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U^n.de.b^e.ctniz.^A-^ D-̂  . C. S-^e.e.cLha.-^a.n. , Dean., Ta.c.u^^y

Ag^^auZtu-'ie., K&^a^a Ag^c,u.-tt.u^aJ. Un-Lve.yi^-Liy and ChoA^man o4 

-the Ad\j-LiiOn.y Com/Tvutiee ^ e  ga-Ldanae., va^aab^e. -bugge^ t̂con^

an.d a o n ^ ^ a n i e.rLcoa^age.me.n.i t.h.noughou.^ -ihe. p^^ -Lod  

U^nve^-iU-ga^on. and p.^Le.panaiU^on ^he. .

I  am ^hank^u^ D .̂ N. tAohanak.uima^an, D-L-̂ eoto/t 

Re^e.aA.ah , Ke^oXa AgnAjc.u.M.̂ iiLn.aJi UrvLve.'^U^y; D-r . S . N . Pô t-ty , 

D-L^^c^o^ o4t Re^ea^ch, IndU-an Cardamom Re^e.an.c.h In-t> t̂.Lt.ULt.e., 

Sp-Lae^ Boa^n.d; Pn.o-ft • P. Ch.and^ia-t>e.k.h.a^an, and Hextd,
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D '̂i. K. R.  , A^ .̂L-^^a.n.-t. P>To^e.^-6o^ ô }. -the De.pa-'i^me.n-t.
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1. I N T R O D U C T I O N

R u b b e r  tree (H e v e a  b r a s i 1 iens is M U E L L - A R G )  is the 

m o s t  i m p o r t a n t  c o m m e r c i a l  a o u r c e  of n a t u r a l  r u b b e r  a product 

of vital i m p o r t a n c e  o b t a i n e d  f r o m  its latexj coramonly called 

the P a r a  rubber. R u b b e r  is g r o w n  p r e d o m i n a n t l y  in c o u n t r i e s  

like ours, e n j o y i n g  a tro p i c a l  c l i m a t e .  T h i s  p r o d u c e s  99 per 

cent of t h e  w o r l d ’s natural r u b b e r  ( G e o r g e  ^  1980).

In I n d i a ,  c o m m e r c i a l  c u l t i v a t i o n  of  r u b b e r  w a s  

s t a r t e d  in 1902 first in K e r a l a .  I t ’s c u l t i v a t i o n  was latter 

e x t e n d e d  to p a r t s  of Tamil Nadu, K a r n a t a k a  a n d  g r a d u a l l y  to 

A n d a m a n  a n d  N i c o b a r  islands. It w a s  th e n  i n t r o d u c e d  to the 

N o r t h - E a s t e r n  s t a t e s  a n d  to the s t a t e s  of A n d r a p r a d e s h , Goa, 

M a h a r a s h t r a  a n d  Orissa. T h e  a r e a  u n d e r  r u b b e r  c u l t i v a t i o n  in 

I n d i a  b y  t h e  e n d  of 1 9 9 3 - 9 4  w a s  5 . 0 8  l a k h  ha. a n d  t h e  

p r o d u c t i o n  of natural r u b b e r  d u r i n g  the p e r i o d  1 9 9 3-94 was 

4 . 3 5  lakh t o n n e s  (Rubber Board, 1994).

A b o u t  85 per ce n t  of the total a r e a  u n d e r  rubber 

c u l t i v a t i o n  is in K e r a l a  a n d  the t h r e e  s o u t h  I n d i a n  st a t e s  

viz. K e r a l a ,  Tamil N a d u  a n d  K a r n a t a k a  j o i n t l y  a c c o u n t  for 92 

p e r  cent of the total a r e a  ( R u b b e r  Board, 1994).



T h e  a v e r a g e  y i e l d  p e r  h e c t a r e  of the c r o p  i n c r e a s e d  

f r o m  2 8 4  k g h a ~ ^  in 1 9 5 0 - 5 1  to 1 2 1 5  k g  h a “  ̂ in 1 9 9 3 - 9 4  

CB u b b e r  Bo a r d ,  1994). T h i s  has b e e n  a c h i e v e d  t h r o u g h  the use 

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

c u l t i v a t i o n  p r a c tices. T h e  p r o d u c t i o n  a n d  c o n s u m p t i o n  of 

natu r a l  r u b b e r  w e r e  i n c r e a s i n g  s i m u l t a n e o u s l y  at a fast rate. 

H o w e v e r ,  d u r i n g  the last f e w  y e a r s  c o n s u m p t i o n  u s e d  to 

o v e r t a k e  d o m e s t i c  p r o d u c t i o n  a n d  this n e c e s s i t a t e d  import of 

n a t ural r u b b e r  to the tu n e  of 2 1 , 0 0 0  t o n n e s  a y e a r  ( R u b b e r  

Board, 1994). I n o r d e r  to i n c r e a s e  the p r o d u c t i o n ,  a t t e m p t s  

are b e i n g  m a d e  to e x t e n d  r u b b e r  c u l t i v a t i o n  to m o r e  a r e a s  in 

the n o n - t r a d i t i o n a l  area. It is mo s t  i m p o r t a n t  to i n c r e a s e  

total p r o d u c t i o n  b y  e n h a n c i n g  the p r o d u c t i o n  in t r a d i t i o n a l  

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

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

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

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

s h o r t e r  period.

T h e  use of c o v e r  c r o p s  i n t e r p l a n t e d  w i t h  the m a i n  

c r o p  is c o m m o n  p r a c t i c e  in t r o p i c a l  p l a n t a t i o n s ,  t h e i r  

p r e s e n c e  s e r v i n g  to p r o t e c t  the c r o p  a n d  soil fr o m  the most 

e x t r e m e  c l i m a t i c  c o n d i t i o n s .  S t u d i e s  c o n d u c t e d  e l s e - w h e r e



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

g r o w t h  of H e v e a  d u r i n g  i m m a t u r e  p h a s e  a n d  p r o d u c t i v i t y  d u r i n g  

m a t u r e  p h a s e  t h r o u g h  the i m p r o v m e n t  of soil f e r tility.

T h e  n u t r i t i o n  to c o v e r  c r o p  is a n  e s s e n t i a l

a g r o n o m i c  p r a c t i c e  for their b e t t e r  g r o w t h  and i m p r o v i n g  the 

soil p h y s i c a l ,  c h emical a n d  b i o l o g i c a l  p r o p e r t i e s .

T h e  p r e s e n t  r e c o m m e n d a t i o n s  for c o v e r  c r o p  is 30 kg 

e a c h  of P a n d  K  ha~^ y r ~ ^ . At the s a m e  ti m e  t h e r e  is no

r e c o m m e n d a t i o n  to a p p l y  N  for the c o v e r c r o p  p e r c e i v a b l y  d u e  

to the fact that th e y  a r e  all l e g u m i n o u s  crops. H o w e v e r  in a 

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

r u b b e r  g r o w i n g  s t a t e s  e s p e c i a l l y  in K e r a l a  the e x p e r i e n c e  is 

th a t  t h e  i n i t i a l  g r o w t h  of c o v e r  c r o p  in n o t  u p t o  t h e

e x p e c t e d  e x t e n d  a n d  t h e r e  is s c o p e  for i n c r e a s i n g  the same. 

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

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

t i m e  till t h e  c r o p  is a b l e  to f i x  i t s  o w n  a t m o s p h e r i c

N i t r o g e n .  T h e r e  a r e  e x p e r i m e n t a l  e v i d e n c e s  a v a i l a b l e  f r o m  

e l s e w h e r e  r e g a r d i n g  the N  n u t r i t i o n  to c o v e r c r o p  ( P u s h p a r a j a h  

1977). H o w e v e r  u n d e r  I n d i a n  c o n d i t i o n  so far s u c h  e v i d e n c e s  

a r e  lacking.



T h e  impact of c o v e r c r o p s  o n  the p r o d u c t i v i t y  of the 

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

a s p e c t s  h a v e  not b e e n  a t t e m p t e d .

A  t h o r o u g h  s e a r c h  of l i t e r a t u r e  a l s o  i n d i c a t e d  that 

there a r e  no w o r t h w h i l e  s t u d y  o n  the n u t r i e n t  d y n a m i c s  and 

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

t h r o u g h  c o v e r c r o p p i n g . A l s o  the l i t e r a t u r e s  a r e  d e f i c i e n t  on 

the i m p r o v e m e n t  of latex f l o w  c h a r a c t e r i s t i c s  a n d  y i e l d  of 

r u b b e r  b y  c o v e r c r o p p i n g .  S i n c e  the c o v e r c r o p p i n g  is a  must 

f or r u b b e r  p l a n t a t i o n s  a n d  is r e c o m m e n d e d  u n i v e r s a l l y ,  

i n f o r m a t i o n  o n  these v a l u a b l e  a s p e c t s  a r e  a b s o l u t e l y  useful 

e s p e c i a l l y  in a tropical s i t u a t i o n  w h e r e  r u b b e r  is grown.

P r e v i o u s l y  c o v e r c r o p s  s u c h  a s  P u e r a r  i a . 

