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1, INTRODUCTION

P a r a  rubber tree Hevea. brasi 1 iensis is a peren n i a l  tree crop 

with an e c o n o m i c  life span of over t h i r t y  years. R u b b e r  is 

grown p r e d o m i n e n t l y  in t r o p i c a l  belt, w h e r e  the w a r m  h umid 

e q u a t o r i a l  climate fa v o u r  ra\pid d e g r a d a t i o n  of soil f e r tility, 

e s p e c i a l l y  the o r g a n i c  m a t ter, t h r o u g h  O K i dation. 

N e v e r t h e l e s s ,  the rubber p l a n t a t i o n  off e r s  a n e a r l y  ’c l o s e d’ 

e c o s y s t e m  d u r i n g  the entire c r o p p i n g  cycle fr o m  p l a n t i n g  to 

r e p l a n t i n g « The t i l l a g e  o p e r a t i o n s  are kept at a m i n i m u m  in 

rubber p l a n t a t i o n  a n d  this he l p  in m a i n t a i n i n g  soil f e r t i l i t y  

at a r e l a t i v e l y  higher level. M o r e o v e r ,  there is a constant 

cycle of u p t a k e  a n d  return of n u t r i e n t s  fr o m  a n d  to the soil.

The gr o w t h  pe r i o d  of rubber has two d i s t i n c t  stages. D u r i n g  

the initial u n p r o d u c t i v e  phase of n e a r l y  s e ven years, the 

trees g r o w  very fast until the c a n o p y  is f u l l y  closed a n d  tree 

tr unk a t t a i n s  s u f f i c i e n t  girth for e x p l o i t a t i o n .  G r o u n d  

covers, e s p e c i a l l y  b e l o n g i n g  to the l e g u m i n o u s  s p e c i e s  are 

g r own in the i n t e r s p a c e s  in the initial y e a r s  w h i c h  a c c u m u l a t e  

a lot of b i o m a s s  rich in n i t r o g e n .  Once the c a n o p y  of rubber 

closes, the u n d e r g r o w t h s  die back a n d  a d d  s u f f i c i e n t  o r g a n i c  

m a t t e r  a n d  n u t r i e n t s  a p art fr o m  c o n s e r v i n g  the soil and 

i m p r o v i n g  the soil porosity. This is the first stage of 

o r g a n i c  r e c y c l i n g  in the rubber p l a n t a t i o n s .  T h e r e a f t e r ,  as 

the trees come to d o m i n a t e  the s i t u a t i o n ,  their roots e x p l o i t



the u pper soil layers, ta k i n g  up n u t r i e n t s  For i m m o b i l i s a t i o n  

w i t h i n  the biomass. (Watson 1989) H e v e a  is a d e c i d u o u s  tree 

w h i c h  s heds the leaves well before s u m m e r  m o n t h s  w h i c h  is 

known as w i n t e r - i n g .  Thus rubber trees a n n u a l l y  return 

o r g a n i c  m a t t e r  to the soil t h r o u g h  the leaves, pe t i o l e s  and 

twi«.gs f a l l i n g  d u r i n g  the p r o cess of w i n t e r i n g .  This c o nstant 

c y c ling of n u t r i e n t s  in rubber p l a n t a t i o n  is ak i n  to a forest 

e c o s y s t e m  a n d  rubber p l a n t a t i o n  pr e s e n t s  an e n v i r o n m e n t a l l y  

a c c e p t a b l e  r e p l a c e m e n t  for fo r e s t  s p e c i e s  fr o m  the point of 

forest flora.

N u m e r o u s  s t u d i e s  have been m a d e  on litter p r o d u c t i v i t y  and 

n u t r i e n t  c y c ling in n a t u r a l  f o r e s t s  a n d  p l a n t a t i o n s  from o u t ­

side the c o u n t r y  (Bray and Gorham, 1964; Duvigneaxud and Smet, 

1970; W a l l s  a n d  J o r g e n s o n ,  1976; W e s t m a n n ,  1978; a n d  T u r n e r  a n d  

L a mbert, 1983) as well as fr o m  our c o u n t r y  (Seth £t. al - , 1963; 

V e n k a t a r a m a n a n  a n d  C h i n n a m a n y ,  1978; Singh, 1984; S i n g h  et^ al • .

(1984); Negi a n d  Sharma, 1984; R a m  P r a s a d  a n d  Mishra, 1985; 

D u r a n i  et 1985; M a l h o t r a  et al_y 1985; M a l h o t r a  et ai-, 1987;

P a n d e  et, a l -, 1987; Ta n d o n  et_ aj,., 1991? G e o r g e  a n d  Varghese,

1990 a,b; G e o r g e  a n d  V a r g h e s e ,  1991; a n d  Negi ejt al- 1 9 9 1 )



In rubber pla n t a t i o n s ,  a t t e m p t s  have been m a d e  in I n d o n e s i a  

and M a l a y s i a  to e s t i m a t e  the q u a n t i t y  of leaf litter a n d  the 

m i n e r a l  n u t r i e n t s  a d d e d  a n n u a l l y .  (Schwei3:er, 1939; Penders, 

•1940? Sh o r  rocks, 1965.! a n d  Watson, 1989.) H o wever, no 

s y s t e m a t i c  i n v e s t i g a t i o n  has been c o n d u c t e d  in I n d i a  on this 

aspect. T h e r e f o r e  the pres e n t  s t u d y  was taken up to q u a n t i f y  

the a n n u a l  leaf litter a n d  n u t r i e n t s  a d d e d  in Hevea.

