1160 + --  
NA 534 --  5B +  NA 756 D343 + 6A + 

NA 540 --  5B +  NA 758 D219 + 6A + 

NA 669 C127 + --   NA 759 --  5B + 
NA 670 --  5A +  NA 763 D364 + --  

NA 672 C133 + 5B +  NA 764 D511 + 5B + 
NA 672 D538 + 5B +  NA 766 D337 + 4A + 

NA 673 --  4A +  NA 770 D496 + 5B + 
NA 674 C546 + --   NA 771 --  5B + 

NA 675 C251 + --   NA 773 --  5B + 

NA 678 C35 + --   NA 780 D952 + 5B + 
NA 680 D716 + 5A +  NA 794 D7 + --  

NA 681 C663 + --   NA 796 D272 + 5B + 
NA 685 C424 + 5B +  NA 8/35 D368 + --  

NA 686 C383 + --   NA 802 D321 + 5A + 

NA 687 C78 + --   NA 804 D320 + 6B + 
NA 689 C52 + --   NA 807 D398 + 5A + 

NA 691 C415 + --   NA 824 --  5B + 
NA 692 C693 + --   NA 831 D741 + --  

NA 693 C174 + --   NA 833 D640 + --  
NA 694 C64 + --   NA 835 --  5B + 

NA 695 C47 + --   NA 841 D698 0 --  

NA 697 C692 + --   NA 847 D516 + --  
NA 699 --  5B +  NA 851 --  5B + 

NA 7/10 C181 + 6A +  NA 860 D240 + --  
NA 7/11 --  Campus +  NA 867 D502 + --  

NA 7/28 --  4A +  NA 876 D486 + --  

NA 702 D104 + --   NA 877 D512 0 --  
NA 705 C102 + 5B +  NA 888 D635 + --  

NA 706 --  5B +  NA 904 D523 + --  
NA 708 C169 + --   NA 91/6 D525 + --  
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NA 711 C659 + --   NA 916 --  6B + 

NA 712 C247 + --   NA 929 D499 +  + 
NA 713 C275 + --   NA 935 --  6B + 

NA 715 C89 + 5A +  NA 937 D513 0 --  

NA 717 C608 + --   NA 961 D637 + 5B + 
+ Trees alive and sampled   -- No tree(s) sampled 

0 No DNA results 

 

Methods 

The following methodologies were used to analyse the data from DNA profiles: 

 Genetic diversity of the 226 Nanay clones was assessed in relation to the 1,300 clones 

sampled from the ICG,T, using dissimilarity analysis (DARwin software, 5.0.142, Perrier 

et al.,2006) and principal co-ordinate analysis (GENETIX software, Belkhir et al., 2000); 

 Duplicate trees were assessed by matching their multilocus profile to their reference tree;  

 Mislabelled trees and off-types were sought from matching profiles and by using all the 

information available in records, publications and maps. 

 

Results 

The principal co-ordinate analysis using Genetix software shows that Nanay accessions are 

clearly distinct from the rest of the clones analysed, but are grouped in two distinctive subgroups 

(I and II) (Figure 1). The main sub group includes 119 accessions (Table 2), whereas the other 

one includes 13 accessions (Table 3). 

Table 4 shows also that some accessions labelled as Nanay fall into other accession groups 

mainly from Trinitario, Upper Amazon Forastero (viz., Parinari accession group) and Refractario 

classes, and a few could be grouped with the Morona, IMC or Scavina accession groups. 

 

Table 4. Distribution of the NA off-type accessions. 

 
Clone 

name 

Fingerprint 

code Location 

 Clone 

name 

Fingerprint 

code Location 

Clustered with Trinitario accessions 
 

Clustered with Trinitario accessions 

NA 81 fp 1176 Marper D221  NA 320 fp 19 Field 5B E405 T1 

NA 114 fp 1263 Field 5B E364 T2  NA 339 fp 721 Field 4A D404 T2 

NA 142 fp 117 Marper D682  NA 395 fp 232 Marper D697 

NA 159 fp 115 Marper D650  NA 462 fp 256 Marper D784 

NA 260 fp 204 Marper D341  NA 540 fp 1568 Field 5B H641 T13 

NA 271 fp 192 Marper D270  NA 691 fp 94 Marper C415 

NA 277 fp 1191 Marper D313  NA 764 fp 386 Marper D511 

NA 300 fp 12 Field 5B G601 T4  NA 961 fp 1010 Marper D637 

Clustered with PA accessions 
 

Clustered with PA accessions 

NA 176 fp 1662 Field 5B E403 T1  NA 534 fp 11 Field 5B G630 T1 

NA 312 fp 663 Marper D294  NA 686 fp 750 Marper C383 

NA 372 fp 216 Marper D417  NA 759 fp 32 Field 5B H711 T15 

NA 387 fp 745 Field 5A D251 T2  NA 876 fp 131 Marper D486 

NA 423 fp 262 Marper D757     

Clustered with Refractario accessions  Clustered with Refractario accessions 

NA 140 fp 313 Marper D349  NA 713 fp 104 Marper C275 
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NA 371 fp 241 Marper D788  NA 732 fp 1310 Marper C132 

NA 475 fp 38 Marper D469  NA 780 fp 565 Marper D952 

NA 669 fp 102 Marper C127  NA 794 fp 397 Marper D7 

NA 706 fp 39 Field 5B H692 T5  NA 8/35 fp 199 Marper D368 

Clustered with Morona accessions  Clustered with Morona accessions 

NA 471 fp 1394 Field 6A B86 T9  NA 91/6 fp 2717 Marper D525 

NA 904 fp 313 Marper D523     

Clustered with Scavina accessions  Clustered with Scavina accessions 

NA 68 fp 1121 Marper D135  NA 409 fp 104 Field 5A N4/526 T3 

NA 145 Fp 285 Marper D642     

Clustered with IMC accessions  Clustered with IMC accessions 

NA 137 fp 1121 Marper D622  NA 758 fp 104 Marper D219 

 

Table 2. Confirmed NA accessions group I. 

 
Clone 

name 
Marper Farm UCRS 

 Clone 

name 
Marper Farm UCRS 

NA 1 C1042 4A  NA 329 -- 5A 

NA 8 C1058 --  NA 331 D477 -- 

NA 13 C1091 6B  NA 335 -- 5B 
NA 14 C1047 --  NA 337 D822 -- 

NA 16 C1093 5B  NA 342 -- 6B 
NA 19 -- 4A  NA 359 -- 5B 

NA 26  5B  NA 370 D783 -- 

NA 30 D97 --  NA 395 D697 -- 
NA 32 -- 6B  NA 399 D456 -- 

NA 33 -- 4A  NA 406 -- 5B 
NA 34 -- 6B  NA 427 D466 -- 

NA 40 D120 --  NA 432 D717 -- 
NA 43 -- 5A  NA 435 D760 5B 

NA 45 D673 --  NA 504 D465 5A 

NA 46 D157 5B  NA 507 -- 5B 
NA 48 D141 --  NA 519 D808 5A 

NA 62 D590 4A, 6A  NA 528 D774 -- 
NA 71 D695   NA 670 -- 5A 

NA 74 D206 --  NA 672 D538 5B 

NA 84 D134 --  NA 674 C546 -- 
NA 90 D577 5B  NA 675 C251 -- 

NA 92 D608 5B  NA 678 C35 -- 
NA 95 D222 --  NA 680 D716 5A 

NA 106 D252 --  NA 685 C424 5B 
NA 110 D579 --  NA 687 C78 -- 

NA 111 D248 --  NA 689 C52 -- 

NA 112 -- 5B  NA 697 C692 -- 
NA 127 D229 --  NA 699 -- 5B 

NA 141 -- 5B  NA 7/10 C181 6A 
NA 149 D278 5B  NA 7/28 -- 4A 

NA 154 D624 --  NA 702 D104 -- 

NA 155 D276 --  NA 705 C102 5B 
NA 156 D457 --  NA 708 C169 -- 

NA 168 D435 5B  NA 715 C89 5A 
NA 179 -- 5B  NA 717 C608 -- 

NA 183 -- 5B  NA 718 C183 -- 
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NA 184 D823  5B  NA 719 C228 5A 

NA 186 -- 5B  NA 720 C26 -- 
NA 187 D816 6B  NA 724 C662 4A 

NA 189 -- 5A  NA 725 C675 -- 

NA 191 -- 5B  NA 730 D336 -- 
NA 194 D191 --  NA 733 D721 -- 

NA 217 D386 --  NA 734 D546 -- 
NA 226 -- 6B  NA 746 D213 -- 

NA 227 -- 5A  NA 756 D343 6A 
NA 228 -- 5B  NA 766 D337 4A 

NA 232 -- 5B  NA 770 D496 5B 

NA 235 -- 5B  NA 771 -- 5B 
NA 244 -- 5B  NA 773 -- 5B 

NA 246 D459 --  NA 796 D272 5B 
NA 254 D372 --  NA 807 D398 5A 

NA 266 -- 5B  NA 824 -- 5B 

NA 279 -- 5A  NA 831 D741 -- 
NA 280 D838 --  NA 833 D640 -- 

NA 283 -- 5B  NA 841 D698 -- 
NA 289 -- 5B  NA 847 D516 -- 

NA 311 -- 5B  NA 867 D502 -- 
NA 322 D291 --  NA 888 D635 -- 

NA 326 D289 --  NA 929 D499  

NA 327 -- 5B     

 

Table 3. Confirmed NA accessions group II 

 
Clone 

name 

Marper 

Farm UCRS  

Clone 

name 

Marper 

Farm UCRS 

NA 47 -- 4A  NA 695 C47 -- 

NA 69 D607 --  NA 711 C659 -- 
NA 251 D490 --  NA 712 C247 -- 

NA 673 -- 4A  NA 721 C234 -- 
NA 692 C1093 5B  NA 739 D193 5A 

NA 693 C174 --  NA 747 D360 -- 

NA 694 C64 --     

 

Mislabelling analysis 

Nanay trees presenting a Trinitario profile 

The DNA profiles of 11 trees with Nanay labels in Marper Farm showed that they belong to the 

Trinitario group, implying that the surviving part of the tree is rootstock. 

