
Buku 2
{tidak digunakan untuk fotqkopi, untuk fotokopi

Digital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


INFORMATION

The Secretary Gencral
(Rer l6tfi lntemationat
Clocoa Research Confe.ence)
Cocoa Produccrs'   lliance
Brick liousc, NationalAssembly Complex,
Taftwa Balewa Squarc
PO. Box 1718
Lagos, Nigeria
Tel: +234-10 9814-1735 t+231 70-9814_1736
Fax: +23410 9811 t734
E mail: sccgen@copal-cpa.org / tgro@copal-cpa.org
httpl/wvrr.copal-cpa.org

fl6lh Intemadonal Cocoa Research CoDference)
Tndone\ixn Coffee and Cocoa Re\ealch lnstirule

The Chairman of National Oryanising

Jl. PB. Sudftman No.90
Jember 68118,
Indonesia
TeL +62331'75'7130 | +62 33lt''7 t32
Far: +62 331757131
E-mail: icc.i @iccri.net
http://www.iccri.net

Reserved dght application pending:
Library ofCongress, Washington D. C., USA

Finr published 2010

ISBN
978 065 959-5

Published in Nigeriaby
Cocoa Producers' Alliance

Printed in Nigeia by
Acadeny Press Plc

Lagos, Nigeria

Digital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


--;-

16th htenational Ct)coa Reseot.h Conference

ANATOMICAI,AND PHYSIOLOGICAL CHARACTERISTICS AS WELI ' AS I'IELD OF
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SUMMARY

crowdr anil yi€id of cocoa arc affeoted by some anatomical propenies and physiological aclivities Cocoa is a Cl planl

ir,"i i 
", " ni;.,r,,*""" "",tl.tion 

ot u 
".,t.in 

rier,i inie"siry. ro inow somc anatonical and phvsiological characterisiics

ihat alTed gruwth and yjeld ol 
"o.oo. 

t*o t*p"t''-"nts hav; done at the lndonesian Cofibe and Cocoa Researoh lnstiiute'

Litn" n.,i""p".i.*i. r'"tly crpanded leaves of eight clones have been neasured on their photosvnthetic rate; stomata

""'.J.""""", 
ti*"pi*,i"t t*, and intercelluiar carbon dioxide concentration were measured using porlabie gas exchange

,;'il;;;i;lii;- i^"., ir'""r". Ner' cr.*" measured wcre groupe'r ro two groups' i c nnc navour cocoa and

b lk cocoa. fhc tine llrvo. **. cl** *t" ln r' DR 2' DR 38 a;d DRC 16; wh€reas thc bulk one was ICCRI 03'

KKM22,Kw 165 dTSH 858' Measurementwas done at Kaliwining Experimenlal Station, Jembcr. Indonesrs' al1he

aldndc of 50 ln above sea level xae'rsurement was st|cssed to descrG the dvnamic lighi response cufr'e model and 1(r

corelale pholosynthetrc r 
" 

. 
"** 

p'""'"'" ite rcsults of thaL neasurements showcd thar when pholosvnlhetic

""i*"1"4i"t". 
iprti \\,"s increasedittre pt'orosvnlhetic rate' sromara conductance as well as tra spiration rate were

increascd expo e tially; b,,t itt"."" orut 
"o'rton'ai"*ia" 

*"t*t*ti(J" *^t aeoreased Thc light saturation points of

;i;h,;;";.* *";."kp]ace in the surround ofPAR 1000 [nx]l mi s r' Thcre wcre positivelv conrlation between

lhe photosynlhetic rate and rtol"*t ***t"*", 
""a 

beFvcen pbolosynthetic rate and transpirxlion raie Converselv'

there was x negatively 
"o.."rorto" 

rt"t*""n pl'oiosvnrhetic rate and nrterccllular carbon dioxide concenlratior' The

neasurenents also showed that the photosvnrhelic ;te' siomatxl conductance as vr'ell as respimtion rate ofbulk cocoa

l'"rliJ"':ii* **" 
"rn 

e fl3vor cocoa. The sccond experimenl was totnow the relationshiD of cblorophvll' stomaia