A t t e m p t  is also made to e s t i m a t e  the a p p r o x i m a t e  leaf a r e a  

index as a s u p p l e m e n t a r y  i n f o r m a t i o n  w h i c h  will be of immense 

v alue in f u n d a m e n d a l  s t u d i e s  on p h o t o s y n t h e s i s  of Hevea.

■jf-H-H--a-
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2. R EVIEW OF LITERA TU RE

RUBBER

N u t r i e n t s  are not only r e m o v e d  from the soil with the 

d e v e l o p m e n t  of rubber planta t i o n ,  but du r i n g  their e c o n o m i c  

life cycle, the rubber trees t h e m s e l v e s  al s o  return them to 

the soil by m e a n s  of their shed leaves. ( Dijkman 1951). It 

is al s o  s t a t e d  by him that in both M a l a y a  a n d  J a w a  a n a l y s i s  

have been ma d e  to ob t a i n  an idea of the a m o u n t s  r e t u r n e d  in 

this w a y  under normal gr o w t h  condition. S c h w e i z e r  at the 

B e s o e k i  E x p e r i m e n t  S tation, East Jawa, a n a l y s e d  leaves just 

before their a b s c i s s i o n .  (Schweizer, 1939). By this time the 

m a j o r  p o r t i o n  of the n u t r i e n t s  in the leaves have been a l r e a d y  

t r a n s 1o c a t e d . F r o m  the a n a l y s i s ,  S c h w e i z e r  c a l c u l a t e d  that 

wi t h  2 0 0  trees per ha, 140 kg N, 38 kg P a n d  40 kg K are 

r e t u r n e d  to the g r o u n d  each y e a r  by m e a n s  of sh e d  leaves.

A s t u d y  on the growth a n d  n u t r i e n t  content of H e v e a  

bras i 1 i ens i s trees v a r y i n g  the age f rom one ye a r  to th i rty 

y e a r s  has been c o n d u c t e d  by S h o r r o c k s  <1965 a) by w e i g h i n g  

e n t i r e  trees a n d  a n a l y s i n g  s a m p l e s  of roots, trunk, br a n c h e s  

a n d  leaves for both m a j o r  a n d  m i n o r  n u t r i e n t s .  Total dry 

w e i g h t - o f  leaves (laminae and petioles) of eight yeair old R R I M  

501 clone was r e p o r t e d  to be 12.14' kg. It was q u o t e d  by 

S h o r r o c k s  (1965 a) that the leaf litter (laminae a n d  petioles) 

c o l l e c t e d  under 4 - 5  year old trees of R R I M  6 0 3  was f o u n d  by 

W o n g (1964) to a total of 3 6 1 0  k g / h a  in one year.



The c u m u l a t i v e  w e i g h t  of leaf fall per ha has been c a l c u l a t e d  

a s s u m i n g  that each year the tree sheds all its leaves. 

A c c o r d i n g  to S h o r r o c k s  (1965 a) the w e i g h t  of an n u a l  lamina 

a n d  p e t i o l e  fall in a m a t u r e  p l a n t a t i o n  is li k e l y  to v a r r y  

b e t w e e n  3 7 0 0  kg a n d  77 0 0  kg. per hectare, these being the 

a m o u n t  of leaf f o u n d  on the trees at a n y  time.

The e s t i m a t e d  n u t r i e n t  return t h r o u g h  leaf litter a n n u a l l y  is 

as f o l l o w s » (Sh o r r o c k s  i965 b ) .

N i t r o g e n  s 45 - 90 Kg/ha.

P h o s p h o r o u s  s 3-7 Kg/ha.

Pott^assium s 10--20 Kg/ha.

M a g n e s i u m  s 9 - 1 8  Kg/ha.

C a l c i u m  s 6 0 - 1 2 0  Kg/ha.

In a n o t h e r  s t u d y  Tan (1975) has r e p o r t e d  that leaf litter fall 

of a well m a n u r e d  m a t u r e  rubber p l a n t a t i o n  could return 53 

K g/ha. of o r g a n i c  leaf litter n i t r o g e n  a n n u a l l y  to the soil. 

In a d e t a i l e d  s t udy on m i n e r a l i s a t i o n  of leaf litter n i t r o g e n  

a n d  its a v a i l a b i l i t y  to rubber seedling. Tan a n d  P u s h p a r a j a h

(1985) f o u n d  that leaf litter of l-levea brasi 1 iensis is having 

c o m p a r a t i v e l y  high C/iM ratio (33) a n d  low n i t r o g e n  content 

(1.367.) .

A c c o r d i n g  to W a t s o n (1989), rubber p l a n t a t i o n  p r esents an 

e n v i r o n m e n t a l l y  a c c e p t a b l e  r e p l a c e m e n t  for the n a t i v e  forest, 

being a 'closed' e c o s y s t e m  with con s t a n t  cycle of up t a k e  and



return of n u t r i e n t s  from a n d  to the soil.

NATURAL FORE ST S AND OTHER P LA NTATIONS

The r e s u l t s  of B e l g i a n  r e s e a r c h  on m i n e r a l  cycling in 

d e c i d u o u s  f o r e s t s  ( p r i n c i p a l l y  oakwo o d s )  are s u m m a r i s e d  by

D u v i g n e a u d  a n d  S m e t ( 1 9 7 0 ) ,  who r e p o r t e d  that the y o u n g  leaves 

are a l w a y s  richer in N?P a n d  K and poorer in ca than m a t u r e  

leaves. D u r i n g  a c t i v e  growth, 1'4,P a n d  K content s t e a d i l y  

d e c r e a s  but remain co n s t a n t  when leaves are c o m p l e t e l y  

d e v e l o p e d .  D u r i n g  a u t u m n a l  y e l l o w i n g  N,P a n d  K content 

d e c r e a s e  (1 e a c h i n g ,return to the tree branches, bole and 

roots), but C a  content increases. T h r o u g h o u t  the leaf 

d e v e l o p m e n t .  Mg level remains constant. The b i o m a s s  of living 

leaves (3.5 m e t r i c  tons/ha) was e s t i m a t e d  f r o m  the b i o mass of 

fresh leaf litter, in the a b o v e  study.

