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I he cffcct of pri)iont!ccl cyclic moi.slurc ileflcits :ind hiyh s u id i ik t  Icmpcraturc-s was .studied 

in rubber cloncs in (he Knnkan rciiitin. (o r  this Ihe dala (in soil moisture, leaf water

potential (\|/i) and .stnmatal cnductancc  (gs) were collccted in (he morninu (MN) and afternoon 

(AN) hours durinu partial .stre.ss (February) and severe stre.ss (May). After analyzing the data, 

an index » f stoinatal performance (Isf.) was computed for each clone. Predawn(Pl))»{/ i ranijed 

from  -1.33 to -0.68 M Pa and that of AN from -2.14 to -1.75 MFa. The effects of stress conditions 

were dearly  evident from the very low rates of Us. Afternoon ranged from 6 to 124 mmoles 

Clone R R IM  600 with highest l>p and girth was the leading done in girth growth, (.’lones 

T jir 1, (IT  1 and IMJ 2.^5 were last in position. RR IM  612 with rank 3 in Isp was sccond in 

girth growth and R R IM  501 with rank A in Up was third in girth growth. 1'he correlation 

bet\¥cen Kp and girth was 0.79 (!M).()S) indicating (hat Up may be extended for juvenile 
identification of drought tolerant clones.

IN T R O D U C T IO N

Konkan region in the Western India 

(15” to 20° N ) is one am ong the non- 

traditional regions where Hevea cultivation 

is being tried for future expansion. In this 

region prolonged cyclic moisture deficits and 

high summer temperatures are the m ajo r 

constraints for the growth and productivity 

o f  Hevea (Chandrashekar et a l. 1990; 

Mohankrishna ei al. 1991). Therefore, it is 

o f value to know the plant moisture status 

and  s lom ata l perform ance as they are 

im m e d ia te ly  a ffe c ted  by the am bient 

environm ent. Studies have already been 

conducted on the subject in the traditional 

region where the stress conditions are brief 

and moderate (Devakum ar el a l. 1988; 

Gururaja Rao ei al. 1988). Some information 

is also available on the plants subjected to 

cyclic stress conditions which are severe and 

o f longer duration (Chandrashekar et al. 

1990; Mohankrishna el al. 1991). However, 

detailed information over a range of cloncs 

is lacking.

The objectives o f this paper are to 

presen t the v a r ia t io n  in stomatal 

characteristics and plant moisture status of 

a few Ifevea cloncs in time and space as 

observed in under the drought condiiions 

of dry sub-humid weather.

M A T E R IA L S  A N D  M ETHODS

This investigation was carried out in 

a plantation established in 1982 at fhe 
Reg iona l Research S ta tio n  o f Rubber j 

Research In s titu te  o f  In d ia , D a pc lia ri 

(Lal:20.04"N ; Long :72 .04" E; A lt:48 m  

M SL) in  Thane d is t r ic t  of M aharashtra. 

The soil is of clay loam  type with pH 6..̂  

to  6.5. C limatic and other ch a rac tc ris lics  

of the location are de.scribed elsewhere 

(Ch.aiidrashekiir el ul. 1990.- MiilicinkrisiM 

el al. 1991). rhe clones included in the 

study were PB 235. R R I l 300, G T l, RRlM 

.■iOl, Gl I, R R IM  612, T jir I, PR 107 ilrf 

R R IM  600. Planting details and cultural 

p ra c t ic e s  fo l lo w e d  are p rov ided  in 

Chandrashekar et al. (1994).