Some accessions in UCRS also presented a Trinitario profile: this is the case of NA 114 in 

Field 5B, which is identical to NA 114 in Marper Farm, implying that it was propagated from the 

surviving rootstock.   

 

Trees presenting a PA profile 

The results of the DNA analysis show that some trees labelled as Nanay in Marper Farm present 

the profile of another accession group (other than the Trinitario group); this is the case for NA 

423 (Marper D757) which was originally planted next to PA 159 [PER] (Marper D756). The PA 

accession is now dead; this could be the true identity of the tree labelled NA 423. 

Some duplicate trees in UCRS were propagated from the wrong original tree; this is often the  
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case when the original tree was already dead at the time of establishment of the ICG,T; budwood 

was taken from an adjacent tree. This is the case for NA 387 in Field 5B probably propagated 

from the adjacent tree PA 111 [PER] (now dead). 

Some mislabelling occurred during the propagation of trees in the establishment of the 

ICG,T: the plot D389 in Field 4A is labelled NA 176, but is planted with PA 176 [PER]; 

similarly the plot G614 in Field 5B is labelled NA 312, but contains PA 312 [PER] trees.  

 

Trees presenting a IMC profile 

NA 758 collected in Marper D219 shows the profile of IMC 38 established in Marper D681; 

although another IMC 38 was planted in D218, only the rootstock was reported to be still alive: 

the DNA analysis shows that the tree labelled NA 758 is fact IMC 38. 

 

Trees presenting a Scavina profile 

NA145 collected in Marper D642 shows a Scavina profile. As it had been planted next to SCA 8, 

now dead, in Marper D643 but does not match exactly the profile of the SCA 8 alive on the UWI 

campus, the tree labelled NA 145 could be a seedling from SCA 8 now dead in Marper. 

 

Trees presenting a Refractario profile 

The analysis of the profiles of the group of accessions clustered with Refractarios (Table 4) 

shows that they cluster with all the accessions labelled SM [POU]. Assumptions were made 

about the origin of this group of trees,(collected from a farm San Miguel across Rio Vinces 

(Bartley,1993,cited in ICGD, Wadsworth et al., 1997), or from Los Rios). A possible explanation 

could be that the group of NA accessions, together with SM [POU]  accessions were collected 

along the lower part of the Nanay river from a place called San Miguel, close to Iquitos (3°50‟S 

73°15‟W).  

 

Discussion and conclusion 

From the genetic diversity revealed by the analysis of DNA profiles, NA accessions can be 

identified as a distinct origin. However, it appears that 2 sub-groups can be discerned: this 

finding could corroborate the hypothesis that some of the accessions (Group II) could be the 

“result of the generation of seedling progenies of the original collections” given in the CRU 

Annual Report for 2004 (Bekele et al., 2005). 

The use of the 15 SSR markers has been efficient in distinguishing most of the NA 

accessions in the group. However, few very homozygous accessions cannot be clearly 

differentiated, even with the use of additional markers. 

As it has been shown by Motilal (2008) that plots in the ICG,T can contain more than one 

tree group, more verification of duplicate trees in the ICG,T will be needed to confirm their 

identity.  
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Progress with the Cacao Clones Manual project  
 

A.A. Sankar, G.G. Bidaisee and L.A. Motilal 

 

Introduction 

The Cacao Clones Manual (CCM) project will lead to the publication of a series of CD-ROMs
1
 

containing information on each accession of the International Cocoa Genebank, Trinidad. The 

CCM project is ongoing; complete data for more than 400 accessions has been assembled and 

work to finalise a first version containing some of the compiled data has become a priority. This 

priority is a natural progression towards the goal stated in previous reports of presenting 

compiled data to the cacao community in an expedited manner. The basic groundwork has 

already been laid for presenting the data in a suitable format; however the data itself needed to be 

meticulously reviewed to ensure the community of cacao researchers would be receiving a 

reliable resource, with the most accurate information possible. This is especially important given 

the status of verification activities for all the accessions to be featured in the manual.  

A number of concurrent activities to verify the identities of accessions in the ICG,T are 

on-going. These include the CRU/USDA Fingerprinting Project and other verification activities 

within CRU, as well as observations made during routine field work, and result in new 

information continuously being discovered that either confirms the identification of accessions or 

shows accessions to be off-types. This new information is therefore important to this project and 

is being used to review data collected for the manual for accuracy and to ensure that all relevant 

information is used to enhance the authenticity of the compilation. 

 
Review of images and data  

Visual examination of the photograph labels was the first step. For each entry of the manual, the 

accession labels were inspected for accuracy and compared with:  

 Field map data 

 Database data 

 1943 listing (historical hand-written records of field data) 

Field maps are readily available as is the updated „cocoa trees.mdb‟ database which is easily 

searched, however the 1943 listing was not as readily accessible and work was necessary to 

digitise this information.  

Qualitative and quantitative descriptors were re-checked for accuracy and updates were made 

where applicable. As a final check, accessions short-listed for the Trial CD were cross-checked 

with tables from the 2007 CRU Annual Report of new SSR data from the Fingerprinting project 

(Boccara and Zhang, 2008, Motilal et al., 2008). 

Accessions for which an issue (identity or otherwise) became apparent are catalogued in the 

table below. Some accessions were removed from the menu of the Trial CD due to evidence of 

off-types (e.g. ICS 25) or mislabelling. Others were edited for mistakes in the photograph 

caption or description. 

                                                 
1
 Compact disc – read only memory 
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Table 1. Identity problems in accessions of the Cacao Clones Manual. 

 

Accession name Issue Notes 

Field, position 

(unripe pod) 

Field, position 

(ripe pod) 

B 12/1 [POU] >1 genotype in Field 

6B Plot F461 

No position 

information 

Field 6B F461 T1 Field 6B F461 T1 

CL 19/49 Groups with PA  Marper C1100  

CL 27/58 Original trunk dead  Marper C224  

ICS 25 Off-type T13 photographed SJE, Block 1  Field 6B E320  

ICS 48 Pod shape T6, Pod shape does 

not match Pound's 

description for T6 

and others 

Field 6B E318  Field 6B E318  

ICS 84 Maps confirm 

position, but 

Campus 5 x15 y1 is 

not in database 

 Campus 5 x15 y1  Campus 4 x15 y5 

LX 25 Marper pod is off-

type 

 Field 6A B113  Field 6A B113 

MO 20 Mislabelled  Campus 3 x11 y5   

MOQ 2/33 Groups with NA No NA tree around, 

landslide one tree 

over in 1980s. 

Marper C781   

MOQ 6/103 Map: Field 4A D341 

T2 is alive, T2 is not 

listed in database 

T2 pod 

photographed;  

Marper C931  Field 4A D341  

MOQ 6/29 Groups with PA  Marper C765   

MOQ 6/41 Label  Marper C182   

MOQ 6/67 Marper pod is off-

type 

No database notes Marper C140   

MOQ 6/87 Marper pod is off-

type 

 Field 5B H699  Field 5B H699  

NA 12 Field 6A B118 T1 is 

not in database 

 Field 6A B118 T1  Field 6A B118 T1  

NA 669 Marper pod is off-

type 

 Field 4A D418  Marper C127  

SCA 19 Trees 10, 13, 14 and 

15 are mislabelled in 

Field 6B A74  

T14 photographed Campus 9A x15 y4 Field 6B A74  

SCA 23 Position in database 

is x19 y24, and not 

x8,19  

Map confirms that 

x8y19 is present 

Campus 11 x8 y19 Campus 11 x8 y19 

SCA 24 Marper pod is off-

type, and mr pod has 

no position # 

Pods dissimilar, Plot 

A6 listed in database 

for 6B 

Marper D569  Field 6B T14  

SCA 9 Uncharacteristically 

large beans in 6B 

pods 

 Marper D226  Field 6B A37  

UF 29 Filament colour Filament colour is 

different in Costa 

Rica 

Campus 11 x1y22  Campus 11 x1y22  
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Identity issues: two examples  

Example 1: LP 1/45 [POU] (problem with accession groupings) 

Pods from Marper D385 were photographed and processed.  However, according to DNA 

fingerprinting results, Marper D385 is classified as an off-type. The Marper C772 tree was not 

sampled for DNA and the original trunk for this tree is dead. The 1943 listing shows the Marper 

D385 tree as dead, therefore the tree we collected from may have been mislabelled. This could 

explain why the Marper D385 accession groups with NA accessions according to the DNA 

analysis (M. Boccara, pers. comm.). 