P r e l i m i n a r y  s t u d i e s  on the chemical c o m p o s i t i o n  a n d  total 

q u a n t i t y  of the leaf litter in the wet (montane) t e m p o r a t e  

e v e r g r e e n  f o r e s t s  ( l ocally ca l l e d  as S h o las) of the N i l g i r i s  

in Tamil N a d u  has been a t t e m p t e d  by Venkataicamanan and 

C h i n n a m a n y  (1978) A c c o r d i n g  to the study, S h o l a  f o r e s t s  of

N i l g i r i s  a n n u a l l y  a d d  212-1 k g / h a  of litter w h i c h  by w a y  of

n u t r i e n t s  w o r k s  out to S3.1 Kg N, 1.3 Kg P, 11 Kg K, 34 Kg Ca

a n d  5 Kg Mg per ha.

I n v e s t i g a t i o n  was c o n d u c t e d  by s i n g h ( 1 9 S 4 )  for n u t r i e n t  cycle 

in five to nine y e ars old E u c a l y p t u s  tereti cornis grown by



F o r e s t  D e p a r t m e n t  of M e e r u t  F o r e s t  D i v i s i o n U „ P .  a l o n g  the 

main G a n g a  canal sides. Annual release of n u t r i e n t s  t h r ough 

leaf litter in 8 year old plants was f o u n d  to be 2 6 , 6 0  Kg N, 

•17.48 Kg P a n d  190 . 0 0  K g / c a  per ha.

S t u d i e s  on litter p r o d u c t i o n  a n d  r e l ease of n u t r i e n t s  in 

c o n i f e r o u s  f o r e s t s  of H i m a c h a l  P r adesh, c o n d u c t e d  by Eiingh et. 

a l . (1984), r e c o r d e d  3 . 0 3  tons to 7 . 0 2  tons per h e c t a r e  of leaf 

litter a n n u a l l y .  Annual n u t r i e n t s  r e l e a s e d  t h r o u g h  litter 

fall (Kg / h a / y e a r )  in four c o n i f e r o u s  s p e c i e s  are as follows.

S P E C I E S M K P Ca Na

C e d r us de o da ra 4 7 . 7 8 16,86 28.81 7 0 . 9 7 4.07

Pi cea Smithian^i 4 6 . 5 3 13.61 10.21 56. 17 3 . 0 0

P i n u s  W a l l i c h i a n a 2 4 . 4 5 6 . 0 3 7 . 9 3 3 4 . 9 3 1 .65

A b i e s  P i n d r a w 4 4 , 5 9 9 . 7 0 15. 16 5 2 . 7 8 2 . 4 2

R a m  P r a s e d  a n d  M i s h r a  (1985) c o n d u c t e d studi es on the litter

p r o d u c t i v i t y  of n a t u r a l  dry de c i duous teaik forest of sugar

(M.P) a n d  has r e p o r t e d  that totail annual leaf litter

p r o d u c t i o n  in these f o r ests w o r k s  out to be 4 . 9 5 9  tons/ha.

Durani ^  aĵ . (1985) c o n d u c t e d  p r e l i m i n a r y  o b s e r v a t i o n  on 

patt e r n  of litter fall a n d  the c o n t r i b u t i o n  of the v a r ious 

tree e l e m e n t s  of the s e c o n d a r y  forest in the K h a n d a g i r i  hill 

in O r i s s a .  S i g n i f i c a n t  v a r i a t i o n  was o b s e r v e d  with respect to 

pattern of litter fall t h r o u g h  d i f f e r e n t  months. Rate of



litter fall was al m o s t  u n i f o r m  f r o m  S e p t e m b e r  to N o v e m b e r .  A 

three f o l d  inc r e a s e  was o b s e r v e d  in J a n u a r y  f o l l o w e d  by m a r k e d  

d e c r e a s e  in F e b r uary. A v e r a g e  leaf litter fall of 8 . 0 3  

t o n / h a / y e a r  was o b s e r v e d  in this study.

G e o r g e  a n d  V a r g h e s e  (1991) has r e c o r d e d  litter p r o d u c t i o n  of 

8 4 9 2  K g / h a / y e a r  in E u c a l y ptus q 1obulus p l a n t a t i o n  of 10 year 

old, g rown in the Nilgiri S o u t h  F o r e s t  D i v i s i o n  of Tamil Nadu. 

Out of this, leaf litter c o n t r i b u t i o n  is 3 4 0 2  Kg/ha. 

