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Satheesh , P.R. and Jacob, ]. (2011). Im pact o f d im ate  w arm in g on natural m bber productivity in different 
agro-clim«\tic regions of India. Natura} R ubber Research, 24(1); 1-9.

Long term  changes in cUmate of m ajor natural rubber (N R) grow ing tracts o f India w ere q uantified  and 
th eir im pact on  N R  prod uctiv ity  w as estim ated  usin g m ultip le linear regression  m odels. D ay-to-d ay 
variations in  productiv ity in term s of dry rubber yield per tree per tap (g/t/t) could be best explam ed based 
on  the variations in  d aily  m axim um  tem perature (Tmax) and  daily m inim um  tem perah ire (Tmin) and 
variations in other w eather variables d id  n ot con tribute m uch to th e variations in daily productivity. For 
unit rise in Tm ax and Tm in, N R  productivih/ w as affected differently in  different agro-d im atic  regions. If 
bo th  Tm ax and Tm in rose by 1 «C, N R productivity w ill red uce by 9-16%  in th e agrociimaH c conditions of 
Kerala and by 11% in the h ot and d rought-prone N orth  K onkan r ^ o n .  O n  the other hand, in the cold- 
prone N orth  Eastern  India, there is h ard ly any reduction  in N R  productiv ity Lf bo th  Tm ax and Tm in  w ent 
up by 1 ‘X: O ur analysis show  that if the present w ann in g trend continues, N R productiv ity m  K erala could 
be reduced bv  4-7%  and that in N orth  East India could g o  up  by as m uch as 11%  in  the next decade. N orth 
Konkan region  m av a lso  register about 4%  reduction  in N R  productiv ity in  th e n ext decade if the p i ^ n t  
^varming trend continues; how ever, absolute yield s wUl continue to rem ain h igh  m Kerala,

K ey  w ord s: C lim ate w arm in g M axim um  tem perature. M in im u m  tem perature, M LR m odels, N ahiral 

rubber productivity.

I N T R O D U C T I O N  C h a n g e s  in  w e a th e r  p a t t e r n  c a n  a f f e c t  th e
in c i d e n c e  o f  p e s t s  a n d  d is e a s e s  a n d  t h u s  

It is  v e r y  l ik e ly  th a t  g r e e n l io u s e  g a s e s  a f fe c t  th e  c r o p ,
( C H G s ) a c c u m u la H n g  in  e a r th 's  a tm o s p h e r e

f r o m  a n t h r o p o g e n ic  e m is s io n s  a r e  w a r m in g  N a t u r a l  r u b b e r  ( N R )  i s  m o s t ly  g r o w n  m

t h e  w o r ld 's  c l im a t e  s y s t e m  ( I P C C , 2 0 0 7 a ) .  S o u th  a n d  S o u th  E a s t  A s .a  ts  h rg W y

C lim a te  d i a n e e  a s  a  r e s u lt  o f  g lo b a l  w a r m in g  v u l n e r a b l e  t o  c l im a te  c h a n g e  ( IP C C , 2 0 0 7 b ) .

c a n  in f l u e n c e  th e  g r o w t h  a n d  p r o d u c H v ity  S t u d i e s  s h o w  t h a t  t e m p e r a t u r e s  h a v e

o f  a g r i c u l t u r a l  c r o p s  ( C y n t h ia  a n d  P a r r y , g e n e r a l ly  g o n e  u p  in  t t e  p a r t  o f  th e  w o r  d

1 9 9 4 ) ,  C l i m a t e  c h a n g e  c a n  a f f e c t  c r o p  in  th e  r e c e n t  d e c a d e s  ( M a n to n  e l j L ,  2 0 0 1 )

p r o d u c t iv i t y  in  v a r io u s  d ir e c t  a n d  in d ir e c t  N u m b e r  o f  r a in y  d a y s  a n d  n u m b e r  o f  c o o l

w a y s  ( C y n t h ia  c t  n l„  2 0 0 1 ) ,  F o r  e x a m p l e ,  a n  n ig h ts  p e r  y e a r  s h o w e d  a  d e c l in in g  t r e n d  arid

e x t r e m e  w e a th e r  e v e n t  l ik e  d r o u g h t  o r  s to r m  th a t  o f  h o t  d a y s  p e r  y e a r  in c r e a s e d .  W h ile

d i r e c t ly  im p a c t s  g r o w t h  a n d  p r o d u c t iv i ty ,  w e  m a y  b e  a b le  to  u n d e r s ta n d  a n d  a p p r e a a t e

Cornjspondunce: James Jacob (james^Prubberboard.org.in)



to  w h at e x te n t climate^ h a s  d ia n g e d  in  th e  
tra d it io n a l r u b b e r  g r o m n ^  r e g io n s  o f  th e  

u 'o r id  in  th e  r e c e n t  p a s t , it  is  e x t r e m e ly  

d ifficu lt to  pred ic t h o w  e x a ctly  th ese  c h a n g e s  

w ill c o n tin u e  in  th e  y e a rs  a h e a d  a n d  h o w  

th e s e  c h a n g e s  w il l  a f f e c t  g r o w t h  a n d  

p r o d u c t iv ity  o f  N R . T h u s , th e  im p a c t  o f  
c h a n g e  in fu tu re  c lim a te  o n  n a tu r a l  r u b b e r  

g r o w th , p r o d u c t iv ity  a n d  s u p p ly  w ill  b e  

c o m p le x  an d  d if ficu lt  to  p re d ic t.

W h ile  w a r m in g  c o n d i t i o n s  a n d  

assoc ia ted  c h a n g e s  in  c lim a te  m a y  a d v e r s e ly  

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

trad itio n a l M R g r o w in g  tr a c ts  o f  th e  w o r ld , 

it  is lik e ly  th a t n e w  r e g io n s  a n d  c o u n tr ie s  

co u ld  b e co m e  s u ita b le  fo r  N R  c u lt iv a t io n  in  

fu tu r e . F o r  e x a m p le , r e g io n s  w h e r e  lo w  

te m p era tu re  is  p re s e n tly  a lim it in g  fa c to r  fo r  
cu ltiv a tin g  N R , s u c h  a s  p a r ts  o f  N o r th  E a s t  

(M E ) In d ia  c o u ld  b e c o m e  s u it a b le  f o r  N R  

c u lt iv a t io n  in  a  f u t u r e  w a r m e r  w o r ld .  

C h a n g e s  in c lim a te  m a y  le a d  to  c h a n g e s  in  

in cid en ces  o f  o ld  a n d  n e w  p e s ts  a n d  d is e a s e s  
in  w a y s  u n k n o w n  to d a y

Behv-een  200 1  a n d  2 0 0 8 , c o n s u m p t io n  
o f  N R  in  In d ia  in c r e a s e d  a t  th e  r a le  o f  0 .0 3 5  

i ^ U o n  to n s/ year w h ile  i t s  s u p p ly  in c r e a s e d  

o y  U.U36 m il l io n  lo n s / y e a r  ( I R S G , 2 0 0 9 )  

A lm o s t a ll s tu d ie s  s h o w  th a t  in  th e  y e a r s  

a h e a d , (h is  k in d  o f  n e a r - p e r f e c t  h a r m o n y  

b e t w e e n  d e m a n d  a n d  s u p p l y  m a y  n o t

c o n tin u e  to e x i s t e v e n  a s  c o n s u m p tio n  o f  N R
■S e x p e c te d  to  in c r e a s e  a t  a  f a s te r  r a te  th a n

(IR S G , 2 0 0 9 ) , p r o v id e d  th e r e  i s  s u s ta in e d  

e c o n o m ic  g r o w th . S in c e  2 0 0 6 , In d ia  r a n k s  
t i r s t  in  t h e  w o r ld  in  t e r m s  o f  N R  

p r o d u c t iv i t y  ( I R S G ,  2 0 0 9 ) .  D e s p i t e  th e  

- c e n t  g l o b a l  e c o n o m i c  c r i s i s ,  I n d i a  

e m a m e d  r e a s o n a b l y  b u o y a n t  a n d  th e  
n d ia n  e c o n o m y  i s  e x p e c t e d  to  g r o w  a t  

■ m p ress iv e  r a te s  in  th e  c o m in g  y e a r s , a n d

L

th u s , th e  d e m a n d  f o r  N R  a l s o  w 'ill b e  o n  th e  

r is e . B u t  c l im a t e  c h a n g e  i s  o n e  i m p o r t a n t  

f a c t o r  t h a t  m a y  s e r i o u s l y  je o p a r d i z e  N R  

a v a i l a b i l i t y  in  I n d i a  a n d  o t h e r  m a jo r  N R  

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

E a s t  A s ia ,  a  r e g io n  p a r t i c u la r ly  v u l n e r a b l e  

t o  th e  a d v e r s e  im p a c t s  o f  c l im a t e  c h a n g e  

( M a n t o n  e t  a i ,  2 0 0 1 ) .  T h e  p r e s e n t  s t u d y  

e x a m i n e s  h o w  r i s i n g  t e m p e r a t u r e  m a y  

i n f l u e n c e  N R  p r o d u c t iv i t y  in  th e  d i f f e r e n t  

a g r o - c l im a t ic  r e g i o n s  o f  I n d i a  w h e r e  N R  is  
c u l t iv a te d .

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

L o n g  te r m  d a i ly  w e a t h e r  d a ta  c o l l e c t e d  

f r o m  t h e  w e a t h e r  s t a t i o n  a t  t h e  R u b b e r  

R e s e a r c h  In s t i t u t e  o f  In d ia  ( R R l l )  lo c a t e d  in  

K o t t a y m ,  a t y p i c a l  t r a d i t i o n a l  r u b b e r  

g r o w in g  r e g io n  in  K e r a la ,  s in c e  1 9 5 7  w e r e  

a n a ly s e d  f o r  lo n g  te r m  t r e n d s .  L o n g  te r m  

d a i ly  w e a th e r  d a ta  w e r e  c o l l e c te d  f r o m  th e  

R e g io n a l R e s e a r c h  S t a t io n s  ( R R S s )  o f  R R l l  a t  

A g a r ta la , T u r a  a n d  D a p c h a r i  ( n o n  t r a d it io n a l 

r e g io n s ) ,  a n d  C e n tr a l  E x p e r im e n t a l  S ta t io n  

( C E S )  o f  R R l l  a t  C h e t h a c k a l  a n d  R R S ,  

P a d iy o o r  ( t r a d it io n a l  r e g i o n )  r e p r e s e n t in g  

th e  d iv e r s e  a g r o - c l im a t i c  r e g i o n s  in  I n d i a  

w h e r e  N  R  is  c u lt iv a te d  ( Ja c o b  c l  a t.,  1 9 9 9 ) a n d  
th e ir  c h a n g in g  tr e n d s  w e r e  w o r k e d  o u t .

T h e  c l im a t ic  c o n d it io n s  o f  th e s e  r e g io n s  

r a n g e  f r o m  e x t r e m e  d r y  a n d  h o t  c o n d it io n s  

m  D a p c h a r i  to  s e v e r e  w in te r  c o n d it io n s  in  

N E . D a p c h a r i  is  s i tu a te d  a t  2 0 “ 0 4 'N , 7 2 " 0 4 'E  

w ith  a n  a v e r a g e  e le v a t io n  o f  4 8  m  a b o v e  M S L  

m  th e  N o r th  K o n k a n  r e g io n  o f  M a h a r a s h t r a  

U u r in g  th e  m o n s o o n  s e a s o n , th is  r e g io n  g e t s  

a r o u n d  2 4 0 0  m m  r a i n f a l l .  D u r i n g  p e a k  

-s u m m e r  d a y s , [h e  m a x im u m  te m p e r a tu r e

g o e s  a b o v e  3 8  «C  a n d  d u r in g  w in te r ,  th e
m in im u m  t e m p e r a t u r e  c a n  b e  a s  lo w  a s
1 5 .5  C  ( Ja c o b  1 9 9 9 ^



CLIMATE WARMING AND NATURAL RUBBER P R O D U C n vrT f

A g a r ta la  a n d  T u r a  a r e  s i tu a te d  in  N E  

I n d ia ,  a t  23 '’  5 0 'N ,  9 P  1 6 'E  a n d  25® 3 0 'N ,  9 0 °  
1 3 'E , w ith  a n  a lt itu d e  o f  a ro u n d  3 0  a n d  1 1 0 0  m  

a b o v e  M S L , r e s p e c t iv e ly . T h e  a n n u a l  r a in f a ll  
in  th e s e  r e g io n s  r a n g e s  f r o m  2 0 0 0 - 2 4 0 0  m m . 

D u r in g  p e a k  w in t e r  d a y s ,  th e  m in i m u m  

te m p e r a t u r e  m a y  b e  a s  lo w  a s  5  ®C o r  le s s  

a n d  t h e  m a x i m u m  t e m p e r a t u r e  d u r i n g  

s u m m e r  is  31  °C  ( Ja c o b  e l  a l ,  1 9 9 9 ) . C o m p a r e d  

t o  t h e s e  tw o  n o n  t r a d i t io n a l  r e g i o n s ,  th e  

w e a t h e r  c o n d i t io n s  in  th e  t r a d i t io n a l  N R  

g r o w in g  r e g io n s  o f  In d ia  a r e  m o r e  m o d e r a te . 

X l ie s e  t r a d it io n a l  r e g io n s  a r e  s i tu a te d  a t  a 

la t i tu d in a l  r a n g e  o f  8^ 1 5 'N  to  12° 5 'N  a n d  
lo n g itu d i n a l  r a n g e  o f  74*  ̂5 'E  to  7 7 °  3 0 'E  w ith  

a n  a l t i tu d e  o f  a p p r o x im a te ly  2 0 - 5 0 0  m  a b o v e  

M S L  a n d  a r e  r e p r e s e n te d  b y  R R II ,  K o tta y a m , 

C E S ,  C h e th a k k a l  a n d  R R S , P a d iy o o r . M e a n  

a n n u a  l r a in f a l l  in  th e s e  r e g io n s  r a n g e s  f ro m  

2 0 0 0 - 4 5 0 0  m m . T h e  m e a n  m a x im u m  a n d  

m in i m u m  t e m p e r a tu r e s  d u r in g  th e  s u m m e r  

m o n t h s  a r e  3 3  “C  a n d  2 5  a n d  f o r  th e  

w in t e r  m o n th s ,  31 °C  a n d  2 2 ° C ,  r e s p e c t iv e ly . 

I n d ia  is  p e r h a p s  th e  o r J y  c o u n tr y  w h e r e  N R  

i s  c u l t i v a t e d  in  s u c h  e x t r e m e l y  d i v e r s e  

c o n d i t i o n s .  In  a l l  c a s e s ,  w e  r e g r e s s e d  N R  

y i e ld  w ith  d i f fe r e n t  w e a th e r  p a r a m e t e r s  to  

d e t e r m i n e  t h e  q u a n t i t a t i v e  e f f e c t  o f  e a c h  

w e a t h e r  p a r a m e t e r  o n  y ie ld .

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

a d o p te d  in  a n a ly z i n g  th e  d a ta .  In  th e  f ir s t  

a p p r o a c h ,  w e  r e g r e s s e d  m e a n  a n n u a !  

p r o d u c t iv i t y  in  th e s e  d iv e r s e  a g r o -c l im a t ic  

r e g io n s  to g e th e r  w ith  th e  p r e v a i l in g  w e a th e r  

p a r a m e t e r s  a n d  m a d e  o n e  s in g le  m u lt ip le  

l i n e a r  r e g r e s s io n  m o d e l  ( M L R )  f o r  a l l  th e  

l o c a t i o n s .  I n  t h e  M L R  m o d e l ,  w e  u s e d  

w e a t h e r  p a r a m e t e r s  l i k e  m e a n  a n n u a l  

t e m p e r a tu r e  (T a n n ) , m e a n  a n n u a l  m a x im u m  

t e m p e r a tu r e  (T m a x ) , m e a n  a n n u a l  m in im u m  

t e m p e r a t u r e  (T m L n ), m e a n  a n n u a l  r a in f a l l  

( R F )  a n d  m e a n  n u m b e r  o f  a n n u a l  r a in y  d a y s  

( R F d a y )  a s  in d e p e n d e n t  v a r ia b le s  a n d  m e a n

y i e ld  o v e r  th e  y e a r  i.e . g/l/t a s  th e  d e p e n d e n t  

v a r ia b l e .  V a r i a b le s  f r o m  a l l  t h e  d i f f e r e n t  

e x p e r i m e n t a l  lo c a t i o n s  r e p r e s e n t i n g  t h e  

d iv e r s e  a g r o -c l im a t ic  r e g io n s  w e r e  re g r e s s e d  

to g e th e r  in  o n e  s in g le  M L R  m o d e l  s o  a s  to  

g e t  m a x im u m  v a r ia b i l i ty  in  th e  in d e p e n d e n t  

( w e a th e r )  v a r ia b le s .  In  th e  s e c o n d  a p p r o a c h , 

d a i ly  p e r  t r e e  y ie ld  (g/t/t) f o r  s e v e r a l  y e a r s  

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

w e a t h e r  p a r a m e t e r s  f o r  t h e s e  y e a r s ,  

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

r e g io n s .  In  a th ir d  a p p r o a c h ,  w e  r e g r e s s e d  

th e  p e r  h e c t a r e  p r o d u c t iv i ty  w ith  m a x im u m  

a n d  m i n i m u m  t e m p e r a t u r e s  f o r  t h r e e  

lo c a t io n s  f r o m  w ith in  th e  t r a d it io n a l  a r e a s , 

n a m e l y  K o t t a y a m ,  K a n j i r a p a l l y  a n d  

T a l i p a r a m b a  a n d  e s t i m a t e d  t h e  im p a c t  o f  

r i s in g  t e m p e r a t u r e  o n  p r o d u c t iv i ty .  A f te r  

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

p r e d ic te d  th e  y i e ld  fo r  1 ®C r is e  in  T m a x  a n d  

T m in . W e  a ls o  p r e d ic te d  th e  y ie ld  fo r  th e  n e x t

1 0  y e a r s  b y  i n c o r p o r a t i n g  t h e  c u r r e n t  

w a r m i n g  t r e n d s  in  t h e s e  r e g i o n s  in  th e  

m o d e ls .

R E S U L T S  A N D  D I S C U S S I O N  

L o n g  t e r m  t e m p e r a t u r e  t r e n d s

T h e  m e a n  T m a x  a n d  T m in  o n  a lm o s t  

e v e r y  d a y  in  a n  y e a r  d u r in g  2 0 0 5 - 2 0 0 9  h a v e  

b e e n  h ig h e r  th a n  th e  s a m e  fo r  th e  p e r io d  

1 9 5 7 - 1 9 6 1  a t  R R I I ,  K o t t a y a m  ( F ig . 1 ) .  L in e r  

r e g r e s s io n  a n a ly s e s  s h o w e d  th a t  t h e  m e a n  

a n n u a l  T m a x  a n d  T m in  h a v e  b e e n  in c r e a s in g  

a t  th e  r a te  o f  0 .0 5  °C  p e r  y e a r  a n d  0 .0 3  “C  p e r  

y e a r ,  r e s p e c t i v e l y  s i n c e  1 9 5 7  a t  R R I I ,  

k o t t a y a m  (T a b le  1 ). A t  th e  R e g io n a l  R e s e a r c h  

S t a t io n  o f  R R I I  in  A g a r t a l a ,  T m a x  a n d  T m in  

in c r e a s e d  a t  t h e  r a te  o f  0 .0 2  " C  p e r  y e a r  a n d  

0 ,0 6  “C  p e r  y e a r , r e s p e c t iv e ly  s in c e  1 9 8 6 . In  

e v e r y  s t u d y  lo c a t io n  t h e r e  w a s  a  w a r m in g  

t r e n d ,  b u t  t h e  e x t e n t  o f  th e  w a r m in g  w a s  

d i f f e r e n t  ( T a b le  1 ).



