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either arecanut or coconut and in the lafter it is mainly a raiofed crop, 
prevailing weath~r conditionso{ coastal Kerala and Karoataka where ·
·extensively grown, period o·f dry spell during summer is inevitable. 

examines the seasonal clJanges in some indicators of plant water 
grown under both these conditions l';Z, irrigated and rainfed. 

. tions in NR activity and chlorophyll were also studied. ' . :, . 
: .~ , . , . . . . ' • ._ . . -: :,,;_.1t , 

.. ~ ' '' ' .' 
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MATERIALS AND METHODS 

• Five trees each of cacao (Thtobroma cacao L. cv. Forcsteco) grown on
'. .;

ABSTRA.cr rainfed co~uut and irrigated ar~nut Flots in laterite soil were umpled perloJi· 
<5 cally. About 25 leaves (3rd·5th leaf of mature Bush) from eac~ tree were collected~~I cbaDgn III .ltnte mI_" aetlolty aD4 other Indicators 01 plaDt watCl' .tresss I. 
) for determinations. For canopy variations, leaves were collected from three levelaIkld aao (Tilroruma cacao L.l pl~ats. B.I~5imha, D. (Central PlaDUlloD Crops RH. lo.t., R~onal 

Sin., Vill.1 S7~2~J . India). phlDt Pb~'lol. .. Dlocb.... 9(1) ; 7~79, 1982. Snsonal chan&es 1D Dltnu.e constituting !irst (lower) second (middle) and third (upper) "]orqueues" of the . 
. ""octa•• (NR), proline. chloropb)Uanci rel.II" .ater (ontcot (RWC) In lea,es 8£ field groW.tCllC20 trec. 

plllnn ...re \t\ldled and<'T Impted and rllinfed condlllollS. III n Infed coadillons the plao" ilho..ed 

. 10.. RWC. drcrt'n<e<l chlorophyll CODtfllt .ad NR actl.lty with aceumul~tloD of proline la leans . Relative water content was determined by noa ting I cm ~ lenf discs on 
dvrln\: lb. dry __on. In lmlt'lt" plllnts, there ••• ao mark" d lll'.ren~ In Ib"e panllDelers. The distilled water for 6 h (16). Proline was elttrJctcd in 3% sulphosalicy!ic acid and 
CSDOPY In<:ls of chlorophyll, and Nit 2etl.lty l.dlated tbat C2c:&O 10ientN shade. determined by the method of Bates tt al. (17). Chlorophylls were ext:acted in 85 

per cent (v/v) acetone and .:stimatcd spectrophotometrically (18) . NR activilYKey words; CIlIfOPY Pari4liDtU/cA:"roplrylls/Nlr.a,. "du.raJe/prolin./nlall•• war., co,.. 
wu determined In 'Iro (19,20).

r",r/TllftlbrolflQ COI."IIO. 

~ ". ItESt1LTS AND DtSCt1SSION
INTRODUCTION 

During December·April of 1981·82 no rain was r(ceived . The RWC ofCrop plants experience periods of water stress during their life cycles 
leaves of rainfed cacao plJnts was lower than those of irrigJlnl plants . Thisespecially in ~ummer months, when water availability becomes limiting. Cacao is 
tended to decrease ill both conditions with p~ogress of summer months (Fi\: . \)_sensitive to water stress and shows diurnal fluctuation in leaf . water potential 
It is difficult .to discern why well irrigaled plants also showed this dn:reOlse.(1,2). Seasonal changes in water potential (3, 6) and NR activity (7, 11) in many 
Possibly these values decreased in both the cases because the progr~ssive increa\!:annual crops has been reported. Among plantation crops there arc a few reports 
in the daily mean temperature led to high transpiration rJtes and bence rapidon seasonal variations in NR. activity in coffee (12) and water potential and 
depletion of plant water levels. Both leaf wJler potential Jlld R \'<C have 

proline contents in citrus (13). been reported to decrease with progress of dry season in cereals (.i). "ppic (4, 6) 

Nitrate reductase is a rate limiting enzyme in the nitrate assimilation of .., and citrus (3). 
' \ 

. plants (14) and has not been studied in plantation crops in detail. It is well known 1 The content of proline in leaves was maintained at silnil .. ! level> ·in 
that this enzyme is extremely sensitive to water stress (l4,1') and both substrate .irrigated plants, while there was considerable accumulation. in r:Ainfed plant. ..~ . 

and light induce the enzyme. Cacao is grown as an intercr6p under the shade of during the dry period (Fig. 2) . . With the onset of monsoon the proline cunt<-nt 

decreased.. . Since the first discovery of proline accumulation due 10 · water ~lteu 
1. Canlributioa 1'10.2,.;5 of CI'CRr, Regional Station, Vitlal. (21). this has been· reported in several annuals (22,2oS) and pl3ntarioncrop' 

,. 
~~. (13,26). ·There has been much speCUlation about role of proline in uroul'hl 

tolerance (24) though the view is disputed (27). in cacao, proline accumullsrion 

Pint PIIy.lo\-OQ • Blocllea Istr7 f(l) : 74-79, 1911 
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~ p;!~lit :a (~ast\~'e' of~~~~.~~~~;iVE ,·S~8'6~~~~?7~_ ' a~d _ '~, fffcienl 4tllizati?~ orproline 
wa~assotiatec:l with. 't;e/t~i' grp'.\hh and , f11iinte{jjnce, IJf leaf "~turgidity i, n ' s~~ Uliogs 