-J r"i'"a" i"***,r'" Vield ofcocoa clones Fullv expanded leaves offou{een clones have been measured on thetr

il;;;ii;,;;a;;ru a*"irv ulra pnri"oa" i'ia"*l I-"o'"' *"'" tut"" t'om coliection garden of rh€ Indonesian

;;L.fJ;il i;;;il.;'"h rnstitute. chlorophyu contenr was measured by usi,,s.specrrophotometer. stomala denslry

wa! obseNed by using light microscope, ano palisade index w3s observcd bv using binocularmicroscop€ The djflereuces

arnons Dxramelcrs were tesl"d bv 'arla*" 
""i;;;andb'nca't 

MurLipLe nangc rest The relationship between vield

ffi;""ieo;";;;;i",".i,,, i"* . ir1",,,." 3 rore of ihose paramcrers ro yierd.rhc reNrts sho\,!'ed that thcre

were significantly ditlercn"", 'oong p"t-'"t"t' of 
"ocoa 

cbnes testid' There ere positive corrclations between vield

and chlorophyll content as \'! ell as slomata densitv

Keyworil: cocoa, clonc. phvsiologjcal charactcristic' cblorophvll' stonata' palisade' vield

CAR{CTERTSTIQUES ANATOMIQUES ET PHYSIOLOGIQUES ET RENDEMENT

CERTAINS CI,ONES DE CACAOYERS ORDINAIRES ETAROMATTQUES EN

INDONESIE

RESUME

La croissance ot le rcnd€mcnt du cacaoyer sont inlluerccs par cenaines propri6t€s anatomiques et cctl ncs acti\iles

pfryrf"i"gq""t. L" **" 
"st 

un€ plsnte de tvpc C3, qui atleint un point de saturalion photosvnt$tlique a une certarne

intensili lumineuse. t'our connuu.. .".,u,n"' J*o"tjristiques alatomiqucs et phv-siologiques qui affcctent lacroisMnce

et le rendement du cncaover' oeur expcneDccs ont6t6meuees d l'Inrlonesian Conee and Cocoa Reseatch Institutc Dans

i;;;;.;;G"'*,i", nuirles-e'deren'ent treplovces lc huit clonts ont lait lobjet de nesures du rendcmenl

photosynlheiique. de la conductance sromsllque, du;oeticient de tmnspiralion ct de laconccntration iilercellularre en
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dioxyde de carbonc pat !n dispositifpotatifd'6tudc de la photosynthdse LICOR Li-6800 Les cloncs mesur6s ont 6t6
r6unis en deux groupes, d savoir 1es cacaoyers aromatiques d'une part et les cacaoyers ordinaires d'autrc paa Les clones
de cacaoyers aromatiqucs 6taienl de iype DR l, DR2, DR 38 eI DRC 16 ; et les clones de cacaoyer ordinairc 6taient de
type lCCRl03, KKM 22. KW 165 ei TSH 858. La ncsure a 6t€ faite i la station cxp&im€ntale de Kaliwining, Jembet
en lndor6sie. n une altitude de 50 m. Les mesures ont 6t6 odent6es de faqon n d6crire le moddle de courbe de rtiponse
dynamique n la lumiere etafaire la corr6larion entre 1e rendement photosynth6tique et d'autres Paramdtres. Les resultats
de ces mcsures ont montr6 que lorsque le rayonnemeni photosyntb6tique actif augmentait, le tendenenl photosynthetique,
la conduciance stomatique ainsi que le coeficienl de transpiration augnentaient de fagon exponentielle, mais que la
concenimtion dc dioxyde de carbone intercellulane 6taitdiminu6e. Lespointsde satuation i la lumidre de huit clones de
cacaovers se sont situes aux alentours de I 000 pmol.m r.s ': de nyonnement photos)'nih6tique actii on a pu observer
ue corr6lalion positive entfe le tcDdemenl photosynth6tique ct la conductance stomatique, et entre le rendem€nt
pholosynlhelique et le coefficient de transpiration. lnversement, on a pu observer une condlation n6gative ent|e le
rcndemenr photosynthetique et la conccntralion en dioxyde de carbone inlercellulaire. Les nesues ont egalement montre
quc lc rendemenr photosynth6tiquc, la conduciance stomatique ainsi qxe la fr6quence respirntoire du cacaoyer ordinaire
6taiert sup6ticurs d ceur du cacaoyer aromatique. La deuxieme exp€r;€nce visail d connaiire la relation entre la
chlorophyllc, lcs slomates et la couche palissadique par npport au rendemenl d€s clones de cacaoyers Les feuilles
entidrcmcnt d6ploy6es de quatorze clones on1 616 mesu6es pour examiner teur teneur en chlorophyll€, leur densit6
stomrtalc cr leur indic€ de palissade. Les feuilles ont 6t6 pr6levees dans lejardin botanique de la collection de I'Indonesian
Coffee and Cocoa Research Institute. La teneut en chlorophylle a 6t6 mesuree d t'aid€ d'un spectrophotomdtre, 1a densit6
stomatique i l'aide de uicroscopc optique, et l'indicede palissadc sous microscope binoculaire- La diff6rence cntre ces
paramdtres a 6t6 testee par analysc de variance et par un Multiple Range Test de Duncan- La relation entre le rendemeni
et lcs parandtres observ6s a permis d'illustrcr le 161€ de ces paramdtres sur le rendement. Les resultars ont montre qu'il
existe des difttrences significatives entre les parametres des ciones de cacaoyers test6s. Une condlalion positive a 616
constat6e entre rendement ct contenu chlorophyllien ainsi quc d€nsite stomatale.

