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Hevea brasiliensis Is  t h e  m o s t  im p o r t a n t  c o m m e r c ia l  s o u r c e  o f  n a tu r a l  r u b b e r  (N R ). I ts  c u l t iv a t io n  i s  b e in g  e x te n d e d  to  
d r o u g h t  p r o n e  n o n - t r a d i t io n a l  a r e a s  t o  m e e t  t h e  I n c r e a s in g  g lo b a l  d e m a n d  in  a lm o s t  a l l  t h e  NR p r o d u c in g  c o u n tr ie s .T o  
id e n tify  s u i t a b le  d r o u g h t  t o l e r a n t  c l o n e s  fo r  e s t a b l i s h m e n t  In s u c h  a r e a s ,  fiv e  m o d e r n  Hevea brasiliensis c lo n e s  (RRII 400  
s e r ie s )  w e r e  e v a lu a te d  a lo n g  w ith  t h e  m o s t  p o p u la r  c lo n e  In In d ia , RRII 105  a n d  a  k n o w n  d r o u g h t  to le r a n t  c h e c k  c lo n e , RRIM 
6 0 0 .T h e  d r o u g h t  t o l e r a n c e  p o te n t ia l  o f  t h e s e  c lo n e s  w e r e  e v a lu a te d  u s in g  p h y s io lo g ic a l  a n d  b io c h e m ic a l  p a r a m e te r s  s u c h  
a s ,  l e a f  w a x  c o n t e n t ,  a n t i o x i d a n t s ,  a n t lo x l d a n t  e n z y m e  a c t iv i t i e s  a n d  g a s  e x c h a n g e  p a r a m e t e r s .  L e a f  e p i c u t i c u l a r  w a x  
c o n te n t ,  a n  im p o r ta n t  t r a i t  a s s o c i a t e d  w ith  d r o u g h t  a n d  h e a t  to le r a n c e  w a s  fo u n d  to  b e  s ig n if ic a n tly  h ig h e r  in  c lo n e  RRII 430 
th a n  in  o t h e r  4 0 0  s e r i e s  c l o n e s  a n d  RRII 1 0 5 . T h e  c lo n e  RRII 4 3 0  a l s o  h a d  s ig n i f i c a n t ly  h i g h e r  l e v e l s  o f  a s c o r b i c  a c id  
'^ n t io x id a n t )  c o n t e n t  a n d  s u p e r  o x id e  d i s m u t a s e  (SO D ) a c tiv ity  a n d  t h o s e  c o m p o n e n t s  p la y  v ita l r o le s  In d e f e n s e  a g a in s t  

K id a tiv e  s t r e s s .W h e n  s u b j e c t e d  t o  d r o u g h t  s t r e s s ,  t h i s  c lo n e  s h o w e d  b e t t e r  n e t  p h o t o s y n t h e s i s  r a t e  (P^) a n d  s to m a ta l  
c o n d u c t a n c e  (g^) c o m p a r e d  t o  o th e r  4 0 0  s e r i e s  c lo n e s .  T h e  r e s u l t s  in d ic a te d  th a t  t h e  m o d e r n  Hevea c lo n e  RRII 4 3 0  Is th e  
m o s t  p o t e n t i a l  d r o u g h t  t o l e r a n t  c lo n e  a m o n g  th e  4 0 0  s e r i e s  c lo n e s .

Key words: Hevea brasiliensis, d rought to lerance, leaf epicuticular wax, asco rb ic  acid, SOD activity

Hevea brasiliensis is  t h e  o n l y  g e n u s  t h a t  is  g r o w n  

c o m m e r c i a l l y  a s  t h e  s o u r c e  o f  n a t u r a l  r u b b e r  in  I n d i a . 