C o n t r i b u t i o n  of twig is 3 1 8 7  Kg/ha, a n d  that of bark is 1903 

Kg/ha. N u t r i e n t s  r e t u r n e d  t h r o u g h  leaf litter a n n u a l l y  are 

N 5 2 8  Kg/ha, P s 2 . 7  K g / h a  a n d  K s 2 0 . 0  Kg/ha-

O r g a n i c  p r o d u c t i v i t y  a n d  m i n e r a l  cycling in poplar p l a n t a t i o n  

(P o p u l u s  d e 1 t o i d e s ) in Tarai region of U.P. was s t u d i e d  by 

T a n d o n  ^  a i - , (1991). In their s t u d i e s  a n n u a l  leaf litter 

p r o d u c t i o n  fr o m  a p l a n t a t i o n  of 9 y e a r s  old is r e p o r t e d  to be 

1719 K g / h a  a n d  the n u t r i e n t  content in leaf litter for N„ P, 

K, Ca  and Mg are 2 0 . 2 8  Kg/ha, 0 . 5 7  Kg/ha, 5 . 5 0  Kg/ha, 31,11 

K g / h a  a n d  1.89 K g / h a  r e s p e c t i v e l y .
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3. MA TE RI A LS  A ND METHODS

The s t u d y  was taken up with an a i m  to quanti^py leaf litter

a d d i t i o n ,  n u t r i e n t  r e c y c l i n g  a n d  to c o m pute the a p p r o k imate

leaf a r e a  inde;-; in an eight year old rubber p l antation.

The e n t i r e  leaf litter fr o m  the s e l e c t e d  three rubber trees 

were c o l l e c t e d  du r i n g  the w i n t e r i n g  pe r i o d  at f o r t n i g h t l y  

i n t ervals. U e t a i l e d  m e t h o d o l o g y  f o l l o w e d  for the s t u d y  was as 

f o i l o w s .

S E L E C T I O N  OF TREES.

T h r e e  rubber trees of the clone RRII 10S p l a n t e d  in 1983, of 

V e l l a n i k k a r a  E s t a t e  of K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y  was 

s e l e c t e d  for the study. The e x p e r i m e n t  site was one of the 

plots of a trial on clone cum d e n s i t y  of R u b b e r  R e s e a r c h  

I n s t i t u t e n  of India, with normal s p a c i n g  of 4 . 8 5 m  k 4.85m. 

All the three trees were of a l m o s t  u n i f o r m  girth a n d  canopy 

d e v e l o p m e n t .  The plot under s t u d y  is a l m o s t  flat. By the time 

the ■ s t u d y  was started, the can o p y  of the trees had f u l l y

o v e r l a p p e d  with pra.ctically no unde r g r o w t h s , except thin

grov!/’U"i of g r a s s e s  a n d  r emnants of P u e r a r i a . The trees under 

s t u d y  had a he i g h t  of a b o u t  10 ~ 11 metres.

P R O T E C T I O N  FOR D RI FT  OF LEAF LITTER

All the four sides of the s e l e c t e d  plot with three trees were 

p r o t e c t e d  by c l o s e l y  w o v e n  n y l o n  net upto a hei g h t  of 12



m e t P e s  to prevent the fallen leaves being blown a w a y  by wind, 

and al s o  to prevent -fallinig of leaves f r o m  the n e a r b y  trees to 

the e K p e r i m e n t  site. The net was p r o v i d e d  on -llth N o v e m b e r ,  

1991, s u f f i c i e n t l y  e a r l y  to the pro b a b l e  date of c o m m e n c e m e n t  

of w i n t e r i n g .

C OL LE C T I O N  OF LITTER

A f t e r  f i l i n g  the net, the w h o l e  land inside the net e n c l o s u r e  

was c l e a r e d  off the grasses, left over leaf litter a n d  big 

pebbles. The c o l l e c t i o n  s t a r t e d  from 25th N o v e m b e r ,  1991 and 

c o n t i n u e d  at f o r t n i g h t l y  i n t e r v a l s  till 2 n d  March, 1992.

The c o l l e c t e d  leaf litter was weigh\;ed a n d  sundr i e d .  S a m p l e s  

were d r a w n  for e s t i m a t i o n  of m o i s t u r e  percen t a g e ,  b a s e d  on 

w h i c h  dry m a t t e r  was computed. F r o m  the samples, r elative 

p r o p o r t i o n  of leaf l a m i n a  a n d  petiole was f o u n d  out a n d  used 

for w o r k i n g  out the q u a n t i t i e s  of leaf la m i n a  a n d  petiole 

s e p a r a t e l y .  The total litter a d d i t i o n  per ha was w o r k e d  out 

and e x p r e s s e d  as Kg/ha, ta k i n g  into c o n s i d e r a t i o n  the actual 

d e n s i t y  of the trees 366/ha, in the e x p e r i m e n t a l  plot.

CHE MI CA L A N A L YS IS  OF LEAF LITTER

In o r der to f i n d  out the q u a n t i t i e s  of m i n e r a l  n u t r i e n t s  a d d e d  

t h r o u g h  leaf litter, s a m p l e s  f r o m  all the c o l l e c t i o n s  were 

a n a l y s e d  for N, P, K, Ca  and Mg, in the R u b b e r  R e s e a r c h



I n s t i t u t e  of India. W, P a n d  K w e r e  a n a l y s e d  usinig Auto 

a n a l y s e r  a n d  Ca and Mg using A t o m i c  A b s o r p t i o n  S p e c t r o  

P h o t o m e t e r ,  f o l l o w i n g  the proceskdures p r e s c r i b e d  in the 

L a b o r a t o r y  Manual of R u b b e r  R e s e a r c h  I n s t i t u t e  of India, 

c o m p i l e d  by K a r t h i k a k u t t y  A m m a  (R.R.I.I. 1989).