Mots-cl6s: cacao, clone, c.tracl6ristique physiologique, chlorophyll€, siomate, palissade, rcndemenl

CARACTERiSTICAS ANATOMICAS E FISIOL6GICAS BEM COMO O RETORNO DE
ALGUNS CLONES DE CACAU DE SABOR FINO E A GRANEL NA INDONfSIA

RESUMO

O crescimenio e retomo do cacau sio afectados por alglmas propriedades anat6micas e actividades fisiol6gicas. O cacau
€ uma planta C3 que tem uma saturageo fotossint6tica a una ceta intcnsidade da luz. Para conhecer algunas caracteristicas
aDat6mioas c lisiol6gicas que afecram o crescinento c o r€lomo do cacau, foran rcalizados dois ensaios no Insti.uto
InJ"nci iu dc In!e.rrga\Ao do cacau e do cz 1.

No primeiro ensaio, medimm-se folhas totalmente expandidas de oito cloDes quanto d sua taxa fotossint6iica, conduiancia
cstomatal, raxa de tanspiragAo, e concentraqAo intcrcelular de di6xido de carbono atraves de aparato de sistema portAtil
de fotossintesc LICORLl-6800. Os clones medidos foram agr pados em dois g.rupos, i.c cacau de sabor fino e cacau a
granel. Os clones do cacau de sabor fino foram DR l, DR 2, DR 38 e DRC 16;enquanto que os do a gran€l fomm ICCRI
03, KKM 22, KW 165 e'iSH 858.As medigSes foram feitas na Estaaao Experimedal de Kaliwining, Jember, lndonesia,
a uma altitudc dc 50 m acnna do nivel do mar. As medigSes alargadas para desctever o mod€lo de reacaao da l z
dinemica dc cnrva e parl1 correlacionar a taxa fotossintetica com outros paramefos. Os resuhados dessas nedig6es
moslraram que quando a radiagao activa forossinl6lica (PAR) foi aumentada; a taxa folossintetica, a condutencia estomatal
bem como a iaxa de transpiraqdo snbiram exponencialmente; mas a concedrageo intercelular de di6xido de carbono
desceu. Os pontos de satura9ao da luz de oilo clones do cacau deram-se cm redor de PAR 1000 pmol mr-sn. Existiu uma
corrclaAeo posiriva€nte a ta.G fotossint€tica e a condutAncia estomatal, e entre a taxa folossint6tica e a tara de lranspirageo.
Pelo contrlrio, exisriu urna coffelagao negativa entre a taxa fotossint6tica e a conccnlrageo iniercelular de di6xido de
carbono. As nediq6es tanb6m nosinram que a taxa fotossint€tica, a condrdncia estomatal bem como a taxa de respiraqto
de cacau a granel eram mais altas do quc as de cacau de sabor fino. O segundo ensaio realizou-se para conhecer o
relacionamenlo entre fotossintesc da clorofila, a estomata e a palissada cln rehgeo ao retorno dos clones do cacau.
Folhas totalmente abetas de caknzc clones lbmm medidas quanto ao seu teor d€ clorofila, densidade eslomatal e indice
depalissada. Tiraram sc tolhs do jardim de coiecabes do I nstituto Indon6sio de Investigageo do Cacau e do Caf6. O teor
de chrofila foi medido rsando um espectrofot6metro, observou-s€ a densidade estomatal usando um microsc6pio de
luz, e o indice de palissadafoi observado usando urn microsc6pio binocular. A difcrenqa ente os parametros foi lestada
atrav6s de anllisc dc variancias e do Teste Mriltiplo d€ M6dias de Duncan (Duncan's Multiple Range Test). A rehgeo
entre retomo e os paremehos observados foi feita para iluslrar o papel desses parametros para o retomo. Os resultados
demonsnaram que existiam difercngas significativas entre os pafimctros dos clones do cacau lestados. Existiu uma
correla9ao positiva enire o retorno e o teor de clorofila bem como da densidade estomaial.

