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ABSTRACT

Seasonal changes in nitrate reductase aetivity and other Indicators of plant water stresss ll:
ficld cacao (Theoruma cacao L.) plants. Bulasimha, D. (Central Plantation Crops Rle:h lust..:::li;::‘
Sta., Vittsl 574243, India). Plant Physiol. & Biochem. %2) ; 7479, 1982, Scasons - s::gcs e pitrase
reductase (NR), proline, chlorophy il and relative water contest (RWC) in Iea'va of fie lgrou acae

studied under irrigated and rainfed conditions. In rainfed conditions the plan
D WG, i | content snd NR activily with accumulation of proline in leaves
during the dry season. In {rrigated plants, there was no marked differences in these parameters. The

cao tolerated shade.
canopy levels of chlorophylis and NR activity Indlcatcd that ca

Kcy words : Canopy variations|chlorophylis|Nitrate reductase/proline[relative water con-
c 3
tens|Theobroma cacao.

INTRODUCTION

Crop plants experience periods of w;.ncr' .s!ress durinlg. t.l:ic[llr hféac;:)lei:
especially in summer months, when water avmlablllty‘bccqmes |;'mwatg.r acio I
sensitive to walter stress and shows diur.nal fluctuation in l.c:{ o e“)pin -
(i, 2). Scasonal changes in water potential (3, 6? and NR activity (7, A swany
annual crops has been reported. Au-fong'plantauon crops there t:u:: ammtia;: e
on seasonal variations in NR activity in coffee (12) and water p

proline contents in citrus (13).

Nitrate reductase is a rate limiting enzyme in the nitrate assimilation of

’ plants (‘ 4) and has not beea StudlCd 1o plantation crops in dctail. Itis well known
H I t stress ]4 1 ) 3ﬂd both substrate
that ]his cﬂzymc is extreme sensitive to wal Cr €S ( » 5 b t
Y . . . T
d hght induCC ‘hC enzyme. CaCaO 18 g1 own as an iater Crop undcr the Shade Of
an .

1. Contribution No. 245 of CPCRI, Regional Station, Vittal.

P}-:n( Physiology & Biochemistry %2) : 74-79, 1982
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either arecanut or coconut and in the latter it is mainly a rainfed crop. Under the
prevailing weather conditions of coastal Kerala and Karnataka where cacao is |
extensively grown, period of dry spell during summer is inevitable. This paper
examines the seasonal changes in some indicators of plant water stress in cacao
grown under both these conditions viz, irrigated and rainfed. The canopy varia-
 tions in NR activity and chlorophyll were also studied. -. - - e
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MATERIALS AND METHODS

“ Five trees each of cacao (Theobroma cacao L. cv. _'Forcstcro) grown on
rainfed coconut and irrigated arccanut plots in laterite soil were sampled periodi-
cally. About 25 leaves (3rd-5th leaf of mature Aush) from each tree were collected
for determinations. . For cariopy variations, leaves were collected from three levels

constituting Srst (lower) second (middle) and third (uppér) “Jorquettes™ of the
tree. ;

"Relative water content was determined by floating 1 cm? leaf discs on
distilled water for 6 h (16). Proline was extracted in 3% sulphosalicylic acid and
determined by the method of Bates et al. (17). Chlorophylls were extracted in 85
per cent (v/v) acetone and estimated spectrophotometricaily (18). NR activity
was determined in vivo (19, 20). .

