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=FROM THE EDITOR'S DESK:= | =

One ofthe major highlightsforINGENIC sincethe last
issueoftheNewsletterwasthe ThirdINGENIC Workshop, heldin
KotaKinabalu, Malaysiain October, 2000, whichhadasitstheme
“NewTechnologiesand CocoaBreeding. Thedeliberationsatthis
Workshopwereveryfruitful, andthemainconclusionsandminutes
oftheINGENIC AGMare presentedherein. Specialtributeisdue
toKevinLamin, Dr. Lee Ming Tongand others ofthe Workshop
OrganisingCommitteefortheirsuperborganisationandhosting of
thisevent.

Duringthe International CocoaResearchConferencein
Malaysia (October9-14, 2000), the feasibility of launching a
“Global CocoaProgramme”wasdiscussed. Followingthediscus-
sions, asurveywas conducted by INGENICtodeterminethe
consensusforprioritysettingincocoageneticimprovement. Thirty-
tworesponsesfrom16institutionswerereceived,andthesewere
analysed. Theresults ofthisactivity are also presentedinthis
issue.

Theotherarticlesincludedinthisissuerepresentabroad
spectrumof activities pertinenttococoageneticsand breeding.
The INGENIC Committee wishestothankthe contributorsfor
sharingtheseimportantfindingsandinformation.

INGENIC has undoubtedly reached amilestoneinits
existenceasaninternational group endeavouringtopromote
collaborationincocoabreedingandgenetics. TheProceedingsof
the ThirdINGENICWorkshopareexpectedtobereleasedshortly
andweencouragereaderstorespondtotheideaspresentedthere
andinthisissueofthe Newsletter. Theelectronicmailaddresses
ofcontributorsareincludedinthe Newsletterarticlestofacilitate
directcommunicationaswell.

TheINGENIC Committeethanksyouforyourcontinued
supportand looksforward to working withyouin our effortto
promotefurthercollaborative approachestosolve ourcommon
problems. Please send contributionsfor publicationinthe next
issuetomeatlouisebekele@hotmail.comorfibekele@trinidad.net
before January,2002.

FrancesBekele
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INGENIC Inquiry on Priorities
to be Considered in a ‘Global
Cocoa Programme’

B Eskes
Scope

Duringthe 13thintemational CocoaResearchConferenceat
KotaKinabalu, Sabah, Malaysia, October2000,ameetingwas
held to analyse the feasibility of setting-up a ‘Global Cocoa
Programme’. The participants of this meetingidentified some
major priority areasrelated to cocoageneticimprovementthat
woulddeservefurtherinternational collaboration, ie.conservation,
characterisationanddistributionofgeneticresourcesanddevelop-
mentofnewvarietieswithimproved disease resistance and
yielding capacity. The organisers have requested INGENICto
provideafirstlistofgeneral priorityareasregardingcocoagenetic
improvementtobe consideredinsuchaProgramme. These
prioritieswould relate to activities thatrequire international or
regional collaboration. SofarINGENIC hasprovidedashortlistof
recommendations putforward duringthe INGENIC Workshops
(summarylistedinAnnex1).

Duringthe General Assembly ofINGENICheldon 16 Octo-
ber,2000inKotaKinabaluitwasagreedthatINGENICwishesto
playanactiveroleinsuchaGlobalCocoaProgramme. Theroleof
INGENIC couldmainlybeasaworkinggrouptoproposecertain
priority areaswithregardtothe geneticimprovementofcocoa.
Furthermore, INGENICitself,asaninternationalgroup, mightalso
beconsideredasapartofthe Programme.

Regarding the possible prioritiesin a Global Cocoa
Programme, aninquirywassentaroundbye-mailto34INGENIC
respondentsfromdifferentresearchinstitutesinvolvedincocoa
geneticsorbreedingresearch. Therespondentswere askedto
give priority levels, withfeedbackfrom colleagues ofthe contact
personworkingatthe sameinstitute, totheitemsidentifiedinthe
Tables1and2andtoaddanyothergeneralresearchareaortype
ofactivityrelatedtococoageneticsthatwouldneedtobe consid-
eredinaGlobal CocoaProgramme. The priority levelswere
identified as 1 =high priority, 2 =average priority and 3=low
priority.

InTable 1, theflowchart of activities requiredin cocoa
breedingisindicated (geneticresources, breedingmethodsor
tools, practical breedingto create newvarieties, distribution of
improved varietiesandbreeding objectives).InTable 2,some
existingandnewactivitiesareindicatedthatcouldbe considered
tobecome partofaGlobal CocoaProgramme. Thelistofactivities
indicatedwasbasedonconclusionsandrecommendationsformu-
lated duringthethree INGENIC Workshopsheldsofar.

Results

Atotalof 32 personsparticipatedintheformulationofthe 19
repliesreceived,involving 16 differentinstitutes ororganisations.

Theaverage priority levels attributed aswellas the standard
deviations(SD)areindicatedin Tables1and2. TheSDvaluescan
be consideredasauniformitymeasureinthereplies.

Withregardtothe flowchartofactivitiesrequiredincocoa
breeding (Table 1), allwere considered asimportant. Within
geneticresources, highestprioritieswenttocharacterisation,con-
servationandevaluation. Supporttopre-breedingalsoreceived
highscores. Amongnewconventionalmethodstobedeveloped
andusedthroughacollaborativeactivity, prioritywenttoevaluation
ofdiseaseand pestresistance. Withinthe newbiotechnologies,
more efficientregeneration, QTL studiesand mass production
methods of cocoa cloneswere given higher priority. Inorderto
enhance collaborationfordevelopmentofnewcocoavarieties,a
networksystemispreferredwithexchange ofbase cocoapopula-
tionsbetween partnerinstitutes. Withininternational supportfor
multiplicationand distribution of newvarieties, priority goesto
clonalvarieties.

Withinthe breeding objectives ofglobalinterest(Table 1,
item8), firstand second priorities gotodisease and pestresis-
tance, respectively. Morevariable responseswere obtainedfor
physiologicaltraits,adaptationandflavourquality, suggestingthat
these criteriaare more ofregional orlocalinterest.

Therespondentsunanimouslygavehighprioritytotheongo-
ing CFC/ICCO/IPGRIProjecton“GermplasmUtilisationandCon-
servation”andtoINGENICtobe consideredasanintegral partof
aGlobalProgramme(Table2).

Amongideasfornewcollaborativeinitiatives, listedaccord-
ingtorecommendations putforward duringthethree INGENIC
Workshopsheldsofar, first priority goestolong-termsupportfor
germplasmconservation, utilisation (practicalbreeding)andim-
provementofdisease andpestresistance screeningmethods.
Secondary priority goesto pre-breeding, transferand use of
geneticmarkertechnologyinbreedingandtoestablishreplicated
progenytrialsfor QTL detection. Priorities giventootherareas
weremorevariable, resultinginhigheraverage scoresand SD
values,andsuggestingwidervariationinopinion.

Additionalsuggestionsandremarksreceived

Additionalsuggestionsandobservationsreceivedfromindividual
respondentsarelistedbelow.

*  Trainingofyoungscientistsinvolvedinvarietyimprovement
shouldalsoreceivepriority.

*  On-farmtrialsofnewcocoavarietiesisanactivitythatshould
receiveinternationalsupport.

* Linkagebetweeninternationalandnationalresearchinsti-
tutesistobereinforced.

*  Amongbreedingforyield,theyieldcomponentsaretobe
consideredseparately.

*  Managersofgermplasmcollectionsshouldconsiderconser-
vationofcocoapopulationsasrandomseedsamples.

*  Logisticsrequiredforcarryingoutcocoabreedingneedtobe
reinforced.

*  Thesinkrelationbetweenpod productionand vegetative
growthneedsspecialattention.
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Tablel: Typeofactivitiesconsideredaspotentiallyimportanttodealwithinacollaborative mannerinaGlobal Cocoa Programmetoenhance cocoavariety

improvement.*
Priority
(1=high,2=averageand 3=low)

Typeofactivityrequiringincreasedinternational orregional collaboration Average D
1 Managementandresearchoninternationallyavailablegeneticresources

1.1.Collectionofnewgermplasm 17 08

1.2.Conservation 14 06

1.3.Characterisation(includingidentification) 13 05

1.4.Evaluation 15 07

1.5.Distribution 16 07

1.6.Database 17 07
2 Germplasmenhancement(pre-breeding)usinginternationallyavailablegeneticresources 16 07

3 Developmentandapplicationofnewbut‘conventional’toolsincocoabreeding

3.1 Morerapid/reliablemeasurementofresistancetodiseasesandpests. 12 05
3.2. Measurementofphysiologicaltraits (yieldefficiency, developmentofdwarfingrootstock, ..) 18 08
3.3. Creationanduseofinter-specificcrosses 23 07

4. Developmentandapplicationofnew biotechnologies’

4.1. DNAmarkersforcharacterisationandgeneticdiversity studies 17 07
4.2. Detectionanduseofreliable quantitativetraitloci(QTL) 16 06
4.3. Anefficientsystemforgeneticmodificationofcocoa 22 09
44. Moreefficientregenerationsystemforcocoa 15 06
45. Massproductionofcocoaclones(#7viroor invivo) 16 08

5 Developmentofimprovedvarieties (international supportforpractical breeding)

5.1. Intemationallyorganisedbreeding centre (collaboratingwithlocal centres) 21 09
5.2. Regionallyorganisedbreedingcentres (collaboratingwithlocal centres) 20 09
5.3. Collaborationinanetworkofnational programmes (withinternational supportandnoexchange ofgermplasm) 26 06
54. Collaborationinanetworkofnationalprogrammes (withinternational supportandexchange ofbase populations) 15 05
55. Collaborationinanetworkofnational programmes (withinternational supportandfreeexchange ofanygermplasm) 16 08
6. Supporttonationalsystemsforproductionanddistributionofnewvarieties
6.1. Seedgardens(basedonhand-paliinations) 18 09
6.2. Systemsformasspropagationofcommercialclones 16 08

7. Otheractivitiessuggestedbyrespondents (seetext)

8 Breedingobjectiveswithininternationally supportedactivities

8.1. Yieldingcapacity (productivity) 15 07
8.2. Productionefficiency, including physiologicaltraitslike dwarfism,improveddistributionofassimilates, .. 18 09
83. Improveddiseaseresistance 11 02
84. Improvedpestresistance 15 07
85. Adaptationtodifferentenvironments 20 08
86. Technologicalquality (beansize, fatcontent) 18 07
8.7. Organolepticquality (flavour) 21 08

*BasedonsuggestionsmadeatINGENICWorkshops

e Theselectionoftreesreproducing adwarfgrowing habit
shouldreceive special attentiontoincrease efficiency of

cocoaproduction.
e Thereisnotmuchfutureininter-specificcrosses, exceptfor
academicreasons.
+  ThevalidityofanystudyonQTLincocoadependsonthe PHOTO

correctplantmaterialsand procedurestobe applied.

¢ Thesituationofeachcocoaproducingcountryintermsofcocoa
breedingmustbeanalysedforaspectssuchas:needs,objec-
tives, interestinresearch, governmentpriorities, suitability of
researchunits,humanandfinancialresources, productionlevel
andprospects, privateandnon-officialresearch,germplasm
baseinthecountryandlong-termprospects.
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Table2:  Specificprojectsoractivitiesthatmightbe consideredas partofaGlobal CocoaProgramme

Priority
(1=high,2=averageand 3=low)
Activity Average D
A Existingprojects/activities
1 CFC/ICCO/NPGRIProjectonCocoaGermplasmUtilisationand Conservation,aGlobal Approach 11 03
2 INGENICorganisationandactivities (Workshops, Newsletters) 12 04
B. Suggestionsforotherspecificprojects/activities*
1 Long-termfundingforgermplasmconservation,characterisation, evaluationanddistribution 12 04
2 Long-termfundingforpracticalcocoabreeding 13 06
3 Studiesonmis-identificationincollections 20 09
4. Improvementofearlyscreeningtestsforresistancetodiseasesandpests 14 06
5 Hostxpathogeninteractionstudiesoutside cocoaproducingcountries 23 08
6. Developmentofdwarfingrootstockaimingatincreasedyieldefficiency 22 08
7. Pre-breedingprogrammes 16 08
8 Evaluationoflevelofheterozygosityandgeneticdistance betweenimportantcocoagenotypes 21 09
9. Evaluationofwidecrosseshbetweenhomozygouspopulations 22 08
10. ReplicatedprogenytrialforQTLdetection 18 08
11. Transferandintegrationofmarkertechnologyinbreeding 17 07
12. Consortiumforgene-expressionstudiesusingmicro-arrays 23 08
13. Developmentofanefficientgenetictransformationsystemincocoa 21 09

*BasedonsuggestionsmadeatINGENICWorkshops

e Supportistobegiventothoseregionsthatpresentmuch
geneticdiversity, suchasthe Brazilian Amazon. Existing
collectionsinthe Amazonneedtobeevaluatedandfurther
collectingisrequired.

»  Africadeservesaregionalprogrammeforcocoabreeding.

*  INGENICshouldsetupanadvisory panelwithexperienced
memberstofurtherdiscusstherole ofcocoabreedingina
GlobalCocoaProgramme.

* Distributionofgermplasmshouldbebasedonvalidcriteria. In
the past, some populations were distributed that do not
presenttherequiredgeneticvariabilityforbreeding (e.g. RIM
clones).

*  Extensionofexisting collaborative projects deservesfull
aftention.

Conclusions

Theobjectiveofthisinquirywastoassesspriorityareastobe
consideredinaGlobal CocoaProgrammeaccordingtoINGENIC
respondents. Thirty-twopersons participatedinthe responses
receivedfrom 16differentnationalandinternationalinstitutions.
Thisrepresentsanimportantpartof, thoughnotthe entire, cocoa
geneticsresearchcommunity. Severalrespondentssuggested
additionalareastobe consideredinaGlobal Programme.

Higher prioritywas generally associated with more uniform
responses, whereasforlower priority the scoreswere morevari-
able. Thissuggeststhatthese activities are likely to be more of
regionalandlocalinterest.

Uniformhighprioritywasgiventolong-termsupportforcocoa
germplasmconservation/evaluation, practicalbreedingandpre-

breedinginitiatives. TheideawasstronglysupportedthatINGENIC
asagroupbepartofaGlobal CocoaProgramme. Improvementof
methodologyandbreedingforincreaseddiseaseandpestresis-
tanceare consideredbreeding objectivesof majorglobalimpor-
tance. Withinthe“newtechnologies”, prioritywenttoregeneration
andmassmultiplicationofclonesandextended QTL studies.
Theadditionalsuggestionsandremarksreceivedfromsev-
eralrespondentssuggestthatsomepriorityareasmighthavebeen
leftoutoftheinquiry. Thisappearstobethe caseforexamplewith
relationtosupportforon-farmvarietytrials. ltistobe notedthatthis
andothermore “agronomic”aspectsrelatedtococoabreeding
were notcoveredspecifically during the three INGENIC Work-
shopsheldsofar. These aspects shouldreceive due attention
duringthenextiNGENICWorkshop.

Annex 1.Summaryofmainrecommendationsforinterna-
tionalcollaborationincocoageneticimprovementidentified
atINGENICWorkshops

1 INGENICWorkshoponCocoaBreeding Strategies(1994)

1.1. Improved methodstomeasure physiologicaltraits at
individualtreelevel

1.2. Improved methodologiesforrapiddiseaseresistance
measurements

1.3. Studiesonmis-identificationsingermplasmcollections

14. EvaluationofGenetic Resources (Interational Variety
Trials)

15. Long-termfundingforCocoaGermplasmConservation

16. Long-termfundingforCocoaBreedingProgrammes

1.7. SupportforINGENIC



Pleasesendcommentsto:

2. INGENICWorkshoponthe Contributionof Disease Resistance

toCocoaVarietyImprovement(1996)

2.1.Evaluationofreallossesincurredbydiseasesand pests

2.2.Improvementofearly screeningtestsfordiseaseresis-
tance (witches’broom, VSD, moniliasis)

2.3. Studies onresistance of cocoagenotypeswithfungal
pathogensoutside cocoaproducingcountries

2.4.Exchange ofgermplasmaimingataccumulationofdis-
easeresistancegenes

2.5.Developmentofnewcocoatreearchitecturetoincrease
photosyntheticefficiency andfacilitate disease control

2.6.Establishmentofmulti-disciplinaryapproachestococoa
breeding

2.7.Globalapproachestococoagermplasmutilisationand
conservation

2.8.Pre-breedingprogrammes

INGENICWorkshoponNew TechnologiesandCocoaBreed-
ing(October2000)

3.1. Aco-ordinatedeffortinthe areaofidentificationand mis-
identificationofcocoagenotypesincollections, including
aring-testtoverify repeatability of results

3.2.Continuouscollaborationforfurtherevaluationofthelevel
ofheterozygosity ofimportantbreeding materialsand of
geneticdistancebetweentheseclones

3.3.International collaborationtoevaluatewide crossesbe-
tween naturally occurringhomozygous populations
(Amelonado, wild FrenchGuiana, Criollo, Nacional,..)

3.4.Replicated progenytrials oflarge sizetotake fulladvan-
tageof QTLstudies

3.5. Exploitation of geneticlinkage disequilibriumbetween
molecularmarkersandagronomictraitsinbreedingpopu-
lations

36. Furtherdevelopmentandtransferofsimplemarkertech-
nologytousercountriesandintegration of markertech-
nologyincocoabreeding

3.7.Introductionof molecular markerinformationininterna-
tionaldatabases

3.8. Creationofaconsortiumforgene-expressionstudies
usingmicro-arrays

3.9.Developmentofanefficientgenetictransformationsystem

BertusEskes

incocoa
2}@
INGENICChaiman

e-mailaddress:B.ESKES@CGIAR.ORG
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Conclusions and Recommen-
dations from the INGENIC
Workshop on New Technologies
and Cocoa Breeding

(October 16-17, 2000)

Session 1. Introductionandapplicationofnewtechnologies
inplantbreeding

Introduction

Progressinbreedingwillbe acceleratedifbreederscan
integratetheiractivitieswiththose ofscientistsworkinginother
disciplines. The purpose of this Workshopwastobring to-
gethertraditionalbreedersandexpertsinmolecularbiologyto
stimulate discussionsonthe potential of newtechnologiesin
cocoabreeding.

Thereismuchtolearnfromresearchinothercrops, where
productivityhasbeendramaticallyincreased, 50%bygenetic
improvementand50%byagronomicmeasures. Inviewofthe
lowoverallincreaseincocoaproductivity, thereisalottobe
gainedthroughgeneticimprovement.

Effortsintraditional breeding needs tobe maintainedand
strengthened; ifthis does nothappenthere willbe nogood
platformtobenefitromtheintroductionofnewtechnologies.
Effective collaboration betweentraditional breedersand
biotechnologistsisrequiredtostrengthencocoabreedingasa
whole.

Management of genetic diversity

Molecularmarkerscanbeeffectivelyusedtoverifymislabelling
(SSRs, CAPs, SCARs), toevaluate genetic diversityand
developcorecollections (AFLPs,ISSRsand SSRs),andto
searchforcandidategenesingermplasmcollections(gene-
specificPCR).

Marker assisted breeding

Selectionefficiencycanbeimprovedthroughtheuse of DNA
markersassociatedwithQTLorwithcandidategenes, particu-
larlyinintrogressive breeding strategies.