LEAF ARE A INDEX

Dr y  w e i g h t  of 50 leaves was f o u n d  out, a n d  the leaf a r e a  of 

these leaves was c a l c u l a t e d  using leaf a r e a  m e t e r  in the 

R u b b e r  R e s e a r c h  I n s t i t u t e  of India. Le a f  a r e a  index was 

c o m p u t e d  by these values.
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4. R E SU LT S A ND DISCU SS IO N

The result of this s t u d y  c o m p r i s e s  of the pattern of 

w i n t e r i n g ,  q u a n t i t y  of leaf litter a d d i t i o n ,  m i n e r a l

n u t r i e n t s  a d d e d  to the soil t h r o u g h  1eaf litter, soil 

f e r t i l i t y  as i n f l u e n c e d  by leaxf litter a n d  the leaf ar e a  

i n d e x ,

a) PATT ER N OF WI NT ER I NG

D u r i n g  the year under study the w i n t e r i n g  stairted by 14th 

D e c e m b e r  a n d  c o n t i n u e d  till 2nd March, •1992. (Table 1, Fig I) 

H o w e v e r ,  green leaves we r e  also f o u n d  fa l l e n  due to h e a v y  w i n d  

p r e v a i l i n g  in the locaxlity du r i n g  N o v e m b e r  a n d  D e c e m b e r

months. The rate of leaf litter fall g r a d u a l l y  i n c r e a s e d  from 

the last w e e k  of D e c e m b e r  and r e a c h e d  the peak fay the t h ird 

we e k  of J a n u a r y .  T h e r e a f t e r  the q u a n t i t y  of litter a d d i t i o n

d e c r e a s e d  g r a d u a l l y  a n d  w i n t e r i n g  was a l m o s t  c o m p l e t e  by 2 n d  

March, 1992. H o w e v e r  a few leawes didnot fall a n d  was f o und 

to be r e t a i n e d  in the trees. The mean leaf fall o b s e r v e d  in 

J a n u a r y  a c c o u n t s  for n e a r l y  one t h i r d  of the total annual leaf 

fal 1.

Ann u a l  leaf fall in rubber in S o u t h  I n dia has been r e p o r t e d  to 

c o m m e n c e  d u r i n g  D e c e m b e r  J a n u a r y  . (RRII 1980) H o wever, 

wi de var iat i on has been obse rved in w i n t e r i n g  d e p e n d i n g  upon 

the clone, age of the trees, se a s o n a l  factors, loc a t i o n  w h ere 

grown etc. (George £_t a_l-,1967) The o b s e r v a t i o n s  r e v e a l e d  in 

this s t u d y  are in a g r e e m e n t  with the p a t tern of litter fall 

r e p o r t e d  earlier.



T a b J p  1
Q u a n t i t y  of leaf li t t e r  at fortniglitly i n t e r v a l  

f r o m  t hroe s e l e c t e d  trees

!
D a t e  of

I D r y  w e i g h t  of leaf li t t e r  (Kg) I
I

! c o l l e c t i o n  1 

1 1
1
11

L a m i n a  1 
I

P e t i o l e  !
1

T o t a l  I
11

! 25. M .  9-1 111 1.445 1 0 . 2 3 9  1 1 . 6 8 4  1
! 0 9 . 1 2 . 9 1  111 1 . 8 5 6  1 0 . 3 0 6  ! 2 . 1 6 2  1
1 2 3 . 1 2 . 9 1  1j 3 . 6 2 6  1 0 . 6 0 3  1 4 . 2 2 9  1
1 0 6 . 0 1 . 9 2  111 5 . 7 3 3  1 0 . 9 4 4  I 6 . 6 7 7  I
1 2 0 . 0 1 . 9 2  11 7 . 7 2 7  I 1 . 266 ! 8 . 9 9 3  !
1 0 3 . 0 2 . 9 2  11 4 . 2 8 4  1 0 - 7 1 6  1 5 . 0 0 0  I
1 1 7 . 0 2 . 9 2  I1 2 . 2 3 2  I 0 . 3 6 3  I 2 . 5 9 5  I
1 0 2 . 0 3 . 9 2  
1

2 . 0 2 9  ! 0 . 3 3 6  1 2 . 3 6 5  1
1
1 2 8 . 9 3 2  ! 4 . 7 7 3  I

1

3 3 . 7 0 5  !
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b) Q U A NT IT Y OF LEAF LITTER ADD IT I ON

The leaf litter a d d i t i o n  at f o r t n i g h t l y  i n t e r v a l s  during the 

d e f o l i a t i o n  period is p r e s e n t e d  in table 1, table 2 a n d  in 

fi g u r e  1. The c u m u l a t i v e  a d d i t i o n  is p r e s e n t e d  in table 3 and 

fig u r e  2=

The dry m a t t e r  and air d r i e d  w e i g h t  f o l l o w e d  the same pattern, 

s i n c e  the m o i s t u r e  content was a l m o s t  same t h r o u g h o u t  the 

period. The a v e r a g e  litter fall per tree was 11.235 Kg (Oven 

dry w e i g h t ) .  When c o m p u t e d  this wo r k  out to 4.1-12 ton/ha, 

c o n s i d e r i n g  the actual s t a n d  of 3 6 6  trees per ha. Of this the 

leaf laminae c o n s t i t u t e  3 . 5 3 0  t o n / h a  a n d  pe t i o l e s  0 . 5 8 2  t o n / h a  

(Table £) The leaf lamina c o n s t i t u t e  to n e a r l y  867. of the 

total leaf litter a d d i t i o n .  S h o r r o c k s  (1965 a) f o u n d  that the 

p e t i o l e s  c o n t r i b u t e  to 15 to 19X of the total leaf w e i g h t  and. 

dry w e i g h t  of leaves from 8 yaar old R R I M  501 clone was 12.14 

K g / t r e e / y e a r .  The present o b s e r v a t i o n  of an n u a l  p r o d u c t i v i t y  

of leaf litter per tree a n d  p e t iole l a m i n a  ratio in dry we i g h t  

are c o m p a r a b l e  with the o b s e r v a t i o n s  of S h o r r o c k s .