C a I a p a g o n i u m . M i m o s a  a n d  C e n t  r o c e m a  w e r e  r e c o m m e n d e d  a s  

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

g e n e r a l  h a d  a n a t ural d i s a d v a n t a g e  w h e r e  in leaves s h e d  in 

summer, a n d  e a t e n  b y  cattle. A n o t h e r  s e r i o u s  d i s a d v a n t a g e  

w i t h  t h e s e  c o v e r s  a r e  t h a t  t h e y  w o n t  t h r i v e  in m a t u r e  

p l a n t a t i o n ,  w h e n  the s h a d e  i n t e n s i t y  is increased.



M u c u n a  b r a c t e a t a  is a r e c e n t  i n t r o d u c t i o n  a n d  its

a d o p t i o n  as a n  e f f e c t i v e  c o v e r  in r u b b e r  is b e i n g  e x t e n s i v e l y

p r a c t i s e d .  T h i s  h a s  got the a d v a n t a g e  of s h a d e  t o l e r a n t  as 

well as not b e i n g  e a t e n  b y  c a t tle. G r o w t h  is a l s o  v i g o r o u s

a n d  d o e s  not sh e d  leaves in summer. W h i c h  h e l p s  to k e e p  the

soil a l w a y s  c o v e r e d  w i t h  g r e e n  mulch.

It is t h e r e f o r e  t h o u g h t  w o r t h w h i l e  to i n v e s t i g a t e

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

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

che m i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s  of soil as well as their

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

In this c i r c u m s t a n c e s  the i n v e s t i g a t i o n  is u n d e r t a k e n  w i t h  

the f o l l o w i n g  o b j e c t i v e s .

1. T o  a s s e s s  t h e  e f f e c t  of c o v e r  c r o p s  o n  t h e  n u t r i e n t

d y n a m i c s  in H e v e a .

2. To  f i n d o u t  the i n f l u e n c e  of c o v e r  c r o p s  o n  the g r o w t h

c h a r a c t e r s ,  p r o d u c t i v i t y  a n d  latex f l o w  c h a r a c t e r i s t i c s

of H e v e a .

3. T o  e v a l u a t e  the impact of c o v e r  c r o p  o n  the p h y s i c a l ,

c h e m i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s  of soil.



4. T o  s t a n d a r d i s e  a N P K  r e c o m m e n d a t i o n  for c o ver crops.

5 . To  u n d e r s t a n d  the m o i s t u r e  r e g i m e  in the r h i z o p h e r e  of 

H e v e a  a n d  c o v e r  crops.

6. T o  s t u d y  the impact of c o v e r  c r o p s  o n  w e e d  growth.

7. A n d  f i n a l l y  to a s s e s s  the i m p o r t a n c e  of cover c r o p s  in 

m a i n t a i n i n g  the e c o s y s t e m  of the r u b b e r  p l antation.





2. R E V I E W  O F  L I T E R A T U R E

T h e  u s e  of c o v e r  p l a n t s  i n t e r p l a n t e d  w i t h  the m a i n  

c r o p  is c o m m o n  p r a c t i c e  in t r o p i c a l  p l a n t a t i o n s ,  t h e i r  

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

e x t r e m e  c l i m a t i c  c o n d i t i o n s .  In tea and c o f f e e  p l a n t a t i o n s  

s h a d e  t r ees are p r o v i d e d  to p r o t e c t  the p l a n t s  f o r m  e x c e s s i v e  

heat, and in oil palm, r u b b e r  a n d  sisal p l a n t a t i o n s  a g r o u n d  

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

p r o t e c t  t h e  soil f r o m  i n s o l a t i o n ,  l o s s  of f e r t i l i t y  a n d  

e r o s i o n  e f fects. S t u d i e s  on  the ef f e c t  of c o v e r  c r o p s  on

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

and all the p o s s i b l e  w o r k s  w e r e  r e v i e w e d  in this chapter.

2.1 I m p o r t a n c e  of c o v e r  c r o p s

S t u d i e s  c o n d u c t e d  e l s e  w h e r e  h a v e  s h o w n  t h a t  

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

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

and in a t t a i n i n g  h i g h e r  y i e l d  ( W a t s o n  1961; W a t s o n  ^

1964; P u s h p a r a j a h  a n d  C h e l l a p a h  ^  1969; C h a n d a p i l l a i

1968; P o t t y  ^  1980; K o t h a n d a r a m a n - 1990 a n d  P r a t h a p a n

^  aJ. 1995) .



N i t r o g e n  is o n e  of t h e  i m p o r t a n t  m a j o r  n u t r i e n t  

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

c o v e r s  to s u p p l y  the c o n s i d e r a b l e  a m o u n t  of n i t r o g e n  n e e d e d  

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

( M a i n s t o n e  1961; W a t s o n  1 961; P u s h p a r a j a h  a n d  C h e l l a p p a h  

1969; P u s h p a r a j a h  a n d  T a n  1976). G e n e r a l l y  in a d d i t i o n  to 

n i t r o g e n ^  l e v e l s  of p h o s p h o r o u s  in l e a v e s  of H e v e a  w e r e  

e n h a n c e d  b y  le g u m e  covers. T h e  le g u m e  c o v e r s  e n h a n c e  soil 

o r g a n i c  m a t t e r  ( P u s h p a r a j a h  a n d  C h e l l a p p a h  1969; W a t s o n  ^  

a l ■ 1964) a n d  i m p r o v e  the soil p h y s i c a l  p r o p e r t i e s  a n d  h e n c e

r o o t i n g  ( M a i n s t o n e  1961; W a t s o n  1961).

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

ru b b e r  p l a n t a t i o n  is a n  a c c e p t e d  a g r o - m a n a g e m e n t  p r a c t i c e .  

C o v e r  c r o p s  h e l p  in the m o v e m e n t  of soil s t r u c t u r e  a n d  o t h e r  

p h y s i c a l  p r o p e r t i e s  ( S o o n g  a n d  Y a p  1976).

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

is P u e r a r i a  P h a s e d  o i d e s . t h o u g h  o t h e r s  like C a l a p a g o n i u m  

m u c u n o i d e s  . C e n t  r o s e m a  p u b e s e n s  a n d  M  i m o s a  i n v  i s a  v a r  

i n t e r m i s  a r e  a l s o  g r o w n  o n  a l i m i t e d  s c a l e  ( P o t t y  a 1 . 

1980). A n  ideal c o v e r  c r o p  s h o u l d  h a v e  s u c h  c h a r a c t e r s  as 

fa s t  g r o w t h ,  n o n - c o m p e t i t i o n  w i t h  r u b b e r  p l a n t s ,  s h a d e



tol e r a n c e ,  h i g h  n i t r o g e n  f i x i n g  c a p a c i t y  etc. P u e r a r i a  c r o p  

is h i g h l y  p a l a t a b l e  to c a t t l e  a n d  this n a t u r e  of the c r o p  

r e s u l t s  in the i n d i s c r i m i n a t e  removal of the c r o p  from the 

field. M u c u n a  b r a c t e a t a  is a r e c e n t l y  i n t r o d u c e d  c o v e r  crop. 

It is a w i l d  a n d  fast g r o w i n g  legume, n a t i v e  to n o r t h - e a s t e r n  

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

e x p e c t e d  of a c o v e r  plant. It is not p r e f e r r e d  by  c a t t l e  a n d  

tol e r a n t  to d r o u g h t  s i t u a t i o n s  also.

C r o p  c o v e r  is w i d e l y  r e c o g n i s e d  as b e i n g  of m a j o r  

i m p o r t a n c e  in r e d u c i n g  the e f f e c t s  of r a i n d r o p  impact o n  the 

soil. B y  m i n i m i s i n g  s p l a s h  erosion, rates of soil d e t a c h m e n t  

are re d u c e d ,  soil a g g r e g a t e s  do not b r e a k  d o w n  so rapidly, 

a g g r e g a t e  s t r u c t u r e  is retained, less s u r f a c e  c r u s t i n g  or 

sealing, i n f i l t r a t i o n  r a t e s  r e m a i n  h i g h  and s u r f a c e  run o f f  is 

r e d u c e d  ( M o r g a n  1985).

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

large s i z e  a g g r e g a t e s .  It f a c i l i t a t e s  g o o d  soil a e r a t i o n  a n d  

b e t t e r  root g r o w t h  of r u b b e r  p l a n t s  ( K rishna K u m a r  1989),

K o t h a n d a r a m a n  ^  ( 1 9 9 0 )  r e p o r t e d  a h i g h e r

b i o m a s s  p r o d u c t i o n  b y  M u c u n a  as c o m p a r e d  to P u e r a r  i a . T h e y



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

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

M u c u n a .

Y o o n  ( 1 9 6 7 )  i n d i c a t e d  t h a t  t h e  n e t  a s s i m i l a t i o n  

r a t e  of the P u e r a r i a  w a s  d r a s t i c a l l y  r e d u c e d  u n d e r  shade. As 

a c o n s e q u e n c e  o f  t h i s ,  t h e  c o v e r  p l a n t  w a s  e v e n t u a l l y  

e l i m i n a t e d  fo r m  its s t a n d  b y  the g r o w i n g  c a n o p y  of the r u b b e r  

plants. K o t h a n d a r a m a n  e_t (1990) a l s o  r e p o r t e d  that the

M u c u n a  w a s  t o l e r a n t  to s h a d e  a n d  a r e  n o t  e l i m i n a t e d  b y  

g r o w i n g  canopy.