Mean daily 
K ottayam  
(gretri) and

Tm ax (a) and Tm in (b) in RRU, 
d u rin g  th e  p e r io d s  1957 -61  

■ 2005-09 (red)

M u l t i p l e  l i n e r  r e g r e s s i o n  a n a l y s i s  o f  

a n n u a l  y i e l d  d a ta  a n d  d i f f e r e n t  w e a t h e r  

p a r a m e te r s  ( a l l  l o c a t io n s  t o g e t h e r )

M e a n  a n n u a l  w e a t h e r  d a t a  ( m e a n  

te m p e r a tu r e , m e a n  T m a x , m e a n  T m in ,  m e a n  

r a in f a l l  a n d  m e a n  n u m b e r  o f  r a in y  d a y s /  

y e a r )  w e r e  u s e d  a s  t l ie  in d e p e n d e n t  v a r ia b le s  

( X  v a r ia b le s )  a n d  m e a n  a n n u a l  p r o d  u c t iv i t y  

o f  th e  t r e e  (g/t/t) w a s  ta k e n  a s  th e  d e p e n d e n t  

v a r ia b l e  ( Y  v a r ia b l e )  to  w o r k  o u t  a s in g l e  

M L R  m o d e l  in  w h i c h  d a t a  f r o m  a l l  s t u d y  

lo ca t io n s  w e re  p o o le d  to g e th e r  in  o r d e r  to  c a tc h  

m a x im u m  v a r ia t io n s  in  t h e  i n d e p e n d e n t  

v a r ia b l e s  ( a p p r o a c h  1 ). h i  t h e  la s t  s t e p  o f  

M L R ,  o n l y  t h r e e  i n d e p e n d e n t  v a r i a b l e s  

w e r e  le f t  in  th e  m o d e l ,  n a m e ly , m e a n  a n n u a l  

T m a x , m e a n  a n n u a l  T m in  a n d  m e a n  a n n u a l  

R F  ( Y =  9 6 .9 4  - 7 .0 5  T m a x  +  7 .4 5  T m in  + 0 .0 0 8  

R F , R - = 0 .7 1 )  ( T a b le  2 ) .  T l i is  m o d e l  ( in  w h i c h  

th e  i n d e p e n d e n t  v a r i a b l e s  f r o m  v a r i o u s  

a g r o - c l i m a t i c  r e g i o n s  w e r e  p o o l e d  a n d  

in c o r p o r a te d  in  o n e  s in g le  M L R  m o d e l )  h a d  

a  fu n d a m e n ta l  f la w ; in  d ie  d i f f e r e n t  r e g i o n s ,  

t h e  d i f f e r e n t  i n d e p e n d e n t  v a r ia b l e s  h a d

Tura

(NE)

AgartaU

(N’E)
19»4*2007

1998-2009
(rraditional)

Hapciiari 1987 -2009 ''

(TraditK>nalt

tv ihackaJ 

(Tr4di(H>cuU

Tm in

Tmax

Tm in

16.9 

30,6

19.9

Tmax

Tm in

Tmai;

Tmin

Tm ax

Tm in

0.30

0 .07

0.30
32.8

21.8

0.12

0.05

0,02

0.06

0.05

O.bO

33,2

20.6

1W 7-2000 Tmax

Tm in

31,2

_ J 2 . 7

3 2 .5 ~

21.8

0.40

0.16

0,66

0.30

0.10

0^1

0.01

_ 0.11

O.Ofl

0.03

0.05

0.03

L
0.02

-0 .03



CIJM ATF, WARMING AND NATURAL RUBBER PRODUCnVTTY

Table 2. M LR (backw ard) m od els obtain ed  b e tw een  th e an nual y ie ld  an d  d iffe re n t w eath er param eters 
_________ fo r  a ll station s to gether (approach  1).

Unslandardized
coefficient

Standardized
coefficients

^ t a
t

(Constant)

Tann

Tniax

Tm in

RF

-26.4

2.787

-4.922

6,203

5.68E-03

8.94E-02

152.224

2.628

6.459

5.56

0 .0( »

0.305

0.284

•0.607

1.145

0.449

0.21

-0.173

1.061

-0.762

1,116

0.625

0,293

0.871

0.349

0.48S

0.327

0.566

0.784

2 (Constant) -0.195 in .3 4 5 -0.002 0.999

Tann 2.642 2.333 0.269 1,132 0.309

Tm ax -6.419 3.572 -0.791 -1.797 0.132

Tm in 7,647 2.327 1,412 3.286 0.022

RF 8.13E-03 0.003 0.643 2.58 0.049

3 (Constant) 96,938 72.647 1.334 0.23

Tm ax -7,053 3.61 -0.869 -1.954 0.099

Tm in 7.452 2.375 1.376 3,138 0.02

RF 8 ,n E -0 3 0.003 0.641 2.515 0,046

t lU c il i ta t iv e ly  a n d  q u a n t i t a t iv e ly  d i f f e r e n t  

im p a c ts  o n  y ie ld  ( s e e  a p p r o a c h  2  b e lo w ) . F o r  

e x a m p le ,  in  th e  N E  w h e r e  v e r y  lo w  w in te r  

te m p e r a tu r e s  p r e v a il , a n  in c r e a s e  in  T m a x  h a d  

a p o s it iv e  e f f e c t  o n  y ie ld  u n lik e  in  o th e r  p la c e s  

w h e r e  t h e  e f f e c t  w a s  t h e  o p p o s i t e .  T h is  

b e c a m e  e v id e n t  w h e n  M L R  a n a ly s i s  w a s  

m a d e  s e p a r a te ly  fo r  th e  d if fe r e n t  r e g io n s  ( s e e  

a p p r o a c h  2  b e lo w ) . T lie r e fo r e , a p p r o a c h  1 w a s  

r e je c te d .

M u lH p le  l i n e a r  r e g r e s s io n  a n a ly s i s  o f  d a i ly  

y i e l d  d a t a  a n d  d a i l y  w e a t h e r  d a t a  

s e p a r a t e l y  f o r  d i f f e r e n t  l o c a t io n s

U p o n  r e a l i z i n g  t h a t  t h e  w e a t h e r  

p a r a m e t e r s  h a d  d i f fe r e n t  im p a c ts  o n  y ie ld  

in  th e  d i f fe r e n t  s t t id y  lo c a t io n s , M L R  a n a ly s i s  

w a s  d o n e  fo r  e a c l i  s tu d y  lo c a t io n  s e p a r a te l y  

( a p p r o a c h  2 ) .  F o r  o b t a in in g  v a r ia t io n s  in  

v ie ld  ( Y )  a n d  w e a th e r  (X ) , d a i ly  d a t a  w e r e

c o l l e c te d  r o u n d  th e  y e a r  f o r  s e v e r a l  y e a rs . 

T l ie  M L R  m o d e ls  o b ta in e d  fo r  th e  in d iv id u a l 

r e g io n s  h a d  o n l y  tw o  in d e p e n d e n t  v a r ia b le s  

in  th e  la s t  s te p , n a m e ly  d a i ly  T m a x  a n d  d a ily  

T m in .  T h e  M L R  m o d e l s  f o r  t h e  d i f f e r e n t  

s t u d y  l o c a t i o n s  w e r e :  Y  =  4 3 3 . 4 3  -  7 .8 7  

T m a x  - 4 .8 3 T m in  ( C E S ,  9^ 2 6 'N  to  7 6 “ 4 6 ' N ),

Y  =  1 7 1 .0 1  - 2 .5 4 T m a x  -  1 .7 1 T m in  (P a d iy o o r ,

1 1 °  5 8 '  N  to  7 5 "  3 6 'N ) ,  Y  = 2 0 4 .9 8  - 1  .O lT m a x  - 

5 . 5 1 T m i n  ( D a p c h a r i ,  2 0 ^ 0 4 'N ,  7 2 ‘’ 0 4 'E ) ,

Y  =  4 1 .2 5  +  0 .6 7 T m a x  - 1 . 1 3 T m in  ( A g a r th a la ,  

2 3 °  5 0 'N ,  9 1 '' 1 6 'E )  a n d  Y  = - 2 4 .8 5  + 3 .5 8  T m a x  

- 2 .5 9 T m in  (T u r a , 25*' 3 0 'N ,  9 0 °  1 3 'E ) .  F r o m  

th e s e  f iv e  m o d e ls ,  th e  c h a n g e  in  y ie ld  w h e n  

b o t h  T m a x  a n d  T m i n  c o n c o m i t a n t l y  

in c r e a s e d  b y  1 “C  w a s  c a lc u la t e d  ( T a b le  3 ) . 

R e d u c t i o n  in  y i e ld  in  C E S , C h e t h a c k a l  w a s  

to  th e  tu n e  o f  1 6 %  f o r  1 ”C  r is e  in  T m a x  a n d  

T m in .  In  D a p c h a r i ,  th e  y i e ld  r e d u c t io n  f o r  
1 “C  r is e  in  T m a x  a n d  T m in  w a s  1 1 %  fo l lo w e d



b y  9 %  in  P a d iy o o r . B u t in th e  o lh e r  tw 'o 

reg io n s , n a m e iv  A g a rta la  a n d  T u ra  in  N E  

In d ia  w h e re  w in te r  te m p e ra tu re s  a r e  v e ry  
low , th e  im p a c t o f  w a rm in g  w a s  fo u n d  to  b e  

n eg lig ib le . In  A g arta la , th e  > ie id  re d u c tio n  
w as a b o u t 1%  a n d  in  th e  c a s e  o f  T u r a  th e r e  
w as  an  in cre a s e  in  th e  s ie ld  b y  3%  fo r  1 T '  

r ise  in  Tm ax an d  T m in . T h u s , s m a ll r is e  in  

te m p e r a tu r e  in  th is  r e g io n  m a y  n o t  h a v e  
m u c h  a d v e r s e  im p a c t  o n  r u b b e r  y i e J d .  

S o m e t im e  th is  m a y  in c r e a s e  th e  y ie ld  ju s t  

l ik e  w h a t  h a p p e n e d  in  th e  T u r a  r e g io n .  
W a n n in g  o f  th e  reg io n  m a )' h e lp  to  e x p a n d  

N R  c u ltiv a tio n  to  m o r e  p a r ts  o f  N E  w h e r e  

lo w  te m p e ra tu re  is  a  lim it in g  fa c to r  to d ay .

D u r in g  th e  la s t  5 2  y e a r s  ( 1 9 5 7 -2 0 0 9 )  
T m a x  a n d  T m in  in  R R n  h a v e  in c r e a s e d  a t  

th e  r a t e  o f  0 .0 5  ®C/vr a n d  0 .0 3  ®C/yr, 

r e s p e c t iv e ly  a t  R R Il, k o t ta y a m  ( T a b le  1 )! 
E x tra p o la tin g  th is  d a ta , th e  r is e  in  T m a x  a n d  

T m in  in  th e n e x t  10 ye a i^  w a s  c a lc u la te d  a n d  

th e  s a m e  w as  u s e d  to  e s tim a  te  th e  e x p e c te d  

re d u c tio n  in  p r o d u c tiv it> ' a f t e r  1 0  y e a r s  a t  
th e  n e a rb y  C E S , C h e th a c k a l u s in g  th e  M L R  

m o d e l d e v e lo p e d  f o r  C E S  (T a b le  3 )  T h e

y ie ld  r e d u c t io n  a f t e r  1 0  y e a r s  w il l  b e  a b o u t  

7 %  in  C E S . In  P a d iy o o r ,  th e  r a t e  o f  in c r e a s e  

in  T m a x  a n d  T m in  d u r in g  th e  p e r io d  1 9 9 8 -  

2 0 0 9  w e re  0 .01  ° C /y r  a n d  0 .1 1  ° Q y r ,  re s p e c tiv e ly  

(T a b le  1 )  a n d  th is  m a y  r e s u l t  in  th e  r e d u c t io n  

o f  y ie ld  b y  4 %  a f t e r  1 0  y e a r s  b a s e d  o n  th e  

M L R  m o d e l  f o r  P a d iy o o r  ( T a b le  3 ) ,  In  th e  

c a s e  o f  D a p c h a r i ,  d u r in g  t h e  p e r io d  1987>  

2 0 0 9  th e  r a t e  o f  in c r e a s e  in  T m a x  w a s  m u c h  

h i g h e r  ( 0 . 0 8  ° C / y r )  b u t  t h e  m i n i m u m  

t e m p e r a t u r e  in c r e a s e d  b y  o n l y  0 .0 3  ^ C /y r  

( T a b le  1 ). T h e  r e d u c t io n  in  t h e  y i e ld  in  th is  

r e g io n  w il l  b e  4 %  f o r  th e  n e x t  d e c a d e .  In  

A g a rta la , th e  r e d u c t io n  in  y ie ld  in  th e  n e x t  

te n  y e a r s  w il l  b e  v e r y  s m a l l  g o i n g  b y  th e  

p r e s e n t  w a rm in g  tr e n d  (1 % )  w h ic h  is  0 .0 2  T f  

y r f o r  T m a x  a n d  T m in  0 ,0 6  ° C / y r  f o r  T m in  

( d u r i n g  t h e  p e r i o d  1 9 8 4 - 2 0 0 7 ) .  F o r  t h e  

p e r io d  1 9 9 5 - 2 0 0 8  T m a x  in  T u r a  in c r e a s e d  b y  

0 .1 2  °C / y r  ( T a b l e  1 ) . B u t  t h e  m i n i m u m  

t e m p e r a t u r e  in c r e a s e d  b y  0 ,0 5  °C / y r in  t h is  

r e g io n  (T a b le  1 ). T h e  c u m u la t iv e  e f f e c t  o f  th e  

e x p e c te d  c h a n g e s  in  T m a x  a n d  T m in  in  t h is  

r e g io n  c o u ld  le a d  to  a n  in c r e a s e  in  th e  y i e ld  

b y  1 1 %  in  th e  n e x t  t e n  y e a r s  ( T a b le  3 ) .

S M o n  ----------  ^ChangL^ Esttm ated present
(for 1«C  rise) (m n e x t producH vity

- ■ Tm in -2,60

20OWJB Tmax-

_____  Tmin

2003:08 Tmax

5 2 * 5 1 ™ ' )  Tm in 4^83

p roau ctiv ity  
_1 Q  years) from  M LR (e/t/n

11 35.8

0-67 4 J,2 5  0,07

-1.13

Padiyoor 2007-08 Tmax 

Tm in

(Non-Traditionai) Tmin

-2.54 171.01 0.19
•1.71



CLIMATE WARMING AND NATURAL RUBBER PRODUCTTVITY

Table 4. M L R  (backw ard ) m od els, percentage chan ge in  th e fu ture prod uctiv ity  of ru b b e r (on  a p er ha 
p er  m onth  b as is ) fo r  l “c  rise in  Tm ax and T m in  and  estim ated  p resen t prod uctiv ity  (kg/hayyr)

_________ from  the M L R  m od els  for three lo catio n s in  K e r a l a ____________________________________
M LR %  C hange Estim ated present

(for l^C rise) productiv ity from  
_________________ M LR m odel (k g / h a ^ )

Reg,o
C oeff, In tercept R

K ottayam  2008-09 Tm ax -6,14 999.53 0.24

(close to  R R Il) Tm in  -27.68_____________________

T aiiparam ba 2008-09 Tm ax 6.14 

(d o se  to Padiyoor) Tm in  -1.37

K an jirap aliy  2008-09 Tm ax -11.33 798.36 0.25

(close to C ES) Tm in -12,68 __________ __

M u l t i p l e  l i n e a r  r e g r e s s io n  a n a ly s i s  o f  p e r  

h e c t a r e  p r o d u c t iv i t y  a n d  te m p e r a tu r e

T h e  M L R  m o d e l o b ta in e d  f o r  p e r  h e c ta r e  

p r o d u c t iv i ty  (k g / h a / m o n th ) w a s  Y  = 9 9 9 .5 3  -  

6 .1 4 T m a x  - 2 7 .6 8 T m in  fo r  K o tta y a m  ( c lo s e  

to  R R I I ) ,  Y  = 7 8 9 .3 6  - 1 1 ,3 3 T m a x  - 1 2 .6 8 T m in  

f o r  K a n ji r a p a l iy  ( c lo s e  to  C E S )  a n d  Y  =  2 8 1 .9 1  

+ 4 .1 3 T m a x  - 1 1 .2 6 T m in  f o r  T a i i p a r a m b a  

( c lo s e  to  P a d iy o o r ) .  T h e s e  M L R  m o d e ls  w e r e  

m a d e  u s in g  m o n th ly  m e a n  v a lu e s  o f  th e  Y  

a n d  X  v a ia b le s  f o r  th e  w h o le  y e a r  f o r  s e v e r a l  

y e a r s . W h ile  m e a n  y ie ld s  w e r e  o b ta in e d  f ro m  

g r o w e r s '  f ie l d s  in  th e s e  th r e e  r e g i o n s ,  th e  

w e a t h e r  d a t a  w e r e  o b t a in e d  f r o m  n e a r b y  

R R l l ,  K o t ta y a m  ( fo r  th e  K o t ta y a m  r e g io n ) , 

R R S ,  P a d iy o o r  ( fo r  th e  T a i ip a r a m b a  r e g io n )  

a n d  C E S ,  C h e t h a k k a l  ( fo r  th e  K a n ji r a p p a l ly  

r e g i o n ) .  T h e  p e r c e n t a g e  r e d u c t i o n s  in  

p r o d u c t iv i t y  ( f o r  1 '’C  r is e  in  b o th  m a x im u m  

a n d  m in im u m  t e m p e r a tu r e s )  w e r e  1 9 % , 1 5 %  

a n d  4 %  f o r  K o t t a y a m ,  K a n j i r a p a l i y  a n d  

T a iip a r a m b a , r e s p e c t iv e ly  T l i e s e  r e s u lt s  w e r e  

c o m p a r a b le  to  th e  r e s u lt s  o b ta in e d  f r o m  th e  

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

y i e ld  w a s  u s e d  a s  th e  d e p e n d e n t  v a r ia b le  

( T a b le s  3 & 4 ) .

O u r  a n a ly s e s  c le a r ly  in d ic a te  th a t  c l im a te  

h a s  w a r m e d  in  t h e  t r a d i t i o n a l  a n d  n o n  

tr a d it io n a l r u b b e r  g r o w m g  tr a c ts  o f  I n d ia  a n d

t h a t  t h i s  w i l l  h a v e  q u a l i t a t i v e l y  a n d  

q u a n t i t a t i v e l y  d i f f e r e n t  i m p a c t s  o n  N R  

p r o d u c t iv i ty  in  th e  d i f f e r e n t  r e g io r ts .  K e r a la  

a n d  t h e  K o n k a n  r e g i o n s  a r e  g o in g  to  b e  

r e la t iv e ly  m o r e  a f fe c te d  b y  th e  a d v e r s e  e f f e c t  

o f  c l im a te  w a r m in g  th a n  N E  In d ia  ( T a b le  3 )  

w h e r e  w’a r m i n g  c o n d i t i o n s  m a y  in c r e a s e  

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

c o n d i t io n s  a r e  a  l i m i t in g  f a c t o r  a t  p r e s e n t  

( J a c o b  e t  a l . ,  1 9 9 9 ) .  R i s e  in  t e m p e r a t u r e ,  

e s p e c ia l ly  in  T m a x  w o u ld  h a v e  a  f w s i t iv e  

im p a c t  o n  N R  c u lt iv a t io n  in  N E  In d ia , u n lik e  

in  o th e r  p la c e s . F o r  th e s e  reaso r\ s, a p p r o a c h  1 

w a s  r e j e c t e d .  E x t r a p o l a t i n g  t h e  p r e s e n t  

w a r m in g  t r e n d s ,  th e  M L R  m o d e l s  c le a r ly  

i n d i c a t e  t h a t  N R  p r o d u c t i v i t y  w i l l  b e  

r e la t i v e ly  m o r e  a f fe c te d  in  K e r a la  th a n  a n y  

o t h e r  N R  g r o w i n g  r e g io n s  in  th e  n e x t  o n e  

d e c a d e ,  a l th o u g h  th e  a b s o lu t e  p r o d u c t iv i t ) '  

m a y  s t i l l  r e m a in  h ig h  h e r e .  H o w e v e r ,  N R  

p r o d u c t iv i ty  m a y  s e e  a n  im p r o v e m e n t  in  N E  

in  th e  c o m in g  d e c a d e  a s  th e  r e g io n  c o n t in u e s  

t o  g e t  w a r m e r .

