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The dry rubber yield, girth of the trees, biochemical composition (phenols, aminoacids, sugars, -
protein and glutathione) and the activities of antioxidant enzymes peroxidase (PER), ascorbate
peroxidase (APOX), superoxide dismutase (SOD) and polyphenol oxidase (PPO) in the leaf and
bark tissues of ten rubber (Hevea brasiliensis) trees each belonging to low and high yield and low
and high girth categories were determined during summer (peak drought) and post-monsoon
(drought free) seasons during 1996-1998. During this period, the mean dry rubber yield of low
yield category trees ranged from14.4 to 34.9 g /tree/tap and for the high yield category it was 32.3
to 107.7 g/tree/tap, depending upon the seasons. The mean girth ranged from 27.5 to 30.2 cm
and 76.5 to 82.9 cm for the low and high girth category trees, respectively. The biochemical
composition and enzyme activities of the leaf and bark tissues of the four categories showed wide
variations. The glutathione content in the bark was higher in the high yielding than in the low
yielding trees, irrespective of the seasons. The high yielding trees showed greater PER and APOX
activities in the leaves and lower PPO activity in the bark than the low yielding trees. High girth
trees consistently showed increased leaf PER activity compared to low girth trees during both the
seasons indicating their intrinsic drought tolerance capacity. The possibility of using the above
parameters as markers for drought tolerance is discussed.
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INTRODUCTION tion, the plants experience oxidative stress

Expanding natural rubber (NR) culti- (Krishnakumar et al., 1996). Oxidative stress
vation to newer areas and increasing the pro-  is defined as the cumulative and accumu-

ductivity of the existing plantations are the
two ways to bridge the gap between the de-
mand and supply of NR. But, adverse envi-
ronmental conditions such as drought, high
and low temperatures, high solar radiation,
low atmospheric humidity, poor soils etc.
limit the expansion of cultivation to newer
areas in several rubber producing countries
(Pushparajah, 1983; Sethurajet al., 1989; Jacob
et al., 1999). Stressful environment caused
by conditions such as drought is a produc-
tivity limiting factor even in the traditional
rubber growing areas. Under conditions of
abiotic stress like drought or low tempera-
ture and biotic stress such as over exploita-

lated effects of the potentially lethal reactions
initiated by various forms of active oxygen
species (AOS). Evidences suggest that many
environmental stresses have their effects di-
rectly or indirectly through the production
of active oxygen species (AOS) such as su-
peroxide (O,), hydrogen peroxide (H,0,)
and hydroxyl radicals (OH) following im-
pairment of electron transport systems
(Elstner, 1982; Smirnoff, 1993; Mc Kersie and
Lesham, 1994; Jacob and Nataraja, 2000). In
many plants drought and associated high
intensity of light leads to diversion of pho-
tosynthetic electrons for the production of
AOS which cause inactivation of enzymes,
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chlorophyll, lipid peroxidation or protein
degradation which damage cellular mem-
brane systems and trigger early senescence.
Ahighly efficient antioxidative defence sys-
tem, consisting of both enzymatic and non-
enzymatic antioxidants are present in all
plant cells to detoxify the harmful AOS
(Foyer et al., 1994). The O, are mainly scav-
enged by the enzyme superoxide dismutase
(SOD), which catalyses the dismutation of
two molecules of superoxide into oxygen and
hydrogen peroxide. Hydrogen peroxide is
then disposed of enzymatically by non-spe-
cific peroxidases (PER) or ascorbate peroxi-
dase (APOX) and by producing low molecu-
lar mass antioxidants mainly glutathione, o
tocopherol and phenolic compounds (Win-
ston, 1990; Scandalios, 1994).

Under normal situations, the AOS are
safely and effectively detoxified by various
enzymatic and nonenzymatic antioxidant
defence mechanisms. However, when the
antioxidant capacity becomes inadequate to
manage the AOS completely, oxidative stress
could gradually setin. Green leaves produce
large quantities of AOS in their chloroplasts,
because thylakoid membranes are potential
sites of their generation (Asada, 1992). When
the photosynthetic carbon assimilation rates
are inhibited more than the photochemical
reactions, molecular oxygen becomes an al-
ternative sink for photosynthetic electrons
and thus produces large quantities of AOS
(Jacob and Nataraja, 2000). Obviously, in a
green leaf experiencing an abiotic stress, high
light intensities will aggravate the AOS pro-
duction (Barber and Anderson, 1992; Fryer
et al., 1998; Jacob and Nataraja, 2000).