T h u s  i n f l u e n c e  of l e g umes o n  p r o d u c t i v i t y  of r u b b e r  

has b e e n  s h o w n  to b e  not o n l y  t h r o u g h  its n i t r o g e n  return, 

but a l s o  t h r o u g h  its i n f l u e n c e  o n  the p h y s i c a l  a n d  c hemical 

p r o p e r t i e s  of soil. H o w e v e r ,  t h e r e  has a l s o  b e e n  c o n t r o v e r s y  

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

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

t h e  e x i s t i n g  v a g a r i e s  in the p r i c e  a n d  a v a i l a b i l i t y  of 

n i t r o g e n o u s  f e r t i l i z e r s ,  t h e  g r e a t e r  u s e  of l e g u m e  c o v e r  

b e c o m e s  e s s e n t i a l .



2.2 E f f e c t  of c o v e r  c r o p  o n  the o r g a n i c  m a t t e r  c o n t e n t  a n d  

soil s t r u c t u r e

M o s t  of the s o i l s  u n d e r  p l a n t a t i o n s ,  p a r t i c u l a r l y  

those that h a v e  c a r r i e d  o n e  g e n e r a t i o n  of r u b b e r  trees and 

are d u e  for r e p l a n t i n g ,  h a v e  low r e s e r v e s  of p l a n t  n u t r i e n t s  

and o r g a n i c  m a t t e r  a n d  a r e  of p o o r  str u c t u r e .  As a re s u l t  of

their low p e r m e a b i l i t y  to rainfall s u c h  s o i l s  a r e  s u s c e p t i b l e

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

of r e - e s t a b l i s h  s a t i s f a c t o r y  soil c o n d i t i o n s .

U n d e r  f o r e s t r y  m e t h o d s  of c o v e r  p l a n t  c o n t r o l ,  

u p r i g h t  w o o d y  p l a n t s  o f t e n  d e v e l o p  a n d  their u s e  is s o m e t i m e s  

r e c o m m e n d e d  o n  c o m p a c t e d  soils w h e r e  t h eir s t r o n g  r o o t i n g  

c h a r a c t e r i s t i c s  h e l p  to b r e a k  up and a e r a t e  the soil. Su c h  

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

c o n s i d e r a b l e  a m o u n t  of ma t e r i a l  p e r h a p s  u p t o  20 tons per 

acre, c a n  be r e t u r n e d  to the soil in this way. T h e  litter of 

f a l l e n  stems, leaves a n d  loppings, p r o t e c t s  the soil a g a i n s t  

h e a v y  r a i n  but e r o s i o n  control is not li k e l y  to be so g o o d  as

under a c r e e p i n g  c o v e r  p l a n t s ( H a i n e s  1932^.

M o s t  of t h e  c o v e r  p l a n t s  c o u l d  b e  e x p e c t e d  to 

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



i n d i v i d u a l  e f f e c t s  are found, as d i s c u s s e d  b y  H a i n e s  (1933) 

w i t h  a few e x c e p t i o n s .  M o s t  g r a s s e s  d o  not g r e a t l y  i m p rove 

the soil u n d e r  r u b b e r  p l a n t i n g  c o n d i t i o n s .  T h e i r  m a t  of 

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

the h a r d  d r y  c o n d i t i o n s  o b s e r v e d  u n d e r  g r a s s  do  not e n c o u r a g e  

f r e e  s u r f a c e  r o o t i n g  b y  the r u b b e r  tree.

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

a g a i n s t  c o m p a c t i o n  by  h e a v y  r a i n  a n d  b y  v i r t u e  of the b i n d i n g  

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

i m p r o v e  soil s t r u c t u r e .  T h e  o r g a n i c  m a t t e r  c o n t e n t  that t h e y  

a d d  to the soil as d e a d  leaf, st e m  a n d  root m a t e r i a l ,  a l s o  

p l a y s  a v e r y  large part in the i m p r o v e m e n t  of soil c o n d i t i o n s  

b y  s u m m a t i o n  of c h e m i c a l ,  p h y s i c a l  a n d  b i o l o g i c a l  e f f e c t s  as 

r e p o r t e d  b y  B r e m n e r  (1956).

W a t s o n  ( 1 9 5 7 )  r e p o r t e d  t h a t  t h e  c r e e p i n g  c o v e r  

p l a n t s  o n  the o t h e r  hand, l e g u m i n o u s  or o t h e r w i s e ,  e x e r t  a 

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

o b s e r v a t i o n s  s e e m  to s h o w  that s u c h  c o v e r  p l a n t s  r e t u r n  m u c h  

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

m a t e r i a l  t h a n  r e t u r n e d  b y  the g r a s s e s .  In a d d i t i o n  the d e a d  

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



g r a s s e s .  T h e  d e n s e  g r o w t h  of a v i g o r o u s  c r e e p i n g  c o v e r  

e n s u r e s  cool a n d  m o i s t  c o n d i t i o n s  at the soil s u r f a c e  a n d  a 

loose, p e r m e a b l e  top soil layer, w i t h  a h i g h  o r g a n i c  m a t t e r  

content. Soil e r o s i o n  u n d e r  s u c h  a c over is low^ Pa j * 1939)-

S o o n g  a n d  Y a p  ( 1 9 7 6 )  r e p o r t e d  t h a t  l e g u m e s  a n d  

natural c o v e r s  left the soil in m u c h  b e t t e r  c o n d i t i o n s  than 

g r a s s  or M i k a n i a  covers, w i t h  lower b u l k  d e n s i t i e s  a n d  h i g h e r  

p o r e  s p a c e  r e s u l t i n g  in b e t t e r  w a t e r  i n f i 1 t e r a t i o n . T h e y  

a l s o  p o i n t e d  out that the eff e c t  of c o v e r  p l a n t s  in i m p r o v i n g  

soil s t r u c t u r e  d e p e n d s  p a r t i c u l a r l y  o n  t h e  q u a n t i t y  of 

d e c o m p o s a b l e  o r g a n i c  m a t t e r  w h i c h  the c o v e r s  a d d  to the soil.

A p a r t  from the e n e r g y  d i s s i p a t i n g  f u n c t i o n ,  c o v e r  

c r o p s  i m p r o v e  the soil ph y s i c a l  s t r u c t u r e  so that t h e r e  is 

i n c r e a s e d  p o r o s i t y ,  i n f i 1t e r a t i o n  a n d  a g g r e g a t e  s t a b i l i t y  a n d  

c o n s e q u e n t l y  r e d u c t i o n  in r u n - o f f  a n d  s o i l  l o s s .  U r i y o  

( 1 9 7 9 )  o b s e r v e d  t h a t  u n d e r  p e r m a n e n t  v e g e t a t i v e  c o v e r ,  

i n f i l t r a t i o n  r a t e  w a s  n o r m a l l y  g r e a t e r  o r  e q u a l  to t h e  

h y d r a u l i c  c o n d u c t i v i t y  of the soil. In the w o r k  r e p o r t e d  

fr o m  N a m l o n g a e ,  Ugan d a ,  ten times m o r e  r u n - o f f  o c u r r e d  f o r m  

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

c o v e r  w a s  t w i c e  as e f f e c t i v e  than a s t o n e  mulch, in t e r m s  of



r u n  o f f  c o n t r o l .  I n c r e a s e d  m o i s t u r e  s t o r a g e  c a p a c i t y  of the 

soil p r o v i d e d  b y  the t r a n s p i r a t o r y  w i t h - d r a w a l  of g r o w i n g  

c r o p s  r e s u l t  in h i g h  i n f i l t r a t i o n  r a t e  C V e n k a t r a m a n , 1978).

Z e i n  ^  aj_. ( 1 9 8 0 )  r e p o r t e d  h i g h  h y d r a u l i c

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

r o o t e d  crops. L o w  b u l k  d e n s i t y ,  h i g h  p o r o s i t y  a n d  i n c r e a s e d  

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

c o v e r e d  p l o t s  ( W i l l i a m s  1963 a n d  C a l b r o n e  a n d  S t a i n e s  1985).

2.2.1. E f f e c t  of c o v e r  c r o p s  o n  soil m o i s t u r e

I n  C e y l o n ,  h o w e v e r  a c o m p a r i s o n  of t h e  m o i s t u r e  

c o n t e n t  of soil u n d e r  c l e a n  w e e d e d  s u r f a c e  a n d  u n d e r  a c o ver 

of the c r e e p i n g  legume, C e n t r o s e m a  p u b e s c e n s  s h o w e d  that for 

the f irst two y e a r s  a f t e r  e s t a b l i s h m e n t  of the c o v e r  t h e r e  

w a s  m o r e  m o i s t u r e  in the first s i x  in c h e s  of soil u n d e r  the 

c o v e r  t h a n  in the c o r r e s p o n d i n g  r e g i o n  of the b a r e  soil, but 

that the r e v e r s e  w a s  t r u e  f o r  s o i l  b e l o w  a d e p t h  o f  s i x  

i nches ( J o a c h i m  a n d  K a n d i a  1930).