Stomatal response o f  Hevea to drought stress

T .bic 1. W ca ll,e r  eon<Ii.io„s o f the experimental area in dry ,„o n (h . from N ovcnber 1989 
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Observntions on leaf water poiemial 

(V|̂) and stomatal condiiciance (gs) were made 

on the nine clones during February 1990 

(22/23) and May 1990 {14/15), The motillis 

represented end of winter (partial stress) and 

peak summer (severe stress) respectively, 

Inuring the days of observations in each 

nionth the vapor pressure deficit (VPD) and 

other weather conditions were similar. In 

each month, the recordings were made at 

two times a day i.e.. between 9.00 and 9.30 

hrs. in ihe morning (MN) and 12.30 and 

■3.00 hrs. in the afternoon (AN ). The 

fneasuremeni times coincided with the peak 

hours of photosynthesis (Mohankrishna et 
<il. 1991)

Leaf water potentials - measured using 

C-52 sam p le  ch am be r p sych rom e te r 

connec te d  to H R  33T  dew  p o in t 

microvolimeter (Wescor Inc., Logan, USA) 

were determ ined at predawn (PD ) and 

al'ternoon (AN ) on each day of porometer 

ob.servations. Stomatal conductance(g^) were 

recorded us ing  L I-1600 S teady  S tate 

porometer (Ll-Cor Instruments, USA). The 

experimental plots consisted of twenty five 

plants each in square planting with a spacing 

o f 4,9x4,9 tneters. In each clone three plants 

were sampled for leaf water potential and 

four for porometer measurements. Mature 

healthy sun leaves were .sampled for all the 

measurements.



Table 2. U a f  water poU M iah (-Mpa) o f  the 
c lo n e s  d u r in g  pre'daw n (P D ) and  
a fle rn o o n  (A N ) h ours i„ d iffe ren t months

]48

Icbruary May

Clones PD AN PD AN

RUM  60() 

PR 107 

Tjir 1 

RR IM  612 

G1 1

RR IM  501 

GT  I 

RR II300 

PD 235

-0.86 a 

•0.86 a 

-1.13 b 

-1.24 h 

-1.13 h 

-1.00 h 

-1,08 b 

-1.08 b 

-0.95 a

-1.75 a 

-2.07 e 

-2.14 c 

-2,04 b 

-2.04 b 

-2.(X) b 

-I.S2 a 

-2.04 h 

•1.91 b

-0.68 a 

-1.00 b 

-1.02 b 

-0.96 b 

-0.98 b 

-1.27 c 

-i-31 c 

-1.31 c 

•1,33 c

-1,87 a 

-1,87 a 

•1-89 a 

-1,80 a 

-2.00 a 

-2,07 b 

•2,02 b 

•2,07 h 

•2,13 b

Means followed by diffcrcm  letters arc jignificanllv 

different at P<0,05 accordine to sin£lc degree freedom 

comparisons.

W ea th e r  pa ram e te rs  for the 

experimental perioti were collected from the 

meteorological observatory situated 150 

meters away from the experimental site The 

soil moisture content at three depths i.e., 

0-30. 30-60 and 60-90 cm in the plantation 

was determined by gravimetric method. The 

sampling was done at random irrespective 

o f  clone and three replications were taken 

for each depth. Field capacity (FC) and 

pe rm anen t w ilt in g  p o in t  t P W P i  were 

determined using pressure plate apparatus.

The data were analyzed following single 

degree freedom comparisons (Steel and 

Torrie, 1980) for f ind ing  out sim ilarK  

com paring clones. A maxim um  o f nine 

com parisons  (equa l to the num ber o f 

treatments) were discerned and therefore, 

nine scale letter grade system (from a to ii 

was used lo assess the stomatal performance 

o f clones. Letter grades obtained by the 

clones were converted lo grade points (with 

a= 9  and  the fo l lo w in g  le tters  

correspondingly getting a number in the 

descending series) and an index of stomatal 

performance (l,p) was computed for each 

clone as follows.