T h e r e  was not mu c h  variation^ b e t w e e n  the m o i s t u r e  content in 

la m i n a  a n d  petiole. In the litter c o l l e c t e d  on 0 6“0 1“1992, 

p r e s e n c e  of tender leaves f a l l e n  due to a t t a c k  of 0 idium heveag 

was not i c e d .
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T a b l e  3.

C u m u l a t i v e  a d d i t i o n  of leaf litter at f o r t n i g h t l y  i n t e rvals

1 Date of 1 
1 Co 1 1 e ct i on 1

1 D r y  W t . of leaf litter 
1 F r o m  s e l e c t e d  3 trees (Kg) I

IDry Wt. of leaf litter 
IKg. Per h a .(E s t i m a t e d )

! 25. 11. 9-1 1 .684 2 0 5 . 4 4 8
1 0 9 . 1 2 . 9 1 3 . 8 4 6 4 6 9 . 2 1 2
! 2 3 . 1 2 . 9 1 8 . 0 7 5 9 8 5 . 1 5 0
1 0 6 . 0 1 . 9 2 14.752 1 7 9 9 . 7 4 4
! 2 0 . 0 1 . 9 2 2 3 . 7 4 5 2 8 9 6 . 8 9 0
1 0 3 . 0 2 . 9 2 2 8 . 7 4 5 3 5 0 6 . 8 9 0
i 1 7 . 0 2 . 9 2 3 1 . 3 4 0 3 8 2 3 . 4 8 0
I 0 2 . 0 3 . 9 2 3 3 . 7 0 5 4 1 1 2 . 0 1 0
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The g r a p h  d e p i c t i n g  c u m u l a t i v e  a c c u m u l a t i o n  of dry m a t t e r  

t h r o u g h  leaf litter ( F ig.2) reveals a s h a r p  increase in

J a n u a r y  w h i c h  is the peak d e f o l i a t i o n  period.

W o n g (1964), q u o t e d  by S h o r r o c k s (1965 a), r e p o r t e d  that leaf 

litter ( l aminae a n d  petioles) c o l l e c t e d  under four to five

y e a r s  old trees (RRIM 603) was 3.61 t o n / h a  in one year. In

a n o t h e r  s t u d y  c o n d u c t e d  in M a l a y a s i a  it is e s t i m a t e d  that the 

dry w e i g h t  of leaves (laminae and P e t i o l e s )  r e t u r n e d  to to 

soil a n n u a l l y  is 3,7 to 7.7 ton/ha. (RRIM 1972)

The p r e s e n t  s t u d y  was c o n d u c t e d  in an eight year old 

p l a n t a t i o n  a n d  the o b s e r v a t i o n  that it ad d s  4 . 1 1 2  t o n / h a / y e a r  

d u r i n g  w i n t e r i n g  is in full c o n f i r m i t y  wi t h  the e a r l i e r

r e p o r t s .

The a m o u n t  of leaf litter a d d i t i o n  o b s e r v e d  in the present

s t u d y  in rubber is r e l a t i v e l y  lower wh e n  c o m p a r e d  to Sal, Teak

and Chir of 9 5 0 0  Kg,, 7 7 0 0  Kg. a n d  8 5 0 0  Kg. per ha

r e s p e c t i v e l y  ( S r i v a s t h a v a  eX 1972), In K h a n d a g i r i  H i l l s  of 

Orissa, the an n u a l  leaf litter a d d i t i o n  is e s t i m a t e d  to be

8 . 0 3  ton/ha. (Durani ejt jQ., 1985) Ho w e v e r ,  the rubber

p l a n t a t i o n  under s t u d y  is only 8 y e a r s  old a n d  the q u a n t i t y  of 

leaf litter is li k e l y  to be m o r e  as the trees grow.



L o w e r  q u a n t i t i e s  of leaf litter than rubber as r e v e a l e d  from 

the pres e n t  s t u d y  are r e p o r t e d  in Q o k w o o d  in Belgium, 

( D u v i g n e a u d  a n d  Smet, "19 7 0 ) in S h o l a  f o r e s t s  of N i l g i r i s  

(V e n k a t a r a m a n a n  a n d  C h i n n a m a n y  1978), in E u c a l y p t u s  q 1obulus 

p l a n t a t i o n  of N i l g i r i  S o u t h  F o r e s t  D i v i s i o n  (George and 

V a r g h e s e ,  1991) and in P o p u l u s  d e 1 toides (9 y e a r s  old) of 

Tarai region of U.P. (Tendon £t 1991).

The P r e s e n t  e s t i m a t e  of leaf litter for rubber c ompares well 

w i t h  Sh o rea r o b u s t a  ° 5 . 9  t o n / h a / y e a r  (Puri 19133) a n d  T e ctona 

g r a n d i s  : 5-.3 t o n / h a / y e a r  (Seth ^  aĵ -, 1963) in the New

F o r est, D e h r a d u n .  The e s t i m a t e  is also w i t h i n  the range of 

1.01 to 6.21 t o n / h a / y r  r e p o r t e d  by S i n g h  (1963), in the 

d e c i d u o u s  f o r e s t  of V a r a n a s i  a n d  U d a i p u r .  The e s t i m a t e  of

4 . 0 4  t o n / h a / y r  in the same fo r e s t  by G a r g  a n d  Vyas (1975) is 

a l m o s t  same as the present o b s e r v a t i o n  for rubber. R a m  P r a s a d  

a n d  M i s h r a (1985) e s t i m a t e d  4 . 9 5  t o n / h a / y e a r  of leaf litter in 

the f o r e s t s  of Sagar, M.P., W h i c h  is al s o  c o m p a r a b l e  to the 

present e s t i m a t i o n .

c) N U T R I E N T  AD D IT IO N THRO UG H LEAF LITTER.