Replicatedprogenies, madeupofalargenumberofindividuals
andplantedatdifferentsites, are requiredtotakefulladvan-
tageofQTLanalysis. TheseshouldenableminorQTLstobe
mappedandthestabilityacrossenvironmentstobeverified.

Genetic modification

L]

Althoughnocommerciallygrowncocoahasbeengenetically
modified, therehasbeenaten-foldincreaseintheacreage of
othergenetically modified crops overthelastthreeyears.
Althoughthe publicisgraduallybecomingmoreaware of GM
technology and its benefits, it should be noted thatina
significantproportion ofthe chocolate consumingworld, cur-
rentconsumerpreferenceisfornon-GMO products.
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Inother crops, genetic modification has sometimesbeen
targetedatbenefitingthefarmer,andinothers, theconsumer.
Currently, mostapplicationsrelatetothe correction ofonly
those geneticweaknessesofthe cropthatare controlled by
oneorafewgenes(e.g.susceptibilityto pests, diseasesor
stress conditions).

Traditionalbreedingwillcontinuetobeveryimportanttocreate
improved populationsandto handle traits determined by
severalgenes.

Thereisatrendtowardstheintroductionofmorethanonegene
intogenetically modified varietiesthroughthe use oftissue
specificandinducible promotersequences.

Anefficientgenetictransformationsystemincocoaisrequired
forresearchandsignificantbreedingperspectivesinthelong-
termfuture. However, itis essential thatany suchworkis
carriedoutinconjunctionwithappropriate studiesoftheimpact
ofthe geneticallymodified organismontheenvironmentand
withdueconsiderationtoconsumeropinion.

Synteny mapping and genome sequencing

Theapplication of newtechnologiesincocoabreeding can
benefitfromthe advances made for other cropsthrough
syntenymapping; theuse ofanchored pointsonthegenome
whichcanbeusedtorelate cocoageneticmapswiththemaps
ofotherspecies.

Thereisnourgentneedforthecomprehensive sequencingof
thecocoagenome; itisprobablybettertouseinformationfrom
modelcrops(candidategenestrategy).

Collaboration between producing and consuming coun-
tries

Itis essential to establish effective collaboration between
scientistsin producingcountriesandnon-producingcountries.

Thereisaneedtodeveloplow-cost, low-techmethodsto
enablelaboratoriesinproducing countriesto carry outtheir
partincollaborative studiesandtoenhancetheircapacity for
innovativeresearch.

Session2.ldentificationandcharacterisationofcocoageno-

types

Main results obtained to date

Sofar, various markers have beenused:isozymes, RFLP,
RAPD, AFLP,I-SSRandSSR.Protocolsforsamplecollection,
shipmentandanalyseshavebeendeveloped.

Theuseofmicrosatellites (SSR)isthewayforwardforfinger-
printing, intheshortterm, toprovideanchorpointsformapping
populations andfor studies using linkage disequilibriumto
investigate origins of stocksandgeneflowbetweenpopula-
tions.ResearchersatCIRADhavemademuchprogressinthis
areaandhavealreadydeveloped 69 microsatellite primers.

The USDAisembarking onalarge projectto genetically
characterisethe cocoaaccessionsheldinthegenebanksof
the Americasusinganautomated microsatelite analysissys-
tem,whichhasthe capacitytoanalyse 1500samples/person/

year.

Iltisexpectedthat15wellchosen SSRwillbesufficientforclone
identificationandcharacterisationpurposes. However,amuch
largernumberofwell-identified SSRsareneededformapping
studies(seebelow).

Applications in cocoa breeding

Resolutionofmislabellingisamajorissueforefficientmanage-
mentandtransfer of germplasm, for reliable exchange of
informationongermplasmaccessions, formulti-locational
trialsand, thus, foranycollaborative effortsincocoagermplasm
conservationandutilisation.

Progress made to date is still very limited in view of the
importanceoftheproblem.

Recommendations

Agloballyco-ordinatedeffortisrequiredintheareaofidentifica-
tionandcharacterisationofcocoagenotypesincollections. This
shouldincludearing-testto establishthe compatibility ofthe
automatedsystemwithgel-basedsystemsforSSRanalyses.

Reliable comparisonofresultsbetweenlaboratoriesandbe-
tweendifferentvisualisationtechniqueswillrequire the use of
acommonhomozygouscontrolclone,e.g.Catongo.

Additionalexperimentsare neededtorefinethetechniques.
Thesewillincludei) the adaptation ofthe various gel-based
systems (includingtechniqueswhichdonatinvolvetheuseof
radioactivity sothatthe researchinstitutes holding the
genebankscancarryouttheanalysisthemselves), ii)determi-
nationofthe powerofresolutionofthetechnique (throughsib-
analyses)andiii)determinationofthe frequency of mutations
andnullalleles.

Itwillbe essentialtoidentifya“type”specimenforeachclone
which canbe used as areference to compare all other
accessionswiththe same name. The “type”tree mustbe
selectedbyanexpert,ideallyfromtheoriginalsourcegenebank.
Effortsshouldbemadetoensurethatitissafeguardedthrough
carefuldocumentation, labellingandpossibly cryopreservation.

Fourdifferentoptionshavebeenpresented, withdifferentroles
forthecollaborativeinstitutes, andadvantages/disadvantages
comparedtoagloballyco-ordinatedeffortoncocoagermplasm
identificationandcharacterisation.

Ifsuccessful, thiswould allowthe researchinstitutestocarry
outtheirownwithinaccessiontestingusingthe same SSR
primersand make comparisonswiththeinternational “type”
fingerprint.



Molecular markerinformation should beintroducedina
standardisedformintointernational databases.

Strategiesare neededfordealingwiththe off-typesdetected
followingmolecularcharacterisation. Genebankmanagerswill
havetheresponsibility ofdiscarding orassigninganappropri-
atenewnametoanygenotypeswhichdonotconformwiththe
“type”specimen. Thisinformationshouldbedisseminatedto
the cocoacommunity throughthe INGENIC Newsletter, the
Interational CocoaGermplasmDatabaseandothermeans.

Session3.GeneticDiversity Analysis

Results obtained to date

Variousmoleculartechniquesandmethodsofdataanalyses
have beenofvalueinassessingthe genetic structureand
diversity of cocoapopulations. There maybe someadvan-
tagesinusingavarietyofmarkerssincetheymayeachreveal
differentpartsofthegenome.

Resultsobtainedindifferentgeneticdiversitystudies, involving
intotalmorethan1000cocoagenotypes, wereanalysedduring
theworkshopandtheestimatedlevelofheterozygosityofmore
than600genotypesarepresentedintheseproceedings.

Studiescarried outwithRFLP, RAPD and microsatellites at
CIRAD Montpellierhave shownthatcocoapopulationsdiffer
widelyintheirlevels of diversity and heterozygosity. Upper
AmazonForasteros containhighlevelsofdiversityand me-
diumlevelsof heterozygosity comparedto Lower Amazon
populationsandtowild French Guianamaterial, bothofwhich
exhibitlowlevels of diversity and heterozygosity. ‘Ancient’
Criollotypesformaverydistinct, uniformandhomozygous
group. Theseresultswould suggestthatfoundereffectsor
refugeareashave playedanimportantroleinthe evolution of
7. cacaopopulations. Socalled Trinitarioand‘modern’ Criollo
typesappeartoderivefromhybridisation between‘ancient’
CriolloandLowerAmazonAmelonado.

RAPDanalysescarriedoutin Trinidadsuggesttheexistence
ofsub-groupswithinthe Upper Amazon populations: (LCT-
EEN+MO),(PA)and IMC+NA+AMAZ). Scavinagenotypes
areverydistinct. FrenchGuianamaterialsshowaverydifferent
RAPD banding patternfrom other Forasterotypes. RFLP
analysescarried outby Nestlé alsoidentified genetic affinity
amongIMCandPoundclones(whichareNAandIMCtypes)
andamongPAtypes, butagainshowedthe Scavinaclones
SCA6andSCA12tobeverydistinct.

RFLPanalysescarriedoutby Nestlé showedthattheoriginal
Nacionalvarietyisratherhomozygousandverydistinctfrom
Forasteroand Trinitariotypes. Molecularanalysesappearto
confirmthatmanyofthe cultivated Ecuadorcocoatypesderive
from hybridisationbetween pure Nacionalandintroduced
Trinitariotypes.
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RAPDanalysescarriedoutonthe CEPLAC collectioninBahia,
Brazilhave shown continuousvariationamongthe270geno-
typesanalysed. Alargedegreeofvariationappearsamongthe
UpperAmazontypes (mainly Poundcollections)andamong
accessionscollectedfromthewildin Brazil. Lower Amazon
Amelonadotypes(Comunvariety)appeartobeveryclosely
relatedandattheextremeofthedistributionof Forasterotypes,
nearerto Trinitariotypes. Scavinatypesformadistinctgroup
atoneextreme oftherange of geneticdiversity, genetically
distantfromthe Lower Amazonand Trinitariogroups,and
closetosomeoftheaccessionsfromthe UcayaliriverinPeru.
Severalunique RAPD bandswereidentifiedinthe Scavina
clones, indicating their distinctiveness. Cultivated andwild
genotypesfrom Ecuadortendtogrouptogetherbetween
Trinitarioand Scavinatypes, respectively. Asexpected, clones
ofhybridorigin,suchasCCN51, tendtobelocatedbetween
the putative parentsongeneticdiversity maps.

Applications in cocoa breeding

Informationfrommolecularstudiesisveryusefulinmanaging
diversityingenebankstoestablishbase/coreiworkingcollec-
tions, ensuringthatcollectionscoverthefullrange of diversity
withoutover-representationof certaintypesandavoiding du-
plications. Thisis particularlyimportantwithregardtoevalua-
tion. Establishmentofsmallrepresentative core collections
allowsmoreextensiveanduniformevaluationdatasetstobe
assembled.

Informationonthegeneticstructureofcocoapopulations,such
asthelevelofheterozygosityandgeneticdiversity, isdirectly
usefulinbreeding. ltcanbe usedtoguide populationenhance-
mentorpopulationbreedingprogrammes,includingreciprocal
recurrentselectionbasedonrecombinationsbetweenhet-
eroticgroups.

Theinformationgenerated canalsobe ofvalueinattemptsto
maximiseheterosis,andthusproduce superiorhybrids, since
geneticallydistinctparental genotypescanbeidentified.

Cocoabreedingprogrammeshavestartedtointegratethenew
informationobtainedfrommolecularmarkerstudiestoensure
thatthe diversity ofthe germplasmis utilised effectively.
However, muchinformationislacking, particularly forthe
materialheldinnationalgenebanks.

Recommendations

Currentfindings, usingisozymes, RAPD and microsatellite
analyses, indicatethatalarge partofthediversityofcocoahas
notyetbeenexploitedinbreedingprogrammes. Collaboration
indistributing this germplasmand evaluatingits potential
throughfieldtrialsisurgentlyrequired.

Geneticdiversity studiesneedtobe continuedtogive more
informationonthegeneticdiversitypresentincocoagenebanks,
with specialemphasis placed ontheidentification of ‘core’
collections.



8 INGENIC NEWSLETTER

¢ Continuouscollaborationforfurtherevaluationofthelevel of
heterozygosity ofimportantbreedingmaterialsandofgenetic
distance betweentheseclonesisrequired.

* Theinformationonthelevel ofheterozygosity canbe used
immediatelytocreate newspeculative crossesbetweenge-
netically distinctandhomozygousgenotypes, whichhavenot
yetbeenusedincocoabreeding (suchascrossesbetween
French Guiana, Amelonado, some UpperAmazonclones,
CriolloandNacionaltypes). Suchprogeniescanbeexpected
tobeuniformandexhibitgood hybrid vigour (asobservedin
‘'single crosses’ betweenimprovedpurelinesinhybridmaize
selection). International collaborationisrequiredtocreateand
evaluatesuchpromising ‘wide’crosses.

¢ Ontheotherhand,selectionofnewcloneswouldbefavoured
incrosses between heterozygous and genetically distinct
genotypesofhighagronomicvalue, facilitating recombination
ofcomplementarytraits.

Session4. CorrelationofMolecularMarkerswithEconomi-
callyImportantTraits

Results obtained to date

e QTLforresistanceto Ayiguiithorawereidentifiedinacollabo-
rative project(‘CAOBISCOproject). Co-localisationsof QTL
wereobservedforanumberofprogeniesonchromosomes1,
4and9(codedaccordingtothereferencemapestablishedat
CIRAD).

e OnestrongQTL forresistanceto Cripelishasbeenidentified
iNSCAB.

e QTLforagronomictraitssuchasyield, podandbeancharac-
teristicswereidentifiedmainlyonchromosomes1,4and5in
afewdifferentstudies. Foryield, somevariationinQTLwas
observedovertheyears. One QTLonchromosome4ap-
pearedtoexplain43%ofthe phenotypicvariationforpodsize.
Anumberofco-localisationswereobsenved, mainlyforrelated
genotypes, butinsome casesalsoforunrelated genotypesof
Trinitario or Upper Amazonorigin. These results suggesta
certainstability of QTLincocoa.

* Inonestudy,amajorQTL forgeneralagronomicvaluewas
foundthatexplained 27.1% ofthetotal phenotypicvariation
andwasco-localisedwithaQTL forearly floweringandtrunk
diameter. Pleiotropicandepistaticeffectswerebothdetected
forthesetraits.

Applications in cocoa breeding

* TheQTLstudieshave providedusefulgeneticinformationon
the genetic basis of several selectiontraitsin cocoa. For
example, thedifferentQTL identifiedfor A/yigo/ithoraresis-
tancesuggestthatbreedingapproachesallowingforaccumu-
lationof differentresistance genes couldbe successful.

Itwasgenerallyrecognisedthatthe availableinformationis
generally notyetsufficientfor the direct use ofthe QTL
detectedincocoabreeding.

After obtaining morerobustand stable QTL, the markers
associatedwiththe QTL canbe usedfor Marker Assisted
Selection(MAS). Thetechnique canbeusedtoaccelerate
breedingprogress,sincethose plantswithQTL foroneormore
desirabletraits couldbeidentified atthe seedling stage. Itis
anticipatedthatthe QTL/MAS systemsdeveloped couldbe
transferableforuse onsimilarprogeniesinother countries.

Recommendations

Acommonchromosomeidentificationsystemforcocoais
essentialand itwas agreedthatthe system developed by
Lanaudandco-workersatCIRADshouldbeadoptedintemna-
tionally.

Theidentification of QTL should be optimisedforalimited
numberofselectiontraits. Thereisaneedtochoose strong
QTL, suchasthosefor significantlevels of resistance to
severalpathogensorstrainsofthe same pathogen. Informa-
tionfrommarkers canbe combinedwith phenotypicdatato
obtainaselectionindex.

Clonallyreplicated progenies, containingalarge number of
individuals, willbe neededtotake fulladvantage ofthe QTL
analyses. Eachprogenyshould consistofatleast200indi-
vidual plants. Iltisveryimportanttoreplicate these progenies
indifferentlocationstomapminorQTLandverify QTL stability
acrossenvironments. Thiscanonly be achievedthrough
international collaboration.

Anotherapproachtoidentify stable QTListousethe possible
linkage disequilibriumthatmay persistin certaingenetically
related cocoapopulations,suchas Trinitarioorrelated Ama-
zonpopulations (IMC,GU, etc.). Studieshave beenrecently
initiatedforthe Trinitario/Criollogroup.

Furtherdevelopmentandtransferofsimplemarkertechnology
tousercountriesisrequired beforeitcanbeintegratedinto
cocoabreeding.

Session5. Othertopics

Resistance gene homology and micro-array consortium

Therearegoodindicationsthatgene sequencesdetectedin
cocoaare similartoknownresistance genesinother plant
species. Tenputative gene candidates have beenidentified
thatprobably belongtothreefamilies of potential resistance
(R)genes. The main objectiveisto screengermplasmfor
differentresistancealleles.

Microarraysare miniaturisedsystemswhichallowthesimulta-
neousmeasurementofthe comparativeexpressionlevelsof



thousandsofgenesinexperimentaland controlmaterial. This
technigue couldbe usedtomonitorgeneexpressionprofiles
duringgrowthanddevelopmentandinresponsetobioticand
abioticstresses. Thiscanprovideleadstounderstandingbasic
molecularmechanisms, forexamplewhich pathwaysareup
regulatedinresponsetoapathogenandwhichareturnedoff.
Italsoprovidesameanstorapidly identify candidate genes
involvedinatargetprocess.

Microarray systemsforcocoaare beingsetupinseveral
institutionsandprogresscouldbeacceleratedifacocoagene
expression microarray consortium canbe established. A
bicinformaticsresourcebaseisneededtolinkdataobtainedby
differentresearchteams.

Applications in CSSV resistance studies and indexing

Molecularcloningmethods have enabledtheisolationoffull-
lengthinfectiousclonesofsevereisolatesof CSSViromTogo
andGhana. Mildisolatesofthevirus,whichhave potentialuse
incross-protection, havealsobeenisolated. Infectionofcocoa
beansandyoungseedlingsby particle bombardmentand/or
Agrobactenismrmediatedinfectionisnowpossible. Withthese
tools, specificvirusinoculumcanbe quantifiedinchallenging
new cultivarsinresistance breeding or cross-protection
programmes.

NewCSSV-specificprimershavebeendesignedfordisease
indexingby polymerase chainreaction(PCR). Furtherdevel-
opmentofthismethodisrequired sothatitcanformpartofa
guarantine procedure andthus help preventthe spread of
CSsv.

Session6. Propagationmethods

Somatic embryogenesis (SE)

SEisapowerfultoolformultiplication, germplasmconserva-
tion(cryopreservation), germplasmexchangeandgenetic
modification.

SEtechnologyisnotyetreadyforcommercialscalemultiplica-
tionofimproved cocoagenotypesforfarmersusage.

SEisexpensive butcanbe used forfastmultiplication ofa
limitednumberofgenotypesandtheestablishmentofclonal
gardensforfurtherusewithconventional propagationmeth-
ods.

SE protocolshavebeendevelopedandthetechnologyapplied
inatleastnine laboratoriesaroundtheworld. Floral partsare
theexplantsofchoice.

Theprotocolsare similarinthe use of 2-4Dand cytokinin but
differinthe use ofbasal DKW, MS and Woody PlantsMedia.
Themajority ofthelaboratoriesuse DKW.
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¢ Closeto100genotypeshavebeenpropagatedby SEwithhigh
efficiencybeingachievedforanumberofgenotypes. Conver-
sionwasachievedat55-60%.

¢ Secondaryembryogenesisismoreefficientand produces
unifiedembryos.

¢ SkEfieldtestsand DNAteststoverifyagronomicvalueand
geneticuniformityarerequired.

¢ SEisapotentialtoolforcocoagermplasmexchange. How-
ever, itisnotyetknownif SE propagated materialisguaran-
teedvirus-free (asisthe caseforzygoticembryoswithCSSV).
Ifso, SE couldbeofgreathelpinspeedingupthetimeinvolved
intransferofgermplasm.

Semi-industrialscaleofproductionofrootedcuttings

* Thelargestpropagationcentre ‘Biofabrica’wasestablished
recentlyinBahia, Brazil, usingtraditionaltechnologyadapted
fromeucalyptusmasspropagationsystems.