 

Example 2: JA 3/37 [POU] or JA 3/38 [POU] (Fingerprinting anomaly) 

JA 3/37 [POU] is questionable for three reasons. Firstly, pod collection notes verify that the label 

in the pod photograph was accurate, however there are data to suggest otherwise: JA 3/37 [POU] 

is labelled as being collected from position Marper C1003 however the accession in this position 

is JA 3/38 [POU], according to the database and field data. Secondly, fingerprinting results show 

JA 3/37 [POU] has an identical profile to JA 3/39 [POU] from 5B E412. Thirdly, the mature ripe 

pod was collected from Marper C1120, and the tree in this position may be of questionable 

identity (M. Boccara, pers. comm.) 

 

Details of Version 1.1 Trial CD-ROM  

The trial CD consists of one volume on a single CD-ROM and contains information for 261 

accessions. The 522 photographs are presented with qualitative descriptor data for all 261 

accessions and several accession entries also have quantitative data. Credits for content of the 

trial CD belong to CRU and the United States Department of Agriculture (USDA) courtesy of 

Dr. Elizabeth Johnson. 

 

Content Changes 

Based upon feedback from the trial CD, a link to International Cocoa Germplasm Database has 

been added for each accession page of the manual. Changes in progress include the addition of 

information to highlight accessions that are part of the “CFC Project Collection”, and to add 

ICGD identifiers. 

Version 1.1 Trial CD was released in two formats. TIFF
1
 images were used both in Format 

A, “the AlternaTIFF format” and also in Format B, “the non-AlternaTIFF format” and the 

AlternaTIFF plug-in is required for viewing the manual in Format A. There were no JPG/JPEG
2
 

images supplied for either format. Format B was only supplied as an alternative for persons not 

wishing to use the plug-in, although all evidence indicates that pod photos in TIFF format cannot 

be shown without the coding for the AlternaTIFF plug-in. 

 

The future of the Cacao Clones Manual: AlternaTIFF-free 

There was no negative feedback on the requirement for the AlternaTIFF plug-in needed to view 

                                                 
1
 Tagged image file format 

2
 Joint photographic experts group 
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the CD contents (in Format A), so we may conclude that this was not a deterrent to users of the 

trial CD. We assume that all users were able to complete the requirements to register the plug-in 

for each computer whether it was installed manually or automatically. The need for an internet 

connection or the need to "allow" active content (in some systems) for pod pictures to be 

displayed each time CD is launched was not reported to be a problem either. Nevertheless, we 

are proposing a new format because the authors of the AlternaTIFF plug-in have reported 

possible future compatibility problems with new operating systems. 

To eliminate the need for AlternaTIFF and possible compatibility problems, the JPG/JPEG 

format will be used for photographs of pods on accession entry pages in the next version. A 

hyperlink to a TIFF image tagged with a web “Tag” that gives brief instructions on how to 

download this higher quality image will also be added. This will allow users to browse the 

manual more easily and still have access to a higher quality image for printing a hard copy. The 

instructions for downloading the TIFF image will be included in the introduction or welcome 

page of the manual. 

 
Discussion 

The review of data collected by comparing field maps, the database and recent fingerprinting 

results highlighted the need to keep these resources updated on a regular basis. It was important 

to digitise the 1943 listing, as it can provide explanations for previously unexplained 

observations for some accessions at Marper Farm. In some cases, simple errors made with 

labelling could have been prevented by additional double-checking at the time that pods were 

collected and photographed, as well as by recording more detailed notes.  

Distribution of the Version 1.1 Trial CD to recipients of the CRU Annual Report for 2007 

was accomplished successfully. Feedback from users of the trial CD brought suggestions to 

enhance the usefulness of the publication, in particular with cross-references to the International 

Cocoa Germplasm Database via ICGD identifiers. 

 

Solutions to accessions with identity mysteries 

To deal with accessions for which identity is ambiguous we propose to replace existing pod 

photographs by recollecting from verified trees. To do this, an assessment of trees for possible 

true-types must be done in cases where a verified tree has not been documented or confirmed by 

SSR data analysis. A new priority list of accessions with identity issues will be used and 

regularly updated to include any new accessions shown to have problems in future. 

To deal with the challenge of identity management as a whole and reduce the need to 

troubleshoot situations that are uncovered, strategies should be developed to anticipate identity 

issues through a proactive approach. 

These strategies should include systematic double-checking of labels on trees and of notes 

recorded during pod collection. If possible, tree locations should be photographed (with the 

neighbouring labels in view) when pods are collected for the manual. This will also assist in 

confirming identity should future questions arise. The CRU database should be regularly updated 

and should always be consulted (in addition to the 1943 listing) before, during and after 

collection of pods to help to reveal potential problems in a timely manner. More detailed pod 

collection notes would be invaluable for future consultation if problems do occur. 
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Conclusion and future prospects 

A review of the pod photographs and descriptor data revealed a number of problems which 

needed to be addressed regarding identity of certain accessions. Further discussions are 

important to reach a consensus on which accessions released in the trial CD can be included in a 

release of the Version 1.1 CD of the Cacao Clones Manual. For the future, the goal to 

photograph the other 1,000 accessions of the ICG,T can be achieved with a modified, more 

systematic strategy pending availability of pods in the field. Verification efforts can be run 

simultaneously to help avert future identity issues. Compiled historical and other information to 

supplement basic data will be prepared for inclusion in subsequent versions together with newly 

generated SSR data. 
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Evaluation of cocoa germplasm for resistance to Witches’ Broom 

disease 
 

R. Umaharan  

 
Introduction 

This report gives an account of the progress of the Witches‟ Broom screening programme, which 

commenced in July 1998 with a mandate to identify clones in the ICG,T that are promising for 

WB resistance. 

Results are presented for clones belonging to 38 accession groups, which were screened for 

Witches‟ Broom disease resistance via manual spray inoculations for the mass screening aspect 

of programme (Umaharan et al., 2005). Clones were assessed based on the number of inoculated 

shoots which became infected after inoculation, expressed as a percentage of the overall number 

of shoots inoculated per clone. Clones were considered susceptible if they showed at least 50% 

infection after spray inoculation, whereas clones which showed less than 20% infection were 

selected for further screening by the agar droplet method of inoculation (Surujdeo-Maharaj et al., 

2003). Clones screened by the agar droplet method were evaluated for symptom severity 

(incubation period and broom-base diameter) and results analysed by analysis of variance 

(ANOVA) using the general linear model (MINITAB or NCSS software).  Clones were deemed 

to be resistant after satisfying the following criteria:- 

 

1) having a broom-base diameter less than the most resistant control or significantly 

different from the susceptible control; 

2) having an incubation period greater than the most resistant control or significantly 

different from the susceptible control;  

3) showing no symptoms. 

  

Results 

Here results are only included where at least two clones per accession group were mass-screened 

(Table 1). 

Symptoms were divided into groups based on % symptoms (Figure 1). The majority of 

clones screened developed 50% or less infection, with a greater number of clones appearing to be 

resistant (0-10%) than those that appear to be very susceptible (90-100% infection). 

In addition to sourcing resistant genotypes from the ICG,T, screening has revealed the 

proportion of susceptible clones within each group. Clones which showed infection rates of 50% 

or more after spray inoculation were deemed to be susceptible to WB disease. Very susceptible 

clones were found in seven accession groups, four of which were represented by at least five 

mass-screened clones (Table 2). The SC accession group contained the greatest proportion of 

susceptible clones with 87.5% (7 out of 8) having infection rates of 50% or more after spray 

inoculation. 
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Table 1. Number of clones per accession group screened by spray inoculation for resistance 

to Witches’ Broom disease. 

 
Accession group No. Mass Screened  Accession group No. Mass Screened 

AGU 3  LX 8 

AM 33  LZ 4 

AMAZ 4  MAR 6 

B 36  MATINA 2 

CC 3  MO 7 

CL 34  MOQ 23 

CLM 10  NA 45 

CRU 13  PA 36 

CRUZ 3  POUND 9 

DOM 14  RIM 4 

GCT 2  SC 8 

GS 17  SCA 5 

GU 14  SJ 12 

ICS 52  SLA 9 

IMC 38  SLC 4 

JA 32  SPEC 12 

LCT EEN 13  TRD 3 

LP 27  UF 11 

LV 5  VEN 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Distribution of the number of clones with resistance to Witches’ Broom disease 

assessed by percentage (%) symptoms observed after spray inoculation.  
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Table 2. Percentage of susceptible clones per accession group obtained from mass 

screening. 

 
Accession group No. mass screened No. Susceptible* % Susceptible 

IMC 38 3 7.9 

PA 36 3 8.3 

MOQ 23 2 8.7 

UF 11 1 9.1 

CLM 10 1 10.0 

LP 27 3 11.1 

POUND 9 1 11.1 

LX 8 1 12.5 

NA 45 6 13.3 

CRU 13 2 15.4 

B 36 6 16.7 

SJ 12 2 16.7 

ICS 52 9 17.3 

AM 33 6 18.2 

JA 32 6 18.8 

LCT EEN 13 3 23.1 

LZ 4 1 25.0 

SLC 4 1 25.0 

MO 7 2 28.6 

CL 34 11 32.4 

CC 3 1 33.3 

SLA 9 3 33.3 

TRD 3 1 33.3 

GU 14 5 35.7 

GS 17 7 41.2 

DOM 14 7 50.0 

MATINA 2 1 50.0 

VEN 2 1 50.0 

CRUZ 3 2 66.7 

MAR 6 4 66.7 

SPEC 12 8 66.7 

SC 8 7 87.5 

    * No. of clones per accession group, which showed infection rates of 50% or more after spray inoculation  
  
      Accession groups shown in bold are those with 50% or more susceptible individuals for which at least         

                   five clones were screened.  