R u b b e r  p l a n t s  a r e  t r a d i t i o n a l l y  g r o w n  u n d e r  r a i n f e d  

c o n d i t i o n s .  B u t  d u e  t o  i n c r e a s i n g  d e m a n d  f o r  n a t u r a l  

r u b b e r ,  t h e  c u l t i v a t i o n  i s  b e i n g  e x t e n d e d  t o  l e s s  a n d  

m a r g i n a l l y  s u i t a b l e  a r e a s .  S o i l  a n d  a t m o s p h e r i c  d r o u g h t  

a n d  h i g h  t e m p e r a t u r e  a r e  t h e  m a j o r  e n v i r o n m e n t a l  f a c t o r s  

l i m i t i n g  it s  g r o w t h  a n d  y i e l d  in  s u c h  a r e a s  ( 1 ) .  W a t e r  

s t r e s s  is  o n e  o f  t h e  m o s t  i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r s  

i n h i b i t i n g  p h o t o s y n t h e s i s  ( 2 ) .  D r o u g h t  s t r e s s  c o n c o m i t a n t  

w i t h  h i g h  i n t e n s i t y  o f  s u n l i g h t  in flic t  d a m a g e  t o  t h e  g r e e n  

a v e s  r e s u l t i n g  in  s e v e r e  i n h i b i t i o n  o f  p h o t o s y n t h e s i s  

( 3 ) .  S e v e r a l  p h y s i o l o g i c a l  t r a i t s  a r e  a d v e r s e l y  a f f e c t e d  

d u e  t o  d r o u g h t  s t r e s s  in  Hevea ( 4 ,  5 ,  6 ) .  P l a n t s  u t i l i z e  

s e v e r a l  p r o t e c t i v e  m e c h a n i s m s  t o  m a i n t a i n  n o r m a l  

c e l l u l a r  m e t a b o l i s m  a n d  p r e v e n t  d a m a g e  t o  t h e  s t r u c t u r e  

a n d  f u n c t i o n  o f  c e l l u l a r  c o m p o n e n t s .  C h a n g e s  in  t h e  

a c t i v i t i e s  o f  e n z y m e s  viz. s u p e r o x i d e  d i s m u t a s e  ( S O D ) ,  

p e r o x i d a s e  etc. a n d  a c c u m u l a t i o n  o f  a n t i o x i d a n t s  s u c h  

a s  a s c o r b i c  a c i d  a n d  g l u t a t h i o n e  h a v e  b e e n  r e p o r t e d  in  

s e v e r a l  c r o p s  t o  o v e r c o m e  t h e  d e l e t e r i o u s  e f f e c t s  o f  

o x i d a t i v e  s t r e s s  i n d u c e d  b y  e n v i r o n m e n t a l  s t r e s s  ( 7 ,8 ) .  

A c c u m u l a t i o n  o f  e p i c u t i c u l a r  w a x  c o n t e n t  o n  t h e  l e a f  

s u r f a c e  i s  r e p o r t e d  t o  b e  a n  i m p o r t a n t  p a r a m e t e r
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a s s o c i a t e d  w i t h  d r o u g h t  a n d  h e a t  t o l e r a n c e  ( 9 .  1 0 ) .  

S r e e i a t h a  et al. ( 1 1 )  o b s e r v e d  t h a t  a  h i g h  r a t e  o f  l e a f  

p e r o x i d a s e  a c t i v i t y  Is  g e n e r a l l y  a s s o c i a t e d  w i t h  d r o u g h t  

t o l e r a n c e  in  Hevea.

S i g n i f i c a n t  g e n o t y p i c  d i f f e r e n c e s  f o r  v a r i o u s  d r o u g h t  

r e l a t e d  c h a r a c t e r s  w e r e  r e p o r t e d  in  Hevea ( 1 2 , 5 ) .  T h e  

a b i lit y  o f  a  p l a n t  t o  w i t h s t a n d  w a t e r  d e f ic i t  is  a s s o c i a t e d  

w i t h  n u m e r o u s  i n h e r e n t  t r a i t s  t h a t  c o n t r i b u t e  t o  d r o u g h t  

t o l e r a n c e . A n  u n d e r s t a n d i n g  o f  t h e s e  c h a r a c t e r s  w h i c h  

a r e  m o r e  d i r e c t l y  r e l a t e d  t o  d r o u g h t  t o l e r a n c e  h e l p s  in 