¢ Currently, thiscentreispropagating 14 cocoagenotypeswith
resistancetoWitches'Broomdisease. Therootinghouseand
nurseries have the capacity foradaily production of50,000
rooted cuttings butatpresentashortage of cuttingsisrestrict-
ingthe daily productiontoapproximately 10,000 rooted cut-

tings.

WitchesBroom
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REFRACTARIO - An Explanation
of the Meaning of the Term and its
Relationship to the Introductions
from Ecuador in 1937

B.G.D Bartley

TheINGENIC NewsletterNo. 5, of April 2000, contains
observationsonthenomenclatureofthegenotypesintroducedby
F.J.Poundinto TrinidadfromEcuadorin1937,anditisimetodeal
withasubjectassociatedwiththisintroduction. Thisconcermnsthe
practice,adoptedinrecentyears, ofgroupingallofthegenotypes
attributabletothisintroductionunderthe heading of‘Refractario”.
Althoughitisnotknownhowthis practice originated, themanner
inwhichthetermisusedgivestheimpressionthatthe genotypes
concermedbelongtoasinglevariety. Thisisfarfromthecaseand,
sincethewordcannotbeappliedtothe vastmajority, ifany, ofthe
genotypes,itsuseisunfortunate andmisleading. Theconfusion
thathas been causedisapparentinthe work associated with
determiningthegeneticstatusofindividualgenotypesbymolecu-
laranalysis.

Since Poundwasresponsibleforthe introduction ofthis
material, itis customarytobase ts history on hisreportofthe
programmesofcollectioncarriedoutbyhiminEcuadorandPeru,
andpublishedin1938.However, thefirstcontactwiththeworkin
Ecuadorwasinitiated by F.Stell, alsoofthe Trinidadand Tobago
DepartmentofAgriculture,and Poundonlybecameinvolvedwhen
Stellbecameill. Stell'sreportonhisworkinsomewayscontains
moreaccurateinformationaboutthe varietiesthatwere presentin
Ecuadoratthetime,and some ofthese detailsarerepeatedin
Pound'sreport. Pound alsowrote abouthisworkin Ecuadorin
otherreportsandarticles. Thesearticlescontainstatementsthat
sometimesvaryfromthedetailsthatarefoundinhis 1938 Report
soitisnecessarytolookatallofthe evidence, includingthe details
givenby Stell,inordertoformacomplete picture ofthe activities
carried outin Ecuador andthe origins of the material thatwas
introducedinto Trinidad.

Theword“refractario”, the specificmeaning ofwhich, in
this context, implies absence ofreactiontothe pathogen, was
employedinEcuadortodesignatetreeswhichwereobservedtobe
freeofinfectionbyWitches'broomdisease [causedby Cripelis
pemiciosa(Stahel) Singer]intheyearsfollowingthe outbreak of
thediseaseinthatcountry,identifiedaround 1918,anditssubse-
guentrapidspread. The detectionofthese uninfectedtrees (or
thosewithslightinfection)wasinitiatedaround 1923, accordingto
Stell'sreport,andthesewerethetreeswhichreceivedthe desig-
nation of“refractario”. Seedlings fromfruits produced by these
treeswereraisedinnurseriesandsubjectedtonaturalinfection.
Theplantswhichwerenotinfectedatthisstage wereestablished
onvariousfarms, allofwhich,weareledtobelieve, belongedtothe
same proprietor. Presumably, itwasinthese propertiesthat Stell
andPoundcollectedthe seedswhichweretoproducetheprogeny
thatbelongtothisgroup ofintroductionsin Trinidad.

Theimpressionisgiventhattheattributionofthedesigna-
tion“refractario”toagenotypeisequivalenttoconsideringittobe
“‘immune”tothe pathogen. Infact,anyonewhohas had sufficient
fieldexperiencewiththe host-pathogenrelationshipwillknowthat
absence ofinfectionatagiventime orduringagivenperiodisno
indicationofpermanentresistance. Thereare manyfactorsthat
enableatreetoescapeinfectionduringacertainperiodandalso
toappeartodifferinappearancefromneighbouringtreesinrespect
tothe presenceofinfectedtissue. Suchfactorsincludeageand
growthpattemns,which couldhavebeeninfluencedbythesystem
of cultivation practisedin Ecuadorduringthe periodthe disease
appeared,asPounddescribedinthevariousreports. ltwasalso
admittedthat, sincethe “refractario”treeswere growing amidst
susceptibletrees, thefruits produced by natural pollination could
haveresultedfrompollinationfromthe highlyinfectedneighbours.
Theevidentheterogeneityoftheplantationsinwhichtheuninfected
treeswerelocated probablywouldhaveresultedintheoccurrence
ofsignificantvariabilityamongthe progenydescendedfromthem.

Forourpurposes, itisnecessarytoreviewthe variety
situation asitoccurredin Ecuador atthe time the search for
uninfectedtreeswasconducted. Someofthishistoryisreviewed
by Stelland Pound, butitmaybe helpfultoaddafurtheranalysis
ofthe situationas provided by awiderknowledge ofthe subject.
Thefirstpublished descriptionofthe situationin Ecuadorwasthat
of Preuss,whodescribedthevarietieshesawatthetimethatthe
originaltraditional populationwas effectively uncontaminatedby
introducedgermplasm. Preussindicatesthatthe cacaocultivated
(andalsoconsideredtobe spontaneous)inthevariousregionsof
the Pacific Littoral of Ecuador belongedtoasinglevariety. The
applicationoftheterm“Nacional”tocoverallofthe cacaointhe
regionwouldalsogivethisimpression.

However, thismay notbeacorrectinterpretation ofthe
situation. The earliestphotographofcacaoinEcuadorthatlhave
seendatingfromabout1882, perhapsfromaplace north-eastof
Babahoyo, showsfruitsthatdifferinshapefromthoseoftheusual
descriptionof“Nacional”. Thetreesdepictedinaphotographofa
fieldatHacienda Clementinain 1911 also havefruitsthatdiffer
essentiallyfromthetypeshowntomeatthesamefarmin1963as
beinggenuinerepresentativesof“Nacional”.

Inhis1938Report, Poundreferstothenarrowvariabilityinthe
populationsof‘Nacional”. Healsohintsatthedifferencesbetweenthe
typesinthe BalaoregionandthoseoftheAriba’region.|concluded
thatthe“Nacional’occurningaroundBalaoandtothe southwerenot
exactlythesamevarietyasthoseintheGuayasvalley.

Fromabout 1890, as statedinthe Reports mentioned,
othervarietieswereintroduced intothe region. This partofthe
historyisnotwelldocumentedand, consequently, thereismuch
speculationastowhatthese mayhave been, the principal distin-
guishinginfluenceofsuchintroductionsistheadditionoftypeswith
redfruits. Preussreported, “Inrecentyears cacaowasimported
fromVenezuelaand Trinidad, butonlyinmoderateamounts. lonly
cameacrosstheinferior Venezuelanvarieties, Carupanoand
Trinitario. OntheHda. Elvira, onthe Rio Caracol (aproperty ofthe
Seminariofamily),|lobservedaveryspecialvariety.......\wastold
thatitoriginatedin Trinidad, butthis mustbe amistake, asthis
cacaodoesnotexistin Trinidad.”
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Poundwrote,“.....aplantertravellingbackto Ecuadorfrom
EuropecollectedvariouspodsfromTrinidadandplantedtheseeds
onhisestate.” Thepersonisnotnamed. The Annual Reportfor
18%4 ofthe RoyalBotanicGardens, Trinidad, hasanitemreferring
toavisitinDecemberbyBaronEggers.“Hewasaccompaniedby
SefiorSeminariofromEcuadorwhoislargelyinterestedincacao
inthatcountry.” Thereportmentionsthatthevisitorsdescribedthe
“severalvarieties under cultivation (in Ecuador) whichare not
presentin Trinidad.” The existence atthattime ofintroduced
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varietiesisnotmentioned, neitheristhereanyreferencetofruitsor
seedsbeingtakenfrom Trinidad. Ifthis had happened, thefruits
may have beentakenfromthe collection of cacaotypesatthe
St.Clair Station (whichwasthe source of much ofthe genetic
materialsuppliedtothe BritishColoniesandothercountriesduring
thatperiod) butalso, possibly, fromprivate sources. However, itis
more likely that seed was taken from Venezuela. The other
possibilityisthatsome seed mayhave comefromneighbouring
Colombia, especiallyasPreussrefersto Colombianoverseers
workingatthe Hda. Elvira.

Therewouldalsohavebeenthepreoccupationwithobtain-
ingwhatwere consideredtobethe varietieswhich, duringthe
period concerned, werefamedaspossessingthe bestqualities.
Thiswould have beenthe reasonforintroducing varieties from
Venezuelaandtheappearanceofreferencestothe“Soconusco”
type (asmentionedby Stell) wouldindicatethe possible derivation
oftypesfromanintroductionfromMexicoor Guatemala. Preuss
informsusthatthe Esmeraldas Criollohad been planted near
Balao. Thetreesofthese were short-lived buttheywould have
survivedlong enoughto have entered into hybridisation, the
consequenceofwhichwouldhave beentheappearanceofother
types, throughrecombination, whichmayhavebeenincludedin
thesubsequentplantingsreferredtointhereports. Poundessayed
adescriptionofthe Esmeraldas Criollo, buthe obviously had not
visitedtheregion. Heappearedtohavebeenundertheimpression
thatthe commonvariety occurringtherewasthe sameNacional
thathe sawelsewhere. Inthisassumption, hewas completely
wrong. Uptofairlyrecenttimes, Esmeraldaswasisolatedfromthe
maincacaogrowingzonesofEcuadorandgeographically,andin
termsofcacaovarieties, isconnectedwiththe Tumacoregion.

Ingeneral,itwould seemthatthe term“Venezolano”
embracesavariety oftypesprobably derivedfromdifferentorigins
and,astheauthorswhoknewthe genotypesbelongingtothese
introductionshave described, itisnotcertainthattheyaredirectly
connectedwiththe Trinidad cacaopopulation.

Another possible source of varietiesis the Oriente or
AmazonianregionofEcuador. Thecollectionsmadeinthisregion
duringthe pastfiftyyears provide apicture ofitsgenetic diversity,
knowledgethatwas notavailable to Stelland Pound. Itis now
possibletocompareindividualgenotypesfromthevarious popu-
lationswithgenotypesthatare presentinthe cultivated popula-
tions. Thus, the comparisonsmade sofarleadtothe conclusion
thattheinclusionof Amazoniantypesinthe populationalcomplex,
thatexistedinthelittoralzoneatthetime the searchforresistance
toWitches'broomdiseasewasbeinginitiated, cannotberuledout.

Theappreciationofthe existence ofthe complexvarietal
situationinthe 1920sisessentialtounderstandingthe originsand
characteristicsofthetreesfoundtobefreeofinfectionby Cripelis
permiciosatowhichtheterm*“refractario”wasapplied. Aithough
Poundprovidessomedescriptionofthegenotypesinvolvedinthe
applicationoftheterm‘refractario”, thedetailsgivenby Stellareless
complicatedandpresentableinasuccinctform. Thisidentifiesthe
followingfourvarietiesthatmay be presumedtohave beenthe
ancestorsofthe progeniesconcemedintheintroductionto Trinidad.
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Presumedancestorsofintroductionsinto Trinidadfrom
Ecuador(1937)

Type A

Atreeidentified by Sr. Carlos Seminarioin 1923 -very
healthy ofatype of‘Cojonde Toro”. Seedling progeny practically
immune, butoflowmarketvalue. Unfortunatelythe characteristics
ofthetree concernedarenevergiven. (“Cojonde Toroisaname
usedinVenezuelaappliedtotypesprobablyrelatedtothe Trinidad
“calabacillo”). Preussprovidesadescriptionofthetypetowhichthe
namewasappliedwithinthecomplexcalled Carupanoor Trinitario,
thevariety alsobeing classedas Trinitarioamargo, fruit “ared or
reddishbrown,verysmooth, bluntorshortpointed”. (However,we
donotknowifthe Ecuadortree conformstothisdescriptionasthe
“calabacillo”types mentioned by Poundwithwhite based fruits
wouldalsobenamed“CojondeToro”).

Type B

IN1924, anothertreewasfoundtobe quiteimmune, the
typebeingcalled“Zambo”inEcuador, beinganimportationfrom
Venezuela. Theleavesare quite differentfromothervarieties
beingdullandverydarkgreen, thebarkofthetreeisveryroughand
thecushionsverypronounced. The*“genuine”treeisimmune, but
progenyareattackedtosomeextent, moreoverqualityispoor (The
name"Zambo”suggestsahybridoriginofthetype, butPreusslists
amongthe Carupanocomplexaclasscalled“Sambito”).

Type C
Lateranothervarietywasdetectedwhichisnotclassified
innormalterms. lthasroundleavesandveryroughbark.Whenthe
podsaregreen, the colourissolightastobealmostwhite. Even
whenthepodsareripe, theyellowcolourislighterthanthe other
varieties. ThevarietyiscalledNo.5andishighlyresistant,andthe
qualityissuperiortothe calabaciloand Zambo (TypesAandB).

Type D

Anothertypewas called“Soconusco” (aname ofthe
region, whichinpre-colonialtimesand during Spanish colonial
times-formerlyin GuatemalaandnowinMexico, wasrenowned
foritsproductandwould belongtothe Criollogroup), the quality of
whichwasconsideredtobethebestdiscoveredsofar-but Stell
doesnotrefertoitsreactiontothe pathogen.

Itisimportantto consider carefully these descriptions
since, ifthe progeniesimported by Pound are descended from
these sourcesof‘resistance”, the characteristics shouldbeiden-
tifiableinthose caseswhereany of such progeniesaretheresult
ofinbreeding.

After he concluded hisexplorations, Pound stated the
following: “InsearchingforwitchbroomresistanttreesinEcuador,
planters have cometothe conclusionthatnovery strikingresis-
tanceistofound among the high quality“Nacional” types, but
certaintreesoftheintroducedtypesdid showsomeresistance. |
examinedthefields of seedlingsfromsome ofthesetreesand
foundthatsometenpercentofsix-tonine-year-oldseedlingswere
probablyveryhighlyresistantandalsoheavybearers.” ‘At 1ough
/sawcertaintreeswinichborepligmenteapodsexiibiiing some
resistance, thehighlyresistantireesintieyoungplantngsalgave

unpigmenteapodsandinsomecasesextraorainany/largepodas
for Tnimaadypes. (Theword"all"is of significantimportance).
Stellsentto Trinidad, or broughtwithhimonhisreturn,

seedspresumablyfromthevarietieshementioned. Thesewere
establishedatthe Imperial College of Tropical Agriculture. [donot
recallseeingtheoriginal progenies, buttheywere described by
Posnette, whocarried outsome paliinationsonthetrees. lexpect
thatthese progenieswereinthefield tothe west ofthe sugar
factory. Thisfield containedanumberofdifferentselectionsand
introductions, someofwhich, inretrospect, wouldbevaluable or
interestingcomponentsofagermplasmcollection. However, little
attentionwaspaidtomostofthismaterial, whichisnowirreparably
lost.

ltwouldappearthatthe plantsestablishedbelongedtotwo
families (fromthedifferentnumbersattributedtothe plants)each
family of progeniesbeingderivedfromasingle fruit. Some ofthe
individualsofonefamilywere clonedandtheresultingcloneswere
establishedinanotherfield onthe Imperial College of Tropical
Agriculture Campus, these beingidentified by theletter“E”. Iknow
ofthreesuchclonesofwhichtwohaveredfruits, thecharacteristics
ofwhichasfaraslcanrememberwouldplacethemasprogenies
of Type A, thatis, the “Cojon de Toro” or “Calabacillo”. Ifthe
assumptionsarecorrect,these clonesshouldrepresentthe best
examplesofmaterialderivedfrom‘refractario”treesbuttheyare,
unfortunately, neglectedwhenthe subjectofthe “refractario”
programmeinEcuadorisconsidered.

Althoughwemayhavebeengivensomeideaofthegenetic
backgroundofthegenotypesintroducedinto Trinidadby Poundin
1937, theanalysis ofthe genetic composition ofthis collection of
genotypesis hampered by the existence ofambiguitiesinthe
reportsandtheabsenceofinformationregardingseveralimportant
aspectsofthe general subject. Itmay be difficulttolistall of the
detailsthataplantbreedermayrequireabouttheorigins, relation-
shipsandcharacteristicsassociatedwiththefamiliesderivedfrom
theparenttreeslistedinthe previouspaper INGENIC Newsletter,
Issue5),andtheindividuals belongingtothese families. Afewof
the mostimportantfactorsto be considered are given below,
constitutinganattempttomakesenseofthematerialthatwehave
inherited.

Someimportantfactors pertainingtothegenotypes
introduced by Poundinto Trinidad from Ecuadorin
1937

1 Thelocationswheretheuninfected“refractario”treeswere
growingare never given. Poundventured the ambiguous
statementof“oneortwo planters’noticedthatoccasionallya
‘Venezuelan'treewouldshowverylitleinfection.” ltwould
seemcertainthatthe mainlocationwasthe HaciendaBalao,
afactthatisessentialtounderstandingthe geneticcomposi-
tionofthe genotypesresultingfromthiswork.

2 Inaddition,thetypesinvolvedare notadequatelydescribed.
Stellrefersto“aplant” ofthe Calabacillotype while Pound
stated“severaltreesof Calabacillotype (Cojonde Toro)"and
“guiteanumberofthesetreeswerelocated”. Thenumberof



treesinvolved hasabearingonthe subsequentsituation
since,accordingtoPound,asmallpercentageoftheseedling
progenysubmittedtoinfectioninthe “eliminatory nurseries”
were usedforplanting. ltisdifficulttoimagine howthe small
numberoforiginal“refractario”treescouldhave producedthe
quantities of fruits to give the one million plants thatwere
establishedinthefewyearsbetweenthestartoftheselection
programmeandStell'svisitto Ecuador, unlesstheprogramme
involvedother,unknown, trees.

We do notknow anything aboutthe composition ofthe
populationscultivatedinthefarmsinwhichthe parenttrees
weregrowingorthe mannerinwhichtheintroductionsfrom
whichtheyaresuspectedofhavingbeenderivedwereplanted;
thatis, forexample, whetherthe“Cojonde Toro"treeswere
plantedtogetheror scatteredamongthe older“Nacional”
trees. Inview ofthe factthatthe seedlings plantedinthe
eliminatory nurseries camefromopen-pollinatedfruits, this
considerationisimportantindeterminingthe compostion of
the progeniesthatwere supposedly uninfectedand planted
ontheotherfarmsvisitedby Pound. ConsideringPoints2and
3itseemspossiblethatthese progeniesincluded typesother
thanthosedescribedabove.

Theevidentuncertainty ofthe pedigrees ofthe treesfrom
whichPound collectedthe material sentto Trinidad coupled
withthefactthat, exceptinrarecases,heneverdescribedthe
individualsinvolved, resultsinasmuchdifficultyintheidenti-
ficationofthegenotypesestablishedatMarper Farmasthat
involvedinthe determinationofthe compositionoftheoriginal
introductionsinto Ecuadorofthe varietiesgroupedunderthe
generaltile of ‘Venezolano”and othersofunknownorigin.