 

Of 584 clones which were mass screened, 313 were selected for further confirmation. From 

these, 116 clones have been screened for confirmation of resistance and 63 clones belonging to 

18 accession groups were selected with confirmed WB resistance under the experimental 

conditions at CRU. Table 3 shows the number of clones from 21 accession groups selected for 

further confirmation following mass screening, the number of those clones for which 

confirmation screening has been completed and the number of clones with confirmed WB 

resistance. Of those accession groups selected for further screening, 15 stand out as good 

potential sources of resistance since at least 50% of the clones in each group had confirmed WB 

resistance. All the clones screened in the POUND (3) and SJ (4) groups were confirmed to be 
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resistant.  

 

Table 3. Percentage of clones in each accession group with confirmed Witches’ Broom 

resistance following inoculation by the agar droplet method. 

 
Accession 

group 

No. selected for 

confirmation 

No. screened by 

agar droplet 

No. of resistant 

clones % resistant 

CLM 5 1 0 0 

JA 10 2 0 0 

SLA 4 1 0 0 

GS 2 2 0 0 

B 22 5 1 20 

UF 5 4 2 50 

AM 16 4 2 50 

ICS 26 7 4 57 

PA 26 15 10 67 

MOQ 15 3 2 67 

LP 12 6 4 67 

IMC 22 14 10 71 

CRU 11 4 3 75 

NA 26 5 4 80 

SCA 4 1 1 100 

POUND 7 3 3 100 

SJ 8 4 4 100 

SLC 2 1 1 100 

MO 3 1 1 100 

CL 10 2 2 100 

EET 6 1 1 100 

Accession groups shown in bold are those for which at least 50% of the clones in each group had confirmed 

WB resistance.  

 

Conclusion 

Mass screening of genotypes from the ICG,T has yielded interesting results. The number of 

clones with less than 50% infection exceeded those with more than 50 % infection. The 

distribution of percentage infection is skewed towards the resistant part of the scale, with the 

majority clones showing values between 20 and 50%. In addition, some accessions groups such 

as POUND, SJ, IMC and PA contain clones with very high levels of WB resistance. In contrast, 

screening has also identified accession groups for which the majority of clones are very 

susceptible. 

Overall, 10 % of the clones screened for WB resistance have confirmed resistance to the 

disease. As confirmation screening continues, this percentage is likely to increase, and the work 

should provide a genetically diverse source of resistant genotypes from the ICG,T. 

 

Acknowledgements 

We are grateful for the continuing financial support from the World Cocoa Foundation (WCF), 

USA and to Valmiki Singh for assistance with data collection. 

 



 

 56 

Evaluation 

References 

Surujdeo-Maharaj, S., Umaharan, P., Butler, D.R. and Sreenivasan, T. N. (2003) An optimised screening method for 

identifying levels of resistance to Crinipellis perniciosa in cacao (Theobroma cacao L.). Plant Pathology 52: 464-

475. 

 

Umaharan, R., Thévenin, J-M., Holder, A. and Bhola, J. (2005) Evaluation of cocoa germplasm for resistance to 

Witches‟ Broom disease. Pages 44-47 in: Annual Report 2004. St Augustine, Trinidad and Tobago: Cocoa Research 

Unit, the University of the West Indies. 

 



 

 57 

Evaluation 

Physical and organoleptic quality attributes of selected Imperial 

College Selections - first impressions  
 

D.A. Sukha, S.M. Bharath, N. Ali and D.R. Butler 

 

Introduction 

The project to assess the quality attributes of the Imperial College Selections (ICS) was approved 

by the Dutch Ministry of Agriculture, Nature and Food Quality (LNV) in June 2006 for funding 

by the Support Scheme for Sustainable Development of the Cocoa and Chocolate Sector.  The 

project is co-financed by three chocolate companies; one in France, one in Switzerland and the 

other in USA.  The aim of the project is to provide information on physical, chemical and 

organoleptic quality attributes for a working group of ICS clones.  A working group of 30 ICS 

clones was selected based on their genetic diversity within the Trinitario genetic group, 

resistance or tolerance to BP and WB, existing international distribution of ICS accessions and 

availability of sufficient trees at the ICG,T to provide adequate bean samples for the project.   

Impressions of selected physical and organoleptic quality attributes from 29 ICS clones of 

the working group in the first crop year are presented in this article.  One ICS clone in the 

working group of 30 did not provide sufficient pods to be included in the dataset.   

By identifying ICS accessions that have potentially interesting flavour and other quality 

attributes, we hope to highlight their potential for use in breeding programmes throughout the 

world.  The benefits of this project therefore accrue to a wide range of stakeholders in the 

production chain from farmers to the final consumers. 

   

Methods 

Preparation of bean and cocoa liquor samples and organoleptic assessment 

Micro fermentations were carried out according to Sukha et al. (2008) on 29 ICS clones from the 

working group.  Preparation of cocoa liquor samples and organoleptic assessments were also 

carried out according to Sukha et al. (2008) using a trained sensory panel of nine panellists.  

Liquor samples were tasted blindly over three repetitions. 

 

Physical analyses   

Physical quality attributes viz. bean weight, bean count and moisture content were measured in 

representative samples from all the 29 ICS clones using standardised sampling and assessment 

protocols according to the Bicsuit, Cake, Chocolate and Confectionery Association (BCCCA, 

1996).  Triplicate butterfat assessments were carried out at Guittard Chocolate Company (USA) 

using pulsed nuclear magnetic resonance (Bruker Minispec pNMR Analyser Model No. MQ10).   

 

Data analysis  

Physical assessment results were presented as means with standard deviations calculated using 

Microsoft
®
 Excel.  Individual flavour attribute scores from the profiling forms were entered into 

a data template in Microsoft
®
 Excel where mean flavour profiles and the standard errors of the 
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mean (SE) were calculated.  Principal Component Analysis (PCA) was performed on the pooled 

data using XLSTAT version 2008.1.01 (Addinsoft, USA).   XLSTAT version 2008.1.01 

(Addinsoft, USA) was also used to calculate correlation matrices between the different flavour 

attributes and to identify those flavour attributes contributing to the main principal components 

that account for discrimination between samples. Graphical representations of both physical and 

organoleptic results were carried out in Microsoft
®
 Excel. 

 

Results 

Physical analyses   

The results from physical assessments indicate that the average individual bean weight was 1.4 g 

with an average bean count of 74.2 beans per 100 g.  The average moisture content of fermented 

and dried beans in storage was 6.2%.  Minimum and maximum bean weights were recorded for 

ICS 46 and ICS 8 with values of 0.85 and 1.96 g respectively, whilst the minimum and 

maximum bean counts were also recorded for ICS 8 and ICS 46, respectively.  

A summary of results from bean count, bean weight and moisture content measurements with 

standard deviation and minimum and maximum values associated with particular ICS clones is 

presented in Table 1. 

 

Table 1.  Summary of results from bean count, bean weight and moisture content 

measurements with standard deviation and minimum and maximum values 

associated with particular ICS clones for the first crop year of the project. 

 

  Bean count/100g Individual bean weight (g) Moisture content (%) 

Average 74.2 1.4 6.2 

Std Deviation 16.5 0.3 0.4 

Min    51 (ICS 8) 0.85 (ICS 46) 5.5 (ICS 10) 

Max 118 (ICS 46) 1.96 (ICS 8) 7.0 (ICS 95) 

 

Butterfat assessments 

The highest butterfat contents were observed in ICS 61 (59.1%) and ICS 75 (57.7%) whilst the 

lowest butterfat content was observed in ICS 85 (50.9%).  The average butterfat content for ICS 

clones in the working group was 54.3%.   The average butterfat values (of three determinations) 

for 29 clones in the first crop year of the project are presented in Figure 1. 

 

Flavour Assessments 

Results from the PCA showed that the first three principal components explained 81.2% of the 

variation in the samples.   

Figure 2 is a PCA plot of the first two principal components for the average flavour profiles 

over three repetitions for the 29 ICS clones. Principal component 1 accounted for 48.8% of the 

variation and principal component 2 accounted for 22.8% of the variation expressed by the 

samples.  
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Figure 1.  Average butterfat percentage contents of ICS clones in the project working 

group from the first cocoa crop year of the project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Principal component analysis plot of flavour scores averaged over three 

repetitions of tasting for ICS clones in the working group from the first cocoa 

crop year of the project.  
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There was a general separation of the ICS clones between those that were strongly floral and 

those that were dominant in cocoa flavour.  ICS clones also separated according to those that 

were nutty or had some “other” flavour present.  Clone ICS 57 was clearly distinct from the other 

genotypes due to its bitterness, raw/beany/green, floral and “other” flavours. 

The percentage contributions of the nine different flavour attributes to the first three principal 

components derived from XLSTAT are presented (with dominant contributions in bold) in Table 

2.  Raw/beany/green, fruitiness, acidity and bitterness had the highest percent contribution to the 

first principal component, whilst floral, cocoa and nutty flavours had the highest percent 

contribution to the second principal component.  Noteworthy is the 40.8% contribution of floral 

flavour to the second principal component.  Astringency contributed most to the third principal 

component with percentage contribution of 88.6%.  

 

 

Table 2. Percentage contribution of different cocoa liquor flavour attributes to the first 

three principal components from the PCA analysis. Average flavour scores over 

three repetitions were used for each of the 29 ICS clones.  