W i t h  the p r o v i s i o n  of a cover, r u n - o f f  of r a i n

w a t e r  c a n  b e  m u c h  r e d u c e d  but the e x t r a  losses of m o i s t u r e



c a u s e d  by  t r a n s p i r a t i o n  t h r o u g h  the f o l i a g e  of c o v e r  p l a n t s  

can, in turn, be a p p r e c i a b l e .  S o m e  e x p e r i m e n t s  in M a l a y s i a  

h a v e  s h o w n  that the y o u n g  p l a n t i n g  of C e n t r o s e m a  p u b e s c e n s  

a n d  M i k a n i a  s c a n d e n s  d i d  not s i g n i f i c a n t l y  r e d u c e  the soil 

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

s u r f a c e  (Be l g r a v e ,  1939).

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

t r a n s p i r a t i o n  fr o m  the c o v e r  p l a n t  th a n  w a s  c o n s e r v e d  b y  the 

s u r f a c e  m u l c h  it p r o d u c e d ,  h o w e v e r  d u r i n g  the s e c o n d  two 

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

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

f o u n d  at all l e v e l s  d o w n  to t w e n t y  f o u r  i n c h e s  u n d e r  t h e  

co ver p l a n t s ,  t h a n  u n d e r  the b a r e  surface. T h e s e  f i n d i n g s  

h a v e  b e e n  c o n f i r m e d  by  W a b s o n  (1957). ^

In n e w l y  p l a n t e d  r u b b e r  p l a n t a t i o n s ,  the top soil 

in the p l a n t i n g  row will t e n d  to b e  d r y  a n d  that the r e s e r v e s  

of w a t e r  in the sub soil a r e  l i k e l y  to s u f f e r  d e p l e t i o n  b y  

lateral d i f f u s i o n  into the d r y i n g  subsoil u n d e r  the inter row 

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

s u s c e p t i b i l i t y  of the p l a n t i n g  r o w  a n d  a r e  s t r o n g  a r g u m e n t s  

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



r u b b e r  trees. A f t e r  the f i r s t  or t h e  s e c o n d  y e a r  of growth, 

r u b b e r  r o o t s  s p r e a d i n g  u n d e r  the c o v e r  p l a n t s  will b e  a b l e  to 

take full a d v a n t a g e  of the w a t e r  c o n s e r v i n g  p r o p e r t i e s  of the 

m a t u r e  c o v e r  a n d  its litter mulch, W a t s o n  <.1957).

P u s h p a d a s  ^  ( 1 9 7 6 )  r e p o r t e d  t h a t  t h e  c o v e r

c r o p  s e r v e s  as m u l c h  a n d  r e d u c e s  e v a p o r a t i o n  f r o m  the soil, 

a n d  on  t h e  o t h e r  h a n d  it d e p l e t e s  a v a i l a b l e  m o i s t u r e  f r o m  the 

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

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

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

p e r c e n t a g e s  in the s l a s h e d  M u c u n a  sp p l o t s  w i t h  b a r e  soil a n d  

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

s l a s h e d  p l o t s  w e r e  m a i n t a i n e d  at h i g h e r  levels a n d  a l s o  for a 

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

plots.

K o t h a n d a r a m a n  ^  aj_. (1990) o b s e r v e d  that the soil 

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

P u e r a r  ia p h a s e o 1o ides g r o w n  p l o t s  w e r e  h i g h e r  c o m p a r e d  to 

g r a s s  cover. T h e y  a l s o  n o t e d  that the t h i c k  m u l c h  p r o v i d e d  

b y  M u c u n a  b r a c t e a t a  a n d  i t s  d e e p r o o t e d  n a t u r e  a n d  t h e  

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

soil m o i s t u r e  at the 0 - 3 0 c m  depth.



In a s t u d y  o n  m o i s t u r e  r e t e n t i o n  of soil, K r i s h n a  

K u m a r  ^  (1990) r e v e a l e d  that the soil m o i s t u r e  r e t e n t i o n

c a p a c i t y  at - 0 . 0 3 3  M p a  w a s  h i g h e s t  in t h e  p r o f i l e  u n d e r  

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

h i g h l i g h t e d  that the l e g u m e  c o v e r  c o u l d  m o d i f y  t h e  s o i l  

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

pattern.

2.3. N u t r i t i o n  a n d  f e r t i l i z e r  u s e  in c o v e r  c r o p s

P u s h p a r a j a h  (1977) r e p o r t e d  that for the e f f i c i e n t  

g r o w t h  o f  c o v e r  c r o p  “s t a r t e r  d o s e s "  o f  n u t r i e n t s  a r e  

e s s e n t i a l .  Th i s  s t a r t e r  d o s e  of N , P , K  a n d  M g  h e l p e d  for a 

s p e e d i e r  g r o u n d  c o v e r  g r o w t h  a n d  vigour.

Yogaratnara ejt (1984) r e p o r t e d  that p h o s p h a t e

a p p l i c a t i o n  to c o v e r s  led to b e t t e r  tree g i r t h  t h a n  that was 

a p p l i e d  to the trees. It a l s o  s h o w e d  h i g h e r  leaf P v a l u e s  at 

the end of 6 y e a r s  fr o m  p l a n t i n g .  Th i s  i n c r e a s e d  leaf P 

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

t a p p a b i l i t y  of trees at the end of 6 years.



S u r e s h  (1992) o b s e r v e d  that r a i s i n g  of c o v e r  c r o p s  

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

c o n t e n t  of a v a i l a b l e  'P'. A l s o  h e  o p i n e d  t h a t  t h e  c r o p  

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

s u p p l y i n g  p o w e r  of the soil.

2.3.1. E f f e c t  of c o v e r  c r o p s  o n  t h e  soil n u t r i e n t  s t a t u s

Soil n u t r i e n t s  will b e  lost f r o m  a n  a r e a  if the 

r u b b e r  t r e e s  of the first g e n e r a t i o n  a r e  c l e a r e d  off the land 

at replanting("Page 1939^ a n d  n u t r i e n t s  will be lost in the 

latex t a k e n  off the site. O v e r  the life of o n e  g e n e r a t i o n  of 

r u b b e r  trees, the v a r i o u s  l o s s e s  of n u t r i e n t s .a r e  e v i d e n t l y  

s u f f i c i e n t  to lower the soil n u t r i e n t  s t a t u s  to the p o i n t  

w h e r e  a p p l i c a t i o n  of c o m p l e t e  f e r t i l i z e r s  a r e  e s s e n t i a l  to 

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

H e v e a . C o v e r  p l a n t s  a r e  u s e d  to o f f s e t  soil d e t e r i o r a t i o n ,  

p a r t i c u l a r l y  w i t h  a v i e w  to t h e  m a i n t e n a n c e  of soil s t r u c t u r e  

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

part in the soil n u t r i e n t  c y c l e ^  Bv'ou.jKtoM. 1 9 7 7 )-

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

h a r m f u l  o v e r  a long t e r m  p e r i o d ,  as the n u t r i e n t s  t a k e n  u p  by



the c o v e r  p l a n t  a n d  r e n d e r e d  u n a v a i l a b l e  to the r u b b e r  tree 

in the f irst ins t a n c e  a r e  e v e n t u a l l y  r e t u r n e d  to the soil as 

d e a d  p l a n t  m a t e r i a l  a n d  will b e c o m e  a v a i l a b l e  for u p t a k e  b y  

e i t h e r  the rubber tree or c o v e r  p l a n t  roots. S u c h  a c t i o n  

will m i n i m i s e  the l e a c h i n g  of- d e c a y i n g  p l a n t  m a t e r i a l ,  t h eir 

e v e n t u a l  a v a i l a b i l i t y  t o  t h e  r u b b e r  t r e e  m a y  b e  

i n c r e a s e d  (De Ceus 1941).

W a t s o n  (1957) r e p o r t e d  that cover p l a n t s  c a n  a f f e c t  

the soil n i t r o g e n  s t a t u s  b y  i n t e r f e r i n g  w i t h  n i t r i f i c a t i o n  

p r o c e s s e s  in the soil a n d  s y m b i o t i c a l 1y f i x i n g  a t m o s p h e r i c  

nitrogen.

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

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

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

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

co v e r s  h a s  a low C / N  r a t i o  it w o u l d  b e  e x p e c t e d  to m i n e r a l i s e  

r a p i d l y  w i t h  its n u t r i e n t  c o n t e n t  b e c o m i n g  q u i c k l y  a v a i l a b l e  

a g a i n  for u p t a k e  b y  H e v e a  or c o v e r  c r o p s  (Watson, 1961).

A m a r k e d  d e c r e a s e  in v i g o u r  c o u p l e d  w i t h  a net 

r e t u r n  of n u t r i e n t s  to the soil b y  all c o v e r s  took place,



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

m a g n e s i u m  b e i n g  r e t u r n e d  fo r m  legumes. T h i s  was p a r t i c u l a r l y  

so for n i t r o g e n .  N i t r o g e n  r e t u r n  to the soil from legume 

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

t o t a l l e d  2 1 4 . 5  kg a c r e “̂ , w i t h  8 8 . 3  kg a c r e ~ ^  n i t r o g e n  still 

h e l d  in the g r e e n  m a t e r i a l  a n d  litter of the s t a n d i n g  c o v e r  

at the end of f o u r t h  y e a r ^  .