In  tlx is c o n te x t ,  i t  is  p e r t in e n t  t o  a s k  th e  

q u e s t io n  i f  th e  p a s t  w a r m in g  h a s  h a d  in  fa c t  

a d v e r s e ly  a f fe c te d  N R  p r o d u c t iv ity . G o in g  

b y  th e  M L R  m o d e ls ,  s u c h  a n  im p a c t  m u s t  

h a v e  h a p p e n e d  a lr e a d y . B u t  i t  m a y  b e  n o te d  

th a t  s t a t i s t i c a l  d a t a  c le a r ly  in d ic a te  th a t  N R



p ro d u c tiv ity  in  ih e  cou n trv ' h a s  g o n e  u p  in 
th e  paf.t d e c a d e s  (R u b b e r  ^ a r d ,  2 0 0 9 ) . T h is  

h a s  b e en  d u e  to  in cn ?ased  a d o p tio n  o f  h ig h  

y ie ld in g  c lo n e s , p a r t ic u la r ly  R R If  105 , th e  
f la g sh ip  c lo n e  r e le a se d  b y  R R I l  d u r in g  1 9 8 0 . 

R R I I 105 h a s  b e en  o n e  o f  th e  h ig h e s t  > 'ie ld in g 

c lo n e s  a n y w h e re  in  th e  w o r ld . A s  a  la r g e  

s h a r e  o f  th e  m a tu r e  p la n ta tio n s  c a m e  u n d e r  
R R I I  1 0 5 , \ 'R  p r o d u c t i v i t y  { b a s e d  o n  

s ta t is t ic a l  d a ta  f ro m  g r o w e r s ' f ie ld s )  a ls o  

in cre a s e d  o v e r  th e  y e a rs , m a s k in g  th e  a c h ja l  

im p act o f  c lim a te  u -a rm in g  o n  p r o d u c tiv ity .

H o w e v e r , i f  l a r g e  s c a l e  a d o p t io n  o f  

R R II  105  h a d  n o t  h a p p e n e d  a n d  th e  a r e a  

u n d e r  th is  h ig h  y i e ld i n g  c lo n e  h a d  n o t  

in c r e a s e d , th e r e  w a s  e v e r y  p o s s ib i l i t } '  th a t  
N R  p r o d u c H v ity  w o u ld  h a v e  g o n e  d o w n  

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

w a rm in g . T h e  M L R  m o d e ls  c le a r ly  s u g g e s t  

th a t  th e  p o te n t ia l  M R p r o d u c t iv i t y  m u s t  

h a v e  c o m e  d o w n  in  th e  r e c e n t  d e c a d e s ;

th a n k s  to  c l im a t e  w a r m in g .  D u r i n g  th e  la te  

1 9 7 0 s  a n d  e a r l y  1 9 8 0 s ,  t h e  m e a n  

p r o d u c t iv i t y  o f  R R I f  1 0 5  u n d e r  t h e  b e s t  

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

f a r m s  in  th e  t r a d it io n a l  r e g i o n s  h a v e  b e e n  

in  th e  r a n g e  o f  6 0 - 6 5  g/t/t, b u t  o f  l a t e ,  th is  

is  m o s t l y  in  t h e  r a n g e  o f  5 0 - 5 5  g/t/t o r  e v e n  

le s s  ( R R I I ,  1 9 8 8  &  2 0 1 0 ) .  S i n c e  t h e  g e n e t i c s  

( c lo n e )  w a s  t h e  s a m e  a n d  t h e  m a n a g e m e n t  

p r a c t i c e s  w e r e  c o n s t a n t  ( a s  c a n  b e  e x p e c t e d  

a s  th e  t r ia l s  w e r e  in  o u r  o w n  e x p e r i m e n t a l  

fa r m s  w h e r e  m a n a g e m e n t  p r a c t i c e s  d id  n o t  

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

y e a r s ) ,  t h e  m o s t  p e r s u a s i v e  r e a s o n  f o r  th is  

r e d u c t io n  in  p r o d u c t i v i t y  s e e m s  t o  b e  th e  

a p p r e c ia b le  t e m p e r a t u r e  w a r m i n g  t h a t  h a s  

h a p p e n e d  d u r i n g  t h i s  p e r i o d .  T h e r e  m ig h t  

h a v e  b e e n  o t h e r  f a c t o r s  t o o ,  s u c h  a s  l i k e l y  

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

u n k n o w n  f a c t o r s ,  b u t  t h e  h i g h  r a t e  o f  r is e  

in  b o th  T m a x  a n d  T m i n  in  t h e  t r a d it io n a l

M :lan ag c in cn f o f  
p lan ta tio n s

^ s o d a t c d  c h a n g e s  

in  w eaih er/ ctiroate  j  ^

te m p e r a tu r e
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r e g i o n s  s t r o n g l y  i n d ic a t e s  th e  s ig n i f i c a n t  
r o l e  c l im a te  w a n n in g  m u s t  h a v e  p la y e d  in  

r e d u c in g  p r o d u c t iv i t y  in  t h e  p a s t .

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

c r o p s  to o  -  h a d  it n o t  b e en , fo r  th e  g e n e t ic  

a n d  a g r o n o m ic  im p r o v e m e n ts , p r o d u c t iv ity  

m ig h t  h a v e  b e e n  a d v e r s e ly  a f fe c te d ,  o r  a t  

l e a s t  t h e  p o t e n t ia l  p r o d u c t iv i t y  o f  a  n e w  

v a r ie ty  m ig h t  n o t  h a v e  b e e n  fu l ly  r e a l iz e d  in  

th e  f ie ld  a s  t e m p e r a tu r e  r o s e . T h is  p o in ts  to  

th e  n e e d  to  e v o lv e  c u l t iv a r s  a n d  c lo n e s  th a t  

a r e  c l im a t e  ( t e m p e r a tu r e )  r e s il ie n t .

T h e  p r e s e n t  a n a ly s i s  h a s  b e e n  th e  f ir s t  

a t te m p t  o f  i t s  ty p e  to  a s s e s s  th e  d ir e c t  im p a c t  

o f  c l im a te  w a r m in g  o n  N R  p r o d u c tiv ity -  O u r  

r e s u lt s  c le a r ly  in d ic a te  h o w  T m a x  a n d  T m in

h a v e  b e e n  in c r e a s in g  in  th e  p a s t ,  h ow ’ i t  h a s  

a d v e r s e ly  a f fe c te d  p r o d u c t iv i ty  in  th e  p a s t  

a n d  w h a t  r i s in g  t e m p e r a t u r e s  m ig h t  d o  to  

N R  p r o d u c t iv i t y  in  f u tu r e  in  th e  d i f fe r e n t  

a g r o - c l im a t ic  r e g i o n s  o f  I n d i a  w h e r e  th is  

c r o p  is  c u l t iv a te d  to d a y . C l im a te  c h a n g e  is  

o b v io u s l y  m u c h  m o r e  c o m p le x  th a n  d a ily  

v a r ia t io n s  in  w e a t h e r  p a r a m e t e r s  s u c h  a s  

d a ily  T m a x  o r  T m in  (S e e  F ig . 2 ) . C h a n g e s  in  

c lo u d  f o r m a t i o n ,  w in d ,  r a i n f a l l  p a t t e r n ,  

o c c u r r e n c e  o f  e x t r e m e  w e a th e r  e v e n ts  l ik e  

s to r m s ,  f lo o d s ,  lo n g  d r y  s p e l ls ,  u n e x p e c te d  

b r e a k s  in  m o n s o o n ,  s p r e a d  o f  n e w  a n d  o ld  

p e s t s  a n d  d is e a s e s  e t c . a r e  im p o r ta n t  fa c to r s  

t h a t  c a n  s e r io u s ly  in f l u e n c e  N R  c r o p p in g  

c a le n d a r  in  u n k n o w n  w a y s  w h ic h  a r e  th e  

s u b je c t  o f  o u r  c u r r e n t  r e s e a r c h .
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g r o u n d  b i o m a s s  in  b o r e a l  f o r e s t s  (R o g e r ,  

2 0 0 1 ) .  In  t r o p ic s , m o r e  c a r b o n  i s  s to r e d  in  

a b o v e  g r o u n d  v e g e ta t io n  th a n  in  s o ils  ( IP C C , 

2 0 0 0 ) .  C a r b o n  s to r e d  in  v a r io u s  c o m p o n e n ts  

o f  a n  e c o s y s te m  c a n  r e tu r n  to  th e  a tm o s p h e r e  

a s  C O j w h e n  th e  s o il is  cu lt iv a te d . A g ric u ltu r a l 

t i l la g e  o p e r a t io n s  s t i r  u p  s o ils  r e s u lt i n g  in  

o x id a t io n  o f  b io m a s s  c a r b o n  in to  CO^. D e c a y  

o r  c o m b u s t i n g  o f  b i o m a s s  a l s o  r e s u l t s  in  

e m is s io n  o f  C O ^ in to  th e  a tm o s p h e r e .  T h e  

m o v e m e n t  o f  c a r b o n  in  a n d  o u t  o f  t r e e s  a n d  

s o ils  is  in te g ra l  p a r t  o f  th e  e a r th 's  c a rb o n  cy c le .

W h i le  a n n u a l  a g r ic u l t u r a l  c r o p s  a ls o  

s e q u e s t e r  la r g e  a m o u n t s  o f  C O ^ f r o m  th e  

a t m o s p h e r e ,  a lm o s t  t h e  e n t i r e  a m o u n t  o f  

c a r b o n  s t o r e d  in  th e m  is  r e t u r n e d  to  th e  

a t m o s p h e r e  a t  th e  e n d  o f  th e  c r o p  c y c le  w h e n  

th e  c r o p  is  c o n s u m e d  b y  m a n  o r  a n im a l  a n d  

th e  c r o p  r e s id u e s  a r e  u s e d  a s  c a t t le  fe e d  o r  

th e y  a r e  in c o r p o r a te d  in to  s o il  o r  b u r n t .  T h is  

i s  n o t  s o  in  fo r e s tr \ ' o r  p la n ta t io n  a g r ic u l t u r e  

w it h  p e r e n n i a l  t r e e  s p e c ie s .  F o r  e x a m p le ,  a  

p l a n t a t i o n  l i k e  n a t u r a l  r u b b e r  { H e v e a  

b ra s i l ie n s is )  h a s  a n  e c o n o m ic  li fe  c y c le  o f  2 5 -  3 0  

y e a r s  a n d  th e r e f o r e ,  th e  c a r b o n  s e q u e s te r e d  

in  th e  b i o m a s s  in  r u b b e r  p la n ta t io n s  w ill  s ta y  

f o r  th is  lo n g .

A u t o m o b i l e  t y r e s ,  w h e t h e r  t h e y  a r e  

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

i n d i s p e n s a b l e  to  m a n .  A u t o m o b i l e s  a r e  

r e s p o n s ib le  fo r  e m is s io n  o f  r o u g h ly  1 4 %  o f  

t h e  g l o b a l  G H G s  { S t e r n ,  2 0 0 6 ) .  N a t u r a l  

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

a t m o s p h e r i c  C O ,  c o n c e n t r a t i o n  in  tw o  

d i f f e r e n t  w a y s .  F i r s t ,  i t  s u p p l i e s  n a t u r a l  

r u b b e r  w h i c h  c a n  b e  u s e d  in  p l a c e  o f  

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

p e t r o le u m  s t o c k s .  P r o d u c t i o n  o f  s y n t h e t ic  

r u b b e r s  r e s u l t s  in  h u g e  e m is s io n  o f  C O ^. 

S e c x jn d ly , n a tu r a l  r u b b e r  p la n ta t io n s  h a v e  th e  

c a p a c i t y  to  s e q u e s t e r  s ig n i f ic a n t  q u a n t i t ie s  

o f  C O ,  f r o m  t h e  a t m o s p h e r e .  T h i s  s t u d y

a t te m p ts  to  m e a s u r e  th e  c a p a c i ty  o f  a  r u b b e r  

p la n ta t io n  to  s e q u e s te r  a tm o s p h e r ic  C O j.

T h e r e  a r e  s e v e r a l  m e th o d s  to  s tu d y  th e  

C O j s e q u e s t r a t io n  p o te n t ia l  o f  a  p e r e n n ia l  

p la n ta t io n  c r o p  l ik e  n a tu r a l  r u b b e r . B io m a s s  

in v e n to r y  m e th o d  is  th e  m o s t  e a s i ly  a v a ila b le  

a n d  c o m m o n ly  u s e d  m e th o d  w h ic h  g iv e s  a n  

e s t im a te  o f  th e  to ta l  a m o u n t  o f  c a r b o n  s to re d  

in  th e  v a r io u s  c o m p o n e n ts  o v e r  a  p e r io d  o f  

t im e  ( Ja c o b  a n d  M a th e w , 2 0 0 4 ;  J a c o b ,  2 0 0 5 ) . 

In  th e  p r e s e n t  s tu d y  a  s ta te -o f- th e -a r t  m e th o d  

k n o w n  a s  e d d y  c o v a r ia n c e  (E C )  te c h n iq u e  

w a s  u s e d  f o r  m e a s u r in g  C O ,  a n d  w a te r  f lu x  

in  a  4 - 5  y e a r  o ld  n a t u r a l  r u b b e r  p la n ta t io n  in  

c e n t r a l  K e r a la  c o n t in u o u s ly  f o r  a p e r io d  o f  

o n e  y e a r .

M A T E R I A L S  A N D  M E T H O D S  

E x p e r im e n t a l  s i t e

T h e  e x p e r im e n t a l  s i t e  w a s  s itu a te d  a t  th e  

C e n t r a l  E x p e r i m e n t a l  S t a t i o n  ( C E S )  o f  

R u b b e r  R e s e a r c h  I n s t i tu te  o f  In d ia  ( R R Il )  a t  

C h e th a c k a l ,  P a th a n a m th it ta  D is t r ic t ,  K e r a la  

(F ig . 1 ) . T h e  lo c a t io n  i s  9 °  2 6 'N  a n d  7 6 ‘’ 4 8 'E .  

T h e  s tu d y  w a s  c a r r ie d  o u t  in  a n  im m a tu r e  

( 4 - 5  y e a r  o l d )  r u b b e r  p l a n t a t i o n ,  w i t h  

d i f f e r e n t  H e v e a  c lo n e s  n a m e ly , R R I I 1 0 5 , P B  

2 6 0 , R R I I  4 3 0  a n d  te n  o r t e t  s e le c t io n s ,  s p r e a d  

o v e r  m o r e  th a n  f iv e  h e c t a r e  a r e a  w ith  a lm o s t  

u n if o r m  g r o w t h .  T h e  a v e r a g e  h e ig h t  o f  th e  

tr e e s  w a s  1 0  m  a n d  g i r th  w a s  3 5  c m  a t  1 5 0  c m  

a b o v e  th e  b u d  u n io n  o f  th e  p la n t  w h e n  th e  

s t u d y  b e g a n  in  M a r c h  2 0 0 9 . R e s u lt s  g iv e n  

h e r e  a r e  b a s e d  o n  th e  m e a s u r e m e n t s  m a d e  

b e tw e e n  A p r i l  2 0 0 9  a n d  M a r c h  2 0 1 0 .

E d d y  c o v a r ia n c e  t e c h n i q u e  f o r  a t m o s p h e r ic  

f lu x  a n a l y s i s

E d d y  c o v a r i a n c e  ( E C )  m e t h o d  i s  a  

s o p h i s t ic a t e d  m ia o - m e t e o r o l o g i c a l  m e th o d  

in  w h i c h  th e  f lu x e s  o f  C O , a n d  w a te r  v a p o u r



an d  th re e -d im e n s io n a l w in d  v e lo c it ie s  a r e  

m e a s u r e d  o n  r e a l  t im e  b a s is  ( B a id o c c h i ,  

2 0 0 3 ), T h e  E C  s j 's te m  c o m p ris e s  o (  a  th re e  

d im e n s io n a l  s o n ic  a n e m o m e te r  (C Sv \T 3, 

C a m p b e ll  U S A ) w iiich  is  u s e d  to g e th e r  v d th  

an  o p e n  p a th  in/ra red  g a s  a n a ly s e r  (L i - 7 5 0 0 , 

L i-C o r , U S A ). A d d it io n a l ly  th e  s y s te m  is 

e q u ip p e d  w ith  a  n e t  r a d io m e te r  (N R -L ite , 

U SA ) an d  te m p e ra tu re  an d  relati\ 'e h u m id ity  

(R H )  s e n s tv s  { H M P  4 5 ,  V a is a ia , F in la n d )  

(F ig .2 ) . O th e r  w e a th e r  p a r a m e te r s  n a m e ly , 

r a i n f a l l ,  m a x im u m  a n d  m i n i m u m  

t e m p e r a tu r e s ,  s u n s h in e  h o u r s ,  e t c .  w e r e  

c o lle c te d  f ro m  an  a d ja c e n t  w e a th e r  s ta t io n  

at C E S , C h e th a c k a l. C a rb o n  d io x id e  (F c )  a n d  

w a ter  v a p o u r  flu x e s  o f  th e  r u b b e r  p la n ta tio n  

iv e r e  c o n t i n u o u s l y  m e a s u r e d  b y  e d d y  

c o v a r ia n c e  te c h n iq u e  f o r  th e  a b o v e  p e r io d . 

T h e  E C  e q u ip m e n ts  w e r e  c o m m is s io n e d  o n  

a  f lu x  to w e r  o f  18  m  h e ig h t  a n d  th e  v a r io u s  

s e n s o r s  w e r e  f ix e d  o n  th e  to w e r  a t  4  m  a b o v e  
th e  c a n o p y  {F ig . 2 ).

R a w  d a ta  w e r e  c o lle c te d  a n d  c o r r e c te d  

b y  E d i R e  s o ftw a r e  a n d  p r o c e s s e d  in to  h a lf-  

h o u r ly  v a lu e s . T h e r e  a r e  s e v e ra l p a r a m e te r s  

n e c e s s i ta t in g  c o r r e c t i o n  o f  th e  m e a s u r e d  

S ig n a ls  (M a s s m a n  a n d  L e e , 2 0 0 2 ) , T h e  p ia n a r  

fit  c o r re c tio n s  h a v e  b e e n  d o n e  fo r  a v e r a g in g  

th e  m e a n  v e r t ic a l  w in d  b y  u s in g  E d i  R e  

-WMware, D ata  o n  C O , f lu x  (F c )  a n d  th e  w a te r  

v a p o u r  f lu x  w h ic h  is  m e a s u r e d  a s  la te n t  h e a t  

o f  v a p o u r is a t io n  ( L E )  w e r e  c o r r e c t e d  fo r  

d e n s i ty  e f f e c t s  (W e b b  e t  n i ,  1 9 8 0 ) .  D a i ly  

d m r n a l  n e t  e c o s y s t e m  e x c h a n g e  o f  C O  

(N E E ) a n d  d a y  an d  n ig h t  f lu x  r a te s  w e r e  a ls o  

c a lm la te d .  T h e  la te n l h e a l  o f  v a p o u r iz a t io n  

U  w a s  u a r f  to  c a lc u la te  e v a p o tr a n s p jr a lio n

( t l ) o n a p e r d a y b a s i s .T h e d o w n l o a d e d a n d
c o r r e c te d  d a ta  t a b le  c o n t a in s  h a l f  h o u r ly

™ a n v a lu e s o f n e t r a d ia a o n .a i r t e m p e r a h ,r e
r e la t iv e  h u m id ity  ( R H ), f lu x e s  o f  C O  (F c )  

™ t e r  »  P '  a n d  s e n s ib le  h e a t  (H ) . T h e  r a t e .

o f  e c o s y s te m  p h o to s y n th e s is ,  r e s p ir a t io n  a n d  

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

s e a s o n a l l y  i n  r e s p o n s e  t o  i n t e r a c t i o n s  

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

i r r a d ia n c e ,  m o i s t u r e  a n d  t e m p e r a t u r e  a n d  

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

m ic r o b ia l  m e ta b o l i s m  a n d  h e t e r o t r o p h ic  C O , 

r e le a s e  ( G o u ld e n  e t  n l . ,  2 0 0 4 ) .  T h e r e f o r e  

a t te m p ts  w e r e  a l s o  m a d e  to  c o r r e la t e  th e  C O , 

f lu x  v a lu e s  w ith  p r e v a i l in g  e n v ir o n m e n t a i  

c o n d it io n s .