 

Flavour attribute  

Contribution of flavour attributes to the 

principal components (PC) 

PC 1 (%) PC 2 (%) PC 3 (%) 

Cocoa 2.9 37.3 0.04 

Acidity 16.2 1.3 0.2 

Astringency 3.6 0.0 88.6 

Bitterness 14.5 2.9 0.6 

Fruity 17.0 0.2 6.2 

Floral 1.1 40.8 1.5 

Nutty 12.3 15.6 0.1 

Raw/beany/green 18.8 1.9 2.7 

Other 13.7 0.0 0.1 

 

 

A summary of the percentage contributions of the different ICS clones to the first three 

principal components derived from XLSTAT are presented in Table 3.  This shows that ICS 57 

which was an outlying sample in Figure 2 contributed most to the first and second principal 

components with 37.2% and 25.8%, respectively. Clone ICS 15 contributed 13.5% and 13.6% 

respectively to the first and third principal component.  The clone ICS 70 made the second 

highest contribution (12.5%) to the second principal component whilst ICS 97 made the third 

highest contribution (12.2%) to the third principal component.  By linking the trends from Tables 

2 and 3 we can associate bitterness, raw/beany/green and floral flavours with ICS 57, dominant 

floral and nutty flavour with ICS 70 and astringency with ICS 97, ICS 16 and ICS 15. 
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Table 3. A summary of the percentage contributions of the different ICS clone samples to 

the first three principal components from the PCA analysis, using average flavour 

scores over three repetitions for each clone. 

 

Accession 

Contribution of ICS clones to the Principal Components (PC) 

PC 1 (%) PC 2 (%) PC 3 (%) 

ICS 5 1.84 0.56 4.85 

ICS 6 0.89 0.64 3.81 

ICS 8 0.34 0.79 0.53 

ICS 10 1.85 3.99 2.19 

1CS 15 13.50 1.03 13.60 

ICS 16 0.21 0.17 19.61 

ICS 30 0.00 7.51 0.39 

ICS 42 8.87 2.87 0.19 

ICS 43 1.21 1.93 2.98 

ICS 45 0.07 0.46 0.00 

ICS 46 0.45 8.50 1.07 

ICS 48 1.20 0.60 0.01 

ICS 57 37.23 25.84 2.80 

ICS 60 8.32 2.24 1.67 

ICS 61 0.32 8.15 5.15 

ICS 63 0.76 1.62 1.27 

ICS 65 1.56 1.12 0.27 

ICS 67 4.03 8.06 0.71 

ICS 70 2.37 12.58 0.31 

ICS 75 0.03 1.27 0.69 

ICS 83 5.01 0.01 1.02 

ICS 84 0.24 1.28 2.73 

ICS 85 0.34 7.38 0.08 

ICS 86 1.51 0.12 2.47 

ICS 89 2.71 0.36 1.72 

ICS 94 0.61 0.00 3.44 

ICS 95 0.37 0.83 7.30 

ICS 97 2.69 0.00 12.00 

ICS 98 0.31 0.00 5.23 

 

A correlation matrix of the flavour attributes from the different ICS clones is presented in 

Table 4 (with significant (P≤0.05) values in bold).  These values revealed that acidity was 

significantly correlated to fruity flavour (r = 0.63).  Bitterness was highly correlated with 

raw/beany/green flavours (r = 0.79) and raw/beany/green flavours were highly correlated with 

“other” flavours.  Cocoa flavour was negatively correlated (inversely related) to floral flavour 

(r = -0.64).     
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Table 4. A correlation matrix of the flavour attributes from 29 ICS clone samples 

presented with significant (P ≤ 0.05) values in bold. 

 
Flavour  

Attributes 

Cocoa 

 

Acidity 

 

Astringency 

 

Bitterness 

 

Fruity 

 

Floral 

 

Nutty 

 

R/B/G 

 

Other 

 

Cocoa 1 0.12 0.11 -0.41 0.33 -0.65 0.18 -0.48 -0.37 

Acidity 0.12 1 0.33 -0.61 0.64 0.26 -0.64 -0.69 -0.60 

Astringency 0.11 0.33 1 -0.27 0.17 0.00 -0.31 -0.24 -0.28 

Bitterness -0.41 -0.61 -0.27 1 -0.68 0.04 0.42 0.76 0.44 

Fruity 0.33 0.64 0.17 -0.68 1 0.12 -0.62 -0.81 -0.54 

Floral -0.65 0.26 0.00 0.04 0.12 1 -0.61 -0.08 -0.19 

Nutty 0.18 -0.64 -0.31 0.42 -0.62 -0.61 1 0.49 0.54 

R/B/G -0.48 -0.69 -0.24 0.76 -0.81 -0.08 0.49 1 0.67 

Other -0.37 -0.60 -0.28 0.44 -0.54 -0.19 0.54 0.67 1 

Values in bold are significantly different from 0 with a significance level alpha≤0.05 
1
Raw/beany/green (R/B/G) 

 

Discussion and conclusion 

Yield of edible material, particularly bean „weight‟ (mass) and cocoa butterfat content are two 

industry quality parameters used in price determination (BCCCA, 1996).  Varieties whose fruits 

contain many large seeds with high butterfat content are therefore desirable as farmers would 

obtain greater returns whilst satisfying industry standards.  

The BCCCA (1996), states that there is no internationally accepted classification for bean 

size. However, the Association Francaise du Commerce des Cacaos and London Cocoa Terminal 

Market quote acceptable bean size ranges of 1 – 1.2 g on commercial shipments of cocoa.  The 

Cocoa and Coffee Industry Board of Trinidad and Tobago (CCIB) quote minimum acceptable 

bean sizes of 1.05 and 0.91 g for Grade I and Grade II cocoa, respectively (CCIB, 2009).  In this 

regard, the average bean size of 1.4 g for the ICS clones meets and exceeds all these criteria.     

High butterfat content would be beneficial to the industry as the number of beans to be 

ground to obtain the given amount of butterfat could be reduced (Khan et al., 2008).  The 

butterfat yield is usually expressed as a percentage of the dry cocoa nib and this yield is reported 

to vary from 45% to 65 % depending on the genotype (Beek et al., 1977 and Atanda and Jacob, 

1975).  The medium to high range of 50.9 – 59.1% butterfat content in those ICS clones assessed 

in this project suggests that there is good breeding potential for butterfat content in the ICS 

clones.   

First impressions from the organoleptic assessment results suggest that a good diversity of 

flavour attributes can be found in ICS accession group. There was a general separation within the 

group between those that were strongly floral and those that were dominant in cocoa flavour.  

Many of the clones had a dominant fruity flavour characteristic associated with some acidity and 

can be considered typical of Trinitario beans from Trinidad (Sukha et al., 2008).  Another 

separation within the ICS clones evaluated was those that were nutty or had some “other” flavour 

present.    Noteworthy was ICS 57 with bitterness, raw/beany/green and an extremely strong 

floral flavour typically described as “herbal” or “chemical” in nature by panellists in their 

individual comments due to its intensity.  Also noteworthy was ICS 70 with mixed floral and 
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nutty flavours. 

Fruity flavours are generally based on the presence of esters derived from organic acids and 

alcohols which are themselves derived from sugar metabolism of the pulp.  These esters enter the 

cotyledon tissue following the uptake of acetic acid and become associated with the fat present in 

the cotyledon.  Floral flavour on the other hand has been linked to terpenes (Ziegleder, 1990; 

Biehl and Voigt, 1999 and Pino and Roncal, 1992).  

Although a number of ICS genotypes have been distributed globally and used in many 

international cacao breeding programmes, the literature does not cite any results, specific to these 

clones, of screening for organoleptic attributes and chemical attributes linked to aromatic and 

antioxidant properties.  First impressions from the subset of results presented here suggest that 

the ICS clones have potential value in terms of physical traits and a good range of interesting 

organoleptic traits.  As results from the chemical analyses, such as chemical aroma profiles and 

polyphenols, become available in this project, these linked to the organoleptic results will 

provide a clearer picture of the potential value of the 30 ICS clones.  The results so far confirm 

that the ICS accessions provide a useful source of cacao material with quality traits of economic 

importance to the global cocoa industry.    
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An investigation of the microfloral succession during cacao 

(Theobroma cacao L.) fermentation 
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and D.R. Butler 

 

Introduction 

Fermentation is defined as “a process in which chemical changes are bought about in an organic 

substrate through the action of enzymes elaborated by micro-organisms” (Jay, 2000).  Research 

pertaining to the micro-organisms involved in cocoa fermentation has been stagnant in Trinidad 

and Tobago since Ostovar and Keeney (1973) and Schwan and Wheals (2004). Although 

changes in the local climatic conditions influence the sequence of micro-organisms involved in 

cacao fermentation, similar successions of groups of organisms have often been reported by 

researchers such as Schwan and Wheals (2004). Early in the fermentation, several genera of 

yeasts proliferate. This activity is followed by a phase in which bacteria appear, principally 

lactic-acid bacteria and acetic-acid bacteria, followed by growth of aerobic spore-forming 

bacteria. Finally, some moulds may appear on the surface. The roles of yeasts in fermentation 

include the production of ethanol and carbon dioxide via the conversion of sucrose, glucose and 

fructose, the breakdown of citric acid, the production of organic acids, volatiles and pectinolytic 

enzymes. Acetic acid bacteria produce acetic acid via the oxidation of ethanol and lactic acid 

bacteria produce lactic and citric acid (Schwan and Wheals 2004). Ethanol and acetic acid 

infiltrate into the cotyledon and, together with the concurrent rise in the temperature of the 

fermenting mass above 44°C, cause death of the cells in the beans.  Once the cells die they lyse, 

and the drainage of their aqueous contents facilitate a series of enzymatic and biochemical 

reactions, resulting in proteolysis and subsequent flavour precursor formation of the typical 

flavours associated with well-fermented cocoa (Lopez and Passos et al., 1985).   