W a t s o n  ^  aX- (1964) r e p o r t e d  that the e x c h a n g e a b l e  

p o t a s s i u m  c o n t e n t  a n d  p H  v a l u e  of 0-6 inch soil u n d e r  legumes 

w e r e  s i g n i f i c a n t l y  lower t h a n  t h o s e  u n d e r  M i k a n i a  a n d  t h e r e  

w a s  a t e n d e n c y  for the e x c h a n g e a b l e  m a g n e s i u m  u n d e r  l e g umes 

to be lower than that u n d e r  g r a s s  a n d  Mi k a n i a .  T h e y  a l s o  

r e p o r t e d  t h a t  w h e n  f e r t i l i z e r s  w e r e  a p p l i e d  to c o v e r s  t h e  

p h o s p h o r o u s  a n d  e x c h a n g e a b l e  c a t i o n  s t a t u s  of the 0-6 inch 

soil l a y e r  t e n d e d  to b e  h i g h e r  t h a n  w h e r e  f e r t i i z e r  w a s  

a p p l i e d  to the tr e e  rows b u t  this e f f e c t  w a s  o n l y  s i g n i f i c a n t  

for total a n d  a v a i l a b l e  p h o s p h o r o u s .  T h e r e  was a t e n d e n c y  in 

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

o c c u r  in t h e  1 2 - 1 8  i n c h  so i l  l a y e r  i n d i c a t i n g  t h a t  s o m e  

d o w n w a r d  m o v e m e n t  of the a p p l i e d  p h o s p h a t e  may h a v e  o c oured, 

p e r h a p s  b y  d i r e c t  l e a c h i n g  t h r o u g h  the soil, or by  t r a n s p o r t  

v i a  the c o v e r  plants.



K o t h a n d a r a m a n  ^  (1987) s t u d i e d  on the g r o w t h

pattern, n o d u l a t i o n  and n i t r o g e n  f i x a t i o n  by  M u c u n a  b r a c t e a t a  

and c o n f i r m e d  that the soil f e r t i l i t y  i m p r o v e m e n t  is d o n e  by 

the c o ver crops.

M a t h e w  ^  (1989) r e p o r t e d  that most of the soil

r e s p o n d e d  to P a p p l i c a t i o n s  e s p e c i a l l y  w h e n  soil P w a s  low. 

R e s p o n s e  was g r e a t e r  w h e n  the tree w a s  b e i n g  t a p p e d  on  v i r g i n  

panel th a n  o n  r e n e w e d  panel. C h a n c e s  of r e s p o n s e  to ' P‘ w e r e  

g r e a t e r  w h e n  there was legume g r o u n d  cover.

K o t h a n d a r a m a n  ^  (1990) c o m p a r e d  the e f f i c i e n c y

of M u c u n a  b r a c t e a t a  w i t h  P u e r a r i a  p h a s e o l o i d e s  a n d  g r o w t h  of 

H e v e a  a n d  r e p o r t e d  that o r g a n i c  c a r b o n  c o n t e n t  was i n c r e a s e d  

w i t h  c o v e r  crops. T h e r e  was an i n c r e a s e  in total n i t r o g e n  

u n d e r  P u e r a r  ia p h a s e o l o i d e s  w h i c h  is d u e  to i t s  b e t t e r  

d e c o m p o s i t i o n  as e v i d e n c e d  b y  the n a r r o w  C : N  ratio.

2.4. E f f e c t  of c o v e r  c r o p s  o n  b i o l o g i c a l  p r o p e r t i e s  of soil

W a t s o n  (1957) r e p o r t e d  that the b a c t e r i a  of the 

g e n u s  R h i z o b i u m  f o u n d  in the root n o d u l e s  of l e g u m i n o u s  c o v e r  

c r o p s  and c o u l d  m o d i f y  the soil n i t r o g e n  s t a t u s  by a b s o r b i n g



n i t r o g e n  f r o m  the soil, h e n c e  m i n i m i s i n g  the loss of soil 

n i t r a t e  b y  leaching.

K o t h a n d a r a m a n  ^  (1987, 1990) o p i n e d  that the

c o u n t s  of total b a c t e r i a ,  fungi a n d  a c t i n o m y c e t e s  w e r e  h i g h e r  

in s o i l s  u n d e r  M u c u n a  b r a c t e a t a . T h e y  a l s o  r e p o r t e d  that the 

B e i j e r i n k i a  the n o n  s y m b i o t i c  n i t r o g e n  f i x i n g  b a c t e r i a  and 

p h o s p h a t e  s o l u b i l i s i n g  m i c r o - o r g a n i s m s  w e r e  f o u n d  to b e  

higher, in the legume c o v e r  c r o p p e d  area.

2.5. H o o t  d e v e l o p m e n t  of H e v e a  a n d  c o v e r  c r o p s

W a t s o n  eji fil.- ( 1 9 6 4 )  o b s e r v e d  t h a t  t h e  v i g o r o u s  

d e v e l o p m e n t  of r o o t s  of H e v e a  took p l a c e  u n d e r  the legume 

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

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

c r o p .

W h i l e  s t u d y i n g  the nature, e x t e n t  and d i s t r i b u t i o n  

of the root s y s t e m s  of d i f f e r e n t  c o v e r  p l a n t s  C h a n d a p i l l a i  

(1968) o b s e r v e d  a m o r e  s h a l l o w  r o o t i n g  p a t t e r n  for P u e r a r  ia 

in the f o r m  of n e t w o r k  of f i b r o u s  r o o t s  of e a r l y  d e c o m p o s a b l e  

nature. T h e  d r y  w e i g h t  of the r o o t s  of a three m o n t h s  old



individual p l ant was r e p o r t e d  to be  3 . 22g a n d  the m e a n  d r y  

weight of shoot w a s  l . l l g .  H e  a l s o  o b s e r v e d  a r e d u c t i o n  in 

the h o r i z o n t a l  s p r e a d  and. v e r t i c a l  p e n e t r a t i o n  of r o ots of 

the c r e e p i n g  c o v e r s  at the t w e l v e  m o n t h  s a m p l i n g  c o m p a r e d  to 

the s i x - m o n t h  sampling.

D e e p  p e n e t r a t i o n  of the r o ots of the cover p l a n t s  

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

e x t r a c t i n g  n u t r i e n t s  f r o m  the d e e p e r  layers a n d  d e p o s i t i n g  

them o n  the s u r f a c e  in the o r g a n i c  m a t t e r  of their litter 

( W y c h e r l e y ,  1 9 6 3 ) .  T h i s  e f f e c t  is i n c r e a s e d  b y  t h e  

r e c o m m e n d e d  p l a n t a t i o n  p r a c t i c e  of p e r i o d i c a l  s l a s h i n g  of the 

v i g o r o u s l y  g r o w i n g  c o v e r  crops.





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

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

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

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

c o n d u c t e d  at B e t h a n y  E s t ate, M u k k a m p a l a ,  K a n y a k u m a r i  D i s t r i c t  

from F e b r u a r y  1991 to O c t o b e r  1993 . T h e y  w e r e  ;

I. T h e  e f f e c t  of c o v e r  c r o p s  on n u t r i e n t  d y n a m i c s  in the 

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

II. T h e  e f f e c t  of c o v e r  c r o p  o n  n u t r i e n t  d y n a m i c s  in the 

m a t u r e  a r e a  and

III. M i c r o p l o t  s t u d y  of c o v e r  c r o p s  a l o n e

3.1. M a t e r i a l s

3.1.1. S i t e  C h a r a c t e r i s t i c s

B e t h a n y  E s t a t e  is s i t u a t e d  at 8° 2 0  2 7  N o r t h

latitude, 77° 21* 22 East l o n g i t u d e  and at a n  a l t i t u d e  of

I05m a b o v e  m e a n  sea level.



1.2. C l i m a t e

T h e  a r e a  e n j o y s  a t y p i c a l  t r o p i c a l  c l i m a t e .  

M o n t h l y  a v e r a g e  v a l u e s  of i m p o r t a n t  m e t e o r o l o g i c a l  p a r a m e t e r s  

o b s e r v e d  d u r i n g  the p e r i o d  of e x p e r i m e n t s  a r e  f u r n i s h e d  in 

A p p e n d i x  I.

T h e  m a x i m u m  t e m p e r a t u r e  v a r i e d  b e t w e e n  29.8°C and 

35.1°C w i t h  a h i g h e s t  d a i l y  m a x i m u m  of 3 7 . 9”C in A p r i l  in all 

t h r e e  ye a r s .  W i t h  r e g a r d  to the m i n i m u m  t e m p e r a t u r e  in the 

first year, lowest v a l u e  of 18.2°C wa s  r e c o r d e d  in J a n u a r y  

a n d  t h e  h i g h e s t  of 2 3 . 6°C in A p r i l .  T h e s e  v a l u e s  w e r e  

17.9°C, 18.5°C a n d  24.0°C, 22.7°C r e s p e c t i v e l y  in J a n u a r y  a n d  

J u n e  d u r i n g  the s e c o n d  a n d  t h i r d  year. T h e  lowest m i n i m u m  

was 17.9°C in J a n u a r y  1992. T h e  m o s t  h u m i d  m o n t h  r e c o r d e d  

wa s  J u n e  w i t h  a v e r a g e  h u m i d i t y  a b o v e  85 per cent a n d  J a n u a r y  

w i t h  mo s t  d r y  in all the t h r e e  years. In 1991, a total of 

20 8 4  mm. of r a i n  was r e c e i v e d  t h r o u g h  121 r a i n y  days. T h e  

c o r r e s p o n d i n g  v a l u e s  for 1992 and 1993 w e r e  2 1 2 8 , 2 1 5 4 m m  and 

1 2 4 , 1 1 9  d a y s  r e s p e c t i v e l y .  In  a l l  t h e  t h r e e  y e a r s  J u n e  

r e c e i v e d  the h i g h e s t  r a i n f a l l  and its w a s  7 8 0 , 6 6 5 , 7 1 5  mm..