Palavr.s-chavc: cacau, clone, caracleristica fisiol6gica, clorofila, estonala, palissada, retom-
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INTRODUCTION

Cocoa is one of estate commodiiies thai havc a high

economic value and as an impotant income source for

Indonesia. Many of smallholders' cocoa plantations in

lndonesia are bulk cocoa, but there a little part of

govemmont pLantation is fine navour cocoa Clones of

bulk cocoa are grcuped in Forastero, whereas the fine

flavour one is Trinitario or Criollo; those are relatively

differcnr in their anatomical and phvsiological

characteristic. Their difference in those chamcteristrc

might cause a diff€renl Yield.

Cocoa is a C3 photosynthetic pathway crop, it means that

for optinum gro\tih need onlv 70% of sunlight and their

saturated photosynthesis active radiation (PAR) is around

1000 pm;t.mi.s '. Usually PAR ofcriollo and T nit3rio

were lower than that ofForastero

To explore anaromical and phv"iological charac'tr'srrcs

and rhin ,o relare ro rherr v ic ld.  tuo ser iet  oferpenrnenl

CASACTERiSTICAS ANAToMICAS Y FISIOL6GICAS' Y RENDIMIENTO DE

ALiuNos cLoNEs DE cAcAo FINO ARoMArIco YDE cAcAo BAsrco DE
INDONESIA

RESUMEN

Algunas propiedades anaiomicas v acrividades.fisiol6gicas afectan el crecimiento v el rendimiento det cacao El oacao es

una planta C3 que expenmenta una sa$raoron fotosint6tica a cierta intensidad de la luz A fin de conocer algunas

."*J-itif"^" 
"i"o-it* 

y fisiol6gicas que af€ctan el crecimi€nto y €1 rendimiento del cacao' se han llevado a cabo dos

exDerimenros en et Instituto Indoneslo dc lnvesrigaciones del caf6 y del Cacao. En el pimer experimenio se midieron

;fir*;".t,;;;;;;,.n"' J. 
""r,".r.*.i"" 

un equipo porxitil de medici6n de fotosintesis' LIcoR Li-6800'

.-" j"t"..i# ro .* a" rotosln tesis, la conductancia esb;6tioa, la tasa de transpiraci6n, v ta concentaci6n intercelular

#ilil;;";;;i; r"".,"-",. r* a** 
"studiados 

tueron crasincados en dos srupos, a saber: cacao nno

.".aii"" v l"*" ua"l".. los clones de cacao fino arometico estudiados tueror DR 1' DR 2' DR 38 v DRc 16; mientras

q*l* a1'"1"". tatr"* tueron ICCRI 03' KKM 22' Kw 165 v TSH 858 Las mediciones tueron realizadas en la

isiaci6n e*perime"al ae Kaliwining, Jenber' Itu:lonesla' a una altitud de s0 m sobre el nivel det mar' se hizo €nfasis en

L,,"at"io,l* *" a r,n aescribir ei norlelo din6mico de la curva de respuesia a la luz, asi como para establecer una

conelaci6nenlrelatasadefoiosinteslsyotrospal,metros.Losresultadosdedichasmedicionesdemostraronqrre,cuando