This study forms a part of a preliminary investigation of microfloral succession during cocoa 

fermentation and its ultimate impact on flavour.  However, only microfloral succession will be 

discussed in this article.  The first part of this study consisted of: 1) monitoring fermentation at 

an estate, 2) using the estate micro-organisms to produce an inoculum and 3) using the inoculum 

from the second aspect of this study to inoculate a defined fermentation mass located elsewhere 

which was monitored and compared to a natural control of a similarly defined fermentation 

mass. 

 

Methodology 

Natural estate fermentation 

Natural 7-day fermentation at La Reunion Estate, Centeno (MALMR) was monitored viz. 

fermentation temperature, pH and microfloral succession. The three wooden fermentation boxes 

(box 1-3) at the La Reunion Estate are made of Cedar (Cedrela mexicana) in a cascade 

arrangement. The cacao beans fermented were a blend of different commercial Trinitario types 

(ca 2,000 Kg), manually extracted from ripe and undamaged cacao pods and poured into 

fermentation box 1. Each box was divided into 3 equal zones according to the height of the box, 

zone 1 (top), zone 2 (middle) and zone 3 (bottom). The top of the box was covered with Banana 
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leaves, jute sacks and a wooden lid. Beans were placed in box 1 on day 0 and turned to box 2 on 

day 3 and then to box 3 on day 5 as described by Wood and Lass (1985). Turning from one box 

to the other facilitated aeration and uniformity of the bean mass. Samples of cacao beans were 

aseptically collected from the top, middle and bottom of the fermentation box, once daily at the 

same time (7:30 am) each day.  

 

Micro-organism enumeration 

The following media were utilised for isolation and enumeration of micro-organisms: pca (plate 

count agar) for aerobes (Camu et al., 2007; Lagunes et al., 2007), Carr medium for acetic acid 

bacteria (Lagunes et al., 2007; Fugelsang 1997) and TYGKCC
1
 for yeasts (Schwan, 1998). After 

the pca, Carr and TYGKCC plates were inoculated with bean/peptone serial dilutions (10
0
-10

-10
) 

they were incubated (28ºC) for 48 hours and the resultant colonies were enumerated and 

observed.  

For inoculum preparation aerobic microflora from the estate fermentation present on pca 

were incubated for 48 hours (28ºC) then sub-cultured twice. The second sub-culture involved 

introducing 1mL-aliquots of previously refrigerated (5ºC) culture into four 100 mL-glass bottles 

containing Brain Heart Infusion Broth (100 mL). These bottles were incubated for 24 hours 

(28ºC). The inoculum contained 1.9 x 10
5 

yeasts, 3.0 x 10
7
 acetic acid bacteria and 2.2 x 10

6
 

aerobes /mL inoculum.  

 

Inoculated fermentation 

The inoculated fermentation was carried out at the fermentation facility on the UWI Campus, St. 

Augustine.  Two similar fermentation boxes (control and inoculated) were used, also constructed 

using Cedar (Cedrela mexicana) with dimensions: depth 63 cm, width 56 cm and half of box 

(width) 27 cm (inoculated) and 26 cm (control). The boxes, which had not previously been used 

for fermentation, were thoroughly cleaned and sanitised and then divided into halves; one half 

was filled with cocoa beans, the other half was left empty to facilitate turning of the beans. The 

fermentation mass was made up of defined quantities (ca 16 kg each) of four (4) commercial 

Trinidad Selected Hybrid clones to give a total of 64Kg of fresh beans. The beans were divided 

into two equal parts that were added to each fermentation box (inoculated and control). Each 

clone was added in the same order to both boxes, and the beans were thoroughly hand-mixed 

after each clone was added, starting with the control box. To inoculate the treatment fermentation 

box, 100 mL of inoculum was poured into eight fixed spots (12.5 mL each) before mixing the 

beans of each clone. Both masses were fermented for 7 days and turned twice (on day 2 and 5, 

respectively). 

 

Results and Discussion 

Yeasts  

During the natural fermentation (estate), amount of yeasts present was highest on day 0 of 

fermentation (7.0 × 10
5 

cfu/g cacao). This fermentation was not carried out under “controlled” 

conditions, unlike the inoculated and control fermentations (on the UWI Campus), where there 

                                                 
1
 Tryptone, Yeast Extract, Glucose, K2HPO4, CaCO3 and Cacao Bean Pulp 
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was some degree of asepsis. Since the natural fermentation (estate) was established with little 

attention paid to sanitation of the facility, tools used and hygiene of workers, these would have 

acted as sources of inoculum (Lopez and Dimick 1991). Microscopic examination and 

confirmatory tests indicated that both yeasts and moulds were present on day 0. Yeasts decreased 

steadily till day 5 and then increased in zones 1, 2 and 3 (See Figure 1). On days 0, 6 and 7 of 

fermentation, moulds were identified as present but not enumerated. The increased presence of 

moulds toward the end of fermentation was probably due to increased aeration and decreased 

temperature of the fermentation mass (Schwan, 1998).  

During the campus fermentations, there were large numbers of fruit flies present. According 

to Carr et al. (1981), fruit flies are agents of inoculum. Therefore despite not being “officially” 

inoculated, the control bean mass was not prepared under sterile conditions and it still fermented 

and was monitored as a naturally fermented control, rather than a sterile control (Samah et al., 

1992).   

In the inoculated fermentation mass, both yeasts and moulds were present. However by day 1 

of fermentation only yeasts were present, since they were better able to survive the anaerobic 

conditions. When compared, the control fermentation mass produced higher populations of 

yeasts than the natural (estate) and inoculated fermentations. However, the natural fermentation 

(estate) produced the greatest amount of visible mould. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Development of yeasts in zones 1, 2 and 3 during the natural fermentation of 

cacao beans (La Reunion Estate, Centeno). 

 

Although all fermentations appeared quite distinct, the development of yeasts followed a 

similar pattern in the natural (estate) and inoculated (campus) fermentations. Both started with a 

high population and decreased thereafter, whereas the control (campus) fermentation started with 

a lower population (1.3 × 10
4
 cfu/g cacao bean) that increased prior to decreasing. Both the 

inoculated and control fermentation masses exhibited an increase in yeasts on days 4 and 5, 

respectively after initially decreasing (See Figures 2 and 3). After the decline in population of 

yeasts, the fermenting cacao mass would have become more aerated, this activity would have 
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created conditions suitable for the development of acetic acid bacteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Development of yeasts in zones 1, 2 and 3 during control fermentation of cacao 

beans (UWI campus). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Development of yeast in zones 1, 2 and 3 during inoculated fermentation of cacao 

beans (UWI Campus). 
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On day 0 of natural fermentation (estate) there were 2.2 × 10
4 

acetic acid bacteria cfu/g cacao. 
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After day 0 the quantity of acetic acid bacteria in zones 1, 2 and 3 varied subtly, but generally 

increased and decreased together. Generally, there was a decrease until day 2 and peak in 

development on day 3 followed by a decline and subsequent increase. For the first and second 

general increases, zone 2 produced the highest peaks (2.0 × 10
5 

and 7.0 × 10
4
 cfu/g cacao, 

respectively) (see Figure 4).  

The acetic acid bacteria in the control fermentation increased gradually with zone 2 

producing the highest population (5.4 × 10
9 

cfu/g cacao) and peaking on day 4. The population 

then generally decreased on day 5 and began increasing again on day 6 (see Figure 5).  

The inoculated fermentation mass commenced fermentation with 3.0 × 10
7
 acetic acid 

bacteria cfu/g cacao, which generally decreased, then peaked on day 2, decreased on day 3 and 

began increasing again on day 4 (see Figure 6).  The acetic acid bacteria population in the 

inoculum was higher than that on day 0 of the natural (estate) fermentation from which it was 

derived. This was considered ideal since these organisms typically peak later during 

fermentation, so initially conditions would have been unfavourable resulting in the death of 

many. Commencing with a larger number of acetic acid bacteria seemed logical, to increase their 

odds of survival.  