In non-photosynthetic tissues, mito-
chondrial electron transport system is a very
powerful source of AOS production (Win-
ston, 1990). In laticiferous cells of Hevea
brasiliensis, the lutoid membranes are also a
source of AOS (Jacob ¢t al., 1988).

In India, the poor agroclimatic condi-
tions prevailing in the non-traditional areas
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of rubber cultivation obviously limit the pro-
ductivity of this crop (Jacob et al., 1999b;
Vijayakumar et al., 2000). Several studies
relating to the constraints for H. brasiliensis
cultivation in agroclimatically stressful re-
gions and the physiology of drought toler-
ance have been conducted in traditional and
in the North Konkan regions (Vijayakumar
et al., 1988, Chandrasekhar et al., 1990;
Premakumiari ef al., 1993). However, none
of these have addressed the issues related to
oxidative stress and antioxidant activity in
H. brasiliensis plants. The present study taken
up at Regional Research Station, Dapchari,
located in a highly drought-prone area in the
North Konkan region of the country was
aimed at addressing this with an objective
to identify markers, if any, for drought toler-

-ance.

MATERIALS AND METHODS

The present experiment was conducted
during the period 1996-98 in a polyclonal
plantation at Regional Research Station of
Rubber Research Institute of India, Dapchari,
in the North Konkan, Maharashtra. The trees
were 12 year old, when the experiments be-
gan. The climate in Dapchari is character-
ized by extremely severe drought concomi-
tant with high temperature and solar radia-
tion and low atmospheric humidity for six
to seven (January to June) months every year
(Jacob et al., 1999). During the monsoon sea-
son that extends four to five months from
mid-June, this region gets an average rain-
fall of 2400 mm but for the rest of the year
there is practically no rain. The experimen-
tal trees were grown without irrigation in
summer except for minimal life saving irri-
gation in the first year of planting. Drought
tolerant and susceptible trees were identified
on the basis of yield data for two years and
girth. The trees were classified into high/
low yield and high/low girth types. From a
population of 300 trees, ten trees per type
were selected for this study. Leaf and bark
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samples were collected from each of these
trees during peak-summer and post-mon-
soon seasons for two consecutive years
(1996-1998). Biochemical composition
(aminoacids, phenols, sugars, glutathione
and protein) and activities of enzymes such
as peroxidase (PER, EC 1.11.1.7), ascorbate
peroxidase (APOX, EC 1.11.1.11), polyphe-
nol oxidase (PPO, EC 1.14.18.1) and super-
oxide dismutase (SOD, EC 1.15.1.1) were
assayed in the leaf and bark tissues. Extracts
for the assay of PER, SOD and PPO activi-
ties in the leaf and bark samples were pre-
pared by homogenising 0.5 g tissue in 3.5 ml
of extraction buffer containing 50 mM po-
tassium phosphate buffer (pH 7.4) and 200
mg polyvinyl pyrrolidone (PVP). The
homogenates were centrifuged at 20,000 rpm
for 20 min at 4°C and the supernatants were
used for the assays; PER and PPO activities
were measured according to the methods
described by Amako et al. (1994) and Karr
and Mishra (1976) and expressed in relative
units per milligram fresh weight of tissue
(One enzyme unit is defined as the change
in absorbance per hour caused by the en-
zyme). Total SOD activity was assayed by
the inhibition of the photochemical reduc-
tion of Nitro blue tetrazolium (NBT). One
unit of SOD was defined as the amount of
enzyme (mg protein) that produced 50 per
cent reduction of NBT under the assay con-
ditions as described by Giannopolitis and
Ries (1977).