N e t e c o s y s te m  le v e l f lu x  o f  C O ,  a n d  w a te r  

v a p o r  in  re a l t im e  w a s  c a lc u la te d ,  f i l e  n e t  C O , 

e x c h a n g e  o b ta in e d  f r o m  th e  E C  s y s te m  is  th e  

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

a s s im ila t io n  b y  th e  v e g e ta t io n  a n d  t l i e  to ta l 

r e s p ir a to iy  C O , e f f lu x  f r o m  th e  fo l ia g e , r o o ts  

a n d  s o il  ( L a lr a m m a w ia  a n d  P a h w a l, 2 0 1 0 ) ,  In  

th e  p r e s e n t  s tu d y , e c o s y s t e m  le v e l  n e t  C O , 

s e q u e s t r a t i o n  r a t e s  ( p h o t o s y n t h e s i s  a n d  

r e s p ir a t io n , in c l u d in g  l i t t e r  d e c o m p o s i t io n )  

a n d  e v a p o tr a n s p ir a t io n  f o r  a  o n e  y e a r  p e r io d  

in  a  4 -5  y e a r  o ld  r u b b e r  p la n ta K o n  is  d e s c r ib e d .

A c c o u n t in g  o f  t r e e  b i o m a s s

T h e  a b o v e  g r o u n d  d  r y  w e ig h t  o f  a  r u b b e r  

t r e e  w a s  c a l c u l a t e d  u s i n g  t h e  S h o r r o c k 's  
r e g r e s s io n  m o d e l :

W =  0 .0 0 2 6 0 4  ( S h o r r o c k s f f n ; . ,  1 9 6 5 )

w h e r e , G  is  t r u n k  g i r t h  ( c m )  a t  a  h e ig h t  o f  

1 5 0  c m  f r o m  b u d  u n io n .  1 5 - 2 0 %  o f  th e  s h o o t  

b i o m a s s  w a s  ta k e n  a s  t h e  r o o t  b i o m a s s .

R E S U L T S  A N D  D I S C U S S I O N

D i u r n a l  p a t t e r n  o f  n e t  e c o s y s t e m  

e x c h a n g e  o f  C O , ( N E E )  c le a r ly  in d ic a t e s  tw o  

p h a s e s  n a m e ly , a  n e t  f ix a t io n  o f  C O , o c c u r r in g  

J^ u n n g  d a y  t im e  ( in f lu x )  a n d  n e t  r e le a s e  o f  

f r o m  t h e  s y s t e m  in t o  th e  a t m o s p h e r e  

d u n n g  n ig h t  t im e  ( e f f lu x )  ( F ig . 3 ) .  B y  d e f a u lt .



Fig, 1. M ap sho w in g the lo catio n  of th e stu d y area (C h elh ackal, P ath an am th itta  D istr ic t, K erala , India, 
9" 26 'N  ; 76" 48’E)

F ig. 2. (A) A bird 's eye view  o f the young rubber canopy at C entral E xperim ental S tation  (CES), Rubber 
K esearch Institute o f  India, Koltavam . K erala State , India. (B) Eddy covarian ce system  installed  on 
an 18 m eter tow er inside a rubber p lantation . ( Q  V arious sensors o f  ed d y covariance m easurem ent 
systeni are indicated, CSAT3, C am pbell's three dim en sional sonic anem om eter; U  7500, L i C O R ’s 
open path infra a-d gas analyzer; NR - Lite, Kipp and Z o n en 'sn et radiom eter and H M P 45  tem perature 
and RH  sensors
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Fig. 3. A typicaJ dium ai C O ,and  w ater flux (25’̂  I,.lv  7ivk)  ̂ ^  •
years old) '  ’ ^  an  im m afu re  ru bber p lan ta tio n  (4-5

n e t  in f lu x  o f  C O , m to  ih e  e c o s y s te m  (n e t  

p h o to s y n th e s is )  i s  s h o w n  a s  n e g a t iv e  f lu x  

a n d  n e t  e f f lu x  o f  C O , ( n e t  r e s p ir a t io n )  is  

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

j s p , r a t i o n  f ro m  a ll l iv in g  c o m p o n e n ts  a n d  

d e c o m p o s i t i o n ,  c o l l e c t i v e l y  t e r m e d  

K ^ y s t e m  r e s p ir a t io n  (R ^ „). T h e  d if fe r e n c e  
t e t w e e n  th e  a m o u n t  o f  n e t  f ix a t io n  d u r in g

d a y h m e a n d t h e C O J o s t a s R . ^ d u r i n g n S
h m e  , s  t h e  n e t  f i x a t i o n  o f  C O  b y  t h e

e c o s y s t e m  f o r  a  g i v e n  d a y . A s  ^ 1 1 ^ ^
m e n s r t y  m c r e a s e s , n e t  C O , f lu x  g ra d u a U y  

n e g a t i v e  ( i n d i c a t i n g  n e^  
p h o to s y n th e s is  o r  C O , in f lu x  o r  s e q u e s tra tio n

•nto th e e c o s y s te m ja n d  t h i s g e n e X i m , i „
n e g a tiv e  u n til s u n s e t  I n  t h l e v S ^ " ^  
in te n s ity  d e c lin e s  R  i w n n ,  ^

D u r in g  th e  s t u d y  p e r io d ,  the d a i ly  NEE
b y  th e  r u b b e r  e c o s y s t e m  r a n g e d  l - 2 5 e  C O  / 

m V d a y  ( F ig . 4 ) .  M o s t  o f  t h e  d a y s  r e c o r d e d  

C O , in f lu x  in  to  t h e  p la n t a t io n ;  h o w e v e r ,  a  

f e w  d a y s  ( a r o u n d  2 5  d a y s  d u r i n g  t h e  o n e  

y e a r  s t^ d y  p e n o d )  r e c o r d e d  n e t  c a r b o n  e f f lu x  

^ o m  th e  p la n ta d o n  to  a t m o s p h e r e .  O n  th o s e  

d a y s , a r o u n d  l - 7 g  C O ,/ m V d a y  w a s  r e le a s e d  

to  a tm o s p h e r e  a n d  d u r in g  th e s e  d a y s  t h e r e  

w a s  ra m  a n d  r e la t iv e ly  f e w e r s u n s h in e  h o u r s . 

I h e  n e t  e f f lu x  o n  c e r t a in  d a y s  w o u ld  h a v e  

m c lu d e d  th e  p o s s ib le  h ig h  r a t e  o f  to t a l  s o i l  

s p ir a l io n  ( R J  b o th  b y  a u t o t r o p h ic  ( R  ) a n d

a d d  V  “ " 'P O ^ n l s  o f  t h e  s o i l  in
a d d i t io n  to  t h e  n e t  C O ,  r e l e a s e  f r o m  l e a f

’' “ ■ '‘ ^ ■ ^ P i ' - a t i o n  r a t e  
g e n e r a l l y  d e p e n d s  o n  t h e  s o i l  m o i s t u r e ,  

t e m p e r a tu r e , o r g a n i c  c o m p o s i t io n ,  d e n s i t y  o f

d e " ^ ‘. . = n d  r a t e  o f
^ p o s i t i o n  o f  o r g a n i c  c o n t e n t s  { S t e p h e n
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Fig. 4 . D aily n et C O , flux (Fc) in  a 4-5  year old  im m ature rubber p lantation  in central Kerala for a continuous 
one year penod. Short gaps Ln the data are  due to equipm ent failure from  thunder storm , pow er 
failure etc.

• R - -  A «

Fig, 5 . M ean m onthly ecosystem  exchanges o f  C O , in a 4-5  year old rubber plantation. Tlw  m ean ecosystem  
respiration  (Reco), ecosystem  C O j  assim ilation  ( A ^  arid n et ecosystem  COa exch ang e (N EE) on 
p er day basis are depicted



a n d  T l ie o d o r e . 1 9 7 9 ) . I n t e r m i t t e n t  h e a v y  

r a in y  d a y s  w itn e s s e d  a  n e t  e f f lu x  o f  C O ^ to  

a tm o s p h e re , m o s t p ro b a b ly , d u e  to  a lo w  ra te  

o f  c a n o p y  p h o to s y n th e s is  d u e  to  p o o r  s o la r  

lig h t a n d  p o s s ib le  s u d d e n  spurL<5 in  r e le a s e  

o f  lo c k e d  u p  C O , f ro m  th e  a ir  s p a c e  in  th e  

s o il. Sunn)^ d a y s  (w h en  so il m o is tu re  le v e l w as 

n o t  d e f i c ie n t )  w e r e  m o r e  f a v o u r a b le  f o r  

s e q u e s t r a t i o n  o f  c a r b o n  b y  t h e  r u b b e r  

p lan ta tio n . O n  a n  a n n u a l av e rag e , tiie  N E E  w as  

1 ] g  C O ^ m V d ay  d u rm g  tfie  ̂ d y  p erio d  w h id i 

is  eq u iv a le n t to  3 3 .5  to n s  o f  C O J h a /y e a r .

TTie n e t  CO^ a s s im ila t io n  ( A ^  a n d  n e t  

r e s p ir a to r y  CO^ e f f lu x  ( R ^  w e r e  c a lc u la te d  

fo r  th e  e n t ir e  y e a r. W h ile  (h e  m e a n  w a s  

2 -5 g  C O j/ m V d ay , th e  n e t  a s s im ila t io n  r a te  

(A  J  re c o r d e d  w a s  l3 .S g  C O y m V d a y  (F ig . 5 ). 

T h o u g h  th e r e  w a s  c o n s i d e r a b l e  r a t e  o f  

e c o s y s t e m  r e s p i r a t io n  a t  n ig h t ,  th e  C O  

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

h ig h e r  in  r u b b e r  p la n t a t io n  m a k in g  it  a  n e t  

s in k  o f  C O ,.  I n  a  s t u d y  w i t h  m a t u r e  r u b b e r  

p la n ta t io n  in  T h a i la n d ,  T h a le r  c l  a i  (2 0 0 8 )  

g o t  s im i la r  r a te s  o f  s e q u e s t r a t i o n  a n d  th e y  

h a v e  s u g g e s t e d  t h a t  e c o s y s t e m  l e v e l  E C  

m e a s u r e m e n t  o f  C O ,  a n d  w a t e r  f lu x e s  c o u ld  

b e  u s e d  to  m o d e l  g a s  e x c h a n g e  o f  r u b b e r  

p la n ta H o n  a c c o r d in g  to  p r e v a i l i n g  c l im a te  

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

T h e  d a i ly  f lu x  d a t a  w e r e  a n a ly z e d  in  

r e la t io n  to  p r e v a i l in g  m a x im u m  te m p e r a  tu re  

( T m a x )  a n d  s u n s h in e  h o u r s  o f  th e  d a y , b u t  a 

c l e a r  r e l a t i o n s h i p  w a s  n o t  o b s e r v e d  

th r o u g h o u t  th e  s t u d y  p e r io d ,  m o s t  l ik e ly  d u e  

to  o t h e r  f a c t o r s  s u c h  a s  s o i l  m o i s h a r e  a n d  

V P D  i n t e r f e r i n g  w i t h  p h o t o s y n t h e s i s  a n d  

r e s p i r a t io n  ( S t e p h e n  a n d  T h e o d o r e ,  1 9 7 9 ; 

O r c h a r d  a n d  C o o k ,  1 9 8 3 ) .  I n  g e n e r a l ,  d a y s  

w ith  le n g t h y  s u n s h in e  h o u r s  r e c o r d e d  h ig h  

r a t e  o f  n e t  e c o s y s t e m  e x c h a n g e  ( F i g .  6 ) .

6. Sunshine iiours (SSHI and npt 

high



Day o f  th e year

Fig. 7. W ater flux in a 4-5 year old rubber plantafior\ in central K erala for a continuous oixe year period

D u r in g  s u m m e r  m o n th s  s u n l ig h t  w a s  p le n ty  

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

a t m o s p h e r i c  V P D  c o u l d  r e s t r i c t  c a n o p y  

p h o t o s y n t h e s i s  a n d  h e n c e  N E E . T h e  N E E  

w a s  r e la t i v e ly  h ig h e r  d u r in g  p r e - m o n s o o n  

p e r io d  w h e n  th e  s o i l  is  fu l ly  r e c h a r g e d  w ith  

m o i s t u r e  a f t e r  th e  in i t i a l  s h o w e r s .  D u r in g  

c o n t in u o u s ly  c lo u d y  a n d  in c e s s a n t  r a in y  

d a y s ,  e i t h e r  N E E  w a s  v e r y  lo w  o r  th e  n e t  

e c o s y s t e m  r e s p ir a t io n  r a te  w a s  h ig h e r  th a n  

n e t  a s s im ila t io n .

T h e  r a te  o f  e v a p o - t r a n s p ir a t io n  ( E T )  w a s  

c a l c u l a t e d  f r o m  t h e  d o w n lo a d e d  d a t a  o n  

la te n t  h e a t  o f  v a p o u r iz a t io n  ( L E ) . T h e  m e a n  

E T  w a s  3 .5  m m / d a y  d u r in g  th e  s tu d y  p e r io d  

( F i g .  7 ) .  E a r l i e r  s t u d i e s  w i t h  l y s i m e t r i c  

m e th o d  in  th e  t r a d it io n a l  r u b b e r  g r o w i n g  

a r e a s  o f  K e r a la  s h o w e d  th a t  th e  m e a n  E T  w a s  

4 ,4  m m  p e r  d a y  { J e s s y  e t t i i ,  2 0 0 2 ) .

T h e  a m o u n t  o f  c a r b o n  s e q u e s te r e d  b y  

t h e  r u b b e r  p la n ta t io n  w a s  e s t im a te d  d u r in g  

th e  s a m e  p e r io d  b y  e s t i m a t i n g  th e  a n n u a l  

s h o o t  b i o m a s s  in c r e m e n t  d u r in g  th is  p e r io d

u s in g  S h o r r o c k ’s  m e t h o d .  F r o m  th e  s h o o t  

b i o m a s s  e s t i m a t i o n ,  t h e  a m o u n t  o f  C O j  

s e q u e s t r a t i o n  w a s  c a l c u l a t e d  a s  1 3 .5  t 

C O ,/ h a / y r  w h i c h  d o e s  n o t  i n c l u d e  r o o t  

b io m a s s , s o il  re s p ir a t io n , li t t e r  d e c o m p o s it io n  

a n d  s e q u e s t r a t i o n  b y  w e e d s  a n d  o t h e r  

v e g e ta t io n  in s id e  th e  p la n ta t io n  s u c h  a s  c o v e r  

c ro p s . C a r b o n  s to c k  in  r u b b e r  p la n ta t io n s  h a s  

b e e n  w o r k e d  o u t  e a r lie r  b y  b io m a s s  in v e n to ry  

m e th o d  ( Ja c o b  a n d  M a th e w , 2 0 0 4 ;  W a u te r s  

e t  a l„  2 0 0 8 ) .  T h e  a m o u n t  o f  c a r b o n  s to r e d  in  

o n e  h e c t a r e  o f  a  3 3  y e a r - o ld  s ta n d  w a s  5 9 6  

m t .  T o t a l  c a r b o n  s e q u e s t e r e d  b y  r u b b e r  

p la n ta t io n s  u n d e r  K e r a la  c o n d it io n s  fo r  a  21 

y e a r  p e r io d  w a s  e s t im a te d  to  b e  6 7 1 C / a c re  

a n d  it  w a s  r e p o r te d  th a t  ti>e s e q u e s t r a t io n  

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

h ig h e r  th a n  m o s t  o th e r  t e r r e s tr ia l  e c o s y s te m s  

( J a c o b  a n d  M a t h e w , 2 0 0 4 ) .  A  1 4  y e a r  o ld  

r u b b e r  h o ld in g  h a d  a  c a r b o n  s to c k  o f  7 6 1 C /ha 

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

e q u i v a le n t  to  J 9 .9 t  C O y h a / y r  ( W a n te r s  e l  a l ,  

2 0 0 8 ) .  T h e  c o n t r i b u t i o n  o f  th e  s o i l  o r g a n i c



ca rb o n  p o o l a m o u n te d  to  1 3 5 1 C ^ a  (W a u te rs  

e l a L ,  2 0 0 8 ).

O u r  s tu d ie s  s h o w  th a t n a tu r a l  r u b b e r  

p la n ts  a re  a g o o d  s in k  fo r  a tm o s p h e r ic  C O , 

ro u n d  th e  y ear. C u ltiv a tio n  o f  r u b b e r  tr e e s  on  

n o n  fo re s te d  lan d  is  a  g o o d  la n d  u s e  o p tio n  

to  m itig a te  r is in g  co n ce n tra tio n  o f  C O , i j i  th e  

a tm o s p h e re . U n d e r  K y o to  P ro to c o l, f o r e s tr y  

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

a tm c«p h ericca7 i)o n  in to  b io m a s s c a n g e n e r a te  
C O , o ffs e t  c j ^ i t s  th a t c o u Jd  fu rd ie r  h e lp  in  

r e d u c t io n  o f  f o s s i l  fu e l  u s e  ( S u r u c h i  a n d  

S in g h , 2 0 0 2 ), b u t  e x is t in g  p lan taH o n s  a r e  n o t

r e f e r e n c e s
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a n d  r e p e a t e d  d u r in g  2 0 0 8  ( H B S S , P a r a lia r )  

a n d  2 0 0 9  ( V a d a k k e l  N u r s e r y , P e r u m b a v u r ) . 

T h e  p r o p a g a t io n  t e c l in iq u e s  in c lu d e d  w e r e  

in  s i l u  y o u n g  b u d d i n g ,  in  s i t u  g r e e n  b u d d in g  

an d  s tu m p  p la n t in g  o f  r u b b e r  in  r o o t  tr a in e rs  

a n d  p o ly b a g s .  A  r a n d o m i z e d  b l o c k  d e s ig n  

w ith  f o u r  r e p l i c a t io n s  a n d  a  p lo t  s iz e  o f  4 0  

p la n ts  w a s  a d o p t e d .  R o o t  t r a in e r s  u s e d  fo r  

y o u n g  b u d d i n g  h a d  a  le n g th  o f  2 2  c m  w ith  a 

h o l d i n g  c a p a c i t y  o f  3 5 0  c c  a n d  th a t  u s e d  fo r  

g r e e n  b u d d i n g  b y  d ir e c t  s e e d i n g  a n d  s tu m p  

p la n t in g  h a d  a  le n g th  o f  3 0  c m  w ith  a  h o ld in g  

c a p a c i t y  o f  8 0 0  c c . C u r e d  c o i r  p ith  m ix e d  

w ith  p o w d e r e d  r o c k  p h o s p h a te  (5  g ) , n e e m  

c a k e  (5  g ) , b o n e  m e a l (5  g ) , p e s t i c id e  ( P h o r a te  

- l O G  @ 1 0 0  m g )  a n d  f u n g i c i d e  ( D i t h a n e  

M '4 5  @ 1 0 0  m g )  w a s  u s e d  a s  th e  p o t t in g  

m e d iu m  p e r  r o o t  t r a in e r s .  P o ly b a g s  o f  s iz e

1 7 .5  X 3 5 .5  c m  a n d  th ic k n e s s  2 5 0  g a u g e  w e r e  

u s e d  f o r  y o u n g  b u d d i n g  a n d  o f  s iz e  2 5  x  5 5  

c m  a n d  t h ic k n e s s  4 0 0  g a u g e  w e r e  u s e d  fo r  

g r e e n  b u d d i n g  b y  d ir e c t  s e e d i n g  a s  w e ll  as  

fo r  s tu m p  p la n t in g . P o ly b a g s  w e r e  f ille d  w ith  

t o p s o i l  m i x e d  w i t h  p o w d e r e d  r o c k  

p h o s p h a t e  a t  th e  r a t e  o f  2 5  g  fo r  s m a l l  b a g s  

a n d  5 0  g  f o r  b i g  p o ly b a g s .