The c hemical c o m p o s i t i o n  of N , P , K , C a  a n d  Mg in the leaf litter 

c o l l e c t e d  at f o r t n i g h t l y  interval is given in T a b l e  4. The 

change in the p e r c e n t a g e  c o n tent of the a b o v e  n u t r i e n t s  in the 

d i f f e r e n t  c o l l e c t i o n s  is, d e p i c t e d  in Fig. 3 a n d  Fig. 4. The 

p e r c e n t a g e  c o m p o s i t i o n  of W , P , K , C a  a n d  Mg in leaves prior to 

w i n t e r i n g  was 2.85, 0.16, 1.24, 0 . 7 5  a n d  0 . 1 9  r e s p e c t i v e l y
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C h e m i c a l  covnposition o+' leaf s a m p l e s

D e s c r i p t i o n  of 
L e a f  s a m p l e

I P e r c e n t a g e  of v\utrients in l a m i n a
I D a t e  of I 
1 C o 11 e c t i o n I

I 25. M . 9-1 I S a m p l e  c o l l e c t e d  
I I the same date of
I Ifirat c o l l e c t i o n
I lleaf litter.

I
0 2 . 0 3 . 9 2

1 N

on

of

I S a m p l e  c o l l e c t e d  
I f r o m  the lec'ives 
I r e t a i n e d  on the 
I t rees a f t e t- 
1 c o m p 1 e t, i o ii (j F 
I w i n t e r i n g .

2. as O. 16

K

1 .24

Ca

0.7^>

M-3

0 . 1 9

2 . 5 5 0 . 1 4  0 . 7 4 1 .52 0 . 3 8
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(Table 5). The Corresponding values in the leaves retained in 

the trees after completion of wintering was 2.55 0.14, 0.74,

1.52 and 0-38 r e s p e c t i v e l y .

A close study of Table 4 and Figures 3 and 4 reveals that 

among the major five nutrients there is a gradual decrease in 

concentration in the case of N, P, and K as the leaf fall 

progresses. However in the collection made on 06-01-92, these 

values are margina ll y  higher. In this collection there was a 

small percentage of youoQ leaves fallen due to the attack of 

Oidium heveae. P ossibly because of higher content of nutrient 

in such leaves the litter of this collection was marginally 

richer in N, P, and K.

The leaf litter contained a margi na l ly  higher percentage of Ca 

and Mg which could be because of no shift in these nutrients 

and the marginal increase is difficult to be explained. This 

observation is therefore to be confirmed in subsequent years 

of experimentation.

However, higher percentage of Ca in leaf litter was reported 

by D u v i gn ea ud  and Smet <1970) in oak forests of Belgium, 

V en ka ta ra ma n an  and Chinn am an y (1978) in temperate ever green 

Sho la  forests of Nilgiris, Singh (1984) in Eucalyptus of Smith 

Plantations (U.P.), and Tandon et ^ * ( 1 9 9 1 )  in poplars of 

Tarai region of U.P.



A few leaves r e t a i n e d  a f t e r  c o m p l e t i o n  of w i n t e r i n g  were 

ha v i n g  v e r y  high a c c u m u l a t i o n  in the case of Ca a n d  Mg, w h ich 

c o u l d  be due to c o n c e n t r a t i o n  effect- This o b s e r v a t i o n  is 

al s o  to be c o n f i r m e d  in the s u b s e q u e n t  years-

The q u a n t i t y  of n u t r i e n t s  a d d e d  (IM? P, K , Ca  a n d  iig) t h r ough 

leaf litter ( l aminae a n d  petioles) is p r e s e n t e d  in T a b l e s  6 

a n d  7 a n d  in Fig«5-» The q u a n t i t y  of n u t r i e n t s  a d d e d  t h r o u g h  

l a m inae is much hi g h e r  than the c o n t r i b u t i o n  by petioles. 

A m o n g  the five m a j o r  n u t r i e n t s  there was m a K i m u m  return of N 

f o l l o w e d  by K. The return of n u r t i e n t s  d e c r e a s e s  in the order 

of IM > K > C a  > Mg > P-

The va l u e s  o b s e r v e d  for N,P a n d  Mg, 63-30, 2 . 6 4  a n d  8 . 9 3

k g / h a / y e a r  r e s p e c t i v e l y  are a l m o s t  same as the values r e p o r t e d  

by S h o r r o c k s  (1965 b) in rubber p l a n t a t i o n  in Malayasiai.