T. R. Chandrash^lfir
Table 3. Slomalal conductance (m moles nr^

m easurem ents o f  the clones duri,. 
m orning (M N) and  afternoon ( 2  
hours m  different months

February May

Cloftes MN AN MN

RRIM  MK) 61 .i c 38.0 h 123.0 a

PR 107 66.7 b 44.,S a 94,1 b

Tjir 1 21 y f 1-4.2 c 25,5 r
RRIM  612 65.2 b 2.S.6 d 75.4 c

Gl ! 3.-«.8 c 35.9 b 66 8 d

RR IM  501 83.7 a 27.1 c 16.4 g

GT 1 30 7 e 14^6 e 12,5 h

R R il 300 4.S.0 d 2«.3 c 54,4 e

PB 235 41,5 d 16.9 c 6,3 i

AN

123.3 a

32.1 e 

13.9 f

55.1 c

45.3 d

11.1 g 

9-5 I

M.3 b

16.4 r

Mean, followed b> drffereni Iciiers are slenincm l, 

d.ffereni a, P<0 05 according ,o sinsle degree freedo, 

Jompansoni.

'•V'here,

\= gratJe point obiamcd b> the clone for 

recordings o f dilTereni months and

t=frequcn;> o f the corrfsponding grads poi«.

Sim ilarl> comparing clones, whose

measurements ere not >i2nincant}\ differeoi

w-ere gi\en the .same grade and hence the 

grade point

RESULTS .A.ND D ISCUSSION  

eaiher conditions of the experimental 

area ob.ser\ed durine the stud> period are 

presented in Table 1. .Aseraee monthly 

minimum temperatures ranged from 1S4 C 

to 25.3 C. Lowest temperature was recorded 

m the month of December and the hisiwst 

in the m onth o f  ,\!ay. .Mean monthly 

maximum tefnf>eratures ranged from 32.2'C 

to 36.1 C with lowest maximum of 27' C ifJ 

Februar> and highest maximum o f 39' C »n 

May, Range o f mean evaporation was from 

4 to 8 mm and that of sun-shine hours '■'>as 

9 to ! l .2  hours Soil moisture was at field 

capacity in the month o f Nos ember and
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Table 4. Computation o f the index of stomata! performance (Isp)

Grade a

Grade point 

(*) 9

Clones Grade frequencies

PRIM 600 

PR 107 

Tjir I 

RRIM  612 

01 1

RRIM  501 

GT I 

RR II 300 

PD 235

63

49

58

53

progressively declined with the advancement 

of dry period and it reached PWP level 

during April and May. The study period did 

not receive any rainfall.

In the North Konkan region the rainy 

season is from  the m idd le  o f  June to 

September and the atmospheric preciptation 

is nil for more than seven months. Towards 

the second half of the rainless period high 

atmospheric heat load and vapor pressure 

deficits coupled with severe soil moisture 

stress created adverse conditions for growth 

of plants. It has been estimated that the 

annual water deficit in the region is around 

1070 mm, whereas it is around 350 mm in 

the traditional rubber growing region (Ruber 

Research Institute o f India, 1988).

Leaf water potentials recorded for the 

clones in different months are given in Table 

2. In February, the clones formed three 

homogeneous groups for the morning hour 

but in the afternoon the clones formed 

Iwo groups and the values ranged from -2.04 

MPa to -l,75MPa. In May, RR IM  600 with 

highest \|̂ {-0,68 MPa) in the morning was 

significantly  d ifferent from others. The 

remaining clones formed two comparable 

groups. For the AN \jî the clones discerned 

into two groups. Afternoon i^values in both 

5he months were comparable.

W a te r  p o te n t ia l  m e a su re m e n ts , 

especia lly  at predawn hours, are good 

indicators o f plant moisture status and 

hence seve r ity  o f  stress c o n d it io n s . 

