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SUM MARY 

Cocoa p lant s undergo long periods of drought in Southern India affecting growth, metabolism and yield adversely, Among plantat ion crops, 
cocoa i regarded a. one of the mo, t , ensitive to water stress . T he water rdation components , growth anaJ\'ses and some metabolic parameters 
were, ttldied to understand basic mechanisms of drought tolera nce in cocoa. 

The cxpNimental material consisted of cocoa (Theobroma cacao L. var. Fores te ro) cultivated as intercrop of arecanut palms (Areca catechu 
L. ), O bservation s on growth parameters, water relation components viz. wa ter potential , osmotic potential, turgor pressure, relative water content 
(RWC); proline, nitrate reductase (NR) activi ty and chlorophyll contents were co llected using , tandard procedures. Data collected on growth 
parameters \ ere m bjected to growth analysis computations, 

he RWC of leave of rainfed plants we re lower than those of irrigated ones, Thi s was accompanied by decrease in leaf water potential 
,md osmotic po te ntia l. Wi th progress of clrought N R activity and chlorophyll conten ts declined while proline accumulated in the leaves, The 
leaf elonga ti on rat ·s were inhibited under drought. This was rencctcd further in the significant decrease in total dry matter produced, canopy 
area , relat ive growth rate and net a :J ~iTI1ila tion rate in droughtcd plants, In cocoa, it seems probable that ability to tolerate drought results from 
'iOmara l regula tion whi ch red lice, tran :; piration~ 1 water los,; and high tissue elasticity . The maintenance of leaf turgor accompanied by better 
metabol ic processe furthc:r contribute to the drought tolerance ability of some cocoa accessions, 

E lLA HYDRI QU E , R ISSANCE ET AUTRES INDICATEURS DU ST RESS HYDRIQ E DES PLA S DE CA AO YER 
SOUS LA SECH - RESSE 

RESUM E 

Les cacao yers subissent de longue per iodes de secheresse dans Ie sud de I' Inde , ce qui affecte defavorablement la croissance, Ie metabolisme 
et Ie rendement. Panni Ies cultures de plantation, Ie cacaoyer est considere comme I'une des plus sensibles au stress hydrique, Les elements du 
bilan hyd rique, I'analy e de la croissa nce et certains parametres metaboliques sont etudies pour comprendre les mecanismes fondamentaux du 
degr ' de to lerance a la echeresse du cacaoyer. 

Le mat eriel experimental comportait des cacaoyers (Theobroma cacao L. var, Forestero) en culture associee avec des arequiers (Areca catechu 
L.), L'autem a rassemble des donnees sur les parametres de croissance, les elements des rapports hydriques, c'est-a.-dire potentiel hydrique, 
potentiel osmotique , pre. sion turgorique, teneur rela tive en eau; activite de reductase de nitrate, proline, et teneur en chlorophylle, en ~e servant 
dcs methodes tandard . Lcs donnees collectees sur Ics parametres de croissance ont ete soumises a. des calculs d'analyse de croissance. 

La teneur relati ve en ea u des feuilles de plan ts en culture pluviale, etait plus faible que dans Ie cas des arbres irrigues. Ceci s'accompagnait 
d 'un .:: ba isse du potentiel hydriquc des feuillcs ct du potentieJ osmotique, Les process\!:; d ' activite de reductase de nitrate et la teneur cn chlorophylle 
climinu aient lorsq uc la proline s'accum ulait dans les feuilles, Le taux d'allongement des feuilles etait inhibe en periode de sechere,se. Cec i se 
refletait plus tard par Ies diminutions sign ificatives du total des matieres sechcs produites, de I'etendue de la frondaison, du (aux de croi ~sance 
re lative et dll tau x d ' ass imilation nette (ja ns les plants soumis a. la secheresse, Chez Ie cacaoyer, il semble probable que I'aptitude a. tQlerer la 
echeresse resulte d'une regulation des stomatell , qui redllit lu perte de I'eau par transpiration ct I'elasticite elevee d ,: s tissus, Le maintien de la 

rurgidit e des feuiJi es, acco mpagne de meilleurs processus mrtaboliques, conrribue encore a I'aptitude a la tolerance de la secheresse de certains 
nouveau types de cacaoyers. 