For APOX assay, 5 mM ascorbate was
included in the extraction buffer. The activ-
ity was measured immediately in fresh ex-
tracts as described by Nakano and Asada
(1981) in 3 ml of reaction mixture containing
50 mM potassium phosphate buffer (pH 7.0),
0.1 mM hydrogen peroxide, 0.5 mM ascor-
bate and 0.1 mM ethylene diamine tetra ace-
tic acid (EDTA). The hydrogen peroxide
dependent oxidation of ascorbate was fol-
lowed by a decrease in the absorbance at 290
nm and expressed in units per hour per mil-

ligram protein. Protein content in the extract
was measured following the procedure of
Lowry et al. (1951). Total glutathione from
the tissues was extracted in 5 per cent (w/v)
tricholoacetic acid (TCA), centrifuged at
10,000 rpm for 20 min at room temperature,
the supernatant extracted with diethyl ether
to remove TCA and estimated according to
Boyne and Ellman (1972). Phenols, sugars
and aminoacids were extracted in 80 per cent
alcohol and measured as described by Swain
and Hillis (1959), Scott and Melvin (1953)
and Moore and Stein (1948), respectively, and
expressed in milligram per gram fresh
weight of the tissue.

The mean values (+ SE) of data on yield,
girth and biochemical composition calcu-
lated for the leaf and bark of high and low
yielding trees were for ten trees. Differences
between treatments were compared using
independent t-test.

RESULTS AND DISCUSSION
Yield and girth categories

The mean rubber yield of trees, which
showed seasonal variations on expected
lines, remained significantly different be-
tween the high and low yield categories
throughout the experiment period (Table
1A). In the high yield category, dry rubber
yield was 107.7 g per tree per tap in October
1997 and 32.3 g per tree per tap in the sum-
mer of 1998. Similarly, the mean girth ranged
from 76.2 to 82.9 cm in the high girth group
compared to 27.5 to 30.2 cm in the low girth
group during the experimental period (Table
2A). The low girth trees did not reach the
prescribed tappable girth even after 13 years.

Biochemical composition

In general, the levels of bioch®mical
components such as proteins, amino acids,
phenols, glutathione and sugars of the leaves
of high and low yielding trees did not show
any significant differences during the stress
and stress-free seasons (Table 1A). However,
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Table 1. Yield and biochemical composition (mg/g fresh weight) of the leaf and bark of high and low yielding

trees ’
Parameter October ‘96 April 97 October ‘97 April ‘98
(stress free) (under stress) (stress free) (under stress)
HY LY HY HY LY HY LY
A. Leaf
Yield (g/t/t) 819+920 315+360% 519+650 144+170" 1077 £1380 349 +10.30* 323+610 145 +2.60*
Amino acids  31%010 28+009NS 19011 21+028NS 43:033 39+031NS 382039 35+033NS
Phenol 74+022 80+063NS 30011 32+019NS 88+1.04 52+ 0.55" 22£.022 29+027NS
Sugars 63221 590+26NS 396+11 377+18NS 428=+31 313+£226*  446+43 416+ 26NS
Glutathione 32+042 34+029NS 34+028 33+019NS 48+018 29x037*  27+039 33+039NS
Protein 191+190 176+14NS 174210 161:+13NS 198+11 137:095* 249+29 215+13NS
B. Bark
Amino acids 176 £009 154+010NS 088+009 0492003 172+0105 1.61+011NS 260+019 271x016NS
Phenol 456018 450 £016NS 456+029 41£025NS 448+013 439+015NS 2092017 197 +0.18NS
Glutathione 0.67 £0.07 046+0049* 0470007 034+001* 218+029 172+£019* 088+006 079 +0.08*
Protein 1260+ 120 1335+ 095NS 9.17+075 845+ 042NS 11.99+055 9.08+038* 1266063 11.07+1.0NS
Sugars 4220 £ 270 40.87 £ 1.34 NS 2549 + 140 29.76 + 1.70NS 4038 £ 2.28 4135+ 1.28NS 2711191 31.20 + 293 NS

HY - High vielding trees; LY - Low yielding trees; n = 10; ** Significant at p< 0.01; * at p< 0.05; NS ~ Non-significant