e a s y  i d e n t i f i c a t i o n  o f  g e n o t y p e s  s u i t a b l e  f o r  d r o u g h t  

p r o n e  a r e a s .  R R M  4 0 0  s e r i e s  c l o n e s  a r e  t h e  r e c e n t l y  

r e l e a s e d  c l o n e s  o f  R u b b e r  R e s e a r c h  I n s t i t u t e  o f  I n d i a  

a n d  t h e i r  d r o u g h t  t o l e r a n c e  p o t e n t i a l s  a r e  l a r g e l y  

u n k n o w n . In  t h e  p r e s e n t  s t u d y  f i v e  R R I 1 4 0 0  s e r i e s  c l o n e s  

w h i c h  s h o w e d  b e t t e r  grov^rth a n d  y i e l d  p e r f o r m a n c e  t h a n  

R R I I  1 0 5 ,  t h e  m o s t  p o p u l a r  h i g h  y i e l d i n g  c l o n e  o f  I n d i a , 

w e r e  s u b j e c t e d  t o  s o i l  m o i s t u r e  d e f ic i t  s t r e s s  f o r  s e v e n  

d a y s  a n d  v a r i o u s  b i o c h e m i c a l  p a r a m e t e r s  a s s o c i a t e d  

w i t h  d r o u g h t  t o l e r a n c e  t r a i t s  w e r e  a n a l y z e d .  T h e  r e s u lt s  

a r e  d i s c u s s e d  in  t e r m s  o f  i d e n t i f y i n g  t h e  m o s t  p o t e n ti a l  

d r o u g h t  t o l e r a n t  c l o n e  a m o n g  t h e  R R I I  4 0 0  s e r i e s .

M a t e r i a l s  a n d  M e t h o d s

S e v e n  -  m o n t h - o l d  p l a n t s  o f  f i v e  R R I I  4 0 0  s e r i e s  c l o n e s  

( R R I I  4 1 4 ,  R R I I  4 1 7 ,  R R I I  4 2 2 .  R R I I  4 2 9  a n d  R R I I  4 3 0 )
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a l o n g  w i t h  p l a n t s  o f  R R U  1 0 5  ( d r o u g h t  s e n s i t i v e )  a n d  

R R I M  6 0 0  ( r e l a t i v e l y  d r o u g h t  t o l e r a n t )  g r o w n  i n  b i g  

p o l y t h e n e  b a g s  ( s i z e  6 5  x  3 5  c m )  vy/ere k e p t  in  t h e  o p e n  

f i e l d  a t  t h e  R u b b e r  R e s e a r c h  I n s t i t u t e  o f  I n d i a  c a m p u s  

d u r i n g  s u m m e r  2 0 1 1 .  T h e  p l a n t s  ( n = 6 )  w e r e  s u b j e c t e d  

t o  s o il  w a t e r  d e f i c i t  s t r e s s  b y  w i t h h o l d i n g  Ir r ig a t io n  f o r  7  

d a y s .  T h e r e  w a s  n o  r a in f a l l  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  

a n d  t h e  e n v i r o n m e n t  w a s  d r y  w i t h  8 .0  h o u r s  o f  m e a n  

s u n s h i n e  p e r  d a y .  T h e  m i n i m u m  a n d  m a x i m u m  

t e m p e r a t u r e s  w e r e  2 1 . 0 °  C  a n d  3 4 .4 ®  C  r e s p e c t i v e l y .  

T h e  m a g n i t u d e  o f  i m p a c t  o f  w a t e r  s t r e s s  w a s  a s s e s s e d  

b y  m e a s u r i n g  l e a f  w a t e r  s t a t u s  a n d  p h o t o s y n t h e s i s .  M i d ­

d a y  l e a f  w a t e r  p o t e n t i a l  ( o L )  w a s  m e a s u r e d  a t  1 1 . 3 0  a m  

u s i n g  a  d e w  p o i n t  m i c r o - v o l t m e t e r  c o n n e c t e d  w i t h  C - 5 2  

s a m p l e  c h a m b e r s  u s i n g  P s y p r o  w a t e r  p o t e n t i a l  s y s t e m  

( W e s c o r ,  i J S A ) .  T h e  n e t  p h o t o s y n t h e t i c  r a t e  (P^^) a n d  

s t o m a t a l  c o n d u c t a n c e  ( g , )  w e r e  m e a s u r e d  u s i n g  a  

p o r t a b l e  p h o t o s y n t h e s i s  s y s t e m  ( L I - 6 4 0 0 ,  L I - C O R ,  U S A ) .  