T h e  s o u t h  w e s t  m o n s o o n  pe a k  was o b s e r v e d  in J u n e  in 

all the three y e a r s  w i t h  a v a l u e  of 780 mm in the first ye a r  

and 665, 715 m m  in tiie s e c o n d  a n d  third ye a r  r e s p e c t i v e l y .

T h e  n o r t h  east m o n s o o n  p e a k  was o b s e r v e d  in N o v e m b e r  in all 

the three y e a r s  w i t h  a v a l u e  of 264 mm in the first y e a r  a n d  

3 2 2 , 2 4 8  m m  in the s e c o n d  a n d  t h ird year r e s p e c t i v e l y .

3.1.3. Soil c h a r a c t e r i s t i c s

T h e  s o i l s  of the e x p e r i m e n t a l  a r e a s  w e r e  shallow,

well dra i n e d ,  m o d e r a t e l y  a c i d i c  oxisol w i t h  a s a n d y  c l a y  loam

/
s u r f a c e  texture. M o r p h o l o g i c a l  f e a t u r e  of a typical p r o f i l e  

of the e x p e r i m e n t a l  s i t e  a r e  p r e s e n t e d  b e l o w  ;

Locat ion

V e g e t a t  ion

Parental M a t e r i a l

T o p o g r a p h y

D r a i n a g e

G r o u n d  w a t e r  t a ble

■Bethany Estate,

M u k k a m p a l a ,

K a n y a k u m a r i  D i s t r i c t

H e a v i l y  i n f e s t e d  w i t h  w e e d s  s u c h  as 

P e n n i s e t u m  p o l y s t a c h y o n .

B r a c h i a r i a  mut i c a .

C h r o m o l a e n a  o d o r a t a  and 

M i m o s a  p u d i c a

W e a t h e r e d  G n e i s s

U n d u l a t  ing

W e l l  d r a i n e d  

p e r m e a b i 1 i ty

D e e p  > 22m.

w i t h  m o d e r a t e



H o r i z o n  D e p t h  . D e s c r i p t i o n

(cm)

0 - 3 0 . 0  Y e l l o w i s h  red (SYR

4 /6 m o i s t )  g ravellv 

loam; m o d e r a t e  m e d ­

ium, s u b a n g u l a r  

b l o cky; friable, 

s 1 i g h t 1y s t icky 

a n d  s 1 i g h t 1y 

p l a s t i c ;  c o m m o n ,  

me d ium, distinct, 

m o t t l e s ;  few fine 

d i s t i n c t  iron; 

r o o t s  a b u n d a n t , 

p e r m e a b i l i t y  rapid, 

g r a d u a l l y  s m o o t h  

b o u n d a r y .

B 2 1  3 0 . 0 - 6 0 . 0  Y e l l o w i s h  red (5YB

4/6 m o i s t )  g r a v e l l y  

clay; m e d i u m  m o d ­

erate, s u b a n g u l a r  

b l o c k y ;  wet sticky 

a n d  p l a s t i c ;  few 

m e d i u m  d i s t i n c t  

mot ties; r o ots 

few, p e r m e a b i l i t y  

m o d e r a t e l y  rapid 

d i f f u s e d  w a v y  

b o u n d a r y

B 2 2  6 0 . 0 - 9 0 . 0  R e d  ( 2 . S Y R  4/6)

a n d  s t r o n g  b r o w n  

( 7 . S Y R  5/8) 

m o t t l e s  plenty, 

i n i t i a l  s t a g e s  

of 1a t e r i s a t  i o n , 

low p e r m e a b i l i t y



3 .1.3.1. P h y s i c a l  and C h e m i c a l  c h a r a c t e r i s t i c s

T h e  p h ysical a n d  ch e m i c a l  c h a r a c t e r i s t i c s  of the 

soils a r e  g i v e n  in T a b l e  1 and 2.

3.1.4. N a t u r e  a n d  c r o p p i n g  H i s t o r y

T h e  e x p e r i m e n t a l  s i t e s  I and III w e r e  n e w  areas, 

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

site II w a s  m a t u r e  a r e a  u n d e r  s t a n d i n g  ru b b e r  t r ees w i t h  RRII 

105 ( R u b b e r  R e s e a r c h  I n s t i t u t e  of I n d i a )  of 8 y e a r s  o l d ,  

p l a n t e d  at a s p a c i n g  of 5 x 5 m.

3.1.5. C r o p s

3 . 1 . 5 . 1  E x p e r i m e n t  I

R u b b e r  : C l o n e  RRII 105 of o n e  ye a r  o l d  planting, 

C o v e r  c r o p s

1. P u e r a r  ia p h a s e o 1o i d e s  Benth.

2. M u c u n a  b r a c t e a t a  D . C



Table 1. Ptiysical properties and mechanical coaiposition of soil from the 
experimental site

So i 1 S u l k  

d e n s i t y  

g c c  *

P a r t i c l e  

d e n s i t y  

g c c  ’

T o t a l  

p o r o c i  ty 

per c e n t

H e c h a f t i c a l c o n p o s i t i o n T e x t a r a l

c l a s sd e p t n . 

c* C o a r s e f i n e S i l t C l a y

0 - 3 0 1.21 Z . M <i6.90 2 8 . 9  1 ?. 34 6 . 8 3 5 6 . 9 0 C l a y

3 0 - 6 0 1. 19 2 . 4 1 y  .?5 19. ?b h .U 4 . 9 0 J O . 62 C l a y

Table 2. Qiemical coaipositioa of soil from the experijnental site

Orgainic carbon 

per cent

Available nutrients (kg ha

N P K Ca Mg pH

1.07 227 21 122 242 121 4.4'



3 .1.5.2. E x p e r i m a n t  II

R u b b e r  : C l o n e  R R I I  105 of 8 y e a r s  o l d  trees u n d e r  tapping. 

C o v e r  C r o p  : M u c u n a  b r a c t e a t a  D . C  a l o n e

3.1.5.3. E x p e r i m e n t  III

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

1. P u e r a r i a  p h a s e d o i d e s  Benth. and

2. M u c u n a  b r a c t e a t a  D.C.

3.1.6. S e a s o n

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

F e b r u a r y  1 9 9 1  a t  t h r e e  l o c a t i o n s  i n  B e t h a n y  E s t a t e ,  

M u k k a m p a l a ,  Kanyakuraari D i s t r i c t  of Tamil N a d u  a n d  c o n t i n u e d  

u p t o  O c t o b e r  1993.

3.1.7. F e r t i l i z e r s

In all the t h ree e x p e r i m e n t s  r u b b e r  t r ees r e c e i v e d  

the f e r t i l i z e r s  as per the r e c o m m e n d a t i o n s  of 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 I n dia and the c o v e r  c r o p s  w e r e  manureii 

a s  p e r  t h e  t r e a t m e n t s .  For. K a n y a k u m a r i  D i s t r i c t ,  t h P  

f e r L i l i z e r  m i x t u r e  r e c o m m e n d e d  b y  the R R J I  for i m m a t u r e  trees 

a r e  1 2 : 1 2 : 6  N P K  m i x t u r e  a n d  t h e  y e a r  w i s e  q u a n t i t i e s  a r e  

g i v e n  b e l o w

Y e a r  of 
pl ant ing

M o n t h s  a f t e r  

p l a n t  ing

T i m e  of D o s e  p e r  D o s e  per 

a p p l i c a t i o n  tree ha.

I ye a r 9 m o n t h s A p r i l - M a y  3 8 0 g . 170kg

II y e a r 15 m o n t h s S e p t - O c t  380g. 170kg

21 m o n t h s A pr 11- M a y  480g. 2 1 5 k g

III y e a r 27 m o n t h s S e p t - O c t  480g. 2 1 5 k g

F o r  m a t u r e  t r e e s  u n d e r  t a p p i n g 1 0 : 1 0 : 1 0  N P K

fert i1 i zer m i x t u r e  w e r e  a p p l i e d  and the q u a n t i t i e s  a r e  g i v e n

be 1 ow

D o s e  per D o s e  per

tree ha

E v e r y  y e a r A p r i 1 - M a y 335g. 150kg

S e p t - O c t 335g. 150kg



F e r t i l i z e r s  w i t h  the f o l l o w i n g  g r a d e s  w e r e  u s e d  for all the 

e x p e r  iment s

U r e a

M o s s o o r  ie 

R o c k

P h o s p h a t e

M u r i a t e  o f  

P o t a s h

46 per cent N

20 per cent ^ 2 ^ 5

60 per cent K g O

3.2. M e t h o d s

3.2.1. E x p e r i m e n t  I

I ye a r  old R R I I  105 r u b b e r  p l a n t s  

C o v e r  c r o p s  :

1. P u e r a r  ia p h a s e o l o i d e s

2. M u c u n a  b r a c t e a t a

Des ign (5 X 2) + 1 R B D  (5 levels x 2 c o v e r c r o p s )  + 

a b s o l u t e  control

R e p l i c a t  i o n s .: 3

Net plot 4 X 3 = 12 trees plot -1

G r o s s  pl o t  6 X 5 = 30 trees plot 

L a y o u t  p l a n  is g i v e n  in Fig.l.