Theexactstatusofthetreesinvolvedinthisprogrammewith
regardtotheirreactionto Crinjpellis pemiciosais oftenin
doubt. Theterms‘immune”and“resistant”are used con-
fusedly. Whileacasualreadingofthereportsmayleadtothe
impressionthattheterm‘“refractario”wasappliedtotreeswith
absenceofinfection, considerationofthevariousstatements
thatspecifically relatetothissituationleadstothe conclusion
thatthetruthseemstobe quite different. Poundincludesthe
mentionthatseveral othertrees were consideredto be
“refractario”, butlaterfoundtobe justas susceptibletothe
pathogenasthegeneral population, statingthatthese could
nolongerbe called“refractario”. Fromthiswe canconclude
thatthe term cannotbe applied to any plantwhich later
becamesusceptiblealthoughoncehavingbeendistinguished
fortheabsence ofinfection.

Ibelieveitis probable thatmostofthework oftheresistance
programmewascarriedoutontheHaciendaBalao, theparent
“refractario”trees beinglocatedthere oron neighbouring
farms. The question could be asked, “Ifthese parenttrees
existedduringPound'svisit, whyweretheynotincludedinthe
collectionsentto Trinidad?” Pound statedthatall ofthefruits
involved camefrom seedling progenies. Thefactwasthat
these parenttreeswereinfectedatthetimeand,as Pound
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indicated, theyshouldnolongerbereferredtoas*refractario”.
Thepossibilityhastobe consideredthatsomeofthesamples
fromHda. Balao may have comefromtreeswithahigher
degreeofresistancesincelobservedapromisingdegree of
reactiontothe pathogenintreesbelongingtosuchfamiliesas
B13andB18.Forthisreason,suchtreeswereincorporated
intothe breedingprogrammeinthe 1960s,andafewhybrids
withthemwere plantedintrialsatLasHermanas.

Inthe same way thatno details are given regarding the
compositionofthe populationatthe locationatwhichthe
parent‘‘refractario”treeswere present, therearefewdetails
astothe actualcomposition ofthe plantationsatwhichthe
progeniesselectedbyPoundwereestablished. Itisindicated
thatinsome casestheywere plantedinblocksbutunderthe
older“Nacional"trees. Thissituationisimportantinthatfruits
ofanyoftheprogenytreesselected, whichwerederivedfrom
hybridisation, may have been pollinated by the “Nacional”
trees. Accordingly, the progenies ofthesefruitsin Trinidad
shouldexpressagreatersimilaritytothe “Nacional”variety
groupthanthe otherprogenieswhosefruitshadresultedfrom
pollinationwithtreesdescendedfrom“Venezolano”orother
introducedtypes. Wemustalsotakeintoaccountthe state-
mentPoundinsertedintothe 1938 Report, theimportance of
whichcouldbe overlooked,"....thefew‘Nacional refactario
treesfound.” Couldthe progeniesofthesealsohaveoccurred
inthefieldsexamined?

The programme carried outatHacienda Clementinawas
startedjustafter Sefior Seminario’sprogramme. ltisimportant
topayattentiontothe factthatitwasindependentofthelatter.
Thevarietyonwhichtheselectionofresistanttreeswasbased
wasdescribedbythe manager, Mr. Schuldt, (accordingto
Stell)as“Venezuelan Nacional”,whichimpliesthatitwas of
hybrid origin. The descriptiongivenby Poundalsomakesit
clearthatitiscompletelydifferentfromthe Balaovarieties,and
alsothattherewasalowlevelofinfectiononthe selected
trees, noneofwhichcouldhave beenconsideredasjustifying
the application ofthe term“refractario”. Inmy opinion, the
Clementinaselectionsshouldnotbe called‘refractario”. With
regardtothe selections made onthisfarm, Pound makes
specialreferencetotree No. 8. Pounddescribedthe fruitof
thistreeasbeing, “long ovalsmoothwhite basetype, more
than partially pigmented”in contrastto the otherseven
selectedtreesthatwereof“ahalfblanco,longoval, wartytype
notveryfarremovedfromNacionalinquality”. Poundthen
statedthat“amongtheprogeny (thereexists)anundulylarge
proportion oftypeswhichshoweither pigmentationor pod
typecharactersofNo.8,whichsuggeststhatseedlingsofNo.
8aremoreresistantthanseedlingsoftheothertrees." These
observationsimplythatthe progeniesofeachofthe parent
treeswere planted separatelyinthe block of progenies, said
tonumber40,000, butwe stilldonotknowhowmanyofthe
originalselectionswere sampled. Atleast, withregardtothe
“CL"families, thereis someindication ofthe characteristics
thatmaybeexpected. AnotheraspectofthisworkatClementina
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isthatwe donotknowhowthese plantsarerelatedtothe
selectionsreportedlaterby Prof. Mintzing. Amongthelatter
isoneselectionwhichhadbeenplanted,asaclone,inafairly
large block, whichin 1963showedaverylowlevelofinfection
andhaddesirabletraitsforcultivation. Theleavesofthisplant
appeartometoresemblethosedescribedby Stellregarding
thevarietyreferredtoas TypeC.

9. Inthe1938Report, Poundstatedthatfruitswere collected
from*“some”eightytrees, eachbeingaseedlingprogenyofa
“refractario”typeandwas5-10yearsold. Inanother state-
ment, reproducedabove, theagerangeisgivenassixtonine
years.Inmyopinion, ifthefruitsdidcomefromtreesthatwere
uninfected, thissituationmayhavebeenduethetreeshaving
escapedinfectionasaconsequence ofthe combinationof
theirearlyageandotherfactorsthatPoundhimselfdescribed.
Thewhole questionastowhetherthetreeswerereally
“refractario”isindoubtonaccountoftheconfusedstatements
regardingtheability oftreestobecomeinfectedinthe circum-
stanceshefound. Althoughthe purposeofthevisittoEcuador
wastoobtainmaterialwith potential resistance, Poundalso
madeitclearthat healsotook productivityintoaccountwhen
making hisselections, atraitthatmayhavereceivedgreater
emphasis. Ifthe progenyhaveinheritedthe scale of produc-
tivity suggested, theywould provide apotentialuseforbreed-
ingindependently ofthediseasereaction.

10. Although Pound does make the recommendationthatthe
apparentlyresistanttreesshouldbe propagatedvegetatively,
thereisnoevidencethatthiswaseverdone. Apartfromthree
selectionsfromHda. Clementina(andnotnecessariythose
describedbyPound)andonlyonefromVueltaL arga, noneof
thelocationsof Pound's parenttreesistobefoundinthe list
oftheclonesinthe EET seriesof selectionsmadeabout10
yearslater. The EET clonesincludeseveralfrom Tenguel,the
farmofthe United Fruit Company, whichwouldhave started
aselection programme aboutthe time of Pound’s visitto
Ecuador. Amongthese selectionsare several outstanding
onessuchasEET 103, thefruitsofwhichcorrespondinsome
respectstothelarge, unpigmentedfruitsdescribedbyPound
ontrees“exhibiting someresistance”. Several oftheintro-
ducedgenotypesansweringtothisdescriptionappeartobe
closelyrelated. Theconnectionbetweenthe UFCo.programme
andPound'svisitisprobablesince Poundacknowledgedthe
assistancegivenbythe Company.

11. Besidesthedescriptionofthe Clementinaprogramme, the
onlylocationofthe Seminarioproperties hereferstoisHda.
Amalia. Inthiscase, he singled outonetreewithoutinfection
ofthefewsuchtreesamongthoseheselected. However,he
doesnottelluswhichofthetwotreesselectedwasthistree.
[tissuggestedelsewherethatsomeinvestigationsonresis-
tancewere being conducted onthisfarm, butthe sampleis
verysmalltoreflectany positive resultsfromsuchwork.

12. Inhisreportonthestate ofestablishmentoftheintroductions
atMarperFarm, Poundlistedabout25clonesthathe consid-
eredtobeworthwhile reproducing. However, althoughhe

referstoplansforplantingblocks ofthese clones, thereisno
indicationthatsuchblockswereestablishedbutthe possibility
thatsome cloned progenies may be availablein, asyet,
unknownlocationscannotberuledout. Previously, Posnette
included 10ofthe Ecuadorintroductionsinthe materialhe
senttoWestAfrica; theseincludedthree ofthoseonPound’s
list. Somedescriptionsofthe clonesdespatchedweregiven,
whichmayhelpintheidentificationoftheexistingclones. The
early performanceofthe Ecuadorprogeniesat Tafowasvery
poorcomparedwiththe othervarietiescomprisingthe ship-
ment. The Marper collectionwasdisregarded until 1952,
whenDr.Copeand |startedevaluatingthetrees, workthat
wassuspendedonaccountofthe Colombianexpedition. In
the 1960s, itwas possible toreturntothis evaluationwhen
unlimitedaccessof UWlstaffwasallowed. Duringthe subse-
guentyears, 32 cloneswereestablishedin The University of
the WestIndiesField Station GermplasmCollectionandother
cloneswereinthenurseryplotsonthe UWIcampus. Descrip-
tionsandevaluationrecordsareavailableformostofthese
genotypes.Afewselfedprogenieswereobtainedandshould
have beenestablishedatthe LasHermanas Station.

13. Therearetwopossible problemsrelatedtotheidentificationof
the Ecuadorgenotypes. Oneisthat, sincethe original seed-
ling progenieswereestablishedatMarper Farmashbudded
plantsitispossible thatsome ofthe existing plantsarereally
rootstockswhichwouldbelongtothe Trinidad population. It
may beimpossibletodistinguishthese fromany Ecuador
hybridsdescendedfromthe“Venezolano”group. Theother
situationto be considered isthat, althoughthe Ecuador
genotypeswereplantedexclusivelyinBlocksAandB,some
ofthePeruintroductionswerelaterplantedinthesameBlocks
(tofillingaps) andthe possibility arises of misidentifications
owingtothelaxity ofthelabellingandrecordingsystems,such
asconfusing“MO"and“MOQ".

Itishopedthatthereisenoughevidencetotoshowthe
dubiousnatureoftheassociationofthe progeniesintroducedinto
Trinidadwiththeterm“refractario”,anditwouldbeappreciatedthat
thetermshouldbeforgotten.

Certainly,itshouldbe clearthatinterms ofvarietiesthere
isnosuchthingasa‘refractario”variety orgeneticgroup. Ifthe
progeniesthatwereestablishedin Trinidadare descendedexclu-
sively fromthe original “refractario”trees or varieties, we are
concernedwith atleastsix types having distinctorigins, not
countingthe male parents ofthe fruits produced during the two
generationsthatwouldhave producedthegenotypesin Trinidad.
Forthisreason,itisnecessarytoconsidereachfamilyindividually
andattempttorelateittothe originalvarieties, asdescribedinthe
articleinINGENIC Newsletter No. 5. ltwould beimpossible to
provide ananalysisofthe genotypesinvolvedwithoutseeingthe
whole collectiontogether. Themolecular studiesthathave been
reportedgive someindicationsofpossiblerelationships. ltseems
thatsometypesoverseverallocaliieshaveacommonconstitution
butthereareothersthatappeartobeverydistinct, eveninrelation
totheotherelementsofthe cocoadiversity. Howeveritistooearly
toarriveatanydefinite conclusions.



Possibleassignmentsofsomeindividualgenotypesto
originalvarieties

Wecanseeafewpossibilitiesforassigningtheindividual
genotypestothe original varieties or pollen parents. [fweareto
acceptPound'saccountofthe Clementinaworkanddescriptionof
the progenies, itwould be possibletofindthatthe CLfamiliesare
closelyrelated. ltwould appearthat AM 2ismorelikeaNacional
andthesameappliesto JA5; both having probablytwodoses of
pollenfromthisvariety. Theyalsohavethelarge seedsandfruit
characteristicsthatdistinguishcloneslike EET 94,EET 96and
EET103. Theindicationsarethatgenotypesfromotherfamilies
alsopossess similartraits. Acommontraitofthis collection of
plantsappearstobetheverythickhuskofthefruitsandthiswould
possiblyhave beeninheritedfromthe Nacional parents.

PlantsfromLP 3andLP4haveleafcharactersthatare
oftenfoundinCriollotypes. Criollotraitsare alsonoticeableinthe
JA1family. ltispossiblethat SJ1/19 belongstothe Trinidad
population.

AmongthemoreoutstandingfamiliesarethosefromHda.
Moquique (MOQ),andthislocationwasthemostrepresentedin
theoriginal University ofthe WestIndies collection. | suspectthat
thisfarmdidnotbelongtothoseinthe othergroup. Thereappears
tohave beenaconsiderable influence of Criollotraitsinthe
selectedtrees. Thefruitof MOQ4/17 is similarto some ofthe
Colombiantypes. However, withinthe givenfamily there are
genotypeswithcharacteristicsfarremovedfromthosethatap-
proachthe Criollo-liketypes. With suchsituations occurring, itis
evidentthatthe matteris more complexthanthe attributionofa
singletitletoallofthe genotypesrepresented.

Terminlogy

Thereaderswhoseknowledge ofthe subjectislimitedto
thereports of Dr. Poundwould have found thathe consistently
usedthewordrefactario (whichIhaveretainedinthe quotations)
whileinthisarticletheterm“refractario”hasbeenused. Thelatter
isthe correctword and occursinthe Spanishtranslation ofan
article, ofwhich Poundwastheauthor, publishedinthemagazine
LAHACIENDAInApril1944, whilerefactariois notfoundinthe
dictionary.
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Thelnternational CocoaGenebank, Trinidad (ICG, T)con-
tainsapproximately 2300accessions, whichare currently being
characterised, evaluatedanddistributedtococoabreedersworld-
wide. One ofthe techniques employedfor characterisationis
IsozymeElectrophoresis(l.E.). Fiveenzymesystems(ACP,ADH,
PGlI,IDHandMDH)arecurrentlybeingusedforcharacterisation
oftheaccessionsatthe genebank. Thegeneticmodelsofthese
systemswere deduced by Lanaud (1986),and showpolymor-
phismsat, atleast, onelocus each, representing atotal offive
heterozygousloci. Todate, 570 cloneshave beencompletely
characterisedforthesefivelsozymesystems.

Inapreviousstudy,anassessmentofthelevelofgenetic
diversityexistingwithinandbetweenthe populationspresentinthe
ICG,T(Sounigo eral,1997)wasundertakenusingdataobtained
froml.E.analysis. Inthispaper,anattemptismadetoestimatethe
levelofheterozygosity presentinthe 570 characterised acces-
sions. Althoughthe study is somewhatlimited due tothe low
numberoflocistudied, itishopedthatthe resultsmaystillbe ofuse
tococoabreeders.Indeed, theestimationofthelevel ofheterozy-
gosity ofthese accessions couldguide breedersintheiruseas
parents. Parentswithalowlevel ofheterozygosityareexpectedto
produceratherhomogeneous progenies, whichisadesirable
characteristicifthe progeniesareintendedtobedistributedas
varieties. Onthe otherhand, highly heterozygous parentsare
expectedtoproduceratherheterogeneousprogenies,whichcan
beveryusefulforselectionofindividualswith particulartraits.

Theclonesinthisstudyareclassifiedaccordingtonumber
ofheterozygousloci,i.e.0,1,2,3,4,and5(homozygous, poorly
heterozygous, fairy heterozygous, heterozygous, highlyheterozy-
gousandveryhighly heterozygous, respectively),andare pre-
sentedin Tables1-6. Thefrequency (numberand%)ofclones
from8groups,ateachlevelofheterozygosity,ispresentedin Table
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Tablel: Homozygousaccessions(noheterozygouslocus)

AGUACARTEP1 LCTEENG7
AM1/87 LCTEEN127
AMAZ5/2 LCTEEN203/S3
AMELONADO3/4/6 LCTEEN327
BANANACREEK3P1 MAR3
BANANACREEK3P2 MAR9
BANANACREEKSP1 MAR10
BANANACREEKS8P1 MAR11
BOB8 MAR12
CATONGO MAR13
CERROAZUL10 MAR14
CERROAZUL11 MAR21
CL1014 MAR22
CL192 MO109
CLM59 NA92
CRIOLLO22 NA118
CRU105 NA178
DOM21 NA286
DOM24 NA289
DOMm27 NA311
DOM30 NA337
DOM31 NA359
DOM35 NA528
ELP21/10 NA534
ELP21/20 NAG72
GS13 NAG85
GS17 NA708
GU151F NA750
GU255P NA766
GU265P POUND16B
GU286/P PAT70
GU307/F PA13
GU322/P PA134
IBHIGHFORESTP1 PA141
IBHIGHFORESTP2 PA189
IBHIGHFORESTP3 PA194
IBN°1P1 PA195
IBN°2P1 PA279
IBN°2P2 PA296
IBN°2P3 SCA3
IBN°2P4 SCA6

ICS8 SCA20
IMC38 SPEC41/6
IMC77 SPEC54/1
JA2/24 TRD6
JA9/16 TRD9
JA937 TRD16
LCTEEN31 TRD112

7. Acomparisonofthe levels ofheterozygosity for 25common
clonesusingl.E.andRFLPisdepictedin Table8.
Theratherlownumbersofaccessionsrepresentingthe
Criollo, the French Guianaandthe lower Amazon Forastero
groupshinderusfrommakingdecisive conclusionsaboutthese.
However,fromtheresultspresented(Table 7),allofthe Criolloand
twothirds ofthe French Guianaaccessions appeartobe com-
pletelyhomozygous(hoheterozygousloci). Thelevelsofheterozy-
gosityfortheremaining FrenchGuianeseaccessionswerepooror
fair. Morethanhalfofthe Upper AmazonForasterosandaboutone
third ofthe Lower Amazon Forasteroswere either completely
homozygous(21%and22%, respectively)orpoorlyheterozygous