T h e  o b s e r v a t i o n s  w e r e  r e c o r d e d  d u r i n g  8 . 3 0 - 1 1 . 0 0  1 S T  

a t  a  f i x e d  C O j  c o n c e n t r a t i o n  o f  4 0 0  p p m  a n d  

p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  o f  5 0 0  p m o l  m '^ s'^  

u s i n g  a  l e a f  c h a m b e r  li g h t  s o u r c e , a t t a c h e d  t o  L i - 6 4 0 0 .

Biochemical analysis: L e a f  s a m p l e s  w e r e  c o l l e c t e d  f o r  

b i o c h e m i c a l  a n a l y s e s  o n  t h e  s e v e n t h  d a y  o f  d r o u g h t  

i m p o s i t i o n .  T h e  l e a f  e p i c u t i c u l a r  w a x  c o n t e n t  w a s  

d e t e r m i n e d  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  b y  

E b e r c o n  et al. ( 1 3 ) .  T h e  c o l o r i m e t r i c  m e t h o d  i s  b a s e d  

o n  t h e  c o l o u r  c h a n g e  p r o d u c e d  d u e  t o  t h e  r e a c t i o n  o f  

w a x  w i t h  a c i d i c  K j C r ^ O ^  F o r  t h e  e x t r a c t i o n  o f  a s c o r b i c  

a c i d  a n d  t h i o l s ,  f r o z e n  l e a f  t i s s u e  ( 0 .2 5  g )  w a s  g r o u n d  

u s i n g  l i q u i d  a n d  h o m o g e n i z e d  i n  1 . 5  m L  5 %  

s u l p h o s a l i c y l i c  a c i d .  T h e  h o m o g e n a t e  w a s  c e n t r i f u g e d  

a t  1 0 , 0 0 0  r p m  f o r  2 0  m i n u t e s  a t  4 ' * C .  T h e  a s c o r b i c  a c i d  

c o n t e n t  in  t h e  s u p e r n a t a n t  w a s  a s s a y e d  a c c o r d i n g  t o  

K a m p f e n k e l  et al. ( 1 4 ) .  T h e  t h i o l  c o n t e n t  w a s  e s t i m a t e d  

a c c o r d i n g  t o  B o y n e  a n d  E l l m a n  0 5 ) -  F o r  t h e  a s s a y  o f  

e n z y m e s ,  f r o z e n  l e a f  t i s s u e s  ( 0 .4  g )  w e r e  p o w d e r e d  u s i n g  

l i q u id  N j  a n d  h o m o g e n i z e d  in  3  m L  i c e - c o l d  p o t a s s i u m  

p h o s p h a t e  b u f f e r  ( 5 0 m M , p H  7 . ^ )  c o n t a i n i n g  1 %  ( w / v )  

p o l y v i n y l  p y r r o l i d o n e . T h e  h o m o g e n a t e s w e r e  c e n t r i f u g e d  

a t  1 5 , 0 0 0  r p m  f o r  2 0  m i n u t e s  a t  4 ” C  a n d  t h e  s u p e r n a t a n t s  

w e r e  u s e d  a s  s o u r c e  o f  e n z y m e  a s s a y s .  T h e  p e r o x i d a s e  

a c t i v i t y  w a s  a s s a y e d  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d

b y  G u i l b a u l t  ( 1 6 )  a n d  e x p r e s s e d  a s  c h a n g e  in  O D / m i n /  

m g  p r o t e i n .  T o t a l  S O D  a c t i v i t y  w a s  a s s a y e d  b y  t h e  

i n h ib it io n  o f  t h e  p h o t o c h e m i c a l  r e d u c t i o n  o f  N i t r o  b l u e  