-1

*1.0 X. I S'

K 2.5 1^

3,2,1.1, T r e a t m e n t s

R u b b e r  + C o v e r  (1) + F

C r o p



R I R I I R I I I

C ,F o C j F , C |F „

C 2F 2 C ontro l C 2F 3

C , F , C , F , C , F 2

C ontro l C 2F 0

1

C . F j

C j F q C 2F 2 C j F ,

C , F 2 C . F j C , F ,

C 2F 4 C 2F 3 C 2F 2

C . F j C |F „ C , F 4

C 2F 3 C | F , C ontrol

C 2F , C 2F 4 ^ 2^0

C , F 4 C |F 2 C 2F 4 a r  IH

< w  ‘

Cj \ P u e ra r ia  p h a seolo id es

C2 ■- M ucuna bracteata



r -> 
/’)■

r, V - R u b b e r  + C o v e r  (1) + F.
C r o p

p - R u b b e r  + C o v e r  (1) + Fg
 ̂ ^ ' C r o p

C Fo - R u b b e r  + C o v e r  (1) + Fg
 ̂ C r o p

C - R u b b e r  + C o v e r  (1) + F 4

 ̂ ^ C r o p

C Fn “ R u b b e r  + C o v e r  (2) + Fq
^ C r o p

C Fi - R u b b e r  + C o v e r  (2) + Fj
C r o p

Q F^ - R u b b e r  + C o v e r  (2) + Fg
C r o p

C Fq - R u b b e r  + C o v e r  (2) + F 3

C r o p

n F* - R u b b e r  + C o v e r  (2) + F^
2 C r o p

C - C o n t r o l  ( i m m a t u r e  r u b b e r  al o n e )

L e v e l s  of f e r t i l i z e r s  to c o v e r  c r o p s  (t< 5

N p K

0 0 0

0 30 30

1 0 30 30

0 60 60

1 0 60 60



R u b b e r  p l a n t s  a n d  c o v e r  c r o p s  w e r e  

planted/sown as follows

i > Rubber

O n e  y e a r  o l d  p l a n t s  of R R I I  105 w h i c h  is

popular among the planters were planted at 420 field budded

plant points per hectare. Rubber trees were planted at a

spacing of 5 x 5 m during 1990 June. Common border rows

were left in all plots.

i i i Cover crops

Pueraria sp was sown on the raised beds in th^ 

middle of the four rubber trees at the rate of 4.5kg. seeds 

ha~^ , Mucuna bracteata were raised in poly bags and planted 

in the field. Both the cover crops were sown on the same 

d a y .

3.2.2. Experiment II

8 years old RRII 105 Rubber trees.



C o v e r  crop : M u c u n a  b r a c t e a t a  a l one

Design (5 x 1 ) + 1fRBD
(Five levels x one cover crop) + one a b solute 
control

R e p l i c a t i o n s  : 4

G r o s s  p l o t  5 X 4 = 20 t r e e s  p l o t " ^

Net plot 4 X 3 = 12 trees p l o t ”̂  a IS

Layout pl a n  of the experiment is g i v e n  in Fig. 2.

3.2.2.1. T r e a t m e n t s

^0 — Rubber + Cover crop +
1^0

- Rubber + Cover crop +

- Rubber + Cover crop +
^ 2

^3 - Rubber + Cover crop +
F3

*̂ 4
- R ubber + Cover crop +

*̂ 4

Control (mature rubber alone)

Levels of fertil i z e r s  to cover crop ^ ^ 3  J

N P K

PQ 0 0 0

0 30 30

^2 10 30 30

F 3 0 60 60

F a 10 60 60



R I R I I R I I I R IV

F o F 4 F 2 F i

F 2 F o F 4 F 3

C ontrol
F , F 3

ft

C ontrol

F l F 2 F o F 4

F 3 F 3
C ontrol

• F 2

F 4
Control

F , F q Z o



3 .2.2.2. P l a n t i n g  a n d  s p a c i n g  

i . R u b b e r

I n  this e x p e r i m e n t  the r u b b e r  trees a r e  of the a g e  

of e i ght y e a r s  o l d  p o l y b a g  p l a n t s  a n d  t a p p i n g  is g o i n g  on 

from the s e v e n t h  y e a r  onw a r d s .  T h e  trees w e r e  p l a n t e d  

at 5 X 5 s p a c i n g  w i t h  4 2 0  t r ees p e r  hectare.
I

i i . C o v e r  c r o p

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

this e x p e r i m e n t .  M u c u n a  s e e d s  w e r e  p l a n t e d  in p o l y  b a g s  a n d  

p l a n t e d  in b e t w e e n  rows of r u b b e r  trees.

3.2.2.3. C u l t u r a l  o p e r a t i o n

The f e r t i l i z e r s  as per the r e c o m m e n d a t i o n  to the 

m a t u r e  tr e e  w e r e  a p p l i e d  e v e r y  y e a r  in two equal s plit doses. 

T h e  f i r s t  d o s e  g i v e n  in M a y  ( P r e - m o n s o o n )  a n d  s e c o n d  in 

S e p t e m b e r  ( P o s t - m o n s o o n )  ( R u b b e r  B o a r d  1 9 9 4 ) .  T h e  p r e ­

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

s h o w e r s ) but b e f o r e  the onset of r e g u l a r  s o u t h - w e s t  m o nsoon.



T h e  p o s t - m o n s o o n  a p p l i c a t i o n  w u h  clone a fter the s o u t h - w e s t  

m o n s o o n ,  but b e f o r e  the o n set n o r t h - e a s t  m o n s o o n  w h e n  a

r e l a t i v e l y  b r i e f  r a i n f r e e  j x n i o d  w a s  a v a i l a b l e .  B o t h  

a p p l i c a t i o n s  w e r e  do n e  w h e n  th<‘f® a d e q u a t e  m o i s t u r e  in

the s o il. T h e  f e r t i l i z e r  w a s  h r o a d c a s t e d  in r e c t a n g u l a r  

p a t c h e s  in b e t w e e n  rows of tn^cs, e a c h  p a t c h  s e r v i n g  four 

trees, a f t e r  c l e a r i n g  the leaf litter on the ground. The 

f e r t i l i z e r  was then l i g h t l y  for K ^ d  into the soil and the leaf 

l itter w a s  put b a c k  to c o ver I f e r t i l i z e r  a p p l i e d  p a t c h e s  

( A n a n t h  1966 a n d  R u b b e r  Board, 1!^94).

At the e x p e r i m e n t a l  a r e a  i n c i d e n c e  of P o w d e r y  

m i l d e w  CO i d i urn h e v e a e ) diseasi' o c c u r e d  and w a s  c o n t r o l l e d  by 

s u l p h u r  d u s t i n g  as a p r o p h y l a l k ' measure.

T a p p i n g  was d o n e  third d a i l y  on ha l f  spiral system. 

T h e  t a p p i n g  p a n e l s  w e r e  p r o t r r t e d  w i t h  p o l y e t h y l e n e  r a i n  

g u a r d s  to f a c i l i t a t e  t a p p i n g  d u r i n g  r a i n y  season. D u r i n g  

the p e r i o d  of this e x p e r i m e n t  t a p ping was b e i n g  d o n e  on  the 

first side of v i r g i n  bark.

3.2.3. E x p e r i m e n t  ITT

Tn this e x p e r im e n t  the c o v e r  c r o p s  n a m e l y  P u r a ria 

p h a s e o l o i d e s  a n d  M u c u n a  b r a c t  w e r e  g r o w n  in tO m i c r o p l o t s

e a c h  of 2.5 x 2m si z e  w i t h  f e r t i l i z e r  r e c o m m e n d a t i o n

of 0 : 3 0 : 3 0  kg h a " ’ (Rub b e r  Bo.'ird 1994)



L a y o u t  p l a n  is g i v e n  in Fig. 3

3.2.4. E s t a b l i s h m e n t  of c o v e r  c r o p

All the t h r e e  e x p e r i m e n t s  w e r e  g r o w n  w i t h  c o v e r  

crops. T h e  e x p e r i m e n t s  I a n d  III w e r e  g r o w n  w i t h  P u e r a r  ia 

p h a s e o 1o ides a n d  M u c u n a  b r a c t e a t a . a n d  the II e x p e r i m e n t  was 

g r o w n  w i t h  M u c u n a  b r a c t e a t a  alone.

3.2.4.1. S o w i n g  of c o v e r  c r o p s

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

m i x e d  w i t h  e q u a l  q u a n t i t y  of r o c k  p h o s p h a r e  a n d  s o w n  in 

b e t w e e n  the plant rows d u r i n g  Ja n u a r y .  T h e  p a t c h e s  or str i p s  

w h e r e  the s e e d s  w e r e  s o w n  w e r e  c l e a n - w e e d e d  a n d  f o r k e d  well.