(36%and11%, respectively). Thedistributionoftheaccessionsin
the Refractarioand Trinitariogroups spannedthewholerange of
classes, with 73%and61%, respectively, having heterozygosity
levelsrangingfromfairy heterozygoustohighly heterozygous.
Theresultsindicate thataccessionsfromthe Criollo,
FrenchGuianaand mostofthe Upper Amazongroupscouldbe
usefulparentsforthe productionofratherhomogenousprogenies
suitableforuse asvarieties. Mostofthe Trinitarioand Refractario
accessionswouldbemoreusefulas parentsforthe productionof
heterogeneousprogenies, suitableforindividual selection. Inad-
dition, selectionwithinthe Refractarioandthe Trinitariogroupsfor
bean quality and resistancetraits could yield veryinteresting
results. Further selfingand crossing betweenthemwouldthen
makeitpossibletoaccumulate quality traitsinherited fromtheir
Criolloand/orNacional geneticbackgroundandresistancetraits
inherited fromtheir Forasterogeneticbackground.
Acomparisonofthelevelsofheterozygosityobservedin
25accessionshy|.E. (currentstudy)andby RFLP (Laurent efa/,
1995)isshownin Table8.Nocorrelationwasfoundbetweenthe
twosetsofresults(R=0.17).Someaccessions,whichwerefound
poorlyheterozygouswithl.E. (ICS40,ICS89,PA20),werefound
tobe highly heterozygous with RFLP, while accessionsfound
heterozygouswithl.E.werepoorlyheterozygous(OC61,ICS100)
orevenhomozygous (SC6)withRFLP. However, alltheacces-
sionsfoundveryheterozygousinourstudy (GS29,GS 36,ICS48,
ICS84,RIM113,RIM19,SC5andUF667),werealso highly
heterozygouswhenanalysedwithRFLP. Inaddition, bothstudies
revealedverylowlevelsofheterozygosityintheaccessionsfrom
FrenchGuiana. TheCriolloaccessionsanalysedinourstudy, most
ofwhichwere collectedinBelize, wereallfoundhomozygous. This
agreeswiththefindingsofMotamayor(1997),whoalsofoundvery
lowlevels ofheterozygosity in Criolloaccessionsusing RFLP
analysis.
Discrepanciesbetweentheresultsofl.E.andRFLPmay
be duetothe problem ofmislabelling oftrees (Figueira, 1998;
Anon.,1999). Foravalidcomparisonbetweenbothsystems, the
analysiswould havetobe carried outusingthe sametreeoron
treeswherethe samefingerprinting patternhasbeenconfirmed.
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Table2: Poorlyheterozygousaccessions (1heterozygouslocus) Table3: Fairlyheterozygousaccessions(2heterozygousloci)
AM2/62 IMC58 NA771 ACT2/6 ICS14 NA34
AMAZ10/1 IMC59 POUND2B ACT2/13 ICS16 NA70
AVIAZ12 IMC9% POUND15A ACT2/18 ICS26 NA110
AVIELONADO IMC98 POUND26/C AM1/57 ICS30 NA149
B7/38 IMC107 POUND27/C AM1/107 ICS43 NA155
B13/5 IMC60 PA16 AM2/12 ICS53 NA176
B2/31 JALA PA18 AM2/21 ICS65 NA268
CC17 JA32 PA20 AM2/83 ICS75 NA327
CL10/26 JA10/41 PA27 AMAZ32 ICS95 NA717
CL10/33 LCTEEN46 PA44 AMAZ6 ICS83 NA780
CL13/2 LCTEENG61/S-5 PA46 AMAZ15/15 IMC12 NA7%4
CL19/36 LCTEENS83/S-8 PA51 AX11/890P IMC23 NA831
ClLivi4l LCTEEN162/S-1010 PA84 B2/34 IMC27 PA30
CLwv49 LCTEEN163 PA107 B7/3 IMC30 PA34
CRUS0 LP1/9 PA12 B714 IMC42 PAG1
DOM15 LP1/10 PA124 B8/5 IMC45 PAG6
DOM16 LP4/5 PA125 B14/9 IMC65 PA90
DOM4 LV10 PA136 B17/17 IMC76 PA118
DOSHERMANOS LVv20 PA165 B18/4 IMC78 PA120
E34 LV33 PA171 B18/5 IMC%4 PA187
EET397 LX38 PA200 B20/2 IMC97 PA191
ELP38/15 LX48 PA300 B22/3 JA5/28 PA211
GS12 MO4 POR3 B22/8 JA9/23 PA218
Gs4 MO9 SCA5 B23/6 LCTEEN15S3 PA291
GS48 MO28 SCA24 CC9 LCTEEN23 SCA9
GS61 MO83 SLA8 CL13/4 LCTEEN72 SJV11
GS62 MOQ5/23 SLA16 CL13/17 LCTEENS5 SJV37
GS71 MOQ5/28 SLA20 CL19/22 LCTEEN201 SJ1/39
GS78 MOQ6/30 SLAS3 CL27/53 LCTEEN326 SJ1/40
Gcu4pP MOQ6/99 SLAG6 CL27/58 LP1/58 SLA44
GU219F NA3 SLC8 CL27/109 LP2/14 SLC7
GU243H NA7/10 SLC18 CLM35 LP3/35 SLC24
GU261/P NA12 SPA18 CLM100 LP4/12 SPA9
GuU271/P NA26 SPA8 CRUZT7/8 LP5/1 SPA12
GU277IG NA40 SPEC138/8 CBO177 X1 SPA20
GU300P NA45 SPEC138/15 DOM1 LX6 SPEC137/6
GU305P NA46 THY2/12 DOM3 LX28 SPEC138/17
GU310P NASO TRD1 EET156 LX32 SPEC138/21
ICS24 NA168 TRD13 EET272 LX45 SPEC184/2
ICS28 NA170 TRD41 EET338 Lz2 STAHEL
ICS40 NA181 TRD42 EET395 LZ5 THY23/111
ICS41 NA186 TRD44 EET401 LZ33 TRD1
ICS58 NA191 TRD45 AGU3339 MAR3 TRD2
ICS82 NA283 TRD46 AGU33398 MAR19 TRD3
ICS89 NA326 TRD53 AGU3339/12 MO14 TRD5
ICS99 NA342 TRD86 COCA3343/2 MO20 TRD28
IMC2 NA399 TRD88 SANMIGUEL3360/3 MO81 TRD37
IMC14 NA471 TRD109 GS77 MO125 TRD60
IMC16 NA730 TSH1077 GuU241/P MOCO1/12 UF38
IMC50 NA763 VENAS8 ICS1 MOQ6/73 UF700
IMC53 NA770 ICS5 NA32 UF709
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Table4: Heterozygous Table5: Highlyheterozygous Table7: Levelsofheterozygosity observedinthedifferentgroupsof
(3heterozygousloci) accessions(4heterozygousloci) cocoa
Numberof
AML/28 JA3P AM13 Lz8 heterozygouslEloci 0 1 2 3 4 5 Tota
AM1/53 JA10/12 AM2/1 MOQ38
AM2/38 JA10/42 AX122/72 MOQ6/102 .
Criollo 5 0 0 0 0 0 5
AM2/53 LCTEENG6/S-1 EET19 NA258 0% O O O O b
AX169/54 LP1/43 EET59 NA406 LowerAmazon 2 1 3 3 0 0 9
B8 LP1/61 EET95 PA184 Forastero ™ 1% b Wb O O
B7/21 LP3/4 EET399 RIM10 Refractario 7 o @ ¥ D 0 143
B13/7 LP3/29 COCA331013 RIM19 % e T B 1 W
Cc711 LP4/7 GS26 RIM24 UpperAmazon Q0 @ % 0 7 2 191
cerl LP4/A43 GS29 RIM39 Forastero A B Bh 1% M Db
CC37 Lva7 GS36 RIM41 R
cc29 Lv28 GS46 RIM48 Tnfaro 2 % B 2 B 2 W
%% B0 2% 186 19% Do
cea9 LX39 Ics2 RIM71 FenchGuana 2 © 1 0 0 0 2
cLanz LX43 ICS48 RIM102 accessions 6% 3% N O O
CL10/3 LX47 ICS61 RIM106 Unknoan 1 0 0 5 0 0 6
CL10/10 M33 ICS84 RIM113 1% % O S% 06 b
CL10/11 MAN15/60 IMC54 SC1 Hybrid 0 0 15 6 6 0 o7
CL105 MATINAL/7 IMC105 SC4 W % 6 2% 2% O
CL13/65 MOQ2/26 JAL19 SC5
CL19/10 MOQ55 JAS5/2 SC6
CL1921 MOQS5/29 JASIS SC15 Table8: Comparisonofthelevelsofheterozygosityobservedwithl.E
CLM11 NAGS JAS5/7 SC17 andRFLP
CLM19 NA157 JA5/9 SC19
CLM99 NA246 JA524 SC20
CRU147 NA753 JA5/25 SCA23 Numberof %of heterozygous
CRUZ7/11 NG3 JA527 SJ2/2 heterozygous|.E loci RFLPloci
DOM25 0OC61 JA5/36 SJ2/22
EET400 POUNDA4/A JA5/39 SPA10 IMC78 2 2
SANMIGUEL3087/3 POUND9B LP4/10 TRD33 LCT326 2 5
EQX3164 POUND18 LX16 UF613 MO9 1 2
FSC13 POUND18A LX53 NAR 2 24
ICS10 PA3 PA20 1 3B
ICS15 PA169 SCA6 0 5
ICS29 RIM6 SCA9 2 2
ICS45 RIM8 Table6:Veryhighlyheterozygous CC39 3 K9
ICS57 SCA19 accessions(5heterozygousloci) GS29 4 p
ICS67 SJ2/19 GS36 4 K3
ICS76 SLA13 C99 ICS16 2 3
ICS92 SLAY ICS48 4 B
p Sace LoTEENT3A o 2 -
IMC3 SPEC194/39 UF667 ICS75 2 2
IMC49 TRDA43 ICS84 4 3B
IMC57 TRD66 ICS89 1 4
IMC61 TRD81 RIM113 4 3
IMC63 TRD85 RIM19 4 B
IMC73 TRD118 RIM8 3 3
IMC103 UF11 SC5 4 D
SC6 3 0
IMC104 UF12 UF667 5 3
JA37 UF705 ICS100 3 3
ICS40 1 %
OC61 3 13
\//
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Introduction

Cocoa( 77eobromacacadl..),despiteitseconomicimpor-
tance, lacksaformalcommitteethatregistersanddocumentsnew
cultivars,inadditiontosupervisingthe supply ofgeneticmaterial
alongwithrelevantinformationtococoaproducers. Theestablish-
ment of such acommittee would require the development,
standardisationanddefinitionofprocedurestobe usedforcultivar
differentiation. The cultivars should be protectedbyinternational
laws, usingthecriteriaofdistinctiveness, homogeneityandstability
(DHS). This study focuses onthefirst of these criteria, using
informationgeneratedusingmolecularmarkers.

CocoacultivarsplantedinBrazilforthelastthree centuries
belongtothe AmazonForasteroracialgroupsknownas‘Comurn’,
‘Pard’and'Maranh&o’.Between‘Para’and ‘Maranhdo', thereare
othertypes, suchas'Parazinho’, probably derivedfrom‘Para’,and
‘Maranhé&o Liso’ and ‘Maranh&o Rugoso’, both derived from
‘Maranh&o’. The expansion of cocoa cultivationinthe recent
decadesrequiredthedevelopmentofhighyieldinghybridcultivars,
andresultedinthe developmentofhybridsinvolving crosses
betweenlocalandintroducedclones. Heterosishasheenexploited
commerciallyinBraziland Trinidadsince 1960. Nowadays, Malay-
siaandIndonesiause clonalplantingswithgreatsuccess. InBrazil,
cocoaproducersandbreedersanxiously anticipate utilising this
strategy. Cloningonacommercial scale allows the fixation of
desirable hybridmixtures. With clonalplanting, thedevelopmentof
procedures and methodsfor differentiationand registration of
clonalcultivarsbecomesnecessary. Theresultsofstudiessuchas
theonedescribedhere cancontributetosuchactivities.

Untilrelativelyrecently, cocoacultivarsweredifferentiated
mainlyonthebasisofmorpho-agronomical characteristicsthatare
highlyinfluencedbyenvironment. Therefore, the phenotypicdis-
tancemaynotconsistentlyreflectthe geneticrelationshipsamong
cultivars. Toovercomesuchaconstraint,theuseof DNAmarkers,
whichareuninfluencedbythe environment,wasintroducedasa
preciseandaccurateyardstickforquantifyingthedistanceamong
cultivarsthusrevealingtheir distinctiveness. Thegeneticdistance
estimatesexpressthedifferencebetweenanytwocultivarsonthe
basisoftheallelicvariation ofpolymorphicloci,andtheiruseinthe
differentiationof cultivarsisgrowing (Staub eza/,1996).
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Heterosisfor precocity, highbeanyield, disease resis-
tanceandsome other charactershasbeenexploredincocoa.
Althoughthehybridshave heterozygousclonesasparents(non-
conventional hybrids), commercially theyare generally propa-
gatedthrough seed,and more recently using cuttings. While
selectingthe parentclones, attempts are made to overcome
deficienciesbycrossingparentsfromdistinctgeographicalorigins
andracialgroups. Thisstrategy complimentsselectionbasedon
phenotypictraits. Random crossesusingthetrialanderrortech-
nigue are alsomade, especially ifinformation aboutthe parent
clonesisnotavailable. tmustbe notedthatthe cocoatreehasa
longjuvenile period (4to5years) before comingintoproduction.
Thus, hybrid progenies canbe selected only after the 8th or 9th
yearinfield. Therefore, the developmentofamethodthatapplies
the estimates ofgenetic distance among possible parentsbe-
comesessential. Suchamethodcanpredictthe performanceofa
hybridwithoutthe needforcrossesandprogenyevaluation. The
measuresofdistanceare usuallybasedupon pedigreeinforma-
tion, suchastherelationship coefficient, multivariate analysis of
quantitative characters, oranalysisofmolecularmarkers.

Molecularmarkersdirectly andthoroughly samplethe
genome. Thetype of marker usedis notasimportantastheir
numberandthegenomiccoverthatitcanprovide. Themeasures
ofgeneticdistance based onRestriction Amplified Polymorphic
DNA(RAPD)markers(Wiliams ezal,1992)appearveryattractive.
RAPD markershavetheadvantage ofrelativelylowcost, simplic-
ity, rapidity and operational automation for alarge number of
samples(Dias, 1995). Thisarticledemonstratesthe applicationof
informationgeneratedby RAPD markersforquantifyingthege-
neticdistanceamongcultivarsandthuspredictingthe heterosis of
the hybridsamongthemandallowing the differentiation of culti-
vars.

Distinctivenessofcultivars

Thecocoacultivarsevaluatedfordifferentiation, thefield
experimentand proceduresfor data collectionwerereported
earlier(Dias efal,1998). Thefive cultivarsusedwere ‘Maranhao’,
‘Pard,'Parazinho’,anopenpoalinated ICS1'andthecommercial
hybrid mixture. TheexperimentwassetupinFebruaryof1982,in
ab5x5latinsgquaredesign, with 196—plantplots. The harvestwas
monitored monthlyforoveraperiodof 10years (1984t01993).

ForRAPDanalysis, freshandhealthymatureleaveswere
collectedfromallfive cultivars. Foreachcultivar, abulk of DNA,
constituted by 6to 10 cocoatrees, wasformed. Suchleaves,
properlyidentified, weretakentothe Agricultural Applied Biotech-
nology Institute (BIOAGRO)ofthe Universidade Federalde Vigosa
(UFV),andthe DNAwas extractedinagreementwith Doyle &
Doyle’s(1990)method, withmodifications. Theamplificationreac-
tionswereperformedwithareactionvolumeof13ul. Atotalof 182
polymorphicbands, coded as 1 forthe presence and Oforthe
absence, were used for distinctiveness of cultivars. By using
Jaccard’s coefficient(Dias, 1998), the genetic similarities (GSij)
werecomputedbetweenallthe pairsofcultivarsitoj. Themeasure
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ofgeneticdistance (GDij)wasobtainedasthearithmeticcomple-
mentofthe geneticsimilarity, inotherwords, GDij=1-GSij. The
GDmatrixwassubmittedtoclusteranalysisfollowingthe UPGMA
algorithm(Dias, 1998). Toevaluatetherobustnessofthe clusters
formed, the binary datasetwas submittedtobootstrapping. The
datawerereconstructed2,000times (replications) byresampling
the bandswithreplacement. Inthatway, the number oftimes,
expressedasapercentage, thataclusterisrepeated canbe
consideredusinganon-parametricstatisticaltest(withconfidence
limits), which checksthe validity ofthe various clusters.

Hybridprediction

Five cocoacultivarsfromthe S (clones)andS, genera-
tionswerestudied. Theclonesbelongtothegermplasmcollection
of CEPEC.TheS, cuttivars, togetherwiththeir20hybrids, belong
toa5x5diallelandhavebeendescribedearlier(Dias&Kageyama,
1997).Inbothcases, the cultivarsusedwere‘'CC41’,'SIAL169,
‘CEPECY,ICSY,and'SIC 19 Thediallelwassetupin 1975,in
[tabuna, Bahia, inarandomised complete block designwithfour
replicationsand 16-plantplots.

Foranalysis,130RAPDbandswereused(Dias&Resende,
2001). The Nei & Licoefficientwas usedto compute genetic
similarity between allthe cultivar pairs (itoj) (Dias, 1998). The
measureofgeneticdistance (GDij)wasobtainedascomplement
ofgeneticsimilarityasdescribedabove. Usingthe distance matrix,
adendrogramwasconstructedaccordingthe UPGMAalgorithm
(Dias, 1998). Rankcorrelation coefficientswere computed be-
tween GDijand the Mahalanobis’ distance (MDij), previously
obtainedbyDias&Kageyama (1997)withtheemploymentoffive
yieldcomponentsand, betweenthese matricesandtheaverage
andheteroticperformanceofthehybridsforeachyieldcomponent.

ResultsandDiscussion

Distinctiveness of cultivars
Thegeneticdistanceamongthecultivarsvariedfrom
0.39for‘Pard’and‘Parazinho’to 0.83between‘Maranh&o’and
‘ICS 1. Thedendrogram (Figure 1A) showsthe formationoftwo
clusters, one composed oftraditional, unimproved cultivars
‘Maranhao’, ‘Pard’and‘Parazinho’,andthe otherformedbytwo
improved cultivars (openpollinated ‘ICS 1’andthe commercial
hybrid mixture). However, the Para-Parazinho clusterwas not
confiimedbecausethebootstrapPvaluewaslessthan95%. The
traditional cultivarsbelongtothe Amazon Forasteroracialgroup,
whereas|CS lisaTrinitario-ahybrid groupbetween Forastero
andCriollo. Thehybridmixture possessesthegenesfromlocaland
introduced Trinitarioclones. ICS 1andthe hybrid mixture hada
better performance andtemporal stability of yield thanthe other
three cultivarsduringthe 10-year(1984—1993) study, asshowed
by Dias eral,(1998). Theseresults suggestthatthe RAPD
markersare able todistinguish cocoagenotypes, whichhave
undergonedifferentdegreesofimprovement.

Figure1:GeneticdistanceamongcocoacultivarsbasedonRAPDdata
appliedtodifferentiating cultivars (A) and hybrid prediction (B). Aralues
ofbootstrapare shownonthe correspondingnode ofeachcluster.
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Hybrid prediction

Thegeneticdistance (GD)amongthefive clonesvaried
from0.07forSIAL169and CEPEC 1t00.36for SIAL169andICS
1. Themaximumrelative distance occurredinICS 1andtheonly
confirmedclusterwasthatof SIAL 169and CEPEC 1 (Figure 1B).
Theresults(GD)obtainedthroughRAPDwere partiallyinconcur-
rencewiththoseobtainedthroughyieldcomponents(MD). There
wasmoderate correlation (r) betweenthe GDand MD matrix (r=
0.67, P=0.03)(Diasé&Resende, 2001). TheGDwasmoderately
correlatedtothe heterotic hybrid performance only forwetseed
weightper plantand perfruit(0.73, A<0.05and 0.65, ~<0.05,
respectively). Thisis similartothe valuesreported by Dias &
Kageyama(1997)usingMDforthesameyieldcomponents(0.66,
£<0.05,forboth). However GD didnotcorrelatetomeanhybrid
performance consideringthe sameyieldcomponents(0.61and
0.62,respectively).

Theagreementbetweendistancematricesobtainedfrom
phenotypicdata(MD)andRAPD (GD)wasnotperfect. Aclose
correspondencebetweenthetwoshouldnotbeexpected, since
thetwodatasetsrepresentdifferentgenomic partsandare sub-
jecteddifferentsourcesoferror.Inaddition, GDand MDwerejust
satisfactorypredictorsofheteroticperformanceofhybrids,indicat-
ingthatdivergenceandheterosisdonotonlyassociatelinearly. It
appearsthatgeneticdistancesbasedonmolecularmarkersare
good predictors ofhybrid performance only under very specific
situations. Moreover, sincetheassociation procedureworkedfor
thissmalldiallel,usedasamodel, itisexpectedthatitshouldalso
workforthe predictionofhybridperformancefromcrossesamong
alargernumber of cultivars. The small diallel that could be
analysedlimitsthe scope ofthe conclusions, butthe resultsdo
encouragemorestudies.