In the inoculated mass, zone 3 produced the highest population of acetic acid bacteria (5.0 × 

10
7
 cfu/g cacao bean), peaking on day 2, in the other masses zone 2 produced the highest 

populations and peaks occurred later in the fermentation process. Therefore, the acetic acid 

bacteria development trends in the inoculated fermentation appeared to be affected by the 

addition of an inoculum when compared to the other fermentation masses (see Figures 4-6).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Development of acetic acid bacteria in zones 1, 2 and 3 during natural 

fermentation of cacao beans (La Reunion Estate). 
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     The natural, inoculated and control fermentation masses all produced the vinegar-like aroma 

commonly associated with the presence of acetic acid bacteria (Schwan, 1998). However, the 

naturally fermented mass generated the most intense aroma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Development of acetic acid bacteria in zones 1, 2 and 3 during the control 

fermentation of cacao beans (UWI Campus). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Development of acetic acid bacteria in zones 1, 2 and 3 during the inoculated 

fermentation of cacao beans (UWI Campus). 
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Aerobic micro-organisms 

A major increase in aerobic micro-organisms (moulds, aerobic bacteria etc.) in the naturally 

fermented cacao mass occurred between days 5 and 6, when the fermentation mass was turned 

for the second time. At this time, the heap would have become increasingly aerated as the pulp 

on beans decreased and the fermentation approached its end. At commencement of the natural 

fermentation (estate), there were 1.0 × 10
6 

aerobic micro-organisms cfu/g cacao. Conditions were 

highly anaerobic due to the large amount of pulp present, so the aerobes decreased until day 4 in 

all zones, then increased steadily until the end of fermentation. On day 1 (estate), zone 2 had the 

highest population of aerobes (1.3 × 10
6
 cfu/g cacao) but from day 2 until the end of 

fermentation, zone 1 had the highest population (see Figure 7). Zone 1 was at the top of the 

fermentation mass and exposed to more oxygen. Initially during the control fermentation, zones 

1 and 2 were dominated by aerobic micro-organisms, but by day 1 zone 1 contained the highest 

number of aerobes and maintained this advantage throughout the remaining fermentation period 

(see Figure 8).  The presence of aerobes in the inoculated fermentation mass was highest from 

day 4 of fermentation onward, initially it was highest in zone 3 and zone 2, this unexpected 

finding was likely to be caused by the addition of inoculum after adding each clone during 

filling. Aerobes were initially present in locations where they would not be naturally found and 

eventually decreased due to the anaerobic conditions, so that zone 1 had the highest number of 

aerobic micro-organisms (see Figure 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Development of aerobes in zones 1, 2 and 3 during natural fermentation of cacao 

beans (La Reunion Estate). 
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Figure 8. Development of aerobes in zones 1, 2 and 3 during the control fermentation of 

cacao beans (UWI Campus). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Development pf aerobes in zones 1, 2 and 3 during the inoculated fermentation of 

cacao beans (UWI Campus). 

 

Conclusion 

All fermentations exhibited different trends in microfloral succession despite the utilisation of an 
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Campus (inoculated) fermentation. Therefore, it can be concluded that other factors for example 

environmental conditions influenced microfloral activity significantly.   

This was an initial investigation and it would be interesting to undertake further studies to 

identify specific micro-organisms present during fermentation and produce a more defined 

inoculum. For this, the fermentation mass could be inoculated in phases rather than only at zero 

time to provide conditions closer to natural fermentations. It would also be interesting to collect 

bean samples (testa and cotyledon) to determine changes in acids and alcohols (volatiles) as 

fermentation progresses. This would provide a more holistic understanding of the cacao 

fermentation process.  

 Other factors that potentially affect flavour could also be investigated such as effect of 

fermentation mass size, drying regime the presence of insects during fermentation and 

fermenting room temperature.  

 

References 

Camu, N., De Winter, T., Verbrugghe, K., Cleenwerck, I., Vandamme, P., Takrama, J.S., Vancanneyt, M. and De 

Vuyst, L. (2007) Dynamics and biodiversity of populations of lactic acid bacteria and acetic acid bacteria involved 

in spontaneous heap fermentation of cocoa beans in Ghana. Applied and Environmental Microbiology 73: 1809-

1824. 

 
Carr, J.C., Davies, A.P. and Dougan J. (1981) Cocoa fermentation in Ghana and Malaysia. Pages 573-576 in: Proceedings of the 

7th International Cocoa Research Conference, Douala, Cameroon  4-12 November 1979. Lagos, Nigeria: COPAL. 

 

Fugelsang, K.C. (1997) Wine Microbiology. The Chapman and Hall Enology Library 

 

Jay, J.M. (2000) Modern Food Microbiology. 6
th 

ed. Gaithersburg, Maryland: Aspen Publishers, Inc. 

 

Lagunes, G.S., Loiseau, G., Paredes, J.L., Barel, M. and Guiraud, J.P. (2007) Study of the microflora and 

biochemistry of cocoa fermentation in the Dominican Republic. International Journal of Food Microbiology 114: 

124-130. 
 

Lopez, A.S. and Dimick, P.S. (1991) Enzymes involved in cocoa curing. Pages 211-236 in: Food Enzymology (P.F. Fox Ed.) 

Amsterdam: Elsevier Science. 

 

Lopez, A.S., and Passos, F.M.L. (1985) Factors influencing cocoa bean acidity - fermentation, drying and the 

microflora. Pages 701-704 in: Proceedings of the  9
th
 International Cocoa Research Conference, Lomé, Togo, 1984. 

Nigeria: COPAL. 
 

Ostovar, K. and Keeney. P.G. (1973) Isolation and characterization of micro-organisms involved in the fermentation 

of Trinidad‟s cacao beans. Journal of Food Science 38: 611-617. 
 

Samah, O.A., Putih, M.F. and Selamat, J. (1992) Biochemical changes during fermentation of cocoa beans inoculated with 

Saccharomyces cerevisiae (wild strain). Journal of Food Science and Technology 29 (6): 341-343. 

 

Schwan, R.F and Wheals, A.E. (2004) The microbiology of cocoa fermentation and its role in chocolate quality. 

Critical Reviews in Food Science and Nutrition 44: 205-221.  

 

Schwan, R.F. (1998) Cocoa fermentations conducted with a defined microbial cocktail inoculum. Applied and 

Environmental Microbiology 64(4): 1477-1483.  

 

Wood, G.A.R. and Lass, R.A. (1985) Cocoa. 4
th

 Edition. New York: Longman Scientific & Technical Co-published 

in the United States with John Wiley & Sons, Inc. 



 

 75 

Utilisation 

An update on the germplasm enhancement for Witches’ Broom 

disease programme 
 

A. Holder-John, J-M. Thévenin, P. Deberdt, V. Jadoo and N. Barnwell 

 

Introduction 

The Witches‟ Broom germplasm enhancement programme was initiated in July 2004 as part of 

the CFC/ICCO/Bioversity Cocoa Productivity Project, and resulted in the creation of 

approximately 5,300 progenies over three years of pollination. Screening of year one progenies 

was completed and a selection of plants resistant to both WB and BP diseases were planted in the 

field in 2007. Some of year two crosses were completed in year three, in addition to crosses 

initially planned for year three. We present here combined results of the screening to Witches‟ 

Broom disease for all year two and year three crosses.  

 

Methodology 

Data analysis for resistance to Witches‟ Broom 

Two variables were used to measure WB resistance: time to first symptom (TFS) and maximum 

broom diameter (MBD). Since some of the crosses from year two were completed in year three, 

data for families and parents from pollination years two and three were combined for analysis. 

Analyses of variance (ANOVA) for TFS and MBD were prepared with the General Linear 

Model using Statistical System Analysis
1
. Two analyses were carried out, one with all data from 

crosses in the incomplete factorial design and the other with data from bi–parental crosses. 

 

Witches‟ Broom field observations 

The first round of observations was done in May 2008 on seedlings and grafted parents planted 

in the field in October 2007, and originating from the Kempthorne and Curnow incomplete 

diallele design. For each plant, brooms were counted and then removed in order to avoid 

weakening the plants. The percentage of seedlings having brooms was calculated. 

 

Results 

ANOVA of families from the incomplete factorial design revealed significant differences 

between families for both variables TFS and MBD (Table 1). One family, i.e. MOQ 695 x (IMC 

67 × GU 353/L) T64 was considered as very good for both criteria and a few families are 

considered promising for one of the two criteria: CRU 89 × (ICS 1 × GU 175/P) T28 and LP 

3/15 [POU] × CL 10/5 for TFS and AM 2/19 [POU] × SJ 1/40 [POU] and B 9/10-25 [POU] × 

(IMC 67 × GU 353/L) T64 for MBD. 

The factorial analysis showed the superiority of parents AM 2/19 [POU] and CRU 89 for 

both variables when used as females and of CL 10/5 and (IMC 67 × GU 353/L) T64 for both 

variables when used as males (Table 2). 

                                                 
1
 SAS Institute, USA 
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Analysis of variance of the 18 bi-parental crosses not included in a specific experimental 

design also revealed significant differences between families for both TFS and MBD (Table 3). 

A group of 13 families produced the smallest brooms with no significant differences between 

them. Among them, four were classed best for TFS, namely MAN 15/60 [BRA] × IMC 31, CRU 

80 × MATINA 1/7, IMC 47 × (NA 45 × B 7/21 [POU]) T83 and PA 126 [PER] × AMAZ 6/3 

[CHA]. 

 

Table 1. Level of resistance to Witches’ Broom disease of crosses made using the 

incomplete factorial experimental design. 

 

Crosses 

TFS
1
 MBD

2
 

Number 

of plants 

Value 

(days) Group 

Number 

of plants 

Value 

(mm) Group 

AM 2/19 [POU] × NA 232 112 14.3 bcd 109 10.2 c 

AM 2/19 [POU] × SJ 1/40 [POU] 30 14.1 abcd 27 8.8 a 

B 9/10-25 [POU] × CL 10/5 94 13.7 abc 94 9.6 abc 

B 9/10-25 [POU] × (IMC 67 × GU 353/L) T64 79 13.7 abc 78 8.9 a 

CRU 89 × SJ 1/40 [POU] 77 13.6 abc 76 10.0 bc 

CRU 89 × (ICS 1 × GU 175/P) T28 139 14.4 cd 134 10.2 c 

LP 3/15 [POU] × CL 10/5 35 14.6 cd 34 11.4 de 

MOQ 695 × NA 232 83 13.3 a 82 11.6 e 

MOQ 695 × (IMC 67 × GU 353/L) T64 38 14.9 d 37 9.0 ab 

PA 195 [PER] × LP 3/15 59 13.5 ab 59 11.6 de 

PA 195 [PER] × (ICS 1 × GU 175/P) T28 77 12.9 a 77 10.4 cd 
1
 Time to first symptom 

2
 Maximum broom diameter 

 

Table 2. Level of resistance to Witches’ Broom disease of parents used in the incomplete 

factorial experimental design. 