.:~~: . :(~':~~h;&~~0J~~~~~~;~·;:.~~::'!";;;ng'i~~ ~~~.;';'i~ t ',"" . .Co 

;"<,' :.' ,(ft~, ~L~cfn.!rpl:ale,d,J"~lI,t$ . N~, -aC~IYI!y 111~ high dur,I ,ngF~bruarx'~ prl.l an.d l~w, ~. 
,',." .'". ~du~ing the' -lirfy ' $~so~. ' ;~V.v'~re~ !i~ :iinihi8~i~!i pl~i1ts;) h~;i'Cii\'i!y ~.wluw '::.; .t::,~":'~ 

during the dry ',pcriod. , l ose ~aft,er)he onsc,t 9f ;~iris when it " W;l,; " COmp:lr;il>!e ' 

10 [hat recorded in , the jirjga't~~- plants, 5.;ason'il and canopy' v;triut;hn~ h:lve 
been ~por1ed for se';erQtc~(lpS (1: 1'2); ihe sea,onal decrease in N R oCljvily has 

bc~ri p,aJl1ly :~,llrib~ied to, lhe 'phy~io'I~gic~f age. (7.9) or ' water ~Ires~ '( 10), 
. ~ "; _4.... . .... p. =7.~~ ~~'-'. ~ ~~ ' , .L~ . .;.. .; ... . . 

: ' Two irn 'p~rtan[ conclusions ca~ be drawn, The decrease in NR ;H:li vity 

) n rain'(ed 'pl"D1S is 'an :ad~plllt,ion ' (or stress condiliom ' a~ has b,' ,n shown for 
other plants (10. 1'4) , ,he reporled dceline ' in re~pirJti9n and pIWI''',}nlhc,i, (c ~ lto , 

..,.., ",pq ~y .IV" ,)UL AVO RI>, OC'l" "0" OtiC .J"'" '£8, 
1961 1"92 

Sea~on~! eban.ea fn ~inrall and RWC (arc ks-r.:l.in r.d; ,rianllles,irriAalciI; vertiQ.:l.!FiJ. I 
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,,:ould dccreise rcducine po....er; Ihus o'fl'cClinc NR i'll' livil Y,' , Wilil the rcl \' I'l:ry 
from 'stress.': lhe&e , biosynthctic j:,roccsscs are , revived 'nnd the NR actiVity aim 
recovers complciely, The activity of NR is incJucibJe by h;ll[ (2 '» ;1''') high 

" :~ar ifltenlities during Fc.brtlary.~prll .dc:q\l~tcly :iupplied with w;It,et mi)5: .! ab() 
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Fig, 1 Seasonal c hange in chJorop"yll COnlcnu ISymbol•• n c1 orun or mvnl ' ' H .n r:~ , I), 

P ic, 2: SeJ>o n21chan~ in proline a~d I'I R a.etiv!!y (Sym."oll as in' Pig, 1), 
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have resulted in higher enzyme . actiVity in the cacao plants , Increase ' in NR 
activity by higher solar radiation has" Iieen rtported in sorghum (10) and coffee 

(ll). In coffee the NR activily vari~d depending?n rainfall, humidity and water 
supply. Possibly, due to poor sunlight and pcfsistant rains . the NR activity in 
coffee was lower in · October (12). There was also no significant variations at 

d;fferent canopy levels indicating relative .sbade toleraoce of cacao trees (Table I). 

" , 
The contents of chlorop~ylJ~ : !a, b and total) I\'as hi1!her in irrigated than 

in rainfed plants (Fig, 3). The chlqtdph}lI cooteot varied among different ca~opy 
levels sampled at different seasorls (Table I). The upper canopy ·showed decreased 

TABLE 1 

~lUolIQll'arlarlo .. in chlorophyll eo.. trnl (m, I,lrr." "".) aNi NR Aelil'll, 
(.,. mol·/\,O, !,!rrlla ;"J!bJ In cacao Iral'cl al !lifer eQllOpy /rr. II . 

Datc • i .ufO""r· MidJle Upp,i 

22 Jaauary 

9 July 

22 Oclobcr 

10 March 

1'181 

1981 

1981 

198: 

1.0" 

" .001 

.o.m 
0.744 

CM" 

0. ~2 

1.119 

0.866 

0.647 

0.743 

1.213 

0 .769 

OJ89 

22 J&nUlJY 

9 July 

22 Oc!obcr 

10 :'vIarch 

. 1981 

1981 

1981 

1982 

.:1 

,,0.307 

,,0 .588 

,' 0.683 

0.496 

Chi b 

0.464 

0 .618 

0.660 

0.539 

0.461 

3.649 

0 .613 

0.415 

22 January 

9 July 

22 Qc10bcr 

10 March 

1981 

1981 

1991 

1982 

3.80 

,6.13 

6.30 

~. 6.66 

NR activilY 

,U8 

5JO 

6J5 

5.90 

,4.88 

6.30 

4.85 

5.00 

• The lown, middlc " :and upper canopy leYels iDdicate tint. second and thinl 

"Jorquellcs", re'p"livcly. 0( ~o pl&DUo 

chlorophyl'r' contents daring January, March and October ·when solar rJdi.ll ion 
~ was maximum. . Cacao being shade grown, high solar radialion mi£h: r'>l:i e in 

photoblcaching. Eventhough lhe inlc:nsity of sunlight would be 

1\175. 

r;ltherlo,,' Juring · 
the rlliny season (July), chlorophyll content was not ;ttfccted. 
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