Table 2. Girth and biochemical composition (mg/g fresh weight) of the leaf and bark of high and low girth

trees
Parameter October ‘96 April ‘97 October ‘97 April 98
(stress free) (under stress) (stress free) (under stress)
HG LG HG LG HG LG HG LG
A. Leaf
Girth (cm) 762078 27506  765:066 278+09* 802:07  302:093*  829+22 30.1 £ 0.9%
Amino acids ~ 33+0.12  3.1£01NS 20£02 26+0I8NS 38+011  36£016NS 55+033 39+0.19"
Phenol 73+£033 1036+08  28:008 55:056* 77:083  1092x084* 28+026  38=x0.49NS
Sugars 619+24 649+42NS 3751228 323+15NS 434x19 429x32NS  472x52  36.6+52NS
Glutathione 28+032  39:029* 358+027 49+020* 298x052 509x043* 31049 4.1 +043 NS
Protein 233+29 141063 145+072 178+069* 158+1.04 198 +£08* 257+25 229+14NS
B. Bark
Amino acids  1.68£0.13 157 £0.10NS 0805+ 0.07 0567 +0.05* 173+008 147+0.096NS 245+0.13 3.70 + 0.296*
Phenol 455+£019 426 £0.15NS 449+0297 351 +£0311* 453+012 416+016 201016 2311+023NS
Glutathione 057 £007 047 +003NS 0476001 032+0009"* 194£0.18 164£022NS 0869004 0967 +0.05NS
Protein 1202 £140 1163 £ 125NS 973+ 062 9.43+0.298 NS 12.34 + 044 1206 £052NS 11.39x071 109 + 0.804 NS
Sugars 4507 £ 2.80 50.16 £ 331 NS 32.84 £2.27 3291 + 1L.O4NS 4647 £+ 299 5253 £ 22NS 3492226 4755+ 2.74*

HG - High girth trees; LG - Low girth trees; n = 10; ** Significant at p< 0.01; * at pg 0.05; NS - Non-significant

significantly higher levels of glutathione was
noticed in the bark of the high yielding trees
under both stress and stress-free seasons
(Table 1B). On the contrary, phenol and glu-
tathione contents in the leaf showed a de-
crease in the high girth trees compared to the
low girth trees both during stress and stress-
free seasons (Table 2A) though no such dif-
ferences were observed in the correspond-
ing bark tissues (Table 2B).

Activities of antioxidant enzymes

In all the seasons the leaf PER (Fig. 1A)
and APOX (Fig. 1C) activities were signifi-
cantly higher in the leaves of the high yield-
ing trees compared to the low yieldin§. There
were no significant differences in the activi-
ties of PPO (Fig. 1B) and SOD (Fig. 1D) in
the leaves of the high and low yielders. The
high yielding trees showed significantly less
PPO activity in all the seasons in the bark
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O High yielding O Low yielding

Fig. 1. Enzyme activity in the leaf of high and low
yielding trees grown at Dapchari during stress
and stress free seasons (Nn=10+SE)

** Significant at p<0.01; * Sigruficant at p<0.05;
NS: Not significant
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bARK
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Polyphenol oxidase

Ascorbate peroxidase

Superoxide dismutase

Oct 96 Apr-97 Oct-97 Apr-98

O High yielding O Low yielding
Enzyme activity in the bark of high and low
yielding trees grown at Dapchari during stress
and stress free seasons. (n=10+SE)

¥ Significant at p<0.01; * Significant at p<0.05;
NS: Not significant
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tissues (Fig. 2B). However, the activities of
PER (Fig. 2A), ASPX (Fig. 2C) and SOD (Fig.
2D) did not show any variations between the
two yield groups in any season.