Forcultivar distinction, the genetic distance calculated
throughRAPD appearstobeadequateforuseindifferentiation,
andalsoforthefingerprinting of cocoagenotypes. Accordingto
Wilde efal,(1992),only one primerof RAPD allowedunmistaken
characterisationof 10accessionsof 7. cacaol_.Errorsofidentifi-
cationofclonessimultaneously plantedinMalaysiaandBrazilcan
beadequatelyverifiedbyusingRAPD markers (Figueira, 1998).
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Pre-Budwood Collection Twig
Manipulation: A New Procedure
For Increased Budding Success

K.BadaruandP.O.Aikpokpodion

CocoaResearchlinstitute of Nigeria, P.M.B.5244 1badan, Nigeria

Introduction

Theheterogeneityinherentincocoaseedling populations
makesthe clonal propagationof materialswithdesirable qualities
imperative. Thisisoftenachievedthroughvegetative methods
suchasstemcuttings, grafting, patch, green, orside-cleftbudding.
Buddingtechniquesare preferredforthebetterfieldestablishment
ofplantsduetothewell-developedtaprootsofrootstocks,andthe
highermultiplicationrate comparedtothatforrootedcuttings. The
rateofbudding successis, however, verylow;about 15%—-30%.
Thisisduetothelowpercentagesofbud-takeandsproutsofnew
growths from buddings. Atrialwas conducted atthe Cocoa
ResearchInstitute of Nigeria(CRIN) to determinethe effects of
somepre-budwood collectiontreatmentsonbuddingsuccess.

ManipulationMethods

Semi-browntwigs, fromwhichbudwoodwasto be col-
lected,weresubjectedtofourdifferenttreatmentsondifferentdays
before collectiononthedayofbudding. Theconventionalmethod
ofbudwoodcoallectiononthe samedayofbuddingwasusedasa
control. Budwoodwas collectedat2,4,6,8and 10 days after
treatment(DAT). Thetrialwasa5x 5factorialexperimentlaid out
inarandomised complete blockdesign (RCBD)withfivereplica-
tions.

The treatments were:

a wholeleafclip-entireleafblade clippedleaving onlythe
petiole.

b. halfleafclip-halfthe size oftheleafclipped.

¢ apicalbudclip-terminalbud portion ofthe twig clipped.

d wounding-ringingthetwigbymakingashallowcutroundthe
circumferenceintothewood, butnotsomuchastointerfere
withthexylemflow.

e. Control-semi-browntwigleftintactandbudwoodcollectedon
thedayofbudding.

Bud-takewasassessedonopeningofthebuddingtape 14
daysafterbudding

ResultsandDiscussion
Themean countofbud-take duetoeachtreatmentex-

pressedasapercentageispresentedin Table 1. The bud-take
rangedfrom24%-88%overallthetreatments. However, bud-take
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wasalwayshighestforthewoundingtreatmentacrossallthedays
of study, rangingfrom 74%—88%. Iltwasalways lowestforthe
wholeleafcliptreatment, rangingfrom24%-52%.

Analysisofvariance (ANOVA)in Table 2 showedthat
methodsoftwigmanipulationhadasignificanteffect(/~0.001)on
bud-take. Bud-takewasalsosignificantly affected bythe number
ofdaysaftertreatment. Theinteractioneffectofthemethodand
daysaftertreatmentwasnotsignificant(/~<0.609).

Buddingsuccesswasassessedbythenumberofsprouts
andgreen buddings fourweeks after opening (Figure 1). The
woundingtreatmenthadasignificantly higherbuddingsuccess
(46%—72%)thanthe control (26%0—54%)overallthedaysstudied.
Thehighestbuddingsuccesswasrecordedforbudwoodcollected
2daysaftertreatment.

Theresultsofthis study showedthatthewoundingtreat-
mentappliedtotwigs, even 2 daysbefore budwood collection,
greatlyenhanced cambialactivity necessaryforsuccessfulbud
unionwiththerootstock. Itissuggestedthatthe breakinphloem
transportdownstreamandaccumulationof photosynthatesand
endogenoussubstancesonthetwigtobe severedinitiatedand
increased cambial activityand processesassociatedwithcallus
formation, whichare necessaryforsuccessfulunionandconse-
quently,buddingsuccess.

Tablel: Mean'budtake’(%o)resulingfromtreatmentsatdifferentdays
beforebudding

Daysbeforebudding
Method 2 4 6 8 10
Wholeleafclip 52¢c 50b 30b 24c 40b
Halfleafclip 78ab  56ab 26b 42bc 58b
Apicalbudclip 62abc  54ab 38b 50b 50b
Wounding 82ab 74a 68a 76a 88a
Control 72abc  62ab 48ab 40bc 56b

Meansnotfollowedwiththe samelettersare significantly different.
l.s.d.(p<0.05)=22.0

Table2: Analysisofvarianceforbud-take

Source of \%S) F P
Method 4 47.66 15.01%* 00001
DAT 4 3106 9.80%** 00001
Block 4 8004 28.10% 00001
Method*DAT 16 2745 087 0609
Enor % 3169

Total 124

DAT=daysaftertreatment
Method=treatment

— {sd.=16.5 ] Whole leaf clip

| = [ Half leafclip
B Apical bud clip
B [0 Wounding
Control

B 8s8 8838
|

Budtake(%)

S

Kl

2 4 6 8 10
Days before collection

o

Figure1: Sproutsandgreenbuddings(%o)ofdifferentpre-budwood
collectiontreatments

Fourweeksafteropening

Otherresearchershavereportedsuccesswith pre-treat-
mentsappliedbeforegrafting. Mishra(1982)foundthatdefoliation
ofscionshoots2weeksbeforegraftingresultedinbetterunionand
active division ofthe cambialtissue. Dhuria efa/ (1977) also
achieved88.9%successfulgraftsinpersimmon, Dospyrosiots
L.,asaresultofincubator storage of grafts for 2weeks before
planting.

Conclusion

Fromthis study, itis shownthat pre-treatment oftwigs
before collectingbudwoodfromcocoatreesresultedingreater
bud-takehence, buddingsuccessthanthe conventionalmethodof
patchbudding. Woundingthetwigbymakingashallowcutround
the circumferencethroughthe barkintothewood, even2 days
before collectingbudsticksforbudding, resultedinahigherlevel of
bud-takehence, buddingsuccessthanthe conventionalmethodof
budstick collectiononthe day ofbudding. Thisunderscoresthe
advantageof pre-treatmentoftwigsbefore budwood collectionin
cocoa.

References

Dhuria,H.S.,Bhutani,V.P.andBihariLal, B.(1977). Anewtechnique
ofvegetative propagationofpersimmon. ScerntatHortculira
6:55-58.

Lamin,K.andLee,M.T.(2000). BuddingtechniquesIn: Proceedingsof
the CFC/ICCONPGRIProjectWorkshop. WorkingProcedures
forCocoaGermplasmEvaluationand Selection. (A.B.Eskes,
J.M.M.EngelsandR.A. Lass, Eds.) February 1-6,1998,
Montpellier, France.IPGRI,Rome, Italy. pp.61-65.

Mishra, K. A.,(1982). Thevegetative propagationofpersimmon. Scertia
Horticullinal 7:125-127.
g
Pleasesendcommentsto: %
Kolawole BadaruandPeterO. Aikpokpodion
CocoaResearchinstitute of NigeriaP. M. B.5244 badan

NIGERIA
e-mailaddress: walyin@ibadan.skannet.com



Editor’s note: The following article, written by Dr. Bartley
in 1969, is presented below in its original form (with few
amendments) as it covers a subject of considerable
interest to cocoa researchers. It was written shortly after
POUND 31 became available for research at the Cocoa
Research Unit, having been established at the Univer-
sity of the West Indies Field Station Collection. Dr.
Bartley was unable to photograph the fruits of SCA and
POUND types referred to in the text, as initially planned,
due to his departure from Trinidad in 1970.

The Origin and Compatibility
Relationships of the Scavina
Variety of Theobroma cacao L.

B.G.D.Bartley

Followingthe occurrenceandspreadof Witches' Broom
disease,causedby MarasmiuspermiciosusStahel (now Crirmpells
permiciosa(Stahel) Singer)incocoaplantationsin Trinidadin 1928,
asearchwasinstitutedforresistanttreesinanefforttocontrolthe
disease. Reportsofresistant (“Refractario”) treesinthe cocoa-
growing areas of Ecuadorwherethe disease was presentin
epiphytoticproportionssince 1918, encouragedthe Departmentof
Agriculture of Trinidadand Tobagototake stepstointroducethe
resistantmaterialinto Trinidadin ordertoalleviate the problem.

In1937,F.J.Poundvisited Ecuadorandcollectedmaterial
fromseveral plantations, whichappearedtoberesistant. He
observedthatoneresistanttype was nottypical ofthe cocoa
varietiescultivatedin Ecuador,andhypothesisedthatthistypewas
anintroductionoriginatinginthe AmazonBasintothe eastofthe
Andes. Inthefollowingyear, hetravelledupthe AmazonRiverto
Iquitosand studied the cocoagrowingintheareaincludingthe
tributaries ofthe Rio Marafion. Pound (1938)describedthe back-
groundtothe disease problemand descriptions ofthe cocoa
varietiesseeninEcuadorandPeru.

Thematerial collectedinboth countrieswasestablished
(afterquarantine)atMarper Farm,intheeastern partof Trinidad,
forobservationofthediseasereactionunderconditionsofsevere
incidence ofthe fungus. Allmaterial collected was inthe form of
seed,andtheplantings consistedofthevegetative progenyofthe
seedlings. Theprogeniesofeachtypeorlocationcollectedwere
separatelydesignated, butwere plantedatrandominthefield. No
recordsareavailabletoindicate the exactorigin or parentage of
eachfamilyand,insomeinstances, thegroupdesignationgivesno
cluesastotheidentification ofthe material describedinPound
(1938). The characteristics ofthe offspring of parenttypesfre-
guentlydeviate fromthe correspondingdescriptionsinthereport
sincetheyaredescendantsofthe open-pollinatedfruits oflargely
self-incompatibletrees.

Exposuretonaturalinfectionforseveralyearsindicated
thatresistance toWitches' Broomdiseasewaspresentinone
familyreferredtoas SCAVINA (SCA). Attemptsto utilise this
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resistancein clonal populations ofthe selectionsfromthisfamily,
SCA6andSCA12,werenotsuccessfulastheverysmallseeds
werenotacceptablecommercially. Hybridisationofthetwoclones
withsusceptible cloneswasinitiatedwiththe objective ofcombin-
ingdiseaseresistancewithlargerseedsize. Thesehybridsexhib-
ited hybridvigourforyieldand combinedacertainlevel of resis-
tancewithasatisfactoryseedsize. Thegood combiningabilityfor
yieldfactorsofthe SCAVINAfamilyledtothewidespreaduseofits
segregantsasparentsofhybridvarieties,whichhavebeenplanted
onawidescaleinmanycocoa-growingareas.Muchbreedingwork
inprogressisbased onthe use ofthissource ofgenes.

Theclones SCA6and SCA 12were showntobe self-
incompatible (Cope, 1959;1962). Testsof Witches'Broominfection
ontheclones, theirhybridprogenyandadvancedgenerationsshow
thattheclonesare heterozygousforresistancefactors. Becauseof
the considerable attentionwhichthisfamilycommandsandthe
heterozygosityexhibitedbyitsmembers, theoriginandcollectionof
theparenttypeisofgreatinterest. Thefamilytowhichthisdesigna-
tionwasgivenisoneforwhichnorecordoforiginisavailableandit
wasnotclearwhetheritwascollectedinEcuadororPeru,afthough
somereportsrefertoitasbeingEcuador. Posnette (1951)statedthat
“Thosecalled“UpperAmazon”werethe progenyoftypescollected
by Pound[13]fromthe Iquitos, Nanay, Morona, Parinari,and
ScavinaregionsofEcuador®.”ltisobviousthathemadeamistake
andwrote EcuadorinsteadofPeru.

Whilethematerialcollectedin1937and 1938wereunder
observationatMarperFarm,afurthervisitwasmadetothelquitos
areain1943,whenthetreesseenduringthe 1938explorationwere
re-examinedfortheirstatus ofinfectionby Marasmiuisperriciosa.
Onthisoccasion, trees, which continuedtobe free ofinfection,
weresentto Trinidadviaquarantine. Thebuddedprogenyofeach
selectionwas planted at River Estate, another station ofthe
Departmentof Agriculture. The plantingappearstohave been
neglected untilthe middle ofthe 1950’sduringthe periodwhen
River Estatewasthe experimentstationofthe CocoaResearch
Schemeofthelmperial Collegeof Tropical Agriculture ICTA, now
the University ofthe WestIndies). The conditionsunderwhichthe
treesweregrowingprecludedany properidentificationandstudy,
especiallyastheywerebuddingsontounknownrootstocks. Cut-
tingswere made of eachtree and plantedinthe cocoaplotsat
ICTA. Thesetreeshave beenkeptunderobservationandhave
beenincludedinthe breeding programme.

Again, thereportofthe 1943trip (Pound, 1943) containsno
informationwhich connectsthe selectionsmadeatthattimewith
anyofthematerialintroducedinto Trinidadin1937and 1938. The
authorobservedthatoneofthetypesinthiscollectionwasdifferent
inappearance, tree habit, asacuttingandflowering patternfrom
theotherselections. ThisoutstandingvarietyisPound31,whichis
describedbyPound (1943)asbeingalargetree, whichgrewat
Contamanaonthe RioUcayall.

Presumably, thejuxtapositionof‘Scavina”’and“Ecuador’hasledvarious
authorstointerpretthe sentence as stating that the Scavina family
originatedinEcuador. ltisobvious, fromitsinclusionamongthe“Upper
Amazon”types, thatthe origin of Scavinawasin Peru. Thisisdefinitely
confirmedbythereportofPoundcited bymeinINGENIC Newsletter5.
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Theobservationwasalsomadethatthe characteristicsof
thisvarietyresembledthose ofthe Scavinafamily, whichisalso
distinctiveinfoliage, floweringandfruitcharacters. The cuttingsof
SCAtreesarerelatively slowgrowingand, inthefirstyears, grow
ascompact, lowbushes, eventually tending to producelonger
branches. Theleavesarerelativelysmallandaredarkgreenin
colourbeingquitedistinctiveinthisrespect. Theflowersareborne
infairlycompactcushionsandthe budsarealmostunpigmented
andsmallwithabluntapex. FloweringtendstobeheavyinMay,
whichisnotusualwithothercacaovarietiesin Trinidad. Thefruit
alsoisdistinctivewithaveryintensegreencolourwhenunripewith
someanthocyaninpigmentationoccurringontheridges. Thefruits
areelongatewithalongishbutbluntpoint. Theseedsaresmalland
cylindricalinshapewithdarkly pigmented cotyledons.

Comparisonofsomeofthe ScavinatypesandPound31
showedthat, inmostcases, the descriptions ofthe two types
matched. Pound 31 hasaslightlylargerfruitthan SCA, whichis
moresculpturedandnarrower.

ltwasthoughtthatthe bestindication ofrelationshipwould
bedemonstratedbythe compatibility betweenthe 13sibswhich
existinthe Scavinafamily, ofthosewhichwerefirstintroduced,and
Pound31. Crosspalinationshavebeencarriedoutandsofarhave
giventhefollowingresults (Bartley, 1968):
¢ Pound31compatiblewithSCA6,12,9,11,and19

¢ Pound3lincompatiblewithSCA23

Selfingof Pound 31indicatesthatthe cloneis probably
self-incompatible. AithoughSCA6,12,9,11and 19maynotbe
progeniesofthe POUND 31 treeused, SCA23andother SCA
incompatible withitare progenies ofitorrelatedtoitas male or
female parent. IfitisassumedthatPound 312 possessestwo S
alleles, asinthecase of SCA6and SCA 12, itisprobable thatall
ofitsoffspringmustpossessonealleleincommonwithitandthat
theymustbetheproductsoffertiisationbyoneormoreneighbouring
trees, sothatthe otheralleleis contributed by the male parent.
Sincethereisnoevidenceto showthatallthe SCAsibsare
descendedfromthesamemaleparent, itisevidentthatmorethan
threeincompatibility allelesareinvolvedinthe Scavinafamily of
whichoneiscontributedbyPound31.
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Trees from the Camopi and Tanpok
Basins (French Guiana)

Ph.Lachenaud!,G.Oliver? andPh. Letourmy?®

1 - Cirad-Cp,01Bp.6483,Abidjan01, Coted'Ivoire
2 - Cirad-Cp,Bp.701,97387KourouCedex(Guyane), France
3 - Cirad-Ca/Mabis, TA70/01, MontpelierCedex5, France

Introduction

Numerousstudiesofthewildcocoatreesfromsoutheast-
emFrenchGuiana(LachenaudandSallée, 1993; Lachenaud ef
al,1997) haverevealedthedistinctiveness ofthisgermplasm
withinthe“Forastero”group(Lanaud, 1987;LachenaudandSallée,
1993; Laurent eral,1994;N'Goran efal, 1994, Lachenaud efa/,
1997; Sounigo efal,1997,1999; Lachenaud efa/,1999).Never-
theless, beforeitcanbeusedforgeneticimprovement,itmustbe
described, characterisedandevaluated, particularly forselection
criteria.

Workonthecharacterisationofwild Guianesematerialhas
beenunderwaysince 1988inFrench Guiana(Paracou-Combi
referencecollection). Theaimistwofold:

¢ togainfurther knowledge ofthe variabilityinthismaterial,and

¢ toidentify originsthatare potentially usefulinbreedingto

provide practicalindications for breeders whowishtouse
them.

Onlythelatteraspectis coveredinthisarticle alongwith



resultsoftenyears’agronomicassessmentofprogeniesfromwild
cocoatreescollectedin 1987 inthe basins of the Tanpokand
CamopiRivers. Thetraitsused, whichareall selection criteria,
werevigour, earlinessof production, yield, the yield:vigourratio
(i.e.“croppingefficiency”), podsizeandresistancetorotinthefield
(causedbyvariousspeciesof Aayigoitiors).

Materialandmethods

Planting material: 144 open-pollinated progenies (around 1600
individualtrees)fromwild cocoatreesoriginatingfromtwobasins
inthe far Southeastofthe French Guianaandbelongingtothe
followingwild populations(Lachenaudand Sallée, 1993):

¢ RiverTanpok:population5;
¢ RiverCamopi: populations1,3,6,7,8,9,10,11,12,13.

Plantingdesign:7blocks, plantedin 1988(0.99ha, 3mx2m),
monitoredfor10years. Analysesofvariance (unbalancedincom-
pleteblocks)were carried outonthe 7 mostrepresented popula-
tions(1,3,5,7,9,12and 13,i.e.97 %ofthetreesat 10years).
Progenieswithfewerthan5treesweretakenoutoftheanalyses.

Agronomicdescriptors(pertreebasis)

¢ Juvenilegrowth,i.e.increaseinstemcross-section(15cm
fromtheground)between1and2yearsinthefield.

¢ Adultvigour,i.estemcross-sectionat10years,50cmfromthe
ground.