""."nt"i" 
L" t"ai""lO. f"tosint6ticamente aciiva (PAR), la tasa de fotosintesis' la conductancia estom6tica v la tasa de

transpiraci6n aumentaban exponenctaLmente, pero la c;ncentraci6n intercelular de di6xido de carbono disminuia Los

;;;;;;;;."4;" de luz de ocho clones de cacao se produjeron cuardo la PAR lles6 a alrededor de los

iOOO ur"f..'.t'. S" ol*v6 rLna colretaci6n positiva entre ta tasa de fotosintesis,v la conductancia estomatica' v entre

L *ii" ii,i"'rt*i" y r" tsa de transpiraci6n in cambio, se observ6 una corelaci6n negativa entre la 'tasa de fotoshtesf

" 
r" 

""**"*iO. 
t"L-"lular de di6;ido de caftono. Las mediciones tambi€n demostaron q e la tasa de fotosintesf,

i";#;#i;;;;* v r" 
"* 

a" .""pi,*io. aer cacao basico efan superiores a ras der cacao nno aromntico. Er

"-ti"iJ" 
a"t 

""gr.a" ".p"'imento 
era conocer la relaci6n entre la clorofila' los estomas v la enpalizada' v el rendimiento

de los clones de cacao. Se n'idieron las hojas completamente abiertas de catorce clones' pam establecer su contenido de

"f"rofrf", 
a"."ia"a 

"rt 
-atica e indice de empalizada Las hojas tueron tomadas de la colecci6n del vivero del Instituto

inJ*"rio a" Inu""tigu"iorres del Caf6 v del Cacao El contenido de clorofila se midj6 usando rm esp€ctrofot6metro' la

ae.riJ"a ert"-ari"^"-caiante un microscopio 6ptico, y el indice de empalizada por medio d€ un miooscopio binocular'

La diferencia entre los parametros se conrasl6 por anilisis de varianza y el tcst de rangos mtltiples de Duncan La

retaci6n entre el rendimiento y los parimetros analizados se estableci6 para ilustrar el papel de dichos paranetros con

.""p""io 
"f 

*'ai-i"t". r-o" .""rrGao" a"I1lotttu'o" que habia diferencias sigtificativas €ntre los padmetros de los

clones de cacao analizados. se obseffo una co;elaci6n positiva entre el rendimiento y el contenido de clorofila. asi

como la densidad cstomatica.

Palabrrsclave:cacao'clon,calacteristicasfisioi6gicas,clo]ofila'estomas,empalizada'rendimiento'

were conducted at Kaliwining Experimental Station,

Indonesian Cofee and Cocoa Rcs€arch lnstitute (lCCRl)

f  hc.oecif i  c obiecr i !e of lhe f i  rst  exper imenr were { l  )  to

aescribe a dr.namic model for phoro.vnrhesrs rare (P)

stomata conductance (gs), transpiration rate (E) and

inre'cel lular CO,(oncenhat ion {Ci)  among van'r  cocoa

clones in varying lighi intensitv, (2) to investigale the

relationships between photosynthesis rate (P) and other

Dh vs ioloetca I par a merers such a F. g.. and Ci The '€cond

. ' rp"r i rn.n'  
" i .  

ro r .no" ,he relarronship ofchloropb)l l '

s6mata and palisade towards tho vield of cocoa clones

Results ofthose experiments were presented below'

MATERIALS AND METHODS

Two series experiments conducted ar the Indonesian

Coffee and Cocoa Researob lnstitut€. At the first

experimenl, tully expanded leaves of eight clones have

been measured on their photosynthetic rate, stomata

conductance, transpimtion raie, and intercellular carbon

dioxide concentration were n€asured using portable gas

3 6 1
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WETE DR I, DR
ONE WAS ICCRI

Iil second

exchabge s Li-6400 (LI-CORInc., Lincoh, NE)..
ilwere grouped to two gioups, i.e firc
bulk cocoa. The fine flavor cocoa clon€s

light micloscope, and palisade index was observed by
usmg binocular microscope. The dqta colleqted anabz€d
lvilh variance a$alysis. The differcnce among parameters
was tested by Duncan's Multiple Range T€st at the 0.05
probability level. Using DSAASTAT ((Dipartimento di
Scienze Agrurie en A'xbientali (DSAA) Statistic
ver.1.0192)) excel proglam. The relationship betweetr
leld and those observed pa$rneters was done to illustrale
a role of those pammete$ to yield.