3 ‘RESULTS AND DISCUSSION
During December-April of 1981-82 no rain was received. The RWC of

leaves of rainfed cacao plants was lower than those of irrigated plunts. This
tended to decrease in both conditions with pr'ogrcss of summer months (Fig. 1).
It is difficult to discern why well irrigated plants also showed this decrease.
Possibly these values decreased in both the cases because the progressive increase
in the daily mean temperature led to high transpiration rates and hence rapid
depletion of plant water levels. Both Ieaf water potential and RWC have
been reported to decrease with progress of dry season in cereals (9), apple (4, 6)
and citrus (3). ‘ h

The content of proline in leaves was maintained at simnilar levels in

Jirrigated plaats, while there was considerable accumulation in rainfed plants

during the dry period (Fig. 2). - With the onset of monsoon the prohinc conleat
decreased. Since the first discovery of proline accumulation due to water stress
(21), this has been reported in several annuals (22, 25) and plantation crops
(13, 26). -There has been much speculation about role of proline in droupht
tolerance (24) though the view is disputed (27). In cacao, proline accumulation
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Fig.2: Seasonzl changes in proline and. &R activicy (Sym}mh as in Pig. 1)
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"dunng the “aidy’ season

msght at u:ast bt of some adapm: sxgmﬁcancc and efficient uuhzahon orprolme
was assocxatcd with better gr' wth and mamwnance of Iea( lurgldxlv in seedlings .

‘_(Balasumha and Subramonmn; unpubl:shcd)

The NR acuvuy showcd mfcn:stlng !rcnds in umgated and rainfed phnls
ig. 2). «Tn xmgalc;i i qts NR acumy was hlgh durmg Februar) \en! ind low
Wbcreas m umi‘r:garcd plantS. the an.mny was low
during the dry ,penod rose  after the onset of rains when it was
to that recorded in .the xrngatcd plants. Scasoniil and canopy variations have
bcen reporled for several ceaps (7, 12), The seasonal decrease in NR activity has
bcgn mainly gitributed fo the phy;nologlcal age (7, 9) or watcer stress (10).

comparible

Two impoxjtanl conclusions can be drawn. The decrease in NR activity
in rainfed plunts is an -adaptation for stress vonditions as has b:en shown for
other plants (10, 14). ~The reported decline in respiration and photosynthesis (2%)
would decrease reducing powcr, thus aflecting NR activity. - With the recovery
from stress,-'these. biosynthetic pro¢esses are frevived and the NR activity alyo
recovers complelely The activity of NR is inducible by {ight (2v) and high

‘solat intensities dunng Februdry-April adequately supphed with water might alsu
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have resulted in higher enzyme. a’x:tivity in the cacao plants. Increase in NR
activity by higher solar radiation has, been réported in sorghum (10) and coffee
(12). In coffee the NR activity varied depending on ramfall humidity and water
supply. Possibly, due to poor sunlight and pefsnstant rains the NR activity in
coffee was lower in October (12). There was also no significant variations at
different canopy' levels indicating relative shade tolerance of cacao trces (Tab[e 1).

The contents of ch]orophylls (a b and total) was higher in :mgal:d than
in rainfed plants (Fig. 3). The chld:dph)ll content varied among different canopy
levels sampled at different seasors (Table 1). The upper canopy showed decreased

TABLE 1

Seasonal variation in chlorophyll content (mglg fresh wt.) and NR Activity _
(u moi-NOy /g fresh fuﬂx) in cacao leaves at three canopy lev s

Date .. Cower® Middle Upp:f
; i Chla
22 Jaouary 1981 1.05! 0.842 0.743
9 July 1981 11,002 1119 1.213
22 October 1981 ,0.852 0.866 0.769
10 March 1982 0.744 0.647 0.589
B Chl b
22 January . .. 1981 10.307 . 0.464 0.461
9 July 1981 10.588 0.658 3.649
22 October 1981 .10.683 0.660 0.613
10 March 1982 0.496 0.539 0.415
NR activity
22 January 1981 3.80 4.88 4.88
9 July 1981 ,6.13 5.50 6.50
22 October 1991 6.30 6.55 4.85
10 March 1982 LT 666 5.90 T 500
* The lower, middle and upper canopy levels indicate first, second and third

*Jorquettes™, respectivcly, of cacao plants.
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chlorophyll contents daring January, March and October when solar radiation
was maximum. Cacao being shade grown, high solar radiation might resulc in
photoblcachmg. Eventhough the intensity of sunlight would bé ruther low during :
the ramy scason (July), chlorophyll content was not affected.
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