G e r m i n a t e d  s e e d s  w e r e  p l a n t e d  

d i r e c t l y  in  p o l y b a g s  a n d  r o o t  t r a i n e r s .  

S u f f i c i e n t  s t o c k  s e e d l in g s  w e r e  r a is e d  in  th e  

g r o u n d  n u r s e r y  a l s o  f o r  g r e e n  b u d d in g  a n d  

s t u m p  p l a n t i n g .  A f t e r  p l a n t i n g ,  t h e  r o o t  

t r a i n e r s  a n d  p o l y b a g s  w e r e  s t a c k e d  in  

t r e n c h e s .  Y o u n g  b u d d i n g  w a s  in it ia te d  a t  th e  

a g e  o f  2 8 '^  d a y  o n w a r d s  ( o n  a t t a i n i n g  

m a t u r i t y  o f  th e  f i r s t  w h o r l  o f  le a v e s )  o n  th e  

s e e d l in g s  r a i s e d  in  p o ly b a g s  ( T ,)  a n d  r o o t  

t r a in e r s  ( T , )  a n d  c o n t in u e d  u p  to  6 0  d a y s  

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

o f  l e a v e s ) ,  w ith  b u d  w o o d  o f  th e  s a m e  a g e . 

B u d d in g  t a p e  o f  w id t h  1 .2  c m , le n g th  2 5  cm  

a n d  th ic k n e s s  1 0 0  g a u g e s  w a s  u s e d  fo r  y o u n g  

b u d d i n g .  G r e e n  b u d d i n g  o n  s to c k s  r a is e d  in  

p o ly b a g s  ( T j) ,  r o o t  t r a in e r s  ( T ,)  a n d  g r o u n d

n u r s e r y  w e r e  in it ia te d  a t  th e  a g e  o f  th r e e  

m o n th s  a n d  c o n t in u e d  u p  to  m o n th s  

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

s u c c e s s  w a s  e n u m e r a t e d  21 d a y s  a f t e r  

b u d d in g  a n d  s u c c e s s fu l b u d  g r a f ts  o f  b o th  

y o u n g  b u d d e d  a n d  g r e e n  b u d d e d  p la n ts  

w e r e  c u t  b a c k  a t  th e  a g e  o f  f iv e  m o n th s . 

S u c c e s s f u l  g r e e n  b u d d e d  p la n t s  in  th e  

g r o u n d  n u rse r\ ' w e r e  p u l le d  o u t, stv im p e d  

an d  p la n te d  in  p o ly b a g s  (T^) an d  ro o t tra in e rs  

(T^) o n  th e  s a m e  d a te . R o o t  t r a in e r  p la n ts  

r a is e d  b y  s t u m p  p la n t in g  w e r e  in i t i a l ly  

s ta c k e d  in  t r e n c h e s  til l  th e y  a t ta in e d  tw o  

w h o r ls  o f  g r o w t h  a n d  th e n  s u b je c t e d  to  

h a r d e n in g  b y  h a n g in g  in  s ta n d  m a d e  o f  ir o n  

r o d s . Y o u n g  b u d d e d  p la n ts  r a is e d  b y  in  s itu  

b u d d in g  o n  s to c k s  r a is e d  in  r o o t  t r a in e r s  

w e r e  s t a c k e d  in  s t a n d  r i g h t  f r o m  t h e  

b e g in n in g . T h e  p la n ts  w e r e  i r r ig a te d  d a ily  

a n d  f e r t i l i z e r  w a s  a p p l i e d  w i t h  N P K M g  

( 1 0 :1 0 :4 ;1 .5 )  a t  t h e  r a t e  o f  5  g  f o r  s m a l l  

p o ly b a g s  a n d  1 0  g  fo r  b ig  p o ly b a g s . F e r t iliz e r  

w a s  a p p lie d  in  r o o t  t r a in e r s  in  th e  f o r m  o f  

2 %  s o lu t io n  o f  th e  s a m e  fe r t i l i z e r  m ix tu r e  a t 

w e e k ly  in te r v a ls .  O b s e r v a t io n s  o n  h e ig h t , 

d ia m e te r , n u m b e r  o f  w h o r ls , n u m b e r  o f  le a v e s  

e tc . w e r e  r e c o r d e d  ju s t  b e fo r e  tr a n s p la n t in g  

to  t h e  f i e l d .  R o o t s  w e r e  e x a m i n e d  b y  

d e s tr u c t iv e  s a m p lin g  o f  te n  p la n ts  e a c h  f ro m  

e v e r y  t r e a t m e n t .  D a t a  w e r e  a n a l y z e d  

s ta t is t i c a l ly  f o l lo w in g  R a n g a s w a m y , 1 9 9 5 .

RESULTS AND D ISC U SSIO N

H ig h  a m b ie n t te m p e r a h ire , lo w  h u m id ity , 

e x t e n d e d  s o i l  m o i s t u r e  s t r e s s  a n d  lo w  

g r o u n d  w a te r  ta b le  a r e  s u p p o s e d  to  b e  th e  

m a jo r  c l im a t ic  c o n s t r a i n t s  a n t ic ip a te d  u n d e r  

th e  i n f l u e n c e  o f  g l o b a l  w a r m in g .  A  b u d  

g r a f te d  y o u n g  p la n t  is  a  tw o  p a r t ite  s t r u c tu r e  

c o n s is t in g  o f  s c io n  o f  a n  im p r o v e d  c u it iv a r  

b u d  g r a f t e d  o n  a  r o o t s t o c k  o f  u n k n o w n  

g e n e t i c  c o n s t i t u t i o n .  A n  a g r o - c l i m a t e



c h a r a c te r is e d  b y  c l im a t i c  e x t r e m e s  m a y  

d e m a n d  a ro o f  sy s te m  c o n s is t in g o f  a  d e e p ly  

g r o w n  ta p r o o t w ith  iv e f[*d e v e lo p e d  la te ra l 

ro o ts . S in c e  b r e e d in g  fo r  b e t te r  r o o ts to c k  is  

n o t  e a s i l) '  p r a c tic a l in  ru b b e r, r o o ts to c k s  a r e  

r e q u ir e d  (o  b e  im p r o v e d  b y  a d o p t i n g  

a p p r o p r ia te  p la n t p r o p a g a tio n  te c h n iq u e s ,

P o ly cro ss  p la n tin g  m a te r ia ls  a r e  d e r iv e d  

f ro m  s p e c ia l ly  d e s ig n e d  p o ly c J o n a l  s e e d  

g a r d e n s . P la n ts  ra is e d  u s in g  p o l v a o s s  s e e d s  

w er^  n o tic e d  to  p o s s e s  a  s t r o n g 'r o o t  s y s te m  

w ith  s tu r d y  s h o o ts  (S im m o n d s , 1 9 8 9 )  T h e r e  

a r e  s e v e ra l d o c u m e n te d  e v id e n c e s  fo r  b e t te r  

l^ r f o r m a n c e  o f  p o ly c r o s s  p la n t in g  m a te r ia ls  

im d e r  s tr e s s e d  a g r o -d im a te . S o , s e e d - a f -

s ta k e p la n tm g  ra is e d  u T th p o ly c r o s s p la n lin g
™ t e r , a l s  s e e m s  to  b e  th e  m o s t  s u i t a b le

P^-tialisrelat^Slwlr'"”
T h e  c u l t u r a l  o n e r a t  ‘  ' * ) •

o f  th is  p r a c t i c e  o n  a  l a r g e - s c a l e  ( R u i , . , ,  

G r o w e r s  C o m p a n i o n ,  2 0 1 1 )  q 

c o m p a r a t iv e  s t u d y  o n  v a r io u s  p r o p a .a l io n  

t e c t a , q u e s  b e i n g  p r a c t i c e d  in  r u b b e r t a  

m a d e  w ith  a n  e m p h a s i s  o n  r o o t s ,  w ith  th ! 

a s s u m p tr o n  t h a t  a  w e l l - f o r m e d  a n d  „  , 

o n e n t e d  r o o t  s y s t e m  w o u l d  h a v e  b e t t  r

l v a l u e  u n d e r  a  C h a n g i n g  a g r : :

T h e im p o r t a n t o b s e r v a t io n s r e c o r d e d o n
a d v a n c e d  p la n t in g  m a t e r ia l s  g e n e r a te d  b

w a s o b s e r v e d t c b e s i g ! ; r n S ^ ^ ^ ^ ^ ^ ^

e  s t o c k  s e e d l i n g s  w e r e  r a i s e d  b y  d ire c t  

t T s Z  ■" ( T 1 , 0  T 4 )  c o m p a re d

b u d  g r a f t s ,  w h e n  l i f t e d  f r o m  t h e  g r o u n d  

o f  s T t o ^ r  " f

I f  c o u l d  b e  s e e n  f r o m  T a b l e  1 th a t

* « e  la t e r a l  roo ts

o t h e r s r  (T '5 ) a n d  th e
o f e r e m a m e d d o r m a n t .  I n  th is  r e s p e c t ,  th e 
p l a n t i n g  m a t e r i a l s  p r o d u c e d  b y  y o u n e

a d v L f  V  to  h a v e  the

a f : 7 ^ 5 : ' ’ " ™ ° ' ^ - - ™ ‘ P ™ e d o r l o s ,

e r o w ^ l ! !  « p a b l e  o f

s o il  b u t  d^*^ t °  ^ m e t e r s  d e e p  in to

h e b a ^  I ”
8 7  7 „ f ^ ‘"•’ ’■“ “ ' w a s  s e e n  c o i l e d  in  7 9 .1 %  a n d  

l i l e d  ,  “ d  T ,  r e s p e c t iv e ly .  A

n e v ^ ™ “ o b 'o i - v e d  to

y e a r s  a f t„  T  *  g r o w t h  e v e n  s e v e r a l
a n d  S a r  " ^ P * ‘" ' ‘ 'n g  to  t h e  f i e l d  (S o m a n

< n a t r U

c a n o n v T  ‘ a n  w ith  h e a v y

c a t a s f r L  ( ^ 8 -  c a n  h a v e  a
“ t a s t r o p h ic  e f f e c t  a s  h a s  b e e n  p o in t e d  o u t



b y  s e v e r a l  w o r k e r s  in  v a r io u s  t r e e  c r o p s  

(W ils o n , 1 9 8 6 ;  S h a r m a ,  1 9 8 7 ;  S h a n k a r , 1 9 9 4 ; 

C h a d u r v e d i ,  1 9 9 4 ;  K h e d k a r  a n d  

S u b r a h m a n ia m , 1 9 9 6 ; N a n h o r y a  e t  a l ,  1 9 9 9 ; 

F R I ,  1 9 9 9 ;  G i n w a l  e i  a l .  2 0 0 1 ) .  In  d u e  

c o n s i d e r a t i o n  o f  t h e  a b o v e  m e n t i o n e d  

d ra w b a c k s  o f  p o ly b a g  p la n ts , th e  A g r ic u lh ir a l 

D iv is io n  o f  t h e  A s ia n  T e c h n ic a l  D e p a r tm e n t  

o f  th e  W o r ld  B a n k  r e c o m m e n d e d  r o o t  tr a in e r  

p l a n t i n g  t e c h n i q u e  a s  a n  a l t e r n a t i v e  to  

p o ly b a g  p l a n t s  f o r  t r e e  c r o p s  ( J o s ia h  a n d  

J o n e s ,  1 9 9 2 ) .  P o l y b a g  p la n t s  w i t h  c o i le d  

ta p r o o t  a n d  u n d e r - d e v e lo p e d  la te r a l  r o o ts  

m a y  n o t  w i t h s t a n d  a  w a r m e r  a n d  d r i e r  

c l im a te .

T h e  p r o p a g a t i o n  te c h n iq u e  o f  r a is in g  

a d v a n c e d  p l a n t i n g  m a t e r i a l s  b y  p la n t in g  

g r e e n  b u d d e d  s t u m p s  in  r o o t  t r a in e r s  h a s  

w id e ly  b e e n  e m p lo y e d  in  th e  t r a d it io n a l b e lt .  

In  t h is  t e c h n iq u e ,  t h e  r o o t  t r a in e r s  a r e  f i l le d  

w it h  c u r e d  c o i r  p i t h ,  p la n t e d  w ith  g r e e n  

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

s ta c k e d  in  t r e n c h e s .  O n  a t ta in in g  tw o  w h o r ls  

o f  g r o w t h ,  t h e  p l a n t s  a r e  s u b j e c t e d  to  

h a r d e n in g .  F o r  th is ,  th e  p la n ts  a r e  li f te d  f ro m  

th e  t r e n c h , t h e  r o o t s  o u tg r o w n  th e  c o n ta in e r s  

a r e  c a r e f u l ly  p r u n e d  w ith  a  k n if e  a n d  th e  

p la n ts  a r e  s t a c k e d  in  c a r r ie r s  m a d e  o f  ir o n

r o d s . In  th is  s u s p e n d e d  c o n d it io n  o f f  th e  

g r o u n d , th e  ta p r o o t r e s u m e s  g r o w th  in  a few  

d a y s  a n d  u n d e r g o e s  n a tu r a l  a ir  p r u n in g  o n  

c o n ta c t  w ith  a ir . T h is  n a tu r a l  a ir  p r u n in g  

e x e r ts  a  te m p o ra r y  s tr e s s  o n  th e  p la n t , a n d  

s o m e  o f  th e  r o o t p r im o r d ia e  w h ic h  re m a in e d  

d o rm a n t, a r e  in d u c e d  to  s p r o u t  a g a in  u n d e r  

th e  in flu e n c e  o f  th e  s tr e s s . T h e  v e r tic a l r id g e s  

o n  th e  c o n t a in e r  w a l l  d i r e c t  th e s e  r o o t s  

d o w n w a rd s  a n d  th e s e  la te r a l  r o o ts  a r e  a ls o  

s u b je c t e d  to  a ir  p r u n i n g .  A s  a  r e s u lt ,  a  

h a r d e n e d  r o o t  t r a in e r  p la n t  r a is e d  w ith  

b u d d e d  s tu m p  a s  th e  in it ia l p la n tin g  m a te r ia l 

p o s s e s s  a n  a v e r a g e  o f  1 4 .4  la te r a l  r o o ts  a s  

a g a i n s t  7 .8  la t e r a l s  o b s e r v e d  in  p o ly b a g  

p la n t s  o f  th e  s a m e  a g e  ( T a b le  1 ) .  S o ,  in  

a d d it io n  lo  a v o id in g  th e  c o ile d  g r o w t h  o f  

ta p r o o t , th e  n a tu r a l  a ir  p r u n in g  is  fo u n d  to  

b e  h e l p f u l  t o  im p r o v e  t h e  l a t e r a l  r o o t  

fo r m a tio n  in  r o o t t r a in e r  p la n ts . H o w e v e r , it 

c o u ld  b e  s e e n  f ro m  T a b le  1 th a t  a lm o s t  h a lf  

o f  th e  la te ra l ro o ts  r e m o v e d  f ro m  th e  b u d d e d  

s tu m p s  still r e m a in e d  d o r m a n t  a n d  h e n c e  th e  

r o o t  t r a in e r  p la n t s  r a i s e d  w i t h  b u d d e d  

s tu m p s  a s  th e  in it ia l  p la n t in g  m a te r ia l  c o u ld  

a l s o  b e  n o t  c o n s i d e r e d  a s  a n  i d e a l  

p r o p a g a t io n  t e c h n iq u e  u n d e r  a  s t r e s s f u l  

a g r o -c lim a te .

Table 1. M ean  v a lu es  o f  b u dd in g ic io n  esiab lish m eni, grow th a jid n , . l  p a .am ele n . _
t a e n l  B u d d in g  G ,o w a 'p a im .e te rs  -------  Plants No. a

— “  e s t .b lis K .e n t  H e i,b t  ^  T p L ”  W

Ti 9b .l 92.3 68,1 7.93

Ta 95.6 91.8 59.6 8.66

88,3 92.1 71,0 8.31

T4 86.6 90.0 62.9 8.49

Ts (C ontrol) 90.3 86.6 67.9 8,95

T„ 89.1 82.7 62.2 8.11

G . m ean 91.0 89.3 65.5 8,41

C D  {PH3.05) 6 .3 4,9 8.3 0.91

} 1.86 13.0 79,1 33,8

1.68 11.4 - 47.7

1 1,74 12.1 87.7 30.7

3 1.69 11.8 - 58.6

5 1.81 12.6 73.2 7.8

1 1.66 11,6 ~ 14.4

1 1,72 12,1 - 32,2

1 0.27 1,6 - 30.6



h  s i l i i  y o u n g  b u d d in g  o n  s to c k s  r a is e d  

in  r o o t tra in e rs  w as  an  im p r o v is a t io n  o f  th e  

r o o t  t r a i n e r  p r o p a g a t i o n  t e c h n i q u e  

m e n t io n e d  a b o v e .  T h is  t e c h n i q u e  w a s  

s ta n d a r d iz e d  w ith  a n e w  n o t  to  d is tu r b  th e  

r o o f s  a t  a n y  s t a g e  in  t h e  n u r s e r y .  