Predawn measurements o f the clones in 

th is  s tu dy , in  g e ne ra l, were s im ila r  

in d ic a t in g  that the p lan ts  were under 

moisture stress in February itself. The 

values noted should qualify  for classifying 

the moisture status as severe stress because 

it has been reported that under good soil 

moisture supply, the lowest PD had ranged 

Table 5. Comparison of stomatal performance 

with girth rankings of nine Hevea 

clones

Clones

.Stonia(al

performance

Iip

Scorc Rank

Growth 

performance 

(Feb. 91.1 

Girth (cnu Rank

R R IM  600 69 1 56.5 1

PR 107 63 2 50.8 4

Tjir I 49 7 49.4 7

RR IM  612 61 3 53.2 2

G i i 58 4 50.1 6

RR IM  501 53 6 53.1 3

(iT  ! 49 7 48.0 9

R R l! 300 57 5 50.7 5

PB 235 48 8 48.8 8

Corrclaiion cocfficicnt between Up and girih i; 

(.Sigiiificanl al P<0,05)
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f ro m  -0,41 to  -0.63  M P a  and  Ihe 

measurements obtained in this study are in 

agreement w ith the results reported earlier 

for s im ilar stress conditions {Devakumar ei 

a l.. 1988: Chandrashekar 1990; 1993; 

Gururaja Rao et nl. 1988; 1990).

Stomata! conductance values recorded 

for the clones arc presented in Table 3. In 

February highest M N  noted was for RR IM  

501 and the lowest for Tjir I. The values 

ranged frotn 22 to 84 m moles m ’s '. In 

May. the M N  o f each clone was different 

g iv ing maxim um  comparisons and the g. 

values ranged from 12.5 to I23m  moles in Is ' 

In  gene ra l M N  g  ̂ values were higher 

compared to AN g  ̂ values. The effects of 

stress conditions were clearly evident on ĝ . 

Stomaral conductance rates were very low. 

It has been reported that under propitious 

environmental conditions, the ĝ  could be 

more than 400 m moles m ‘s ' (Bhaskar er 

a/.. 1990; Chandrashekar et a l.. 1990). 

C om pared  to those results, the values 

obtained in this study were very low. Inspite 

o f these conditions the plants appeared to 

be doing satisfactorily (Chandrashekar, 1983; 

Chandrashekar el al.. 1990; 1993; 1994). 

This gives and indication that the drought 

co n d it io n s  m ig h t not have resulted in 

c a v ita t io n  o f  p la n t  x y lem  and the 

meristematic tissues tolerate dessication. In 

a few clones g^ In May was higher than that 

o f February. This could be due to the clonal, 

temperature and VPD differences existing in 

the months.

Computation' o f the index o f stomaial 

performance and the rankings of Ihe 

clones for stomatal and growth performance 

are presented in Table 4 and 5, respectively. 

R R IM  600 with highest 1 and girth growth

T. R. Chandrashekar

was Ihe leading clone. PR 107 though had 

rank 2 in L  ̂ was 4lh in girth rank. Tjir | 

had 7lh rank both in 1,̂  and girth so also 

RKII 300 with rank .■), RR IM  ."iOl with rank 

6 in l,p was third in girth growth. Like wise 

clones GTI and PB 235 had lowest values 

both in and girth. Correlation coefficient 

between and girth was 0.7933 (significant 

at P<0.05).

Belter growth observed in RRIM 600 

may be indicative o f possessing drought 

tolerance characteristics. The clones RRIM 

612 and R R IM  501 though are comparatively 

low in 1,|,. but are next to RR IM  600 in 

growth. This could have been mainly due to 

their better growth in monsoon periods 

(Chandrashekar e! al. 1994).

From the results it is clear that there 

is clonal variability for drought tolerance. 

Significant correlation between 1̂ , and girth 

indicated that 1̂ ,̂ may be extended for juvenile 

identification of potential drought tolerant 

clones. Better maintenance of leaf water 

potential and stomatal performance alone 

might not have helped the leading clones in 

the ir better growth. A combination of 

m o rp h o lo g ic a l. p h y s io lo g ic a l and 

biochemical characteristics might have given 

them the lead. Detailed studies are nece^sory 

to identify the candidate traits of drought 

tolerance.
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