RfSULTS

There was an exponbntial relationship between
photoslnxhetic active radiation fP,lR) and photos)'nth€tic
mt€ (P); stomata conductance, transpiration rate, ard
carbon dioxide intercellular of cocoa clones.

ofDR I clone.

DR 38 and DRC 16; whereas the bulk
KKM 22, KW 165 andTSH 858.

clbnes have bee
stPmata density
DBC 15, DR 1,

fully expanded leaves offouteen

imeasured on their chlorophyll contert,
ird palisade inde4. Clon€s were Sca 12,

lR 38, KJV 165, rCS 60, DRC 16, TSH
l, KKM 22i ICCRr 04, rCCRI 03, and818, Sca 6,

KW 162. Lea wer€ taken ftom collection garden of
offee and Cocoa Research Inslitute.
ntent was measured by using

the Indonesian
Cblorophyl l

Ior example,
Figue l.

The rclationship between photosynth€tic sctive radiation (PAR)
atrd phoiosynthetic rate (P) ofcocoa clotrcs

positive exponential relationship betw€en PAR aud photosFtletic rate of DR 1 clone is pesented as

, stomata densiq, was observed by usitrg

l: Graph ofrelationship between PAR and phoios),nthetic rate (P)

o

500 1000 1500

PAR (!mol m{.s-l}

2000
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exno.nential relationship between PAR and stomata conductance Gr) of DR 1 clon€ is pr€sented as
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6le 3i The rclationship between photosynthetic rctive
rnd trrNiirrtion rate (,,) of cocoa clones

Equrtions
r
f

T
I
f

B
I(
x
K
T

RI
R2
R38
RC 16

k
CRI 03
'(M22

w 165
;H 858

E= 1.3(l-0.35expc0,002 X PAR/I.3));R3 = 0.93
,E'= 2.6(1-0.82expc0.0036 X pAX,/2.6)); Rj = 0.91
t= 1.9(l-0.82expc0.0Ml X pARi1.9)); R3 = 0.9?6
,E = 2.85(1-0.4exp(-0.0063 X PARi2.85)); R2= 0.791

t = 2.9(1-0.51expc0.0053 X PAX,/2.9)); R:= 0.919
E = 4.3(l-0.8expc0,0108 X PAXJ4.3)); Fi:= 0.396
t = 2.05( 1-0.5exp(-0.0042 XpAW2.05)); XJ= 0.763
-E. = 2.6(1-0.6€xpc0.0067 X PARi2.6)); R!- 0.858

positive exponenlial rclationship between pAR and transpiration rate (t)
e ls presented as Figure 3.

radirtion (PAR)

OfDR 1

. s i

o

n iL

,---a---
. - t '  - '

9t'
(

;=;;i;;;;;i.;,;;;;;;
R 2 = O e s lFf = 0.951

500 1000 1500

PIR (!mol m''z.sr)

2000

Differonce with
exponential a3 I

lre 3: Graph ofrelationship between pAR and transpirarion rate (t) of DR

Trbl€ 4: Th€ relrtionship betwectr photosynthetic &dve mdirdon (I
Nnd Cq lntcrcelular (C' ofcocoa clotres

Cocoa clones Equrtiotrs
Fine flavour
DR1
DR2
DR 38
DRC 16

Bulk
ICCRI 03
KKM22
KW 165
TSH 858

Ci = 250( I +0.4expc0.4 X PAR/250);R3= 0.57
Ci =195(1+0.77expc0.195 X pAR/195);Rj = 0.905
Ci = 258(1+0.53expc0.8137 X pAR./258);Rl =0.983
Ci =280(1+0.28expc0.855 X pAR/280); Rl = 0.893

Ci = 263(l+0.27e\p(-0.7 29 X PAR/263); R3= 0.816
Ci = 265( I +0.27exp(-0.677 X PAW265));R:= 0.659
Ci = 200(1+0.4expc0.5 X PAPJ200));R:= 0.564
Ci = 267(1+0.35expc0.69s x pAxl267)); RJ= 0.612

graphs above, the rclationship between pAR and CO, i4tercellular (Ct
ted in Figue 4.
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Figur€ 4:

o

o6

Ci=250(1+0.4 exp(-0.4x PAR /250)
* = 0.57?