 

Clones 

TFS
1
 MBD

2
 

Value (days) Group Value (mm) Group 

Female parents     

AM 2/19 [POU] 15.0 c 8.7 a 

B 9/10-5 [POU] 12.9 a 10.6 b 

CRU 89 14.5 c 9.9 ab 

LP 3/15 [POU] 13.9 abc 12.9 c 

MOQ 695 14.1 bc 10.6 b 

PA 195 [PER] 13.0 ab 10.0 ab 

Male parents     

CL 10/5 14.6 c 9.1 ab 

LP 3/15 [POU] 14.4 bc 12.4 e 

NA 232 13.1 ab 11.6 de 

SJ 1/40 [POU] 12.9 a 10.2 bcd 

(IMC 67 × GU 353/L) T64 14.6 c 8.5 a 

(ICS 1 × GU 175/P) T28 13.9 bc 11.0 cd 
1
 Time to first symptom 

2
 Maximum broom diameter 
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Witches‟ Broom field observations 

Twenty–nine percent of the 134 plants found resistant to both WB and BP in the nursery showed 

symptoms of WB in the field seven months after planting in the field.  This is significantly less 

than the 68.2% of the 55 progeny found susceptible to WB in the greenhouse and now 

developing brooms in the field. 

To ensure that the genotypes planted in the field from year one crosses with combined 

resistance to WB and BP are not lost, the plants are being replicated by micro-grafting. To date 

twenty-five percent of this task has been completed. 
 
Table 3. Level of resistance to Witches’ Broom disease of bi-parental crosses not belonging 

to any specific experimental design. 

 

Crosses 

TFS
1
 MBD

2
 

Number 

of  plants 

Value 

(days) Group 

Number 

of plants 

Value 

(mm) Group 

NA 399 × (SCA 6 × IMC 67) T12 122 15.3 abc 118 9.0 c 

ICS 35 × SCA 24 13 15.2 abc 13 9.0 c 

CRU 80 × MATINA 1/7 58 16.2 ab 58 9.3 c 

TRD 32 × NA 471 27 13.1 c 27 9.5 c 

MO 9 × PA 150 [PER] 74 13.6 bc 72 9.5 c 

TRD 45 × NA 471 57 14.6 abc 53 9.6 c 

PA 126 [PER] × AMAZ 6/3 [CHA] 75 15.7 abc 74 9.6 c 

CL 10/5 × (ICS 84 × TSH 1077) T49 84 14.9 abc 83 9.7 c 

IMC 47 × (NA 45 × B 7/21 [POU]) T83 101 16.0 ab 101 9.7 c 

PA 171 [PER] ×TRD 109 135 13.9 abc 133 9.9 c 

CC 71 × NA 33 35 15.4 abc 34 10.0 c 

ICS 35 × CL 10/3 24 14.7 abc 24 10.2 c 

MAN 15/60 [BRA] × IMC 31 94 16.4 a 92 10.5 c 

MAN 15/60 × GU 261/P 34 15.6 abc 32 12.2 b 

JA 5/5 [POU] × CC 41 37 15.0 abc 37 12.3 b 

MO 9 × LCT EEN 46 122 15.5 abc 119 12.3 b 

LV 20 [POU] × LP 34 [POU] 31 13.9 abc 31 12.9 ab 

LV 20 [POU] × NA 702 19 14.8 abc 18 13.9 a 
1
 Time to first symptom 

2
 Maximum broom diameter 

 
Conclusion 

The incomplete factorial design used in years two and three identified parents with a longer TFS 

and those with smaller MBD.  TFS and MBD did not always correlate, suggesting that resistance 

in cocoa operates at pre- and post- penetration stages in the infection process.  Surujdeo-Maharaj 

et. al , 2004 also noted the possibility of different  mechanisms of resistance in cocoa.  The 

female (AM 2/19 [POU], CRU 89) and male ((IMC 67 × GU 353/L) T64, CL 10/5) parents had 

both smaller MBD and longer TFS.  These aforementioned parents are good candidates for use in 

a breeding programme to enhance WB resistance based on both mechanisms of resistance. 
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Visitors to CRU in 2008 
 

Biki Khurana    Rausch Chocolates, Germany 

Joy Watts    Towson University, Maryland, USA 

Ashley Kurzweil   Towson University, Maryland, USA   

Ulf Marmnäs    The Academy of Chocolate, Stockholm, Sweden  

Barbel Tollet    The Academy of Chocolate, Stockholm, Sweden   

Olof Stamer        Chokladhuset, Limhamn, Krossverksgaten, Sweden 

Silva  Ericsson    Chokladhuset, Limhamn, Krossverksgaten, Sweden 

Harry Evans    CAB International Silwood Park, Ascot, UK  

Hilmar Poganatz   Journalistenbüro Blockfrei, Berlin 

David Preece    Cadbury Schweppes/CRA 

Jean-Marc Thévenin   CIRAD, Montpellier 

Christian Cilas    CIRAD, Montpellier 

Angela & Georgie Spoerri  Switzerland 

Daniel Kadow Biocenter Klein Flottbek, University of Hamburg, Germany 

Clement Bobb    13 Calder Hall, Scarborough, Tobago 

Julie Flood    CABI, Europe Bakeham Lane, Egham, UK 

Thandi Rosenbaum    Primitive Plants Productions, Portland, USA 

Christine Denkewalter  Primitive Plants Productions, Portland, USA 

Fabrice Davrieux   CIRAD, Montpellier, France 

Emile Cros    CIRAD, Montpellier, France  

Joseph Ayoola Iwaro   Maracas Valley, St. Joseph 

Otegbade Adebola M.(neé Iwaro) Ipaja, Lagos Nigeria, West Africa 

Hans Jöhr    Nestec SA. Nestlé Vevey, Switzerland 

Paul Van Rooij Nestlé T&T, Churchill Roosevelt Highway, Valsayn  

Aman Hosein    Nestlé T&T, PO Box 172, Port of Spain 

Bertus Eskes    Bioversity International, Montpellier, France 

Jan Vingerhoets   ICCO, London 

Nelly Vingerhoets   ICCO, London 

Inmaculada Robinson   Department of Food Production, UWI 

David Robinson   Department of Food Production, UWI 

Scott B. Jones    Utah State University, Utah, USA 

Duane Dove    Tobago Cocoa Estate W.I. Ltd. 

Talia Austin Gayelle The Channel, 161 Western Main Road, St. James 

Jeanne Romero-Severson  University of Notre Dame, Indiana USA 

David Severson   University of Notre Dame, Indiana USA 

Nicholas Cryer   University of Reading, UK 

Tony Lass    CRA Ltd, UK 
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Acronyms and abbreviations 
 

ANOVA   Analysis of variance 

BCCCA   Biscuit, Cake, Chocolate and Confectionery Association, London, UK 

BP   Black Pod disease 

CAOBISCO  Association des industries de la chocolaterie, biscuiterie et confiserie de l‟UE 

CATIE   Centro Agronómico Tropical de Investigación y Enseñanza, Costa Rica 

CCIB   Cocoa and Coffee Industry Board, Trinidad and Tobago 

CCM   Cacao Clones Manual  

CD-ROM  Compact disk - read only memory 

CFC   United Nations Common Fund for Commodities  

CIRAD Centre de Coopération Internationale en Recherche Agronomique pour le 

Développement, France 

CIRAD-CP Centre de Coopération Internationale en Recherche Agronomique pour le Développement 

-Culture Pérennes, France 

CRA   Cocoa Research Association Ltd., UK 

CRU   Cocoa Research Unit, Trinidad and Tobago 

DNA   Deoxyribonucleic acid 

fp   DNA sample number (fingerprint code) 

FP   Frosty pod disease 

GORTT   Government of the Republic of Trinidad and Tobago  

ICCO   International Cocoa Organisation, London, UK 

ICGD   International Cocoa Germplasm Database 

ICG,T   International Cocoa Genebank, Trinidad 

ICQC,R   International Cocoa Quarantine Centre, Reading, UK 

ICTA   Imperial College of Tropical Agriculture 

INGENIC  International Group for Genetic Improvement of Cocoa 

IPGRI   International Plant Genetic Resources Institute, Rome, Italy 

JGP/JPEG  Joint photographic experts group 

LNV   Ministry of Agriculture, Nature and Food Quality, Holland 

MALMR  Ministry of Agriculture, Land and Marine Resources, Trinidad and Tobago 

MBD   Maximum broom diameter 

P   Probability 

PC   Principal component 

pca   Plate count agar 

PCA   Principal component analysis 

QTL   Quantitative trait loci 

r   Correlation coefficient 

r
2
   Coefficient of determination 

RAPD   Random amplified polymorphic DNA 

SE   Standard error 

SSR   Simple sequence repeats 

TFS   Time to first symptom 

TIFF   Tagged image file format 

TSH   Trinidad Selected Hybrid 

TU   Towson University 

TYGKCC   Tryptone, Yeast Extract, Glucose, K2HPO4, CaCO3 and Cacao Bean Pulp 

UCRS   University Cocoa Research Station 

UE   Union Européenne 

USDA   United States Department of Agriculture 

USDA-ARS  United States Department of Agriculture – Agriculture Research Service 

UWI   The University of the West Indies 

WB   Witches‟ Broom disease 

WCF   World Cocoa Foundation, USA 