* Yield, expressedasthe weightof healthy pods, orasa
potential, ifrotten pods aretakenintoaccount.

¢ Earlinessofproductionandoverallyieldwere obtained by
cumulatingthefiguresfor5and 10years.

¢ Theyield:vigourratio(i.e. “croppingefficiency’ratioof poten-
tialyieldcumulatedat 10yearstothecross-section50cmfrom
thegroundat10years).

* Theoccurrenceofrotten pods, takingaminimumyield of 50
podspertree.

¢ Theaverageweightofonepod,takingaminimumof20healthy
podspertree.

Results

Analysesofvariancerevealedsignificant“population”and/
or“progeny”effectsinalltraits. Aithoughourresults (Tables 1and
2)wereaobtainedinasingleenvironment, theyshouldhelpgeneti-
cistswhohave Guianese materialattheir disposal orwhowishto
acquireittomake achoice. Tofacilitate thatchoice, Table 3
providesalistofthe populations and progenies,and Table 4
indicatesthe correspondence betweenthe materialmentionedin
thisstudyandthe sibmaterial (halforfull sibs, derived frompods
collectedfromthesamemother-trees)already suppliedtoseveral
producingcountries.
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Tablel: Means(adjustedtotheblocks)ofthemain7populations(and
plotmean)for 7traits. The valuesindicated for potential yield, potential
yield/cross-sectionandearlinessare giveninkgofpods (*=population
taken outofthe analysisto satisfy homogeneity of within-population
variances)

Juvenile Adult Yield: Average %
growth vigour Yield  vigour Earliness pod rotten
Population (cm?)  (cm?) (Kgftree) (Kg/cm?) (Kgftree) weight(g) pods

138a 87.7a 182a 017 a 12 ab 435 a 13hc
135ab 874a 1lla 01la 0.8 ab 322d 1l4bc
134abc 852ab 149a 014 a 2.6 * 3Blc 36a

102d 75.7b  204* 021* 3.0 * 380b 16b

116cd 832ab 157a 015a 12 ab 359 ¢ 10bc
121bc 88la 16la 017 a 0.6 b 316 d 12hc
127abc 826ab 169a 017 a 13 a 386b 06¢C

123 81 164 016 12 367 12

g&ﬁm\lmwb—‘

Table2: Rangeofindividualmeansperprogenyandrankingofsome
GUprogeniesfor 7traits.

Traits Range Bestprogenies 5lastprogenies
Juveniegronth 04-219cm?  264,287,340,238,186  291,313,350,354,126
Adultvigour 11.8-1315cm?  178,323,285,174,163 350,304,344,345,313
Yield (Potential) 0.0-68.4kg 285,303,143,280,134  244,250,222,113,282
Yield:vigourratio 0.0-0.50kg/cm?  134,303,285,139,325 313,194,250,113,282

Earlinessofproduction ~ 0.0-8.7kg
Averagepodweight 200-510g
Yrottenpods 0.0-9.2%

134,143,139,116,146 ~ **
285,212,274,161,157  311,162,218,205,230
240,134,325,321,252  186,157,129,146,116

(***:21progeniesyielded0)

Table3: Distributionof GUXXX progeniesperpopulation

Populations GUprogenies

116,156t0161and250t0286
218t0241and347t0349

113t0116and123

126t0152
162t0198,242t0249,297t0330and350t0355
203t0217

287t0295and331t0346

5'\430\10100!—‘

Yield: vigour ratio

Population 7 isthe mostworthwhile for this paramount
selectioncriterionincocoaimprovement. Population3wasthe
leastpromisingintermsofthistrait.

Earliness of production

Themostprecociouspopulationwas7,followedby5. The
bestprogenyproducedtheequivalentofl1,275kgofdrycocoaper
hectare, cumulated over5years. Population 12 seemedtobe
particularlylate.
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Table 4: Correspondence between the GU XXX progenies studied (A) and those supplied to certain producing countries and

quarantine centres (B), where A = no corresponding material outside French Guiana.

A B A B A B A B A B
GU113 GU114 GU161 A GU218 GU219 GU274 GU275 GU313 GU314
GU116 A GU162 A GU222 A GU280 Gu2s1 GU321 GU322
GU126 A GU163 GU164 GU230 GU231 GU282 A GU323 GU324
GU129 A GU174 GU175 GU238 GU239 GU285 GU286 GU325 A
GU14 A GU178 GU179 GU240 GU241 Gu287 GU2s8 GU340 GU341
GU139 GU140 GU186 A GU244 A GU291 A GU344 A
GU143 GU144 GU194 GU19%5 GU250 GU251 GU303 A GU345 GU346
GU146 GU147 GU205 A GU252 GU253 GU34 GU305 GU350 GU351
GU157 GU158 GU212 GU213 GU264 GU265 GU311 GU312 GU354 GU355

Yield Lachenaud, Ph,Mooleedhar, V.and Couturier, C.(1997). Wild cocoa

Thebestpopulationswere 7and1,andtheworst3. Over
7seasons, thebestprogenyproducedanannualmeanof1,426kg
ofdrycocoaperha.

Average pod weight

Population1 producedthe heaviestpods, followedby 13
and7.Sometrees(andevenoneprogeny)werefoundtoproduce
anaverage podweightofover500g(upto600g).

Performance with respect to rot diseases

The study material hasaparticularly interesting overall
tolerancelevel. The populationfrom Tanpokwassignificantymore
susceptiblethanthe Camopipopulations.

Conclusion

Agronomicdescriptorsremainworthwhileandnecessary
inpracticewhenchoosingparentstobeincorporatedintobreeding
programmes. Thewild cocoatreesfromFrench Guiana, which
formaspecialgroup, have yettobe usedincocoabreeding. As
theyhavebeendistributedtonumerouscountries, itisimportantto
facilitatetheirusethrough characterisationandassessmentandto
makethesedataaccessibletoresearchers. Theagronomicchar-
acteristics ofwild material fromthe Camopiand Tanpok Basins
revealthe noteworthy performancesofcertainprogenies,oreven
populations, particulary asregardsyield, theyield:vigourratioand
resistancetorotdiseases. Based onthesethree criteria, we
proposetheiruseingeneticimprovementprogrammes,andthe
practicalindications provided (populationsandprogenies)should
assistbreedersintheirchoices.
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Overview of the Cocoa
Breeding Activities in
Indonesia

S.Mawardi

Introduction

Fromtheendofthe 1980'sonwards,cocoahasplayedan
importantroleingeneratingforeignexchangeforindonesia,aswell
asinalleviatingpovertyinthe villages. The commodity iswidely
grownbyestatecompaniesandsmallholderfarmers.Recently, the
totalareaundercocoacultivationwasestimatedatapproximately
600,000ha,andcocoaproductionatupto450,000tonnes.

Indonesiaproducesfine-flavouredaswellasbulk cocoa.
Fine-flavouredcocoaisonlygrowninthe Province of EastJavaso
thatthiscommodityiswellknownas JavaCocoaorJava“A’Fine
Cocoaintheworld market. Itis categorised as Trinitarioandis
propagated clonallybygrafting.

Smallholderfarmers on SulawesiIsland are the main
producersofbulkcocoainindonesia. Sulawesicocoaisalsowell
knownfor producing hard butter. The plantingmaterial used by
Sulawesifarmersismainly open-pollinatedhybridsofUpperAma-
zonian (UA)clones, howeveralimitedamountisderivedfromthe
progenyof\WestAfricanAmelonado.

Theothermainproducingareasofbulk cocoaare North
Sumatra, WestPapua, Malukuand Bali. Thefarmersinthese
areasalsoplantseedsofopen-pollinatedhybridsofUpperAmazo-
nianclones.

Overthelasttwodecades, farmersinmany areas of
Indonesiahaverapidly expanded cocoagrowing. Itis predicted
thatcocoacultivationwillexpandcontinuouslyinthecomingyears.
Naturally, the farmerswillrequest superior planting material,
developedbytheresearchinstitutes, inordertorehabilitate their
oldplantings. Thisreportprovidesanoverviewofthecurrentstatus
ofcocoabreedinginindonesia.

Breeding Objectives

ThecocoaindustryinIindonesiafaces several potential
problemsineverysphereofactivityfromproductiontopostharvest
handlingand manufacture of chocolate. Some ofthe problems
shouldbesolvedthroughbreeding. Currently, themainobjective
ofcocoabreedinginIndonesiaistoidentify hybrid varietiesand
cloneswiththefollowing characteristics:

1  Higheryield,

2. Betterbeanquality
-largesize (>1.0g/bean),
-uniformsize,

-highfatcontent (>55 percent), etc.

3 Tolerancetococoapodborer-CPB(Corgpormorphia
cramereld)attack,

4. Toleranceto Black Pod disease (Phytophttiora

palmioz),
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5. Tolerancetovascularstreak diebackdisease-VSD

(Orcobasidliumiteobromas),
6. Lessvigorous canopy suitable for higher density
plantings.
CocoaBreedingActivities

Currently, the Indonesian Coffeeand CocoaResearch
Institute ICCRI)atJember(EastJava)hasamajorcocoabreeding
programme. ICCRIconductsbreedingresearchonfineaswellas
thebulkcocoa. Mostofthisresearchisdonein EastJava, which
ischaracterisedbyadryclimate.

Anotherinstitutionthatconsistently doescocoabreeding
workis TheBahLiasResearch Station (BLRS)locatedinNorth
Sumatra,whichischaracterisedbyawetclimate. Aprivateestate
companyofPT PP LondonSumatralndonesiaisthe ownerofthis
researchstation. BLRS onlyworksonbulkcocoabreedingespe-
ciallydesignedtomaximise profit.

Thelndonesian OilPalm Research Institute (IOPRI) at
Medan(NorthSumatra)andthe GadjahMadaUniversity(GMU)at
Yogyakarta(Central Java) alsodoresearchincocoabreeding.
Bothinstitutionsalsoworkonlyonbulkcocoa.

Breedingwithfinecocoa

In1912,Dr.C.J.J.vanHallinitiated cocoabreedingin
Java. He started hiswork by doing individual selection of open-
pollinated Trinitario progenies at DjatiRoenggo (DR) Estatein
Central Java. The progenitors ofthe Trinitariowere Java Criollo
thathadbeenintroducedfromVenezuelain1888,andaForastero
typeintroducedfromVenezuelain1880.

Thisinitialworkresultedinseveral clonesbeingrecom-
mendedforcommercial planting, 12z, DR1,DR2andDR38.To
date, DR 1and DR 2 clonesare stillbeing used for polyclonal
commercialplantingin EastJavatoproduce JavaFineCocoa. DR
38,however, hasnotbeenrecommendedyetduetothesignificant
quantityofnecrotictissueinsidethe beans. Intermsofquality, this
unfavourable characteristichasbeenasignificantproblem.

Selectionactivitieswere continuedusing the open-polli-
natedprogeniesof DR 1. Thisresultedinseveralmothertreessuch
asDR48,DR53andDR67. Selectionwasalsocontinuedwiththe
progeniesofthelatterclones(openpollinated). 1952, the promis-
ingclone, DRC 16,wasfoundamongtheprogeniesof DR53.

IN1995,the governmentreleasedthe clone DRC 16for
commercialplantinginordertoreplace DR38.DRC 16issuperior
topreviousclonesintermsofyield, tolerancetoBlackPoddisease
andbeansize. Itisalsoself-compatible. Currently, the cloneis
being used mainlytorehabilitate old plantings by side grafting.
Somenewplantingisalsobeingdoneusingthisclone.

ICCRIisstillworkingonbreedingwithfine cocoainorder
tosupportthe sustainability of Java Fine Cocoaproduction. The
mainobjectiveistofindnewcloneswithbetterbeanquality, higher
yield capacity, more tolerance to Black Pod disease and self-
compatibility.

The quality of Java Fine Cocoa mustbe paid special
attentioninthe breeding programmebecausethiscocoahasa
specialmarketinseveralcountries. Consequently, ICCRlismain-
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tainingseveralexperimentsinordertoselectpromisingindividuals
fromamongthe Trinitariopopulation, make new Trinitariohybrids
andtestthe genotypexenvironmentinteraction. Twopromising
clones, KWM108andKWM117,havejustbeenidentifiedthrough
theseactivities.

Breedingwithbulkcocoa

Breedingactivitiesinvolvingbulk cocoawereintensified
since the end ofthe 1970’'swhenthe governmentdecidedto
accelerate cocoagrowinginIndonesia. Atthattime, itwas also
predictedthatthe growerswould needanabundance ofcocoa
seedsfornewplantingandrehabilitation.

ICCRI

ICCRIhasundertakenbreeding ofbulk cocoatogether
withfinecocoa. Theresearchwasdoneat Getasestate (Central
Java),andresultedinthe productionandrelease ofthe GC7clone
forcommercial planting.

Theinstituteintensified bulk cocoabreeding activitiesby
introducing UA clonesfrom many other countriesinthe early
1970’s. Theintroduced cloneswere crossed witheach other
artificially,andthe F1 progeniesweretestedatseverallocations.
Thisworkwasaimedatfinding superior F1 hybridsasquicklyas
possibleinordertosupplythecocoaseedsneededbythegrowers.
Thecrossingswerenotonlymadebetween UAclonesbutwere
alsodonebetween UAand Trinitario(DRand DRC)clonesand
Forastero(Getas)clonescollectedbytheinstitute. Thisresultedin
therecommendationandrelease forcommercial plantingofa
numberofF1open-pollinatedhybridssuchasDR1xSCA12,ICS
60xSCA12,GC7xSCA12and TSH858xSCA9. Theseedsof
thehybridswere producedinseveralisolatedseedgardens.

ICCRIstillcontinuesitssearchforbetterhybrids. Many F1
hybridsare being tested atKaliwining stationand other cocoa
estates. Twopromising F1hybridsof NW6261xSCA12andNIC
7xSCA6wererecentlyidentified, andaseedgardenfortheseis
being preparedatKaliwining station.

ICCRIhasbeen conducting clonal selectionwith bulk
cocoamoreintensivelysincetheendofthe 1980's. Trialsinvolved
several clonesfromothercountriesalongwithlocal selections.
Consequently, GC7,ICS60andICS 13havebeenrecommended
forcommercialplanting.

Selectionactiviieshavealsoresultedintheidentification of
14promisingcloneswithintheaccessionserieskKW,namelyfromthe
Kaliwiningstation. Amulti-locationaltrialto study the adaptability of
eachcloneisstillinprogress. Afterthefirstcrop, KW23andKW26
werefoundtoperformbetterthanthestandard, GC7.

Preliminaryworkontheselectionofgenotypesresistantto
CPBcommencedthreeyearsago. Selectionswere made at
smallholders'fields, whichwereseverelyattackedby CPBin\West
Kalimantan(Bomeo), EastKalimantanand SoutheastSulawesi. A
number of mothertrees have nowbeen selected, whichare
expectedtobetolerantorresistantto CPB. Resistance willbe
confirmedbyestablishingtrialsintheinfected areasinduetime,
since EastJavaisstillfreefrom CPBattack.

ICCRIisalsoconductingbreedingresearchonresistance
toVSD. Selectionamongprogeniesof KEE 2 (hand pollination)
resultedintheidentificationofseveralmothertreesresistanttothe
disease. Themothertreeswillbe propagatedthroughgraftingin
furthertrialstoconfirmresistance.

Inordertosupportfuturecocoabreedingstrategies, ICCRI
isconductinggenetic studieson subjects suchasdominance,
mode ofinheritance, combiningability, andgeneticxenvironment
interaction. Molecularapproachestococoabreedinghavealso
beenformulatedincollaborationwith otherrelevantinstitutes.

BLRS

BLRSconductscocoabreedingresearchinordertosup-
port plantations of PT PP London Sumatra, a private estate
company, inobtaining high productivity. The objective ofthe
breedingprogramme oncocoaistoproduce high-yielding prog-
eniesandclones,whichhavegoodbeanqualityandtoleranceto
pestsanddiseases. TheactivitiesaredoneinNorth Sumatraand
EastJava.

ThebreedingtrialsinEastJavawillalsoallowtheselection
ofprogeniesandclones, whichare potentially toleranttodrought
conditions. Thereisalsocommercialinterestinplantingcocoaat
ahigherdensity, thusincreasingyieldperhectare. ltisthoughtthat
forthistobe successful high-yielding cloneswithlowvegetative
vigourwillhavetobeidentifiedandevaluated.

Intrialsinvolving hand pollination, four progenies have
beenidentified, whichhavedisplayedlowvegetativevigour. These
progeniesare promising for producing clonesfortestingin high-
densitytrialswhilsttwoprogeniesgave higheryieldscomparedto
thestandardcross. Progeniesofthefemale parent, PA7,continu-
ouslygavethelowestpercentageyieldlossdueto CPB.

Inclonaltrials, 35 clones (13%) hadhigheryieldsthanthe
standardclone, GC29,and 20clones (7.5%) hadyields 25%
higherthanthatof GC 29. Five ofthese cloneswerealsoless
vigorous.

Preliminaryresultsonresistance breedingtoCPBindicate
thatthereare differencesbetweenclonesintermsofthe ability of
the CPBlarvaetopenetrateandexitthe pod, althoughthescoring
ofthischaracterisdifficult. Observations of CPBincidenceon
differentclonesatthe R. Sialangestate (North Sumatra) revealed
thattherewerenosignificantdifferencesbetweenclonesforCPB
infested pods, whichhadextractablebeans. However, theclones
PBC 113and PBC 128 have significantly lowerincidences of
damageintermsofpodswithbeans, whichcannotbeextracted.

CocoaplantingmaterialsrecommendedbyBLRSareasfollows:

Recommendedclones:

- Vegetativevigour(NorthSumatra926treeshaandEastJava
1,025trees/ha):
BL703,GC29,PA4,PA191,PA310,PBC139andPBC140.

- Moderatelyvegetativevigour(NorthSumatral,010trees/ha
andEastJaval,212 trees/ha):
BL496,IMC49,POUND7C,PA20,PBC123,PBC128and
TSH858.



Recommendedcrosses:
-Openpollinatedseed:
PA310xUF713(notreciprocal) AMAZ3-2xPA137(also

reciprocal)
PA300x UF 713 (notreciprocal) PA191xP4C (alsoreci-
procal)
-Handpallinatedseed:
PA310xIMC85 TSH858xIMC30
PA7xNA32 NA32xPA107
PA20xBLC439A-Rootstockcrosses
PA191xPOUNDA4C PA137xAMAZ3-2
UIT1xSCAO9.
IOPRI

IOPRI, formerlythe ResearchInstitute for Estate Cropsof
Medan, hadinitiated breedingworkonbulk cocoaatPabatuand
AdolinaEstates(North Sumatra) of PTP VI (agovernmentowned
estatecompany)before1975. Inthe preliminaryresearchunder-
taken, the breederconductedasystematic massselectionover
cocoapopulationsderivedfromseeds,whichhadbeenimported
fromSabah, Malaysiabetween1972and1973. Thispopulation
consistedofseveral F, open-polinatedhybridsof NA33xICS60,
NA32xPA35,NA32xAmelonado, NA33xPA7andNA33x
Amelonado.

Thisworkresultedinfourtypesofseedsforcommercial
planting, viz., PTP VlimprovedF  (illegitimate), PTP VIsynthetic
no.1,PTPVIsyntheticno.2and PTP VIsyntheticno. 3varieties.
Theinstitutealsoconductedhybridisationandprogenytrialsduring
the1980's. Thisresultedinanumberofcloneswithaccessioncode
RCC.RCC70,RCC71,RCC72,andRCC73havebeen
recommendedforcommercialplanting.