t e t r a z o l i u m  ( N B T ) .  O n e  u n i t  o f  S O D  w a s  d e f i n e d  a s  t h e  

a m o u n t  o f  e n z y m e  ( m g  p r o t e i n )  t h a t  p r o d u c e d  5 0  p e r  

c e n t  r e d u c t i o n  o f  N B T  u n d e r  t h e  a s s a y  c o n d i t i o n s  a s  

d e s c r i b e d  b y  G i a n n o p o l i t i s  a n d  R i e s  ( 1 7 ) .  T h e  w h o l e  

s e t  o f  e x p e r i m e n t  w a s  r e p e a t e d  a g a i n  f o r  c o n f i r m a t i o n  

a n d  t h e  d a t a  w e r e  a n a l y s e d  s t a t i s t i c a l l y  b y  a n a l y s i s  o f  

v a r i a n c e  ( A N O V A )  u s i n g  C r o p s t a t  V . 7 . 2  s o f t w a r e .

Results and Discussion
T o  a n a l y z e  t h e  r e s p o n s e s  o f  y o u n g  p l a n t s  t o  d r o u g h t  

s t r e s s  a n d  t o  f i n d  o u t  d r o u g h t  t o l e r a n t  c l o n e s , s p e c i f i c  

p a r a m e t e r s  a s s o c i a t e d  w i t h  d r o u g h t  t o l e r a n c e  tr a i ts  w e r e  

s t u d i e d  in  R R U  4 0 0  s e r i e s  H e v e a  c l o n e s  a f t e r  e x p o s i n g  

t h e m  t o  w a t e r  d e f i c i t  s t r e s s  f o r  o n e  w e e k  p e r i o d .  T  

i m p a c t  o f  w a t e r  s t r e s s  o n  t h e s e  p l a n t s  w a s  a s s e s s e u  

u s i n g  l e a f  w a t e r  p o t e n t i a l  a n d  g a s  e x c h a n g e  

m e a s u r e m e n t s .  M i d - d a y  l e a f  w a t e r  p o t e n t i a l  d a t a  

s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s  a m o n g  t h e  Hevea c l o n e s  

a f t e r  s e v e n  d a y s  o f  d r o u g h t  i m p o s i t i o n  ( F i g .  1 ) .  C l o n e  

R R I I  4 3 0  m a i n t a i n e d  b e t t e r  l e a f  w a t e r  p o t e n t i a l  

s i g n i f i c a n t l y  a t  p a r  w i t h  c l o n e  R R I M  6 0 0  a f t e r  s e v e n  d a y s  

o f  d r o u g h t ,  w h e r e a s ,  c l o n e s  R R l l  4 1 4  a n d  R R l l  1 0 5  c o u l d  

n o t  m a i n t a i n  b e t t e r  l e a f  w a t e r  p o t e n t i a l  a n d  s h o w e d  m o r e  

n e g a t i v e  v a l u e s .

T h e  d a t a  o n  p h o t o s y n t h e s i s  r a t e  ( P „ )  a n d  s t o m a t a l  

c o n d u c t a n c e  (g ^ ) o f  d i f f e r e n t  l-levea c l o n e s  a r e  s h o w n  in  

F i g .  2  a n d  3 .  T h e  p h o t o s y n t h e t i c  r a t e  u n d e r  i r r i g a t e d  

c o n d i t i o n s  v a r i e d  f r o m  9 . 4  t o  1 2 . 0  p m o l  s  '  a n d  u n d e r

Irngated ■ Drought 
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F ig .  1: M id d a y  lea f w a te r  p o ten tia l o f H. brasiliensis c lo n e s  a fte r  d rough t 
im po s it io n  for se v e n  d a ys . T h e  v  v a lu e s  fo r d rough t trea tm ent (sh aded ) a re  
s ig n ilican tty  d iffe ren t <rom irn g a te d  (un sh a d ed ) p la n ts  a t P = 0 .0 5  in  a ll the  
c lo n e s . C D  at P= 0 ,06  fo r d ro u gh t (0 .30) a n d  n o n -s ig n if ic a n t fo r  irn g a ted  
cond ition .