G e r m in a te d  s e e d s  w e r e  p la n te d  d ir e c t ly  in 

r o o t h -a in ers a n d  k e p t  s u s p e n d e d  in  c a rr ie r s  

n g h t  fro m  th e  b e g in n in g  a n d  b u d d in g  w a s  

m it ia te d  a t  th e  s in g l e - w h o r l  s t a g e .  T h e  

t p r o o l  g r o w in g  o u t  o f  th e  d r a in a g e  h o le  a t  

th e  b o tto m  o f  th e  c o n ta in e r  w a s  s u b je c te d  

to  n a tu r a l  a ir  p r u n in g  o n  c o n ta c t  w ith  a ir

I h.s air pruning, in the absence of soil, was 
asti^sstotheplantandthepiantresponded
o  th e  s tr e s s  b y  p r o d u c in g  la r g e  n u m b e r  o f  

a d d itio n a l la te ra l r o o ts  in to  th e  w e ll -a e ra te d

potting medium. vertical r id ges"” fte
c o n ta in e r  w a ll d ir e c te d  th e s e  l a t L j  r o o ts

'aprootandinnumerablelaferal̂ rwrch

were p o p e rly  oriented inside the c on ta in er

Based on the observations •

the presentstudy,itcou ld  be concluded™"®
a d v a n c e d  p l a n t i n g  m a t e r i a l s  r a i s e d  '  

p o ly b a g s  u s in g  b u d d e d  s t u m p s  a s  th e  i „ > ^

planting m aterialsuffered from somesi^rio^ 

drawbacks like co llingof taproot, in s u S e m
n u m b e r  a n d  d e f o r m e d  g r o w t h  o f i ^ t ™  

r o o ts  (F ig . I  a ) . A  m a jo r  p o r t i o n  o f  la te ra l  roots 

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

regenerate m polybags. Dam age^aused
th e  s k m  o f  th e  t a p r o o t  d u r i n g  t h e  p r o c e s s  of

b e T n ^ T t r ' *  '■■=P'‘- " H n g  t h e  s t u m p s  could  
b e  o n e  o f  t h e  r e a s o n s  f o r  t h i s  m e a g e r  lateral 

r o o t  f o r m a t io n  o b s e r v e d  in  p o ly b a g s  T h e

m e d ia  m  p o ly b a g s  w a s  a l s o  r e p o r t e d  to  ex ert

S e r  l a ?  ?  "
in  r „  1 1  f o r m a t io n  w a s  o b s e r v e d

o f  a t e  “ " ^ i d e r a b l e  n u m b e r

u s e d  a s  the m r n a l  p l a n t i n g  m a t e r ia l

bu dd ’ in ''  t e c h n i q u e  o f  /„ s il«

S re e n

r o o b i w „  h a d  t h e  a d v a n t a g e  th at
r o o t ,  w e r e  n o t  c u t  a n d  l o s t  a t  a n y  s ta g e , b u t

to  s u f f e r ?  ^  ' " 8  m a t e r ia l s  w e r e  fo u n d

S s ,  r T *  Tlu-
° f m s i t u v  P ™ P ^ 8 a U o n  te c h n iq u e
r o o t  tr a i ’’ “ d d i n g  o n  s t o c k s  r a is e d  in

t r i l ? !  ' ™ " “ ™ P ™ « * ‘> « ° " ° f t h e r o o t

S l u m p s  a 7 t f “ ™  “ ™ 8  '’ u d J e d

‘ h e  s o i l  o n  t r a m p M n t o g J ^ l ^ T j ^



t a p r o o t  o f  s e e d l in g  t r e e s . T h is  d e e p  g r o w th  

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

m u c h - n e e d e d  m o i s t u r e  a v a i l a b l e  in  th e  

d e e p e r  la y e r s  o f  s o i l  d u r in g  e x tr e m e  d ro u g h t . 

T h e  fu ll  s e t  o f  la t e r a l  r o o ts , s u p p le m e n t e d  

b y  a d d i t io n a l  n u m b e r s  f o r m e d  in  r e s p o n s e  

to  n a tu r a l  a ir  p r u n i n g ,  m a y  h e lp  th e  p la n t  to  

a c q u ir e  a d d i t i o n a l  a b s o r p t io n  a r e a .  T h is  

a d d i t io n a l  a b s o r p t i o n  a r e a  m a y  h e lp  th e  

p la n t  to  a b s o r b  s u f f i c i e n t  w a te r  a n d  n u tr ie n ts  

e v e n  u n d e r  e x t e n d e d  s o i l  m o is t u r e  s tr e s s . 

R o o ts  w e r e  n o t  d i s t u r b e d  d u r in g  th e  p r o c e s s  

o f  t r a n s p l a n t in g  a n d  h e n c e  th e  n a h jr a l ly  a ir  

p r u n e d  r o o ts  w e r e  n o t i c e d  to  r e s u m e  g r o w th  

w ith in  2 4  h o u r s  a f t e r  t r a n s p l a n t in g  to  th e  

f ie ld . T h is  q u i c k  g r o w t h  o f  r o o ts  m a y  h e lp  

th e  p l a n t s  t o  a t t a i n  h i g h  e s t a b l i s h m e n t  

s u c c e s s  e v e n  u n d e r  p r o l o n g e d  d r y  s p e l ls .

B u d d i n g  s u c c e s s  in  r u b b e r  is  h ig h ly  

in f lu e n c e d  b y  a t m o s p h e r ic  t e m p e r a tu r e  an d  

h u m id ity .  S o ,  a  d r ) ’ w e a t h e r  d u e  to  a c h a n g e  

in  t l i e  a g r o - c l im a t e  i s  l ik e ly  to  p o is e  a s e r io u s  

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

p l a n t i n g  m a t e r i a l s  in  r u b b e r .  T h e  s t o c k  

s e e d l in g s  in  th e  n e w ly  s ta n d a r d iz e d  in  s itu  

y o u n g b u d d in g  a r e  r a is e d  in  r o o t  tr a in e rs  an d  

th e  p la n t s  w e r e  m a in t a in e d  o v e r  a  s ta n d , o ff  

th e  g r o u n d ,  t i l l  t h e y  a r e  f in a l ly  t r a n s p la n te d  

to  f i e l d .  T h e  c o m p a c t  s iz e  o f  th e  c o n ta in e r  

a n d  th e  p o r t a b le  n a t u r e  o f  th e  s to c k  s e e d l in g s  

m a k e  i t  p o s s ib le  to  ta k e  th e  r o o ts to c k s  to  a 

g r e e n  h o u s e  a n d  c a r r y  o u t  b u d  g r a f t in g

u n d e r  c o n t r o l l e d  e n v i r o n m e n t .  A  s ta n d  

c o n ta in in g  a s  m a n y  a s  7 5  p la n ts  c o u ld  b e  

ta k e n  to  a  g r e e n  h o u s e  a n d  b u d d in g  c o u ld  

b e  a t te m p te d  c o n v e n ie n t ly  o n  a  w o o d e n  

b e n c h . In  c a s e  o f  u n fa v o r a b le  a g r o -c lim a te , 

b u d d i n g  s u c c e s s  c o u ld  b e  im p r o v e d  b y  

r e t a in in g  th e  b u d - g r a f t e d  p la n t s  u n d e r  

p r o te c te d  c o n d it io n s  t il l  th e  s c io n  b u d s  a r e  

a c c e p t e d  b y  th e  s t o c k .  S o ,  t h i s  p la n t in g  

te c h n iq u e  m a k e s  it  p o s s ib le  to  d e r iv e  th e  

%'arious a d v a n ta g e s  o f  b e n c h  g r a ft in g  w ith o u t 

u p r o o t i n g  th e  p la n t s  a n d  h e n c e  w ith o u t  

c o m p r o m is in g  th e  b u d d i n g  s u c c e s s  a n d  

e s ta b lis h m e n t.

T h is  m o d e m  p r o p a g a t io n  te c h n iq u e  is  

e n v ir o n m e n t  f r ie n d ly , la b o r  f r i e n d l y  a n d  

h ig h ly  c o s t  e f fe c t iv e  a ls o . D u e  lo  th e  l ig h t  

w e ig h t  a n d  c o m p a c t  s iz e  o f  th e  c o n ta in e r s , 

th e  c o s t  r e q u ir e d  fo r  p la n t in g  o p e r a t io n s  lik e  

t r a n s p o r t  o f  p l a n t s ,  d i s t r i b u t i o n ,  f i e l d  

p la n t in g  e tc . c o u ld  b e  c u t  s h o r t  d r a s t i c a l ly  

c o m p a re d  to  p o ly b a g  p la n ts  w h ic h  a ls o  n e e d  

la r g e  v o lu m e s  o f  so il.
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G eorge, S ., Syam ala , V.K., Idicula, S.P. and Nair, N.U. (2011). Som e good agricultural practices for adapting 
m bber cultivarion  to clim ate change. N atural Rubber Research. 24(1); 91-96.

D rought is o n e o f  the m ost im portant m anifestations of clim ate change as far as the rubber grow ing re^ o n s 
in India are con cern ed . T h e  e ffect o f type of planting m ateria! and w ater conservation techniques like 
tiUage, m u lching  and  in  situ  w ater harvesting on growth of im m ature rubber and storage of soil m oisture in 
tw o ongoing exp erim ents are discussed. In the nursery'experiments, growth parameters of planting m aterials 
raised through d irect-seed in g  in poiybags followed by in situ  budding and planting budded stum ps in 
p oiybags w ere com pared . T h e results indicated significant difference in the growth perform ance depending 
up on  the ty p e of p lan d ng m aterial. It w as observed that the planting m aterial produced through direct- 
seeding w ith  an  in tact root system  w as significantly superior in stem  diameter, plant height, num ber of 
w horls, f ibrou s roo t ar\d dr>- m atter com pared to plants raised through budded stum ps. In th e field 
experim ent, d irect-seed ed  green  budded plants were integrated w ith m oisture conservation practices like 
tillage, m ulching , s ilt  p its and  enhanced fertilizer application along with the use of organic manures. It was 
o bserved th at th e so il m oisture storage during sum m er was significantly increased com pared to the plots 
w here p lan ts  w ere raised  from  budded stum ps foUowing the cunrent package of practices. A  significantly 
h igher leaf area  index (LA I) and root length density (RLD) were m aintained by the direct-seeded green 
bu dded p lan ts  u n d er in tegrated  m anagem ent. The growth of the direct-seeded green budded plants under 
in tegrated  m anag em en t w as significantly superior to other tream ients. Therefore introduction o f planting 
m ateria ls w ith  a go o d  root system  and adoption of good agricultural practices (GAPs) could play an 

Im portant ro le  in ad aptin g plants to future extrem es of clim ate change.

K ey w ord s: C lim ate  chan ge, G APs, G row th, Im m ature m bber, Soil moisture.

I N T R O D U C T I O N  u n e v e n  m o n s o o n  a r e  a  r e a l i t y  in  th e
t r a d it io n a l r u b b e r  g ro v ^ in g  r e g io n s  in  In d ia . 

N a t u r a l  r u b b e r  is  a  p r o m in e n t  p la n ta tio n  a g r ic u ltu r a l  c ro p s , th e  g r o w t h  an d

c r o p  o f  c o n s id e r a b le  s ig n i f ic a n c e  to  In d ia n  n a t u r a l  r u b b e r  a r e  a l s o

e c o n o m y , h a v in g  a  s h a r e  o f  8 .9  p e r  c e n t  o f  j ^ e r t e d  b y  c l im a te  c h a n g e  ( Ja c o b ,

w o r l d ' s  p r o d u c t i o n  a n d  8 . 7  p e r  c e n t  C o n c e r n  is  g r o w in g  a m o n g  th e  n a h ir a l

c o n s u m p t i o n .  C l i m a t e  c h a n g e  h a s  m a n y  o v e r  th e  p o s s ib le

f a c e t s  in c l u d in g  f a ll  a n d  r is e  m  c h a n g e  e s p e c ia l ly  a f te r  th e

Z : L r ? r o t ' : : ; r h S r d r S e  f a , r o f N R o u t p u t b y . l p e r c e n t d u r i n g . » ,  

C orrespondence; Sherin George (Email: sherinKt-nibberlx’Jrd.org.in)



a v a ila b le  in fo rm a tio n , b io m a s s  g a s i f i e r  is  n o f  

b e in g  u s e d  in  o th e r  m a jo r  r u b b e r  p r o d u c in g  

c o u n tr ie s  f o r  d ry in g  o f  b lo c k  r u b b e r . I f , a t  

least, 5 0  p e r  c e n t  o f  th e  p r o d u c t io n  i s  d rie d  

w t h  p r o d u c e r  g as , 12 0  m ill io n  li te r s  o f  d ie s e l  
c a n  b e  s a v e d  w h ic h  w il l  in  tu r n  r e d u c e  

3 , 2 4 ,0 0 0  M X  o f  C O , e m i s s i o n  i n t o  t h e  
a tm o s p h e r e  p e r  y e a r.

T h e  b io m a K  g a s ific a tto n  te c h n o lo g y  c a n  

r e p l a c e  d ie s e i/ k e r o s e n e / e l e c l r i c i t y  in  a 
co^^■enlional b lo c k  m b b e r  d ry er . I t s  b e n e f it s  

a r e  t e o  fold,- in  ad d iH o n  to  th e  s a v in g s  m a d e  

m  th e  COS! o f  p r o d u c t io n  o f  b lo c k  m b b e r  

t e r e  w o u ld  b e  c o n s id e r a b le  r e d u c t io n  in  

C O , em is s io n . G lo b a lly , o n ly  a s m a ll q u a n H ty

r e f e r e n c e s

D a s a ^ a , S., Paol, RJ, A m ar K um ar G  (20H31 

« l o r - S e ™ a r o „  Biom assG assifier, K o lta jam

BC, .V o v em b eT lS s  » * n > o n d .
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Jessy, M .D ., K rishn aku m ar, R., A nnam alainath an,K  and lacob r f s m n  r r
estab lish m en to fyo u n g ru bberp lan tsin trad iH o n aln ih K o  • Climate uncertainties and early
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» t th e  end of the rainy Mason in c a s e d  soil m oisinre storage, Ed uced

T 5  y” a X

K eyw ord s: C asualty, C lim ate uncertam ty. D rought Hevea brasiliensis. Life saving irrigation. Soil moisture.

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

a g n c u l t u r e  v a r i e s  w i t h  c r o p ,  r e g i o n  a n d  c h a n g in g  c l im a t ic  s c e n a r io  in  th e  r u b b e r

c u lt iv a t io n  t e c h n iq u e s .  V a r ia b i l i t ie s  in  lo c a l  g r o w in g  r e g io n s  o f  th e  w o r ld , th e  c u r r e n t

c l im a te  r a t h e r  t h a n  g l o b a l  c l im a te  p a t te r n s  a g r o n o m ic  p r a c t i c e s  b e in g  f o l lo w e d  in

‘i r e  m o r e  r e le v a n t  in  d e t e r m in in g  th e  im p a c t  ru b b e r  cu ltiv a tio n  m a y  b e  in a d e q u a te  to  m e e t

o f  w e a t h e r  e v e n t s  o n  c r o p  p r o d u c t io n . D aily , th e  c h a lle n g e s  o f  fu tu r e  c lim a te ,

m o n t h l y  a n d  s e a s o n a l  p a t t e r n s  o f  T h e  im p a c t o f  u n ce rta in  w e a th e r  p a t te m

t e m p e r a t u r e  a n d  p r e c ip i t a t i o n  a r e  l ik e ly  to  w i l l  b e  m o r e  p r o n o u n c e d  d u r i n g  th e

b e  a f f e c t e d  b y  c l i m a t e  c h a n g e  ( R e i l ly  c t  a l ,  e s ta b lis h m e n t  a n d  e a r ly  g r o w th  o f  y o u n g

2 0 0 0 ) . R a i n f e d  c r o p s  a r e  m o r e  v u ln e r a b le  to  r u b b e r  p la n ts . T r a d it io n ^ ly  m o n s o o n  se a s o n  

th e  v a r ia t io n s  in  c l im a t e  s u c h  a s  c h a n g e s  in  is  th e  id e a l p la n tin g  sea so n  o f  r u b b e r  in  In d ia .

p r e c ip ita H o n  r e g i m e s ,  te m p e r a tu r e , s u n s h in e  In  r e c e n t  y e a rs , u n c e r ta in ty  in  r a in fa ll  a n d

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

H o d g e s  ( 2 0 0 0 )  e m p h a s i z e d  th e  n e e d  f o r  s ch e d u U n g  o f  v a r io u s  f a rm  o p e r a t io n s  lik e

a l t e r i n g  c u l t u r a l  p r a c H c e s  a n d  e n g in e e r in g  p la n t in g , d if f i c u l te v e n  in  tr a d it io n a l r u b b e r

te c h n iq u e s  to  t a c k l e  c l im a t e  c h a n g e  e f f e c t s  g r o w in g  r e g io n s , O c c u r r e n c e  o f  u n e x p e c te d
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t e m p e r a l u » d u r i n t ! S ^ " * ™ ™  w e a t h e r  p a t t e r n  o n  p l a n t i n g  a n d

- « s H n . e „ t o t y o u n , r u . L p . a n f s ,  

« « sess  th e  im p a c t o f  c h a n g in g  T h e  e x t e n t  o f  c a s u a l t y  a f t e r  p la n t in g  w as

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

w e a th e r  p a t t e r n  d u r i n g  p la n t in g  s e a s o n  in  

C e n tr a l  K e r a la .  T h e  e x t e n t  o f  c a s u a l ty  w a s  

a s s e s s e d  in  o n e  h e c t a r e  p la n t a t io n  d u r in g

2 0 0 7  a n d  2 0 0 8 .  D u r in g  b o t h  y e a r s ,  p la n t in g  

w a s  c a r r ie d  o u t  d u r i n g  t h e  f i r s t  w e e k  o f  J u ly  

an d  c a s u a lty  w a s  a s s e s s e d  d u r in g  S e p te m b e r .

A  f ie l d  s u r v e y  w a s  c a r r ie d  o u t  t o  f in d  

o u t  t h e  e x t e n t  o f  l i f e  s a v i n g  i r r i g a t i o n  

a d o p te d  b y  s m a l lh o l d e r s  d u r in g  th e  s u m m e r  

s e a s o n  o f  2 0 1 0 .  T h e  t r a d i t i o n a l  r u b b e r  

g r o w in g  r e g i o n  m a in l y  c o v e r i n g  th e  c e n t r a l  

T r a v a n c o r e  a n d  s o u t h  M a la b a r  r e g i o n s  o f  

K e r a la  w a s  s u b  d iv i d e d  in to  e i g h t  r e g io n s  fo r  

th e  s u r v e y  A  t o t a l  o f  1 6 1  h o l d i n g s  w e r e  

v i s i t e d  f o r  t h e  a s s e s s m e n t  o f  d r o u g h t  

in te n s i ty  in  t h e  f i r s t  y e a r  o f  p la n t in g .

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

P u t h u k k a d  E s t a t e ,  T r i c h u r ,  w h i c h  i s  a  

c o m p a r a t iv e l y  d r o u g h t  p r o n e  a r e a  in  K e r a la .  

T h e  e x p e r i m e n t  w a s  in i t i a t e d  d u r in g  2(X)8 

w ith  th r e e  t r e a t m e n t s  u fz „  c o n t r o l ,  t i l l in g  th e  

p la n t  b a s e  a n d  l i f e  s a v i n g  i r r i g a t i o n .  R u b b e r  

(c lo n e  R R I I  1 0 5 )  w a s  p la n t e d  d u r in g  J u n e

2 0 0 8  a n d  s u b s e q u e n t l y  v a c a n c y  f i l l i n g  w a s  

c a r r ie d  o u t  d u r i n g  S e p t e m b e r  2 0 0 8 .  A t  th e  

e n d  o f  t h e  r a in y  s e a s o n  ( O c to b e r ,  2 0 0 8 )  th e  

b a s e  ( r a d iu s  1 .0  m )  o f  1 0 0  r u b b e r  p la n ts  w e r e  

t i l le d  t o  a  d e p t h  o f  1 0  c m . H u n d r e d  p la n t s  

w e r e  g i v e n  l i f e  s a v i n g  i r r i g a t i o n  w e e k ly  

tw ic e  f r o m  D e c e m b e r  2 0 0 8  o n w a r d s  a n d  

a n o t h e r  h u n d r e d  p la n t s  w e r e  r e ta in e d  a s  

c o n t r o l  w i t h o u t  ir r i g a t i o n  o r  t i l la g e . T h e  b a s e  

o f  th e  p la n t s  in  a l l  t h e  t h r e e  t r e a t m e n t s  w e r e  

m u lc h e d  a s  p e r  t h e  s t a n d a r d  p r a c t i c e  a n d  

s t e m  o f  t h e  r u b b e r  p la n t s  w e r e  p r o t e c t e d  

f r o m  s u n  s c o r c h  b y  c o n t a c t  s h a d i n g  w ith  

d r i e d  g r a s s .  S o i l  m o i s t u r e  w a s  r e c o r d e d  

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

d ia m e t e r  w a s  r e c o r d e d  a t  t h e  e n d  o f  s u m m e r  

( A p r i l  2 0 0 9 ) .  T h e  d a t a  w a s  a n a l y z e d  w it h  

t - t e s t .  E x t e n t  o f  c a s u a l t y  a t  t h e  e n d  o f  th e

Table 1. C asu alty  o f  yo u n g p lan ts  tw o m onths 
after p lan tin g  in  th e m ain field

Year D ate of No. ot plants Casualty
planting observed {^ )

2007 July 6 450 2.6

2008 July 3 450 4.7

s u m m e r  w a s  a ls o  r e c o r d e d  in  a l l  th e  f ir s t  

t r e a tm e n ts .