ThecocoabreedingprogrammeatlOPRIwasterminated
inthe mid 1990'stoallowtheinstitute toconcentrate onoil palm
research. Therefore, valuable genetic material hasbeentrans-
ferredtoICCRI.

aw

TheAgriculture FacultyofGMUundertookcocoabreeding
inthemid1990’s. The maingoal ofthe breedingprogrammeisto
find cloneswith highyield potentialand highfatcontent. The
programmewasinitiated by doing selection overhybrid popula-
tions. Reportsonthe progressofthisworkare notyetavailable.
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Introduction

The maincharacteristic of experimentswithrepeated
measuresisthatthe same subjectismeasuredrepeatedly.lna
comparativeyieldtrialofaperennial crop, forexample, wherethe
yieldisdistributedthroughouttheyearandovermanyyears, yield
increase canbeevaluatedbymeasuringitatregulartimeintervals.
Insuchcircumstances, the subjects arethetreesinthe plots
competingforyieldandbeingmeasuredrepeatedlytodetermine
theyieldresponseovertheyears. Insuchasituation, thedatacan
subjectedtotwotypesof statistical analysis (Dias & Resende,
2001). Thefirsttype canbeappliedtodatacollectedinoneyearor
inoneproductiveseasonortodataaccumulatedovertheyears. In
thiscase, theanalysisissimilartothatperformedforannual crops,
andfollowstheformatdefinedbytheexperimentaldesignusedfor
thetrial. Inthe secondtype of analysis, the data collected over
yearsorseasonsareanalysedinconjunction. Inthiscase, different
approaches canbetaken, suchasfactorial or split-plotintime
analysis, wherethe focusis ontheyield-yearinteractionthus
dealingwiththedataofrepeated-measures.

Analysisofexperimentswithrepeatedmeasureshasbeen
usedrarelyinplantbreeding probably duetoitscomplexityandthe
unconventional proceduresinvolved, despiteitselegantandinter-
estingproperties. However,itmustbenotedthatsuchanapproach
involvesuni-andmultivariate (Danford efa/, 1960; Cole &Grizzle,
1966) analysis of variance with concurrence betweenthe two
(Littell, 1989) tovalidate F-testsfortime (years) andforitsinterac-
tion. Thus,whenthe measuresaretakenovertime onthe same
subject, acovariance structureisgenerated, whichcaninflate
probabilitiesoftypelerrorfor F-tests. Insuchcases, achi-square
testisusedtocheckforcovariancestructure. Thedataare also
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tested forcompliance withthe Huynh-Feldt(H-F) condition by
establishingifanyorthogonal contrastsbetweenrepeatedmea-
sureshave equalvariance andzerocovariance. lfthedatadonot
violate H-Fconditionandthe chi-squareisnotsignificant, theusual
univariate F-testfortimeanditsinteractionsarevalid.

IncaseswheretheH-Fconditionisviolated, multivariate
analysiswillbejustified because itdoesnotrequireany premise
aboutcovariancestructure ofrepeatedmeasures. Anotherinter-
estingalternative canbethe Greenhouse-Geiser (G-G)adjust-
mentofprobability value (Aralue) associatedwiththe univariate-
F,whichinvolvesadjustingthe degreesoffreedomofthenumera-
torandthe denominatorforthe F-test. Significant Asaluesforthe
H-Fcondition, G-Gadjustmentand multivariate-Fcanbe calcu-
lated using SAS software (SAS Institute, 1989). Infact, SAS
performsanalysisofvariance of repeated-measureswithgreat
robustness. Fortestingthe significance ofthe difference between
thevectorsofaveragesoftimeanditsinteractionwiththe subject,
the statistics of Wilks' A transformedtoacorresponding Fvalue
canbeused. Polynomialtransformationisfrequentlyuseddueto
thetimerequiredtorepresentafactorwithquantitative levels.

Ontheotherhand, thistype ofanalysishasbeentreated
commonlyanderroneouslyas split-plotintime (Steel & Torrie,
1980), withthetimefactorallocatedtothe sub-plots. Thetimeisnot
anexperimentalfactorwhoselevelscanberandomlyallocatedto
sub-plots (Littell, 1989). Therefore, itisdesirable tofurtherinves-
tigate the potentialand applicability ofthe repeated-measures
analysisofvarianceinplantbreeding programmes. This article
reportsonthedevelopmentofproceduresforanalysis ofexperi-
mentswithrepeatedmeasuresanditsnumericalillustrationthrough
applicationinacocoabreedingtrial.

Therepeated-measureanalysiswasappliedtodatacfa
comparativeyieldtrialinvolvingfive cocoacultivars (Dias eral,
1998). Thecultivarswere‘Maranh&o’,'Par&’, ‘Parazinho’,open-
pollinated‘ICS 1'andthe commercial hybrid mixture. Thetrialwas
laiddowninFebruaryof1982ina5x 5latinsquare designwith
196-plantplots. The harvestwasmonitoredonamonthlybasisfor
tenyears(1984-1993). Thewetseedweightdata (kg/ha), re-
cordedintheagricultureyears (April/March), were usedfor statis-
ticalanalysis.

ResultsandDiscussion

Traditional analysis in split-plot

Initially, the traditional split-plotanalysiswas doneaccord-
ingtoDias efa/(1998),wheretheLatinsquarewasallocatedtothe
plotsandtheyearstothe sub-plots (Table 1). Notethatthe LINE-
COLUMN-CULTIVARInteractionistheERROR ‘@' inthe split-plot
thatwas usedtotestthe source CULTIVAR (Table 1). The
differencesamongthe CULTIVARS, YEARSandtheinteraction
CULTIVARx YEARwere highlysignificant(seealsoDias eza/,
1998). However, todetermine the extent of validity ofthese
univariatetestsfor YEARand CULTIVARx YEAR, itisnecessary
tore-analysethe dataasrepeated-measures, becausetheyield

Table 1: Univariate analysis of variance of cacao wet yield
(kg/ha).

Sources DF SS MS F Pr >
E

LINE 4 4339083.26 10.33  0.0001
COLUVN 4 910072.85 1084770.81 2.17 00746
CULTVAR 4 3513308.40 227518.21 7.63 00027
ERROR 12 1381934.89 878327.10 1.10 03657
YEAR 9 115161.24 143.76 00001
CULTVAR*YEAR 135901335.67

kS 1510014841 271 00001
ERRORb 180 1024613840
CV(%) 105087.12
MEAN 5069

63942

wasmeasuredmonthlyandaccumulatedannuallyoveral0-year
period. The split-plotmodelassumesthatthe pairsof measures
takeninthe sameplotareequally correlated. Thisisnotalwaystrue
withrepeated-measures. Themeasurestakeninanarrowtime
intervaltendtobemore correlatedthanthosetakeninawidertime
interval. The solutiontosuchaproblemisto performrepeated-
measuresanalysisofvariance.

Analysis of repeated-measures in split-plot
TheSAScommand“REPEATED"isusedinANOVAand
GLMproceduresforrepeated-measuresanalysisfortestingthe
covariancestructureofrepeated-measuresinordertovalidatethe
split-plotintime analysis. While using thiscommand, itisneces-
sarytoquotetherepeatedfactorintime, inthis casetheyear,
followedbytheirnumberandlevel, allbetween parentheses. Inits
syntax, thecommandadmitsseveral specificationsoroptions. In
thisstudy, theyearbeingaquantitative factor, the option“POLY-
NOMIAL"wasusedtoanalysefororthogonalcontrasts. Theoption
“SUMMARY"generatestablesofanalysisofvariancebycontrast.
“PRINTE"and“PRINT H"listthematricesEandHofvarianceand
covarianceassociatedwiththeerrorandthetreatments, respec-
tively. Theoption“PRINT E”also processesthetestfor sphericity
ofthecovariancestructureamongtherepeated-measures.
Thepartialcorrelationcoefficients(Table 2)withinplotshow
thatthedegree ofassociation,infact,decreasedasthetimeinterval
betweenmeasureincreased, i.e.foryear1and2thecorrelationis
0.88,foryearl1and3itis0.68,and 1and4itis0.79. Again, itis
commoninrepeatedmeasuresonthesamecharacterandmeans
thatthe correlation ofyield traitwithitselfisnot 1. The testfor
sphericity, knownasMauchly'scriterion, ofthe error covariance
matrixchecksfortheH-Fconditionwithanapproximatedchi-square
testfororthogonal contrasts, e.g., iftheyhave samevarianceand
zerocovariance. Sincethechi-squarevalueof 362.8for44degrees
offreedomissignificantat £<0.0001, the validity ofthe F-testfor
CULTIVARx YEARInteractionbecomesdoubtful, bearinginmind
thatthe sphericitytestexaminesthe hypothesisthatunivariate F-
testsarevalid. Certainly, the Avalue obtained withthe split-plot
analysisisverysmall(Pr>F=0.0001, Table 1).
Themultivariatetest,onthe otherhand, doesnotrequire
compliancewiththe H-Fconditiontotestfortheeffectofthe YEAR



Table2: Partial correlation coefficientsforannual wetyield of cocoa
overtime.

84/85 85/86 86/87 87/88 88/89 8990 9001 9192 9293 93/94
8485 100 083 068 079 066 02 008 024 035 048
85186 100 083 083 075 043 015 010 047 050
8687 100 061 055 038 02 020 057 036
87/88 100 084 058 023 005 048 055
83189 100 075 055 019 043 055
89090 100 068 052 050 029
001 100 077 051 044
9192 100 052 009
9293 100 058
934 100

andofthe CULTIVAR x YEARInteraction. Thistestproduced 2
valuesequalto0.0001 and0.0005associatedwithmultivariate-F
forYEARand CULTIVAR x YEAR interaction, respectively,in

contrasttoP equalto0.0001 fromunivariate-F, forboththe effects
(Table3).Inpractice, itisnon-compliance withthe H-Fcondition

thatreducesthe Avalueassociatedwith univariate-Ffor CULTI-
VAR x YEAR interaction. Infact, the H-F condition was not
compliedwith (AP=0.0001) (Table 3), thereforeinsuchcases
multivariate orthe adjusted univariate testsare recommended.

Althoughbothtestsrevealthe significance of probability associ-
atedwitheffectsof YEARand CULTIVARx YEARInteraction, the
Avalues(~P=0.0001) ofthe univariateand multivariate testsand

G-Gadjustmentagreedonlywiththeformer. Obviously, thesumof
squares,themeansquareand Fvaluesare sameasforthe split-

plotanalysis(Table 1). The additional columns of G-Gand H-F

representadjusted probabilitiesfor correction ofunequal correla-

tionshetweenpairsofrepeated-measures. Thesenewprobabili-

tiesassociatedwiththe F-tests are obtained by multiplyingthe

epsilonestimatefordegreesoffreedomfromboththe numerator
anddenominator. Normally, theepsilonvaluerangesfromOto 1,

andthevaluesfoundinthisanalysis (G-Gepsilon=0.22andH-F

epsilon=0.30)indicatethe necessity ofadjustmentforcorrection

ofthe probability levels consideringthe correlationamongthe

measureswithintheplots.

Table3: Significance probabilities for univariate and multivariate F
tests.

Pvalue

Pvalue GG Pvalue Pvalue
Sources  DF (univariateF) adjustment) (H-Fcondition) (multivariateF)
CULTVAR 4 00027
ERRORa 2
YEAR 9 00001 00001 00001 00001
CULTIVARX 36 00001 00164 00073 00005
YEAR

ERRORb 180
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Theunivariatetests, in principal, are more powerfulthan
theirmultivariate counterparts, butthe consistentrejectionofthe
sphericityforthe correlationmatrixamongtherepeated-measures
(A<0.0001)suggeststhatthesetestsshouldbeinterpretedwith
care.Insuchsituations, theuse of multivariateteststogetherwith
adjustedunivariatetestsisjustified. However,itmustbeemphasised
thatinallthe proceduresusedtherewere highly significantdiffer-
encesbetweenthe effectsof YEARand CULTIVAR x YEAR
interaction.
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INGENIC General
Meetin ,
Assembly Meeting A4

Minutesofthe Meetingheld
16th October,2000in KotaKinabalu, Malaysia

Chairman:BertusEskes
Secretary:MichelleEnd

MinutesofpreviousINGENIC GeneralMeetingon24thNovember,
1996werereadandagreed.

1

The Chairmanreported briefly onthe structureandrecent
activitiesofINGENIC. RegardingthestructureofINGENIC, he
confirmedthatmembershipwasopentoanyonewhowished
tobeontheINGENICmailinglistandthatINGENIC continued
tooperateasaninformalgroup. The Committeeiscurrently
composedofaChairman, Vice-Chairmenrepresenting Africa,
the Americasand Asia,a Secretary/Treasurerandan Editor.
Supportoftheinstitutionsin contributing with stafftime to
INGENICCommitteemembers'activiieswasacknowledged.
SincethelastGAmeeting,INGENIChaseditedandpublished
the Proceedings ofthe Workshop onthe Contributionto
Disease Resistance by Variety Improvementand the two
externalreviews commissioned forthis Workshop. These
publicationshave beenverywellreceived bythe cocoare-
searchcommunity; approximately 250 copieshave beendis-
tributed. INGENIC hasalso compiled and distributed two
Newslettersandis preparingathird Newsletter due tobe
publishedinthemiddle of 2001. INGENICispleasedtonote
thatitsactivitieshave contributedtonewcollaborative breed-
ing effortsandthe initiation of programmes onthe effective
measurementofresistancetodiseases. Thefinancialand
othertypesofsupportreceivedforINGENICactiviiessincethe
lastWorkshopfrommanyinstitutionswas acknowledged,
namely ACRI,BCCCA, Bundesverbandder Deutschen
Susswarenindustrie, CIRAD,CPA,CRIG,CRU,CR(UK)Ltd.,
CTA\LIFFE,MCB,andUniversidade Estadualde SantaCruz.
The Treasurer gavethefinancial reportand presenteda
summaryofINGENICaccounts(1994-2003). Sheestimated
thatINGENIChadsufficientfundstopublishthe Proceedings
ofthe 2000 Workshop and coverrunning costsforthe next
threeyears, includingannualissuesofthe Newsletter. She
reportedthat ACRIhadkindly offeredtoaudittheseaccounts
andthatshewould be sendingthe fulldocumentationtotheir
officesinduecourse.

The Chairmandeliveredthe Editor'sreportinMrs. Bekele's
absence. FiveissuesoftheINGENIC Newsletterhavebeen
producedsince 1994 containingavarietyofarticles, lettersand
newsitemsofinteresttococoabreedersandgeneticists. It
wasagreedthatthe Newsletterwasagoodvehicleforcommu-
nicationandthatwaysbe soughttostimulate contributions. It
wassuggestedthatonewaywouldbetoidentifyindividuals

whowould be responsible for collating articles fromtheir
institutes and/or countriesand communicatingthesetothe
Editoronaregularbasis. The Chairmancommentedthatsome
time ago, there had beenasuggestionthatthe INGENIC
Newslettermergewithother Newslettersfocusingoncocoa
germplasmsuchasthose producedbythe CocoaResearch
Unit, Trinidad and the Reading Quarantine Facility. ltnow
seemedthatthesesourceswerenolongerproducingtheirown
Newslettersandwere contenttousetheINGENIC Newsletter
withoutthe needforaformalmergerornamechange.

The Chairmanintroducedthetopicof Committee Structure.
Currentlythe Committee consistsofregionalrepresentatives
andspecifictaskmembers. The Committeeisflexibleand
welcomesrotation, althoughthereare presentlynoregulations
governingtherotation/lifespanofthe Committee. Although
some participants supportedamove towards more formal
regulations, itwasgenerallyagreedthataninformalstructure
wasstillmoreappropriatetoasmallgroupsuchasINGENIC
andthatnochangestothe Committee’s structure werere-
quired atpresent. The Chairmanagreedthattheissue of
rotationshouldbediscussedagainatthenextmeeting.

. TheVice-ChairmanforAsia, Dr.Lee Ming Tongannounced

thathewishedtodelegate his positionto Mr. KelvinLaminwith
immediate effect. OnbehalfoftheINGENIC Committee, the
Chairmanthanked Dr. Leefor hismajor contributiontothe
groupsinceitsfoundationin 1994, andin particular for his
effortswhichhadensuredthe successoftheINGENICWork-
shopsheldinMalaysiain 1994 and 2000. The Chairman
thankedMr. Laminforthe contributionhehadalreadymadeto
INGENICasco-ordinatorofthe Local Workshop Organising
CommitteeandwelcomedhimtotheINGENIC Committee.
TheChaimanintroducedadiscussiononforthcomingINGENIC
activities. ltwasagreedthatthenextworkshopshouldcoincide
withthe nextInternational CocoaResearch Conference. A
suggestedthemeforthisworkshopwas“CocoaBreedingfor
Improved Production Systems”. Thiswould coveragronomic
and physiological aspects such as high density planting,
ideotype, genotypexenvironmentinteractions,andintercrop-
ping. ltwaslefttothe committeetowork outdetailsforthe next
workshop.

TheChairmaninvited Dr. SonaEbaitoinformthe participants
onadiscussion held duringthe 13th International Cocoa
ResearchConference onthefeasibility of setting-upa“Global
CocoaProgramme”. Dr. SonaEbaireportedthatthediscus-
sionshadfocusedonthe contentofthe programmeandthat
some priorityareashadbeenidentifiedwhichrelatedtococoa
geneticimprovementthatwouldbenefitfromfurtherinterna-
tionalcollaboration. Heinvited INGENICto participateinthe
developmentofthe Global Programmesince ourgroupcould
have animportantrole inidentifying prioritiesand gapsin
currentbreeding/geneticsresearch. INGENICagreedthatit
shouldbeinvolvedinthe Global Programmeandwishedtobe
representedatfuturemeetings. INGENICagreedtoinitiatean
activitytoestablishafirstlistofgeneral priorityareasforcocoa
geneticimprovement, particularly thosethatrequiredinterna-
tional orregional collaboration.
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Inthearticle

“FactorsAffecting JorquetteHeightin
OrthotropicBudding”

Thefulllistofauthorsshouldread:
Y.Efron,M.FaureandP.Epaina.

Theeditorapologisesforthisoversight.
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Some of the most widely
used Cocoa Clones
(according to the ICGD,
January 1999)
photographed at the
International Cocoa
Genebank, Trinidad

International Cocoa
Genebank, Trinidad IMC 67

MARPER FARM, Trinidad
SCA 6

San Juan Estate, Trinidad
ICS 6

ST. Augustine, Campus
ICS1

International Cocoa
Genebank, Trinidad UF 667



International Cocoa
Genebank, Trinidad GS 36

International Cocoa
Genebank, Trinidad SPA 9

International Cocoa
Genebank, Trinidad PA 169
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International Cocoa
Genebank, Trinidad RIM 6
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CHARMAN - Dr.A.B.Eskes,CIRAD-CP,
France

Dr.D.Ahnert, CEPLAC, Brazil

Dr.Y.Adu-Ampomah,CRIG,
Ghana

Mr.KevinLamin,MCB,
Malaysia

Dr.M.J.End,
UniversityofReading, U.K.

Mrs.F.Bekele, CRU, Trinidad
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