li

_  10

E 8 
o
§ 6

DIrnpjted
*

I
I

I I ^ 1 1 I I
R f t lU ld  RW1417 R R IU 2 2  RRU429 « R lt4 iO  RRH \0 S  RR IM 600  

C lone

F ig . 2; N e t p h o to syn lh e t ic  rate  ( P J  o f H. brasiliensis c lo n e s  a fte r drougf>t 
im pos it io n  fo r s e v e n  d a y s . T h e  v a lu e s  fo r d rou gh t trea tm ent (sh aded ) a re  
s ig n if ican tly  d iffe ren t from  irriga ted  (un sh ad ed ) p la n ts  at P= 0 .05  in  a ll the  
c lo n e s . C D  a t P = 0 .05  for irr iga ted  (1.00): d rough t (0.94).

iOO

250
X.

200

"5
150

E_
oa lOO

50

0 I
RRII414 RRII417 RKII422 R A IU 29  R R IM 30  RRII lO S  RR IM 600  

Ck)ne

F ig  3; S to m a ta l c o n d u c ta n ce  (g,) o f H. brasiliensis c lo n e s  a fte r  d rough t 
im po s it io n  fo r s e v e n  d a ys . T h e  g , v a lu e s  fo r d rough t tre a tm en i (sh aded ) a re  
s ig n if ica n t ly  d iffe ren t from  irriga ted  (un shaded) p la n ts  a t P = 0 .05  in  a ll the 
c lo n e s . C D  at P = 0 .05  fo r in ig a te d  (35.8); d ro u ^ t  (13.6).

drought conditions it varied from 3.0 to 5.7 pmol m ̂ s ’ . 
In g ene ra l, p h o to syn th e tic  rate and stom ata l 
conductance significantly decreased  during drought 
5 s compared to irrigated control in all the clones. 
■...w.e were significant variations among the clones in 
these parameters. Under drought stress, clone RRU 430 
showed significantly better and g^than other RRII 
400 series clones. Under stress-free conditions also this 
clone recorded the maximum and ĝ . Sumesh et al. 
(6) observed similar results in these clones in an earlier 
study. The popular high yielding clone RRI1105 recorded 
the least ‘P „ ’ under drought conditions (Fig. 2). This clone 
was already reported to be a drought susceptible clone 
(18). The relatively drought tolerant clone, RRIM  600 
showed s im ila r resu lts for photosynthesis rate and 
stomatal conductance as RRII 430. The clone RRIf\/l 600 
was characterized well for its drought tolerance traits 
including photosynthetic gas exchange and fluorescence

param eters (19, 6). T h is  c lone  w as proven to be 
established well in severe drought prone regions like 
North Konkan and other Central India regions (3).

In the p re sen t study  stom ata l co nduc tan ce  w as 
drastically inhibited in young plants of Hevea. Indeed, 
there were significant clonal d ifferences among the 
population studied. The reduction was severe in clones 
such as RRII 414, RRII 417, RRII 422 and RRII 105, 
where as clones like RRII 430 and RRIM 600 showed 
better conductance (Fig. 3). It has been reported earlier 
that stomatal closure is  one of the first responses to 
soil moisture deficit in crop species (20). When water 
lo ss  from le a ve s  e x ce e d s  the uptake, stom ata l 
conductance decreases and the limitation of CO j diffusion 
results in substantial reduction in photosynthesis (21). 
Earlier workers reported clonal variations in the effect of 
water stress on photosynthesis in Hevea  (22. 5, 6).

The data on leaf epicuticular wax content of different 
Hevea  clones under drought stress is given in Table 1. 
Significant variations were observed for epicuticular wax 
content in different Hevea  clones. Among the clones, 
RRII 430 recorded significantly higher epicuticular wax 
content than other RRU 400 series clones and RRU 105. 
The wax content in RRIM 600 was on par with RRII 430. 
Epicuticular waxes consist of a variety of long-chain 
aliphatic compounds with different functional groups. The 
hydrophobic properties of these compounds reduce water 
loss via transpiration to the atmosphere (23), Positive 
correlation of leaf epicuticular wax content with drought 
tolerance has been observed in several crops (10, 24). 
Presence of epicuticular wax on the leaf surface of rubber 
p lan ts  he lp s  in reduc ing  cu t icu la r and stom ata l 
transpiration and promotes reflection of radiant energy 
by canopies (9).