C a s u a lty  o t  y o u n g  p la n ts  im m e d ia te ly  

a f te r  p la n t in g  w a s  2 .6  p e r  c e n t  d u r in g  2 0 0 7  

w h e r e a s  it  w a s  6 .7  p e r  c e n t  d u r in g  2 0 0 8  e v e n  

a f te r  p r o v id in g  li fe  s a v in g  ir r ig a t io n  to  th e  

p la n t s  w h i c h  s h o w e d  w i l l in g  s y m p to m s .  

P l a n t i n g  w a s  d o n e  d u r in g  th e  f ir s t  w e e k  o f  

J u ly  w h ic h  is  t h e  m id d le  m o n s o o n  s e a s o n  in  

b o th  y e a r s . A lth o u g h  s o il  m o is tu r e  s ta tu s  w a s  

s u f f i c ie n t  in  b o th  y e a r s , a tm o s p h e r ic  d ro u g h t  

d u e  t o  b r i g h t  s u n s h i n e  h o u r s  a n d  h ig h  

te m p e r a h ir e  (F ig . l a - c )  d u r in g  th e  f ir s t  w e e k  

o f  J u ly  2 0 0 8  m ig h t  h a v e  re s u lte d  in  th e  h ig h e r  

c a s u a l ty  fT a b le  1 ). I t  i s  r e c o g n iz e d  th a t  a s  Ih e  

c l im a te  w a r m s  a n d  a s  th e  h y d r o lo g ic  c y c le  

in te n s i f le s ,  i t  is  l ik e ly  th a t  th e r e  w iU  b e  a n  

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

v a r i a b i l i t y  o f  p r e c i p i t a t i o n  a n d  i n  t h e  

i n t e n s i t y  a n d  d u r a t i o n  o f  s t o r m s  a n d  

d r o u g h t s  (H u n tin g to n , 2 0 1 0 ) .  T h e  o c c u r r e n c e  

o f  d r y  s p e l l  w it h  b r ig h t  s u n s h in e  a n d  w a r m  

t e m p e r a t u r e  d u r i n g  m o n s o o n  s e a s o n  

o b s e r v e d  in  th is  s tu d y  m a y  o r  m a y  n o t  b e  

r e la t e d  t o  c l im a t e  c h a n g e .  H o w e v e r ,  n e w  
m a n a g e m e n t  s t r a t e g i e s  to  m i t i g a t e  t h e  

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

d e v e lo p e d  i f  s u c h  a b e r a H o n s  c o n t in u e  to  

o c c u r  S o i l  m o i s t u r e  c o n s e r v a t io n  a lo n e  is  

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

e n h a n c in g  th e  a b i l i ty  o f  p la n ts  t o  t id e  o v e r  

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

m a n ip u la t io n s  o r  o t h e r  c u l t u r a l  m e t h o d s  

n e e d  to  b e  e x p lo r e d .

In  th e  f ie ld  s u r v e y  in  t r a d it io n a l  r u b b e r  

g r o w i n g  r e g i o n ,  i t  w a s  o b s e r v e d  th a t  in



a d d it io n  to  th e  r e c o m m e n d e d  m a n a g e m e n t 
p r a c t i c e s  lik e  m u lc h in g  iin d  s h a d in g , l i fe  

s a v in g  ir r ig a tio n  is  in c r e a s in g ly  p r a c tic e d  in 

c e r ta in  h o ld in g s , a lth o u g h  th is  h a s  n o t  b e en  

a  re co n x m e n d a tio n  in  th e  t r a d id tio n a l a rea s .

Table 2, Percentage o f farmers adopling life 
saving irrigation in the first year of 
planting in traditional rubber growing 
region

51.
No.

Region .No. Of 
holdings 
surveyed

% of
holdings
irrigated

2 Adoor 20 20
2 Kottoyam 22 18
3 Pathanamthitta 25 16
4 Erattupetta 19 16
5 Kolhamangalam 20 18
6 Muvattupuzha 19 2]
7 Manna kkad 25 16
8 Thalassery 11 16

Total farmers contactpd 161

A t a o s l  1 8  p e r c e n t  o f  (h e  r u b b e r  h o ld in g s  

w h e r e  p la n tm g  w a s  ta k e n  u p  in  2 0 0 9  in  th e  

t a d .b o n a l  b e l t  w h e r e  th e  s u r v e y  w a s  ta k e n  

u p , w e r e  ir r ig a te d  a t  le a s t  o n c e  d u r in g  th e

s u ^ e r s e a s o n  of 2010fTable 2). Life saving
r n g a t i o n  w a s  t t e v e r  n e e d e d  in  t h e  

t r a d . t . o n a l  r u b b e r  g r o w i n g  r e g i o n s  

H o w e v e r ,  ,n  t h e  r e c e n t  y e a r s  d u e  to

W e ' s t v ?  ' ™ P « a t u r e ,
fc  s a v m g  .r n g a h o n  is  b e in g  p r o v id e d  to  

t id e  o v e r  d r o u g h t  c o n d it io n s .  In  m o s t  c a s e s

basin im gahon was adopted

V i s u a l  a s s e s s m e n t  i n d i c a t e d  
c h lo r o p h y l l  b le a c h in g  a n d  l e a f  s c o r c h in g  in  

th e  r a in fe d  u n ir r ig a te d  y o u n g  p la n ts .  S e v e r e  

d r o u g h t  in d u c e d  m e d ia t e d  s y m p t o m s  in  

l e a f  h a v e  b e e n  r e p o r t e d  o n l y  in  n o n -  

t r a d it io n a l  a r e a s  o f  r u b b e r  c u l t i v a t i o n  in  

c e n t r a l  I n d ia  ( D e v a k u m a r  e f  a l ,  1 9 9 8 :  J a c o b  

t t  a l ,  1 9 9 9 ) . H e a t  s t r e s s  c a u s e d  b y  in c r e a s in g  

te m p e r a tu r e  h a s  a l r e a d y  b e e n  r e p o r t e d  a s  a 

m a jo r  c o n c e r n  f o r  c r o p  p r o d u c t i o n  in  

a s s o c ia t i o n  w i t h  p r o je c t i o n s  o f  in c r e a s e  in  

th e  n u m b e r  o f  d a y s  w ith  h ig h  t e m p e r a t u r e

(Trenberth 2007) and in young rubber
p la n ts  a ls o , i t  a p p e a r s  th a t  c l i m a t e  c h a n g e  

i s  w a r r a n t i n g  a l t e r a t i o n s  i n  c u l t u r a l  
p r a c t i c e s .

T h e  e x p e r im e n t  a r e a  o n  t i l la g e  d id  n o t  

r e c e iv e  r a in s  d u r in g  D e c e m b e r  to  F e b r u a r y  

2 0 0 9 . T i l la g e  e n h a n c e d  s o i l  m o is t c ir e  c o n te n t  

s ig m f ic a n t ly  d u r in g  J a n u a r y  a n d  F e b r u a r y  

( T a b le  3 )  a n d  t h e  g r o w t h  o f  p l a n t s  w a s  

s ig n i f ic a n t ly  s u p e r io r  to  t h a t  o f  c o n t r o l  a n d  

w a s  o n  p a r  w ith  th a t  o f  p la n ts  w ith  l i fe  s a v in e  
■ rn g a tio n  ( T a b le  4 ) . S u r f a c e  t i l l a g e  h a s  b e e n  

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

c o n s id e r a b ly  ( Ja lo ta  a n d  P r ih a r , 1 9 9 8 ;  P a y n e ,

Table 4. Growth and survival o f plants M  months 
after field planting

Treatment

Control 

Tillage

Lite saving irrigation IQ 7^.

Diameter Casualty
( ° ’ m ) (% )

‘  Significant at P^.05

Nil

Nil

February

'  Significant at P-o.05



99 9 ), T h e  e x t e n t  o f  c a s u a l t y  w a s  4 %  in  th e  

o n tr o l w h e r e a s  t h e r e  w e r e  n o  v a c a n c ie s  in  

th e  o th e r  tw o  t r e a t m e n t s  d u r i n g  s u m m e r  

s e a s o n  o f  2 0 0 9  ( T a b le  5 ) .  T h e  d a t a  in d ic a te d  

th a t a d d i t io n a l  m e a s u r e s  t o  c o n s e r v e  s o il 

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

y o u n g  r u b b e r  p l a n t s  a n d  r e d u c e  c a s u a lty . 

B o th  t i l la g e  a n d  l i f e  s a v i n g  i r r i g a t i o n  w e r e  

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

c o m p a ra t iv e ly  m o r e  e c o n o m ic a lly  \ 'iable a n d  
fe a s ib le  m a n a g e m e n t  p r a c tic e .

T h e s e  o b s e r v a t i o n s  i n d i c a t e  th e  

n e c e s s i t y  o f  a d o p t in g  a d d i t io n a l  in  s it u  

m o i s t u r e  c o n s e r v a t i o n  m e a s u r e s  a n d  

d e v e l o p i n g  a p p r o p r i a t e  m a n a g e m e n t  

te c h n iq u e s  to  in c r e a s e  th e  a b i l ity  o f  p la n ts  

to  t id e  o v e r  d r o u g h t  w h ic h  m a y  b e c o m e  

m o r e  a d v e r s e  in  a  f u tu r e  w a r m e r  w o r ld .
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p o ta s ,,„ „  and s , l ,» n  in alleviating .Ke adverse effects o f  soil m oisture stress in yo u n g  m b b e r  p lan B  
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d u r in g  m o n s o o n  s e a s o n  a d v e r s e ly  a l k c t  f ra n  ■ ► *’
e s ta b U s h m e n t a n d  in it ia l e r o w lh  o f  n ,h h »  ( M e n g e l  a n d  K ir k b y , 1 9 8 0 ) . K '

p la n ts  e v e n  in  tr a d iH o n a l r u b b e r  g r o w in e
r e g i o n s .  I n c r e a s i n g  s e v e r i t y  o f  d r o u e M  r e g u la t e s  t h e  s lo m a t a l

d u r in g  s u m m e r  s e a s o n  a ls o  a u g m e n ts  th e  f l  i ^  c o n d it io n s
c a s u a lty  in  th e  f ie ld . S c a r c ity  f o  i t ,  " i ; '

i m g a t i o n  a n d  m a n p o w e r  l i m i t  [h e  l a r o ^  P . > ™ * ^ ‘ ‘ " = t e a n d p l a n t g i o w t h u n d e r  

s a l e  a d o p H o n  o f  i r t ig a lio n  in  y o u n g  r u b L  f  c o n d i t i o n  ( M a r s c h n e r ,  1 9 9 5 ) .  T h e  

p la n ta t io n s , th o u g h  li fe  s a v in g  ir r ig a t io n  e f f e c t s  o f  h ig h  le v e ls  o f  a d d e d
y o u n g  p la n t s  is  in c r e a s in g ly  a d o p te d  in  ° v e r c o m in g  m o i s t u r e  s t r e s s  e f f e c t s  in
recentyears. 8 ^ adopted m  you ng ru b b er p la n ts  w as rep o rte d  by

S t a t , , s „ f  ■ , M " 'a r a p p u l i ^ / „ ( .  ( 1 9 9 3 ,

M a tu s  o f m in e r a l  n u t r ie n t s  in  p la n ts
P  ays a critical role in increasing plant ' i  'm portant role

‘*™“ g>'t stress (M arschner ™  ‘“ ‘erance to environm ental

s ^ i ! '  “"l T  (K) has a !  «? M < L u x
PM ficrolejnaUeviatingtheadversceffects i „ „  Silicon

C o r „ p , . n d e „ » P . P , „ ^ k „ ^ ; | —  ^ I f r  u s e  e f f i c i e n c y  a n d

I n'au.prasan„akomari«„,bberb„ard.„r8.in) "



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

u n d e r  w a t e r  s t r e s s  ( E p s t e in ,  2 0 0 1 ) ,  S i l ic o n  

h e lp s  to  m a in t a in  lo w e r  h y d r a u l i c  r e s is ta n c e  

u n d e r  w a t e r  s t r e s s  a n d  i n c r e a s e s  w a t e r  

u p ta k e  ( H a t t o i r i ,  2 0 0 5 ) .  B e s i d e s  t h is ,  s i l i c o n  

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

to x icity , w h i c h  in c r e a s e s  th e  s u s c e p t ib i l i t y  o f  

p la n t s  t o  w a t e r  s t r e s s  b y  f o r m a t i o n  o f  

a lu m in u m  s i l i c a t e s  ( M a r s c h n e r ,  1 9 9 5 ) .

I n  y o u n g  r u b b e r ,  t h e  c u r r e n t  

r e c o m m e n d a t io n  o f  K  i s  lo w  c o m p a r e d  to  

n itr o g e n  a n d  p h o s p h o r u s  (N  : K  = 2 .5  : 1 ) .  A  

lo w  q u a n t i t y  o f  K  w a s  r e c o m m e n d e d  s in c e  

th e r e  w a s  n o  m e a s u r a b l e  e f f e c t  o f  K  o n  

g r o w t h  o f  y o u n g  r u b b e r  p l a n t s  ( A n a n t h ,  

1 9 6 6 ) . B e n e f i c i a l  e f f e c t s  o f  s i l i c o n  in  y o u n g  

r u b b e r  p la n t s  h a v e  n o t  b e e n  s t u d ie d  s o  fa r.

U n c e r t a i n  r a in f a l l  p a t t e r n  a s  a  r e s u l t  o f  

c l im a te  c h a n g e  h a s  b e e n  r e p o r t e d  to  in c r e a s e  

c a s u a lty  o f  y o u n g  p l a n t s  i m m e d ia t e l y  a f te r  

p la n t in g  ( J e s s y  e t . a l ,  2 0 1 1 ) .  B r i g h t  s u n s h in e  

a n d  h ig h  t e m p e r a t u r e  a r e  b e i n g  e x p e r ie n c e d  

e v e n  in  t h e  m i d d l e  o f  t h e  m o n s o o n  s e a s o n  

in  r e c e n t  y e a r s  a d v e r s e l y  a f f e c t i n g  

e s t a b l i s h m e n t  o f  y o u n g  p la n t s  in  th e  f ie ld  

( Je s s y  e t  a i ,  2 0 1 0 ) .  T h e  o b je c t iv e  o f  th e  p r e s e n t  

s tu d y  w a s  t o  f in d  o u t  i f  s i l i c o n  a n d  p o ta s s iu m  

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

p la n ts  to  t id e  o v e r  t r a n s i e n t  d r o u g h t .  T h e  

e x p e r im e n t  w a s  c o n d u c t e d  in  a  g l a s s h o u s e ,  

s i n c e  u n c e r t a i n  w e a t h e r  p a t t e r n  m a k e s  

t e s t in g  in  t h e  f i e l d  d i f f i c u l t .

B r o w n  b u d d e d  s t u m p s  o f  c lo n e  R R I l  1 0 5  

w e r e  p la n t e d  in p o l y b a g s  ( 6 0 x 3 5  c m )  a n d  

r a is e d  in  g l a s s  h o u s e  c o n d i t i o n s .  T h e  s o i l  

u s e d  f o r  f i l l i n g  t h e  p o ly b a g s  w a s  a c id ic  in  

r e a c t io n  ( p H  5 .2 ) ,  m e d iu m  in  o r g a n i c  c a r b o n  

s t a t u s  ( 1 .0 2  p e r  c e n t )  a n d  lo w  in  a v a i l a b le  P  

( 0 .5  m ^ lO O g )  a n d  a v a i l a b le  K  ( 4 .5 m g / 1 0 0 g )  

(Jackson, 1 9 5 8 ) .

T h e r e  w e r e  t w o  t r e a t m e n t s ,  t ' t z , ,  

i r r i g a t e d  a n d  u n i r r i g a t e d .  U n d e r  e a c h

t r e a tm e n t ,  th e r e  w e r e  fo u r  s u b -tr c .i lr lK r iK  

znz, c o n t r o l  ( s ta n d a r d  p r a c t ic e ) ,  s ilic o n  (S i) , 

p o ta s s iu m  (K )  a n d  s i l ic o n   ̂ p o ta s s iu m  (S i *

K ) . S i l ic o n  w a s  s u p p l ie d  a s  r icv  h u s k  ash , 

a n d  in c o r p o r a te d  in to  th e  s o il (Ig / k p  so il) , 

tw o  w e e k s  a f te r  p la n tin g  th e  b u d d e d  s tu m p s. 

N :P :K ;M g  m ix tu r e  ( 1 0 :1 0 :4 ; 1 .5 ) w a s  a p p lie d  

tw ic e  a t  th e  t im e  o f  m a tu r ity  o f  f ir s t  a n d  

s e c o n d  w h o r ls .  In  t r e a tm e n ts  o f  h ig h e r  d o se  

o f  p o ta s s iu m , 2 .5  t im e s  th e  r e c o m m e n d e d  

d o s e  o f  K  w a s  a d d e d  ( N :K « 1 :1 )  a n d  b o th  N  

a n d  K  w e r e  a p p lie d  in  tw o  s p li ts .  T re a tm e n t 

im p o s it io n  w a s  c o m p le t e d  15  d a y s  p r io r  to  

w ith h o ld in g  ir r ig a t io n .

T h e r e  w e r e  4 0  p l a n t s  u n d e r  e a c h  

t r e a tm e n t ,  o u t  o f  w h ic h  2 0  w e r e  k e p t u n -  

i r r i g a t e d ,  w h i le  r e s t s  o f  th e  p la n t s  w e r e  

i r r ig a te d .  B e f o r e  in lH a tin g  th e  e x p e r im e n t , 

w a te r  fo r  ir r ig a t io n  w 'as q u a n t if ie d  s o  th a t  

n o  w a te r  d r a in e d  o u ts id e  th e  p o ly b a g . W a te r  

l o s t  t h r o u g h  e v a p o - t r a n s p i r a t i o n  w a s  

r e p l e n i s h e d  b y  i r r i g a t i o n  b a s e d  o n  th e  

c a n o p y  a r e a  a n d  e v a p o r a t iv e  d e m a n d  o f  th e  

a t m o s p h e r e .  S o i l  m o i s t u r e  c o n t e n t  in  

p o ly b a g  w a s  a s s a y e d  b y  g r a v im e tr ic  m e th o d  

o n  t h e  3 0 “  d a y  o f  w ith h o ld in g  ir r ig a H o n . 

c h lo r o p h y l l  c o n te n t  in d e x  w a s  re c o r d e d  a fte r  

10 , 2 0  a n d  3 0  d a y s  o f  w ith h o ld in g  ir r ig a H o n  

w ith  a  c h lo r o p h y l l  c o n te n t  m e te r  ( C C M  2 0 0 , 

O p ti- s c ie n c e , U S A ) . L e a f  w a te r  p o te n tia l w a s  

r e c o r d e d  w i t h  a  P s y p r o  w a t e r  p o t e n t ia l  

m e te r  (W e s c o r  I n c .)  a f t e r  1 0  a n d  2 0  d a y s  o f  

w i t h h o l d i n g  i r r i g a t i o n .  L e a f  a r e a  w a s  

m e a s u r e d  w ith  L iC O R  le a f  a r e a  m e te r , 2 0  

d a y s  a f t e r  w ith h o ld in g  w a t e r  A f te r  3 5  d a y s , 

p la n t  d ia m e te r  w a s  r e c o r d e d , a n d  th e  p la n ts  

w e r e  u p r o o t e d  f o r  t h e  e s t i m a t i o n  o f  d r y  

m a te r . T h e  d a ta  w a s  s u b je c te d  to  tw o -w a y  

a n a ly s i s  o f  v a r ia n c e .