While the leaves of the high girth trees
had significantly more PER both during
stress and stress-free seasons (Fig. 3A). None
of the other enzymes showed any appre-
ciable variations (Fig. 3B, C and D). There
were no difference iii the activities of PER,
PPO, ASPX and SOD in the bark tissues in
both high and low girth trees during stress
and stress-free seasons (Fig. 4). In general,
there was no clear-cut trend in any of the bio-
chemical components in the leaf and bark
tissues of the trees belonging to the girth and
yield categories. The genetic heterozygos-
ity of the trees selected may partly explain
the lack of a common trend in most of the
biochemical parameters. However, the glu-
tathione content in the bark tissues of the
high yieldiiig trees was significantly higher
during both summer and post-monsoon sea-
sons (Table IB). Several studies have shown
that glutathione prevents lipid peroxidation
via. scavenging lipid alkyl or lipoxyl- radi-
cals that are formed during the initial stages
of peroxidation and also protects the en-
zymes in the tissues (Winston, 1990). While
a high glutathione content in the bark ap-
pears to be associated with high latex yield
both during drought and drought-free sea-
sons. The role of the small quantity of this
non-enzymatic antioxidant found in the
leaves of the high girth trees (Table 2A) can-
not be explained with the available data.
Therefore, it appears that glutathione con-
tent may not be an appropriate and reliable
marker for drought tolerance in Hevea in
terms of girthing.

The activities of four major antioxidant
enzyme systems examined in the leaf and
bark tissues, exhibited varying trends in the
different yield and girth categories. For in-
stance, leaves showed greater levels of PER
and ASPX (Fig. IA and 1C) while bark ex-
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LEAF
Peroxidase

b}
E
[ S
5o
Polyphenol oxidase
Ascorbate peroxidase
Superoxide dismutase
Oct 96 Apr-97 Oct-97 Apr-98
n High girth O Low girth
Fig. 3. Enzyme activity in the leaf of high and low

girth trees grown at Dapchari during stress and
stress free seasons. (N=10+SE)

** Significant at p<0.01; * Significant at p<0,05;
NS: Not significant
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BARK

Peroxidase
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C
>
Polyphenol oxidase
Ascorbate peroxidase
m
E
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Superoxide dismutase
Oct 96 Apr-97 Oct-97 Apr-98
O High girth O Low girth
Fig. 4. Enzyme activity in the bark of high and low

girth trees grown at Dapchari during stress and
stress free seasons. (n=10%SE)
NS: Not significant

hibited decreased activity of PPO in the high
yielding compared to low yielding trees ui
all the seasons (Fig. 2B). Similarly, a higher
PER activity was also observed iii the leaf
tissues of high girth trees (Fig. 3A). These
enzymes play crucial roles in protecting the
tissues from acute oxidative damage. Per-
oxidases are a large family of ubiquitous en-
zymes, which are responsible for both scav-
enging of by the oxidation of phenols
and its regeneration through the oxidation
of NADH (Siegal, 1993). The elevated ac-
tivities of PER in the leaves of both the high
yielding and high girth trees (Fig. l[Aand 3A)
indicate the formation of large amount of
HjO”. Elevated concentration could
release PER from membrane structures with
which it is normally associated (Zhang and
Kirkham, 1994). APOX, which specifically
uses ascorbate as a physiological reductant,
is considered a crucial component in the
metabolic defence against oxidative stress in
green tissues (Asada, 1992). From the rela-
tively higher activities of APOX it appears
that the green leaf tissues were experiencing
oxidative stress to a greater extent than the
non-green bark tissues during summer. It is
likely that the leaves that were exposed to
sun may produce more AOS and FR as ob-
served by Jacob and Nataraja (2000) than the
bark tissues, wWech are under shade in the field.

Polyphenol oxidase enzyme catalyses
the oxidation of phenols to quinones and its
activity varies in response to biotic and abi-
otic stresses (Thipyapongetal, 1995). QuuXio-
nes are known to be highly toxic and respon-
sible for the production of AOS (Pillinger et
al, 1994). Kasturibaietal. (1996) studied the
biochemical basis for the ranking of the co-
conut cultivars/hybrids based on enzyme
assay during non-stress and stress periods
and reported that drought tolerant cultivars/
hybrids had higher activities of SOD and
PER and lower activities of PPO, APH (acid
phosphatase) and AOAT (aspartate 2;
oxaloglutarate amino transferase). The re-
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sults of the present study suggest that the
high activities of PER and APOX in the leaf
and low PPO activity in the bark may be as-
sociated with drought tolerance in H.
brasiliensis. Attempts are being madé to use
these as markers for screening drought tol-
erance. Obviously, the success of the use of
a marker for drought tolerance depends on
the reliability of the association between the
marker and drought tolerance. The present
observations were reproducible with a fair
degree of accuracy. However, the likelihood
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