The content of ascorbic acid and thiols and activity of 
peroxidase and superoxide dismutase in the leaves of 
different Hevea  clones is given In Table 1, The clone 
RRII 430 showed significantly higher levels of ascorbic 
acid content and super oxide dismutase activity In leaves 
than other 400 series c lones  under drought stress 
conditions. Drought and associated high intensity of light 
lead to diversion of photosynthetic electrons resulting in 
the production of active oxygen species (AOS). However,



Table 1: Epicuticular wax, thiols, ascorbic acid, peroxidase activity and superoxide dismutase activity in the leaves of different Hevea clones 
after imposition of drought stress for seven days

Clone Epicuticular wax 
(MQ/cm̂ )

Thiols (mg/g) Ascorbic acid 
(mg/g)

Peroxidase 
(OD/min/mg protein)

Super oxide dismutase 
(Units/mg protein)

RRII 414 61.08±2.33 5.22±0.31 2.87±0,21 0.74±0.15 4.4U0.14
RRII 417 62.96±1.63 4.62±0.29 2,63±0.21 0.93±0.19 •4.49±0.12
RRII 422 59.95±1.63 3.25±0.28 1,46±0.05 1.91±0.11 4.38±0.09
RRII 429 61.84±1.88 2.84±0.30 2.37±0.22 1.47±0.22 4.42±0.08
RRII 430 68.99±1,23 4.0U0.16 3.60±0.28 1.06±0.07 5.50±0.31
RRII 105 61.83±0.72 3.16±0.52 1.63±0.08 0.72±0.02 3.64±0.30
RRIM 600 68.24±1.99 3,85±0.20 3.14±0.05 1.03±0.15 5.47±0.17
CD(P< 0.05) 5.00 0.91 0.54 0.43 0.57
The values are mean ± SE (n=6)

a highly efficient antioxidant defence system consisting 
of both enzymatic and non-enzymatic antioxidants is 
present in plants to detoxify the harmful A O S  (25. 11). 
The superoxide radical (O2 ) is mainly scavenged by the 
enzyme SOD which may play a critical role in preventing 
oxidative damage. The increase in SO D  activities induced 
by vi âter stress was more rapid and greater in drought 
tolerant than in sensitive barley (26) and tomato cultivars 
(27). Hevea  plants over expressed with M nSOD showed 
less reduction in photosynthesis under water stress (28). 
Ascorbate is an important antioxidant and the ascorbate/ 
dehydroascorbate ratio is a good indicator of stress 
experienced by plants (14). A sco rb ic  acid elim inates 
reactive oxygen species through multiple mechanisms 
and a lso maintains membrane-bound antioxidant a- 
tocopherol in the reduced state (29).

Plant responses to water deficit stress are complex 
phenomena and encom pass many aspects including 
stress sensing and signaling, changes in growth and 
biomass allocation patterns, water status homeostasis, 
decreased stomatal conductance and C O j assimilation, 
osmoregulation and detoxification processes (30). The 
ability of a plant to withstand drought stress depends 
on num erous tra its a ssoc ia ted  with m odulation of 
chloroplast and cytoplasm composition and activities. 
Among the clones, RRII430 recorded significantly higher 
leaf epicuticular wax content than other RRII 400 series 
clones. This clone also had significantly higher levels of 
ascorbic acid content and super oxide dismutase activity 
that plays vital role in defense against oxidative stress. 
U nde r d rought s tre ss , th is  c lo n e  show ed  better 
photosynthesis rate and stomatal conductance. The 
results indicated that the Hevea  clone RRII 430 is the

most potential drought tolerant clone among the recently 
released RRII 400 series clones.
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