500 1000 1500 2000

PAR (Fmol m'2.s'1)

craph of relationship between PAR and CO, int€rcellular (Ct ofDR I clone.

Betweeu stomata conaluctance (gs) and photosynth€tic ftte (P) of cocoa there was a linier relationship (Table 5)'

Tbble 5: Relationship between stomrtr codductance G'r) and
photosynthedc rste (P) of cocor clones

Coco! clones Equations

Fine flavour
DRI
DR2
DR 38
DRC 16

Bulk
ICCRI 03
KKM 22
KW 165
TSH 858

Y= 115.560 X - 5.432; R: =0.?67

Y = 33.142 X + 0.920; R2 = 0.984
Y = 1?5.15X- 8.64?; R: = 0.970
Y= 150.13 X - I1.651; R3 = 0.706

Y = 108.23 X - 5.6359; n3=0.8256
Y = 168.09 X - 14.44; R3 = 0.86
Y = 286.15 X - 15.646; R: = 0.783
Y =181 .5X-15 .75 ;  R :  =  0 .945

Aewefn somata corductance and photoslntheric ftte there is a positiv€ linier relationship, as presented in Figu€ 5 for

DR 1 dlode.
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I

y='172.02x-10"487
*=0.8

3.75

2.5

1.25

0
0.04 0.05 0.06 0.07

gs (mol l-120 rf2 sr)

0.08 0.09

Figure 5: Grdph ofrelationship between sromara conducrance (gs) and photos).nthetic rate (p) ofDR lclone.

. i , _ . -
i nere was a lrnrer 

letatronslup ot transpiralion rate aF) and phorosynrhelic raLe {p,.
l

Table 6:' R€lationship befween trrnspiration rrte (]') rt
photosynthetic rrte (1) of cocoa clon€s

.p

Cocos clones Equadotrs

Fine flavour
DR1
DR2
DR 38
DRC 16

Bulk
ICCRT 03
KKM 22
KW 165
TSH 8s8

Y =  7 .435  x -4 .50 ;R l=0 .815
Y = 2.201 x - 0.004; RJ = 0.786
Y = 4.510 x - 1.776; R3= 0.969
Y = 6.484X - 9.897 ;R3= 0.923

Y=4 .773  X -  5 .989 ;  R :=0 .891
Y=1 .895X-0 .735s ;  R ,  =  0 .46
Y= 8.257 X - 7.065; RJ = 0.768
Y= 7.171 x - 8.141; R: = 0.926

7

There was a positiw linier relarionship of,transpiraxion rare (.E.) and photoslnthetic mte (-P) ofDR 1 clone.
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y = 7.435x .4.50

R'z=  0 .815

a

7

a
a.J

(,,
o

o.

3.75

2.5

1 . 2 5

0.375 0.75 1.125

E (mmol H20 m'2.s'1)

1 .5

Figure 6: Gaph ofrclationship between transpiralion rates (E") a photoslrthetic mte (P)ofDR I clon€

The relationship between CO, intercellular (Ci) and photosynthetic rate (P) was linier (Table 7)'

Table ?: Relationship between phoiosynthetic rate (P) and CO,
intercellular (Ct of cocoa clotres'

trquations

Fine flavour
DR l
DR2
DR 38
DRC 16

Bulk
ICCRI 03
KKM 22
KW 165
TSH 858

Y= -  33 .123  X+419 .12  ;  R :  =0 .959

Y=-30.624X+390.57; RJ = 0.825
Y= - 20.920X + 390.57; R: = 0.910
'r = -12.13l{ + 373.1',7,N = 0.942

Y = - 8-595 X+ 334.74; RL 0.793
Y=- 11.929X + 357.65;R:= 0.896
Y = - 16.45 X+ 326.71; R:= 0.787
Y=- 9.673 X+ 355.78r Rl=0.937

There was a negative linier relationship ofphotosynthetic mte (P) and CO, interoelular (Ci) ofDR I clone
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1.25

P

2.50 3.75

(pmol CO2.rr2.s-1)

y = -33.'123x + 412.91
R2 = 0.9594

Figure 7: Graph of relationship between photos],nthetic mte (P) and Co, intercellular (C, of DR I clone.