EST DO HiDRICO , DESE VOLVI 1 NTO E O U TRO S [NDI DORES DE TE sAo DE AG UA NO 

CACAU D RA T E A ESTIAG M 


RES MO 


No sui da India os cacaueiros cst- o su jeitos a longos periodus de seca. 0 que prejudica 0 seu cresci mento, metabolismo e produtividade , 
Ent re as plantas cultivadas, 0 cacaueiro e considcrado uma das mai ~ 6~nsfveis a. tensao de agua. Os componentes do estado hidrico, a nali ses 
de crescimen to e algum pa rametros metab61icos foram estudados para compreender os mecani,mos basicos da tolerancia il seca nos cacaueiros, 

o material experimen tal consistiu em cacau (Theobruma cacao L. var, forestero) cultivado em associa~ao com palmeiras areca (Areca catechu 
,), Fizcram objeto de obscn'a<,:6es: parametros de crescimentll, componentes do estado hidrico, como potencial hidrico, potencial osm6tico, 

pres ao de tu rgescencia , conteudo relativo de agua (RWC); proline; atividade de redutase de nitrato (N R), e teor de clorofila, Os dados foram 
cole tados se undo metodos padrao , Os dados sobre 0 para metro de crescimento foram submetidos a calc ulos de analise de crescimento, 

o teo r rela ti vo de agua ern folhas s6 c"postas a chu \'a foi inferior ao das folhas irrigadas; tambem 0 potencial de agua da folha e 0 potencial 
osm6tico foram menores , A medida que a est iagem se p rolongava, a atividade NR e 0 teor de clorofila diminuirarn, ao passo que aumentou 
a quant idade de pro line nas folhas, 0 alongamento dus folhas foi inibido pela seca , Otltras consequencias foram: redu<,:ao significativa da materia 
eca tota l prodllzida, da area foliar, da taxa de crescimento relativa e da taxa de assimila~ao liquida nas plantas sujeitas a. seca . Parece que a 
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capacidade do cacau de tole rar a sec a decorre da regula(ao estomatal, que reduz a perda de agua p~ r transpira~ao e a cicvada d asticidade dos 
tecidos. t\ manuten,ao da turo,,, ' cencia das folhas, acompanhada de melhores processos metabo licos, contribui tarn bern para maior tolerancia 
a seca de alguma" variedades de caca u. 

RE LACIONES D AGUA, CRECIM IENTO Y OTROS IN DI ADO RES DE TE IO N DE AGUA DE LA 
P LA TA N EL CAO E CONDl IONES DE SEQ UI!\ 

RESUMEN 

Las plantas de cacao atraviesa n p~r largos periodos de seq uia en el Sur de la India, 10 cual afecta eI crecimicnto, mctabolisrno y rendimienlO 
en forma adversa . Entre los cultivos de plantacion, eI cacao es considerado cum o uno de los mas sensibles a l stress del agua . I os componentes 
de rclacion del agua, analisis de crecimiento y algunos parametros metabolicos fueron objcto de cstudio para cornprendcr 1m mccan ismos asieos 
de to lerancia a la sequia en el cacao. 

EI material experimental consistia en cacao (Theobroma cacao L var. Foras tcro) cultivado comll intcrcultivo de palma;, de areca (Areca 
ca techu L) . Se recogieron observaciones sobre parametros de crceirniento, cornponentes de rclarion del agua como potencial de agua, potencial 
osmotico, presion turgica, contenido relativo de agua, proline, activ idad de reductase de nitralO y conten idos d o rofilicos, usando proccdimientos 
standard . Los dato s recopilado sobre parametros de crecimiento fueron sometidos a computos de aniilisis de crecimienlO. 

EI co ntenido relativo del agua de las plantas en secano fue inf erior que el de las plantas en regadio. Eso fue aconlpaiiado de una disminuci6n 
en el potencial de agua en la hoja y del potencial osmotico. Con el progreso de la seq uia di sminuyo la actividad de red ucta e y el contenido 
clorofilico disminu y6 micntras que el proline se acum ulo en las hojas. Las tasas de alargamiento de las hojas se vieron inhibidas durante la sequia . 

to se r~flejo en la dism inucion signifieativa en materia seca tOial producida en la zona de la copa, tasa de erecimiento rel a tivo y tasa neta de 
a.s imilaci6n en las planta s durante la sequ ia. En el cacao parecc probable que la capacidad de IOlerar la sequia resulta de la regulacion estomatal 
que reduce la perdida de agua por transpiracion y la alta elast icidad de 105 tejidos. EI rnantcnimicnto de la turgidez de la hoja, acompanada .. 
de mejores procesos metabolicos, contribuye ademas a la capacidad de tolerancia a la sequia de algunas plantas de cacao. 