C h l o r o p h y l l  c o n t e n t  i n d e x  ( C C D  

r e c o r d e d  1 0  d a y s  a f te r  im p o s in g  w a te r  s tr e s s  

in  p o ly b a g s  s h o w e d  s ig n i f ic a n t  r e d u c t io n  m



,  r» ,«„m n hd l content in d «  -  IQ, 20 and 30 d ays a fte r  w ith h o ld in g  irrigaH on 
------------------------------■ Chioroph^ll con ten t index

Sit-K

Mean

CD(A)
CD(AxB>

Irrigated i>tTe5sea

30 days

119.9

115.1

119.5 

116.0

117.6

99,5 

115.9 

I 1 9 J  

110.1 

111.3

4.57

9.34

Stressed

]17.3

119.7

117.2

109.4

115.9

9 5 .7

110.9

116.2

100.6

105.7

5 .08

10.16

98 .3

103.2

9 5 .6

100.8

993

45.2 

65.1

73.3

66.4

62.5
6 .49

12.99

s tr e s s e d  p la n ts  c o m p a re d  to  ir r ig a te d  p la n ts  

(T a b le  1). A m o n g  u n ir r ig a te d  t r e a tm e n ts , 

C Q  w a s  s ig n ific a n tl) ' li ig h e r  f o r  t r e a h n e n ts  

w t h  S i, K  a n d  S i + K  c o m p a re d  to  s tr e s s e d  

c o n tro l. C a  r e co r d e d  a f te r  2 0  a n d  3 0  d a y s  

a ls o  sh o w e d  th e  s a m e  tren d . A f te r  im p o s in g  

w a te r  s t r e s s  fo r  3 0  d a y s , t h e r e  w a s  5 4 %  

r e d u c t io n  in  C C l  in  th e  s t r e s s e d  c o n t r o l  

c o m p a r e d  to  th e  i r r i g a te d  c o n t r o l .  T h is  

r e d u c t io n  in  C C l c o m p a r e d  to  i r r i g a t e d  

contnDl w a s  o n ly  2 5 %  fo r  K , 3 4 %  fo r  S i  a n d  

3 3 %  fo r  S i +  K  tre a te d  p la n ts , in d ic a t in g  a 

p o s it iv e  e ffe c t  o f  p o ta s s iu m  a n d  s i l ic o n  in  

r e t a in in g  c h l o r o p h y l l  c o n t e n t  u n d e r  
m o is tu re  s tre s s  CQndition.

Table 1  Leaf water pofen fcLal (-MPa} 10 and 20 days 
_______ after withholding irrieaHnn

U a f  waLer potential (-MPa) 
Treatmmls  IQ d .y s  ----------------------------------

---------------- M S i t t d S t e s e d  i S ^ S a ~ s 5 i W

C” ' " '  2-22 278 122  3,09

2.03

2 2 3

2.12

Si^K 

.Mean

c i i A T  E T

NS

1.96

2.36

2.34

2 ^

2^58 2.69

2.30 2.69

2-34 2.51

2.36 2.75

0.13

0,26

L e a f  w a t e r  p o t e n t ia ]  ( L W P )  r e c o r d e d  10 

d a y s  a f t e r  i m p o s in g  w a t e r  s t r e s s  s h o w e d  a 

s i g n i f i c a n t  d e c r e a s e  in  u n i r r i g a t e d  p la n ts  

c o m p a r e d  to  i r r i g a t e d  p l a n t s  ^ a b l e  2 ), b u t 

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

s u b - t r e a t m e n t s .  H o w e v e r ,  a f t e r  2 0  d a y s , 

a m o n g  t h e  u n i r r i g a t e d  t r e a t m e n t s ,  

s ig n i f i c a n t ly  h i g h e r  L W P  w a s  o b s e r v e d  fo r  

S i ,  K  a n d  S i  +  K  t r e a t e d  p la n t s  c o m p a r e d  to 

s t r e s s e d  c o n t r o l ,  i n d i c a t i n g  a  p o s i t iv e  e f fe c t  

o f  p o t a s s iu m  a n d  s i l i c o n  in  m a in t a in i n g  a 

b e t t e r  w a t e r  s t a t u s  i n  p l a n t s  u n d e r  s o il  

m o i s t u r e  s t r e s s .

B a j e h b a j  e t  a l .  ( 2 0 0 9 )  r e p o r t e d  th e  

b e n e f ic ia l  e f f e c t  o f  h i g h e r  le v e l  o f  p o ta s s iu m  

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

w a t e r  p o t e n t i a l  i n  s u n f l o w e r  { H e l ia u t h u s  

a n n m is )  u n d e r  d r o u g h t  s t r e s s .  S im ila r  resu lts  

i n  p o t a t o  cz>. A g r i a .  w a s  r e p o r t e d  b y  

K h o s r a v i f a r  e t  a l .  ( 2 0 0 8 ) .  S a m a r a p p u l i  e t  a i  

( 1 9 9 3 )  s t u d i e d  t h e  r o l e  o f  p o t a s s i u m  on  

g r o w t h  a n d  w a t e r  r e l a t i o n s  o f  r u b b e r  p la n ts  

a n d  r e p o r t e d  t h a t  s t e m  d i a m e t e r  a n d  h e ig h t 

o f  r u b b e r  p la n t s  w h e n  g r o w n  in  a  s o il  a t  50  

p e r  c e n t  f ie ld  c a p a c i t y  w i t l i  r e c o m m e n d e d  

le v e l  o f  K  w a s  a l m o s t  e q u a l  t o  t h e  s te m  

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

in  a s o i l  a t  1 0  p e r  c e n t  f ie l d  c a p a c i ty  w ith  

d o u b le  th e  r e c o m m e n d e d  le v e l  o f  K .



M a  a n d  ¥ a m a i i  ( I W )  r e p o r t e d  t h e  

t iO T c fid a l e f f e c t  o S  s i l i c o n  a p p l i c a t i o n  in  

jg , ju d n ^  v s-a let lo s s  b\’ c u t k u U r  t r a n s p ir a f i i in  

in  r ic e  i i d  s u g a r c a n e .  H a t to r i  t t  a t. (2 0 0 5 )  

i^ x H te d  a  p i B i t i v e e a e c t  o f  s f fio o n  a p p lic a B o n  

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

s to m a ta l  c o n d u c t a n c e  a t  a  h ig h e r  l e v e l  in  

M T g h u n i (S o ig f i iw i  W c o io r  M o e n c h )  u n d e r  

d r o u g h t  s t r e s s .

L e a f  a r e a  r e c o r d e d  2 0  d a y s  a f t e r  

w ith h o ld in g  i r r i g a t i o n  s h o w e d  a  s ig n i f ic a n t  

r e d u c t io n  in  u n i r r i g a t e d  p la n t s ,  c o m p a r e d  to  

i r r i g a t e d  p l a n t s  ( T a b l e  3 ) .  S t e m  d ia m e t e r  

r e c o r d e d  3 S  d a y s  a f t e r  w i t h d r a w i n g  

i r r ig a t io n  s h o w e d  a  s i g n i f i c a n t  d e c r e a s e  in  

w a te r  s t r e s s e d  p l a n t s  c o m p a r e d  t o  i r r ig a te d  

p la n ts , a n d  a m o n g  t h e  s u b - t r e a t m e n t s ,  n o

Table 3. L e if  area lo n 'l  20 days after with holdiiig 
water

T«bh' 5 S t? w * n J n > * v tJ n  tn *» *tt^ p U n O

Treatm ent Irrig ated Stressed

C ontrol 63.24 43.35

Si 68.91 S8.78

K 6 7 ,44 55 .67

Si+K 6 5 .78 54 .77

M ean 66.34 53.14

C D (A ) 
SE  (AxB)

2.92
2 .76

T able  4 . D ia m e le r  o f  s tem  (m m )__________

Treatm ent Irrig ated Stressed

Control 8 .55 6 .18

Si 7.91 6.00

K 8 ,73 7.09

Si+K 8 .64 6.18

M ean 8 .46 6.36

C D (A ) 0.41
S E (A x B ) N S

Cvwtn?! '<»!i 4 ? ? S.M i

Si -J.44

K 9.?7  rs!« 4 4 :

Si-»K K ,!i 5 » r I . .-

S tean 8 7 7 r--K

CtHA)
CtH A xB)

o . »
NS

s ig n if ic a n t  d if fe iw ic e  w a s  o tK serw d  fT «W e 4» 

S t e m  a n d  r o o t  d n -  m a tte r  a t t r r

d a y s  w a s  s i g n i f k a n t J y  l o w r  in  s t r f < ^ !  

p la n t s  c o m p a r e d  to  i r r i g a t e d  p U n ts . *n *d  

a m o n g  s u b - t r e a t m e n t s ,  n o  s jg n » f» c s r t<  

d i f f e r e n c e  w a s  o b s e r v e d  ( T a b le  5 )  n i«  

m e a n  s o i l  m o i s t u r e  c o n s e n t  e s t im a te d  o n  

3 0 ”’ d a y  o f  d r o u g h t  im p o s U i o n  in  t h e  

i r r i g a t e d  a n d  u n ir r i g a t e d  t r e a t m e n t s  v-tt?- 

2 1 .2 4 %  a n d  1 4 .3 3 %  r e s p e c t iv e ly .

D a ta  o n C a  a n d  L W f  in d ic a te  th M  u n d e r  

s o il m o is tu r e  s tr e s s  c o n d itio n , su p p te m w ittn g  

s i l i c o n  a n d  a  h ig h e r  d o s e  p iA w i u m  M p r i  

th e  p la n ts  to  r e ta in  c h lo r o p h y l l  tu n le n t  a n d  

m a in ta in  le a f  w a te r  p o te n tia l. U n d e r  s h o r t  d ry  

s p e l l s ,  b o t h  s i l i c o n  a n d  p o ta s M u m  w e r e  

e f f e c t iv e  in  r e d u c in g  th e  a d v e r w  e f f e c t s  o f  

w a te r  s t r e s s .  H o w e v e r , a s  th e  w a fe r  . t ^ -  

p r o lo n g e d , p o ta ss iu m  w a s  m o te  e ffe c t iv e  lh a n  

s i l i c o n .  In  th is  e x p e n m m t .  a f te r  .m p t w n *  

w a te r  s t r e s s  f o r  3 5  d a y s ,  a l l  (h e  p la n ts  w e r e  

im g a t e d  u n if o r m ly  a n d  it w a s  . * « v e d  t M  

p la n ts  s u p p le m e n le d  w ith  h ig h e r  l e v e l » (  K 

r e c o u p e d  f ro m  w ilt in g  s y m p to m s  w ith in  tw o  

d a y s  a n d  s h o w e d  b e t to r  »ur\-ival p .T .m l a g c .  

F u r th e r  e x p e r im e n t s  h a v e  to  b e  c o n d u c te d  

in  th e  f ie ld  to  a s c e r ta in  th e  b e n e f ic ia l  e l f .M  

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

a r e a s .



REFERENCES

A n anth , K .C  (1966), M anuring 0 / rubber- An 
outline. Rubber Board Bulletin, 8:15-19 

Bajehbaj, A.A, Quasimo\-, N. and Yarina, sM. (2009). 
Effecte crfdroughl siress and potassium on some of 
the physiological and m orphological traits of 
sunflower {Heiiwfthus im m us L) cuJ tivars, lo u n a l c f  

p 3 d , A^ricultUTC and 7(3&4); 44845].

Epstein, E. (2001). S ilico n  in p lan ts : Facts  vs. 
concepts. In: Silicon in A griculture, (Eds, L.E. 
D atnoff, G.H . Snyder and G.H . K om dorfer), 
Elsevier, Amsterdam, pp. 1-15.

H atton, T„ Inanaga, S., Araki, H., Ping, A., M orita, 
S ., Luxova, \f, and Lux, A. (2005). Application 
of silicwj enhanced drought tolerance in  Sorghum 
bicoloT. Physiologoa Planlarum. 123(4): 459-466.

Ja c to n , M X. (1958). Soil chemical m alysh, J»h„
Wiley and Sons, New  York-

M .D., Krishnakumar, R., Annam alinathan. K 
m d Jacob, J. (2m i,. Qimate unctrtamties and 
early est.bllshmeni of yong nibber plants in 
ttad.tional rubber growing region in India. 
Nalural RuMirr itejarcii, 24(1);245-147.

Jessy, M D Prasannakumari, P, Abraham I and 
). (2010), M.dgating Ihe imp.cl of climate

M M m .t.eso n ru b to rcu IU v atio n in tn ,d itio n a l
rabter gromng regions of India, IRRDB, O ^ ,

Khosravifar, S ., Yarina, M „ K h o rsh id i, M  B anrf 
M ogbali, A .H . (2008). E ffect o f  p o ta ^ iu m  on 
drought tolerance in  potato  a ,.  A gria. I m m u l „r 
t o o l ,  A g r ic u llu r t  a n d  E n o ir o n m n t ,  6 ( 3 & J .  
236-241. '■

Lindhaur, M .G . (1989), In flu en ce o f  K  nutrition  and 
d rought an d  w ater stressed  su n flo w er plants 
dilfen n g in K nutrition, l a i ir m i a fP lm l  N u lr i lm  
10; 1965-1973.

Lux A., Luxova, M ., H attori, T„ In an ag a, S. and 
Sugim oto , Y. (2002). SU icification  o f  sorghum  
(Sor^kum bicolor) Q iltivars  w ith  d ifferent drought 
tolerance. Physiologta P h n taru m . 115 : 87-92,

Ma, J .E  and  Yam aji, N . (1999). S ilicon  accum ulation 
m i^gher plants. A m m al R eview  o f  P lant Physioloipi 
mid Plant M olecular Biology, 50: 641 -644,

M arschner, H . (1995). M im r . l  „ u ,r i t h „  o f  higher  
p jm h ,  2  Edition, A cad em ic Press, San  D iego 
C alifornia, USA.

M engel, K. and Kifkby, E ,A . (1980). Potassium  in

33°59.no‘'‘' '“°"'
Sam arappu li, L., Y o garatn am , N „ K aru nad asa , P 

and M rtrasena, U, (1993). R o le  o f  p otassium  on 
p o w th  and w ater re la tio n s  o f  ru b b e r plants. 

7™™? s f  ' ' ' S ' " " ' '  0/  Sri U n ta ,



{Natural R u b b er  R es ea rc h . 2 4 (1 ): 1 5 5 -1 5 8 , 2011 SHORT SaiNTIFlC COMMUNICATION

v a r i a t i o n s  i n  l e a f  f a t t y  a c i d  c o m p o s i t i o n  
OF d i f f e r e n t  c l o n e s  o f  HEVEA BRASILIENSIS

M o l l y  T h o m a s  a n d  J a y a s T e e  G o p a la k r i s h n a n

R u b b e r  R e s e a r c h  In st itu te  o f  In d ia , K o ltay am -686  009 , K erala , India 

Received: 29 January 2011 Accepted; 18 April 2011

Thomas, M . and  G o p a la k r is h n a n ,). (2011). V ariations in  leaf fatty a d d  com position of different clones of 

Hevea brasiliensis . N atu ra l R u bber R esearch. 24(1): 155-158 .

The increased iin sa tu ra tio n  o f  lip id s in  p lan t cell m em branes is cor^d ered  
cold s tr ^ s . F a tty  ac id  co m p o sitio n  of leaf polar lipid s in  different H evea brc 
and the d o u ble  bo n d  in d ic es  com p u ted . T h e m ain  unsaturated fatty ad d s  in  the leaf polar lipids of H. 

brasiJ/OTsis w ere p alm ito ie ic  a d d , o leic  ad d . linoleic  a d d  and linolenic ad d . Pabnitic ad d  and steanc aad  
were the m ain  sa tu ra ted  fatty  acid s. T h e  d o u ble  bond indices of leaf polar lipid s in

necessary adaptation to 
ISIS clones was analyzed

varied sig n ifica n tly  A m o n g  th e c lon es, th e h igh est double bond index v 

that it w ould b e  th e  m ost co ld  to leran t clone.

Keyw ords: C o ld  to leran ce, D o u b le  bo n d  index, H evea  d o nes. L eaf fatty a ad .

IS noticed in RRIM  703, suggesting

In  o r d e r  t o  m e e t  t h e  r i s in g  d e m a n d  fo r  

n a tu r a l  r u b b e r ,  r u b b e r  c u l t i v a t i o n  i s  n o w  

b e in g  e x t e n d e d  t o  t h e  n o n - t r a d i t i o n a l  a r e a s  

in  In d ia  in c l u d in g  t h e  lo w  t e m p e r a t u r e  s tr e s s  

p ro n e  s t a t e s  l i k e  A s s a m , T r ip u r a ,  M e g h a la y a , 

e tc . T o le r a n c e  t o  lo w  t e m p e r a t u r e  i s  a  u s e f u l  

tra it f o r  p la n t s  g r o w n  in  s u c h  a r e a s .  P la n ts  

r e s p o n d  to  lo w  t e m p e r a t u r e  s t r e s s  th r o u g h  

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

p h y s io lo g ic a l  c h a n g e s ,  s u c h  a s  s y n t h e s i s  o f  

m a n y  r e g u la t o r y  p r o t e i n s ,  a c c u m u la t io n  o f  

c o m p a t ib le  s o lu t e s  e t c .  O v e r  th e  p a s t  d e c a d e ,  

a  n u m b e r  o f  r e p o r t s  in  d i f f e r e n t  c r o p  p la n ts  

h a v e  s h o w n  p h y s i o l o g i c a l  e f f e c t s  o n  c e l l  

m e m b r a n e  p r o p e r t i e s  d u e  t o  lo w  

t e m p e r a tu r e  s t r e s s  ( S t e p o n k u s ,  1 9 8 4 ;  O r v a r  

a i .  2 0 0 0 ) .

C e l l  m e m b r a n e  u n d e r g o e s  b o t h  

f iu a l i la t iv e  a n d  q u a n t i t a t i v e  m o d i f i c a t io n s  

• d u rin g  l o w  t e m p e r a t u r e  s t r e s s  w h i c h

i n c r e a s e  th e  m e m b r a n e  f lu id i ty . T h e  lip id  

c o m p o s iH o n , le v e l  o f  f a t ty  a c id s  a n d  i t s  le v e l 

o f  s a tu r a t io n / u n s a tu r a t io n  r e g u la te  th e  c e ll  

m e m b r a n e  f lu id i ty  ( H u r  d  a i ,  2 0 0 4 ) .  L ip id s  

o f  p la n t  c e l l  m e m b r a n e s  a r e  c h a r a c te r iz e d  b y  

a  h ig h  c o n te n t  o f  p o ly u n s a h jr a te d  fa tty  a d d s  

( W a n g  e t  a l . ,  2 0 0 6 ) .  A n  i n c r e a s e  in  
p h o s p h o l ip id s  u i^ a tu r a t io n  h a s  b e e n  re la te d  

t o  m e m b r a n e  f lu id i ty  a t  lo w  te m p e r a tu r e . 

S a t u r a t e d  f a t ty  a c id s  s o lid if y  m u c h  fa s te r  a t  

lo w e r  t e m p e r a tu r e s  th a n  u n s a tu r a te d  f a tty  

a d d s  a n d  h e n c e  t is s u e s  w ith  h ig h  q u a n t it ie s  

o f  u n s a tu r a te d  f a t ty  a d d s  w o u ld  h a v e  a  lo w  

f r e e z in g  p o in t .  T h e  f a t ty  a c id  c o m p o s i t io n  o t 

l e a f  p o l a r  l i p i d s  o f  c o l d  t o l e r a n t  a n d  

s u s c e p t ib le  r i c e  g e n o t y p e s  m d i c a te d  th a t  

d o u b le  b o n d  in d e x  o f  l ip id  u n s a tu r a t io n  is  

s i g n i f i c a n t l y  h i g h  in  t h e  c o l d  t o l e r a n t
g e n o ty p e s  ( M a ju m d e r e U / ..  1 9 8 9 ) . G u s ta v o

f t  a l  ( 1 9 9 0 )  s t u d i e d  t h e  f a t t y  a c id  
c o m p o s iH o n  o f  l e a f  p h o s p h o l ip id s  o f  b a r le y
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