Data of second expedment showed that productivity of Sca 12 clone was the lowest, whereas KW 162 was the highest

amons fourteen clones obsewed.
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Figure 8: Average productivity of 14 cocoa clones observ€d

Digital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


:.3s "b5

E

g

e
=

2.69 2.73

--- cde g tg 3.28 3.30
3.57

d

2.50
2.94 2.Bs

2.60

/"et d st"*e e*"e'"*.oo / ."\st""e!es6se
Cacao clones

Figure 9: Leaf chlorophyll cont€nt of 14 cocoa clones obsewed.

There was a positive linier relationship between produotivity and leafchlorophyll content anong cocoa clon€s t€sted.

E
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trigure l0: The gaph ofrelationship between productivity and chlorcphyll content of 14 cocoa clones observed.
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Figurc 1l: Stomata density of 14 cocoa clones observed.
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Figure 13: patisade itutex of 14 cocoa ctones observeal.

DISCUSSION
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-

air is very easy.At thal condilion. allgases in interceliular
space of leaves will flow our fieely, including CO,.

Between stomata conductance and photosynthetic rate
there was a posit ive l in i€r relat ionship. Stomata
conductance is a character of leav€s dml govem a transpot
of gas and water vapor between ftee air and inncr space
in leaves tissue. On the olher hands, in photosynthetic
process, CO, was needed, and it come ftom ftee air entuy
to inner spacc of leaf tissue through stomata. Thafs why
ihe higher the stomata conductance, rhe faster the entry
of CO, to innef space of leaves, and the highcr the

There was a positive linier relationship oftranspiration
rate (4 and photoslnthetic rate (P). Transpintion ls the
loss ofwater vapor ftom plant lissue to free air through
stomata. It caused an up-flow of water fro soil solution
enter roots and fien tansported io leaves- In leaves, water
and CO, are the main materials in photosydheiic process.
So, the moro water in leaves that govem by lranspiration
rale, the ldgher the rate ofphotosynih€sis.

The relationship between photosynthetic rate (P) and CO,
intercellular (Ct) was negativc linier. As mentioned above
that CO, is the main raw naterial for photosyrthetic
process. When photosynthesis nrns jntcnsively, rt needs
CO: in much amouni. It is causing lhe stock of CO, iII
pore space ofleaves will be decreased.

A m o n g  1 d  . l o n e .  t e . r e d  I n  h c  n c u r d  e \ p e r i m e n r .
productiviry olSca 12 clone was thc lowest (1.08 t/ha/
yr), whereas KW 162 was the hishesr (3.20 t/ha/yr).
Although productivjty and bean size of Sca 12 ar€
relariv€ly lo$' or snall than other clones, it has many better
properties than oiher clones, i.e. tolcrant to disease,
drought, as well as flood. It is usually used as gene source
in brecding for resistance activity.

There was a posit ive l in ier rc lat ionship between
productiviry and leaf chlorophyll content as well as
stomata density among cocoa clones lcsted- I1 is very logic
that chlorophyll conient and sromala density affcct the
producrivity. Chlorophyll content and stomata densiiy
govem photoslnthetic rcaction. The ,nore intensrve the
photosynth€t ic rcact ion, logical ly the higher the
produclivity of pla'rts.

CONCLUSIONS

. There was a positive expon€ntial relalionship
between photos),rthetic active mdiation (P/n) and
photosynthetic raie (P), stonaia conductance, and
transpintion rale ofcocoa clones.

. The relationship between photosyrtheiic late (P) and
CO, intercellular (Ct) was negaiive linier.

. Among 14 clones tested in the second cxpe ment,
productivity ofSca 12 clon€ was the lorvest (1.08 t
ha )f'), whefeas KW 162 was the hishest (3.20 r
ha yr ).

. There was a posiiive linier relationship berween
productivity and leafchlorophyll content as well as
stomata densrty.
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