Ho w e v e r ,  the a d d i t i o n  of K is a l m o s t  dou b l e  in the present 

s t u d y  a n d  that of Ca is o n l y  half. S c h w e i s e r  (1939) q u o t e d  by 

D i j k m a n  (1951) o b s e r v e d  that the leaves just before 

a b s c i s s i o n  c o n t a i n e d  140 Kg IM, 38 Kg. P and 40 Kg K per

ha/year, even tho u g h  a m a j o r  portion of the n u t r i e n t s  got

t r a n s l o c a t e d  by this time. Tan (1975) e s t i m a t e d  that 53 Kg N 

per ha is r e t u r n e d  to the soil a n n u a l l y  t h r o u g h  litter fall in 

a well m a i n t a i n e d  m a t u r e  rubber plantation.
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T a b l e  7

A d d 1 I. i. (.) I I ( I i' 11 i.i t, r i e n t s 1.11 r t:> u g h 1 e a P 1 i 11 e r 
dll rill 9 the ' W i n t e r i n g *

11
1 Nut r i. e n t
11
1 ________ ________

GLian t i t y (K g / ha . ) 

Lariiina P e t i o l e T otal
1
1 N i t r o g e n 5 8 . 3 2  4 . 9 8 6 3 . 3 0
1 F^ho 5 pho r Qus H . 3 4  0 . 3 0 2 . 6 4
1 P o t a s h 3 5 . 4 7  a .53 4 4 . 0 0
1 C a 1 c; i ui u 3 5 . 1 2  7 . 2 0 4 2 . 3 2
! M a g n e s  i urii
11

7 . 8 9  1.04 8 . 9 3

S t a n d  of r u b b e r  trees 3 6 6 /ha.
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Thus it is seen that the e s t i m a t e  of m i n e r a l  n u t r i e n t  cycling 

r e v e a l e d  in the present s t u d y  com p a r e s  well with the earlier 

repo r t s  in M a l a y a s i a  a n d  the v a r i a t i o n s  can be a t t r i b u t e d  to 

f a c t o r s  like d i f f e r e n c e s  in clone, soil f e r tility, climate, 

age of the trees studied, s t a n d  per ha etc.

C o m p a r i s o n  of m i n eral n u t r i e n t s  r e l e a s e d  a n n u a l l y  t h r o u g h  leaf 

litter in rubber p l a n t a t i o n  as per pres e n t  study, with that of 

other w o o d y  s p e c i e s  reveal that the leaf litter of rubber adds 

m o r e  q u a n t i t y  of nitro g e n .

d) SOIL FER TI L IT Y AS INFLUENCED BY LEAF LITTER

T hree S a m p l e s  of top soil we r e  c o l l e c t e d  on 17-3--9Z each from 

the litter plot and from the a d j o i n i n g  plots. The results of

the soil chemical a n a l y s i s  is e x p r e s s e d  in T a b l e  8.

C o m p a r i s o n  of the results of the soil chemical a n a l y s i s  in 

s u b s e q u e n t  y e a r s  is n e c e s s a r y  in o r der to fi n d  out the 

f e r t i l i t y  status as i n f l u e n c e d  fay the leaf litter.

e) LEA F A R E A  INDEX

F i f t y  leaves with dry w e i g h t  of 2 9 . OS gm had leaf a r e a  of 

31ii>-'12.a6 sq. cm. and thus leaf a r e a  per gram dry w e i g h t  of

laminae is f o u n d  to be 120,80 sq, cm. Total leaf a r e a  o f f e r e d  

by one tree is e s t i m a t e d  to be Hfe.S sq. metre, a n d  leaf a r e a  

per ha is 4 2 6 3 9  Sq. Metre. Thus leaf a r e a  inde;-; is 4.26.
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The lf?af a r e a  index was f o u n d  to i n crease Prom 0«11 in the one 

y e a r - o l d  trees to m a x i m u m  of 14.03 in the t e n - y e a r  old trees 

a n d  to d e c l i n e  t h e r e a f t e r  to 5 . 4  in the t h i r t y - t h r e e  year old 

trees, CShorrocks, 1965 a) The leaf a r e a  index for the ei g h t -  

year old RR I I  105 clone e s t i m a t e d  in the p r e s e n t  s t u d y  is less 

when c o m p a r e d  to the same ye a r  old R R I M  50'l clone e s t i m a t e d  to 

be 5 . 2 6  by sho r r o c k s .

-S-
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5. SUMMARY

P r e l i m i n a r y  s t u d i e s  on the total q u a n t i t y  of the leaf litter, 

c h emical c o m p o s i t i o n  of leaf litter a n d  the n u t r i e n t s  rel e a s e d  

t h r o u g h  leaf litter for recycling, in an eight ye a r  old rubber 

p l a n t a t i o n  of V e 1 I a n i k k a r a  E s t a t e  of K e r a l a  A g r i c u l t u r a l  

U n i v e r s i t y  have been a t t e m p t e d .

D u r i n g  the ye a r  u n der study, w i n t e r i n g  S t a r t e d  fay 14th 

D e c e m b e r ,  1991 a n d  C o n t i n u e d  till ' ^ n d  March, 1992, the > peak 

b e i n g  the t h i r d  we e k  of Jan u a r y ,  1992. D u r i n g  annual 

d e f o l i a t i o n  pe r i o d  total leaf litter p r o d u c t i o n  (dry weight) 

was e s t i m a t e d  to be 4 1 1 2  Kg/ha, the c o n t r i b u t i o n  of w h i c h  

w o r k s  out to an n u a l  a d d i t i o n  of 6 3 . 3  Kg N ^ 2 . 6 4  Kg P, 4 4 . 0  Kg 

K, 4 2 . 3 2  Kg C a  a n d  8 . 9 3  Kg Mg. D u r i n g  w i n t e r i n g ,  there is a 

g r a dual d e c l i n e  in the levels of n i t r o g e n ,  p h o s p h o r u s  and 

p o t a s s i u m  in leaves due to the shift of these n u t r i e n t s  to 

trunk. This shift was not a b s e r v e d  in the case of c a l c i u m  a n d  

m a g n e s i u m .

A p p r o x i m a t e  leaf a r e a  index was also w o r k e d  out a n d  is f o u n d  

to be 4.26.
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