INTRODUCTIO 

COCOA which is sensi tive to water stress experience 
periods of drough t in Southern India affecting its 
growth, metabolism and yi eld adversely. The degree of 
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The prolonged dry season has been reported to be 
adversely detrimental to the growth o f cocoa in Trinidad 
Ghana and Ecuador (H utcheon, 1977; Orc hard , 1984' 
w ood and Lass, 1985) . 

Water deficits affect physiological processes to dif­
feren t degrees, the most sensitive being growth and water 
rel ation components. In order to extend cultivation of 
cocoa in India suitab le irrigation practices and evolving 
genotypes for drought tolerance has been taken up at th is 
Institute . T his paper deals with the changes in water 
relations, growth and some sensit ive parameters of water 
stress in response to drought. 

MA TERIAl AND METHODS 

Ten trees each of irrigated and droughted cocoa 
(Theobroma cacao L. ) cult ivated as an intercrop of 
arecanut palm were sampled periodically. About 10 
leaves (3rd-5th) from each tree were co llected for 
determination . The location , soil and climatic conditions 
of the Regional Sta tion have been described (Balasimha 

- e! 01. 1985). The R we, proline, chlo rophylls and NR 
activity were determined by standard methods with slight 
mod ifications (Balasimha, 1982). Leaf water potential 
was measured using pressure chamber (Soil Moisture 
Eq uipments Corpn ., USA). For osmot ic potential, the 
leaves were cut into 1 em bits, frozen in liquid nitroge:n, 
squeezed th rough sap extracto r into a vial and measured 
on vapour pressure Osmometer (Wescor ModeI 51 00C) . 
The plants were harvested at regular intervals and growth 
canopy and dry matter accumulation determi ned . 

RESUL TS AND DISCUSSIO N 

During the drying period the un irrigated (d rought) 
cocoa plants had lower RWC, leaf water potential and 
osmot ic potential (Fig . 1) . Similar responses of leaf water 
potential has been reported in other countr ies where 
cocoa experiences d ry period (H utcheon, 1977; Alviro, 
1967; Orchard, 1984) . These water relation and other 
biochemical paramelers did not show appreciable 
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variations during the season in irrigated plants. There 
was considerable accumulation of proline in leaves of 
droughted plants, which may have an adaptive signi fi­
cance. The NR acti vi ty also declined with progress o f 
drought, which however recovered with the onset of 
rains. Because o f lack of reducing power caused by water 
stress the NR activ ity may be affected (Beevers and 
Hageman , 1969) and these biosynthetic processes a re 
revived with onset of monsoon. The contents o f chloro ­
phylls was lower in droughted plants as compared to the 
irrigated plants (Fig. I). 

The net result of such drastic changes in leaf water 
potent ia l components and metabolism is re flec ted in the 
adverse effect on growth of cocoa plants (Table 1). T he 
crop growth rates in all the vegetative pa rts were adversely 
affected by drought resulting in a decrease in stem girt h 
and total dry weight by about 30070 compared to irrigated 
plants. The canopy area development was even more 
severely affected i.e. to an extent of nearly 50%. 

TABLE I 
Mean crop growlh rale (CGR) and canopy developmenl 

Callopy CGR'" (Dry weighl, Slem girth Tolal dry 
area"" g/molllh)al collar \-w?igh l ,.. 
(m 2 /(cm)' (kg/plan I} planl) Srem Leaf R oo! 

i rrigated 34.7 11.85 16.78 426.2 206.9 14.0 
Drought 25.3 8.24 8.24 108.4 129.2 0.12 

Meas ured when [he plants were 50 months old; 

" CGR at 40-50 months growth interval 


In cocoa the efficient stomatal regulation resulting in 
reduced Lranspirational water loss under stress seems to 
be a major strategy for water conservation (Balasirnha et 
af. Unpublished) . Under situations where the dry periods 
are shorter , it is possi ble to introduce dro ught toleran t 
genotypes identified at this Regional Station. However , 
since this drought adapt ive strategy may fa il under such 
areas of longer periods o f dry seaso n , there it is necessa ry 
to have a proper scheduling of irrigations . The info r­
mation on water pot ential and related parameters 
sensitive to water st ress may prove useful in developing 
suitable irrigation systems. 
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