The g e r m i n a t e d  s e e d s  w e r e  sown. P u e r a r i a  s e e d s  w e r e  s o w n  in

the f i e l d  a n d  M u c u n a  s e e d s  we r e  s o w n  in p o l y  bag. As the 

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

g i v e n  for the g e r m i n a t e d  c o v e r  c r o p  see d l i n g s .  T h e  M u c u n a  

s e e d l i n g s  w e r e  t r a n s p l a n t e d  d u r i n g  t h e  1 s t  w e e k  of A p r i l  

b e f o r e  the p r e - m o n s o o n  showers.

3.2.4.2. M a n u r i n g  of c o v e r  c r o p s

As per the t r e a t m e n t s  f e r t i l i z e r s  w e r e  b r o a d  c a s t e d  

a l o n g  t h e  s t r i p s  w h e r e  t h e  cover c r o p s  w e r e  p l anted, in two
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equal i n s t alments. The f i r s t  i n s t a l m e n t  of f e r t i l i z e r s  w e r e  

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

a f t e r  the f i rst a p p l i c a t i o n  d u r i n g  the first two y e a r s  of 

e s t a b l i s h m e n t  of the c o v e r  c r o p s ^  R u b b e r  B o a r d  1994^.

3.2.4.3. C o n t r o l  of c o v e r  c r o p s

E x c e s s  g r o w t h  of c o v e r  c r o p s  w e r e  r e g u l a t e d  b y  

s l a s h i n g  a r o u n d  the ba s e  of the r u b b e r  plants.

3.2.5. O b s e r v a t i o n s

3.2.5.1. E x p e r i m e n t  I

3 . 2 . 5.1.1. R u b b e r

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

for m e a s u r i n g  the g r o w t h  rate of rubber.

3 . 2 . 5 . 1 . 2 .  P l a n t  h e i g h t

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

the m e t h o d  d e s c r i b e d  b y  D i s s a n a y a k e  and M i t h r a s e n a  (1986). 

Plant h e i g h t  is m e a s u r e d  from the p o i n t  of bud u n i o n  to the

g row ing  t i p  o f  Llie topmost whor l .



3 .2.5.1.3. G i r t h

T h e  p lant g i r t h  was r e c o r d e d  in cm f o l l o w i n g  the 

m e t h o d  e x p l a i n e d  b y  O w e n  ejb aj_. ( 1 9 5 7 ) .  T h e  g i r t h  w a s  

m e a s u r e d  at 150cm a b o v e  the bud u n i o n  a r o u n d  the t r unk of the 

plant. F r o m  t hese d a t a  the g i r t h  i n c r e m e n t  for the p e r i o d  

J u l y  1991 to J u l y  1993 was w o r k e d  out.

3. 2 . 5 . 1 . 4 .  W e e d s

T h e  d r y  m a t t e r  p r o d u c t i o n  of w e e d s  in the t r e a t m e n t  

p lots w e r e  r e c o r d e d  by the m e t h o d  e x p l a i n e d  by B u r n s i d e  a n d  

W i c k s  C 1 9 6 5 )  u s i n g  a q u a d r a t e  a t  r a n d o m  in f o u r  p l a c e s  

o u t s i d e  the net pl o t  area. T h e  w e e d s  r e m o v e d  w e r e  o v e n d r i e d  

a n d  w e i g h t  r e c o r d e d  in k g  ha ! T h i s  w a s  r e c o r d e d  at s i x  

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

3. 2.5.2. C o v e r  c r o p s

3 . 2 . 5 . 2 . I .  B i o m a s s  p r o d u c t i o n

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

e s t i m a t e d  at six m o n t h s  interval u s i n g  a q u a d r a t e  at r a n d o m



in four p l a c e s  o u t s i d e  the net plot, ar e a  a n d  the material 

was d r i e d  a n d  w e i g h e d ,  and la e x p r e s s e d  in L Via~ ̂ .

3 .2 .5.2.2. N o d u l e  c o u n t  a n d  n o d u l e  weight

T h e  n u m b e r  f heaJtliy n o d u l e s  w e r e  c o u n t e d  p e r  

p l a n t  at 4 0 t h  d a y  a f t e r  p l a n t i n g  a n d  t h e  f r e s h  w e i g h t  of 

n o d ules w e r e  w o r k e d  out a n d  e x p r e s s e d  in g.

3. 2.5.3. Soil

3.2.5.3.1. P h y s i c a l  c h a r a c t e r i s t i c s

•)
T h e  f o l l o w i n g  p h y s i c a l  c h a r a c t e r i s t i c s  of the soil 

at two d e p t h s  n a m e l y  0 - 3 0  and 3 0 - 6 0  cm from the t r e a t m e n t  

p lots w e r e  d e t e r m i n e d  at the initial and final s t a g e  of the 

exper i m e n t ,

3 . 2 . 5 . 3 . 1 . 1 .  B u l k  d e n s i t y

B u l k  d e n s i t y  m e a s u r e m e n t s  we r e  m a d e  on co r e  s a m p l e s  

o b t a i n e d  b y  a s o i l  c o r e  s a m p l e r  ( L u t z  1 9 4 7 ) .  It w a s  

e x p r e s s e d  in g . c c



Total p o r e  s p a c e  d i s t r u b u t i o n  was d e t e r m i n e d  by  the 

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

% T otal p o r e  s p a c e  = 1 - b u l k  d e n s i t y

-------------------------  X 100

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

3 . 2 . 5 . 3 . 1 . 3 .  A g g r e g a t e  a n a l y s i s

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

d e s c r i b e d  b y  R u s s e l l  (1949) o n  an  a p p a r a t u s  m o d i f i e d  by L o w  

(1954). T h e  s t a t e  of a g g r e g a t i o n  or the p e r c e n t a g e  w e i g h t  of 

a g g r e g a t e s  in a g i v e n  w e i g h t  of soil w a s  c a l c u l a t e d  for the 

soil s amples.

3 . 2 . 5 . 3 . 1 . 4 .  W a t e r  r e t e n t i o n  c a p a c i t y

W a t e r  h o l d i n g  c a p a c i t y  at 0 . 3  bar a n d  15 b a r  w e r e  

d e t e m i n e d  u s i n g  p r e s s u r e  p l a t e  a p p a r a t u s  a n d  e x p r e s s e d  in 

p e r c e n t a g e .



3 .2 .5.3.1.5. Soil m o i s t u r e  c o n t e n t  .

T h e  soil m o i s t u r e  c o n t e n t  in all t h e  t r e a t m e n t s  

we r e  r e c o r d e d  g r a v i m e t r i c a 11y at two d e p t h s  n a m e l y  0 - 3 0  and 

3 0 - 6 0  cm d u r i n g  the s u m m e r  m o n t h s  of January, F e b r u a r y ,  M a r c h  

a n d  A p r i l  of 1991, 1992 a n d  1 9 9 3  a n d  w e r e  e x p r e s s e d  in

p e r c e n t a g e ,

3.2.5.4. C h e m i c a l  a n a l y s i s

3 . 2 . 5 . 4 . 1 .  Soil a n a l y s i s

S o i l  s a m p l e s  w e r e  c o l l e c t e d  f o r m  e a c h  o f  t h e

I

t r e a t m e n t  p l o t s  in S e p t e m b e r  1991, 1992 and in 1993, just

a f ter the e x p e r i m e n t  w a s  c o m p leted. Soil was c o l l e c t e d  from 

0 - 3 0  c m  d e p t h  ju s t  p r i o r  to t h e  p o s t  m o n s o o n  f e r t i l i z e r  

a p p l i c a t i o n  of the r e s p e c t i v e  year.

3 . 2 . 5 . 4 . 2 .  O r g a n i c  c a r b o n  , ^

C w a s  d e t e r m i n e d  by  t h e  d i c h r o m a  t e - s u  1 p h u  r i c

a c i d  d i g e s t i o n  m e t h o d  ( W a l k e l y  a n d  B l a c k ,  1 9 3 4 ) .  T h e

by
a v a i l a b l e  n i t r o g e n  was e s t i m a t e d  A l k a l i n e  p e r m a n g a n a t e  m e t h o d

( Su bb i a h  atid A s i j a  1956) .  For the d e t e r mi n a t i o n  o f  a v a i l a b l e



p, the soil w a s  e x t r a c t e d  w i t h  B r a y  no. 2 ( B ray a n d  Kurtz, 

1 9 4 5 )  r e a g e n t  a n d  t h e  c o n c e n t r a t i o n  of ? in s o l u t i o n  w a s  

m e a s u r e d  in a U V  s p e c t r o p h o t o m e t e r  after d e v e l o p i n g  c o l o u r  

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

(Hesse, 1971). T h e  soil w a s  e x t r a c t e d  using M o r g a n’s rea g e n t  

and a v a i l a b l e  K  w a s  d e t e r m i n e d  by flame p h o t o m e t r i c  m e t h o d  

(Jackson, 1973). A v a i l a b l e  C a  and Mg were d e t e r m i n e d  from 

the sa m e  e x t r a c t  u s i n g  a G B C  D o u b l e  Bear: 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  Model no. 902. The orga n i c  c a r b o n  c o n t e n t  

was w o r k e d  out as p e r c e n t a g e  a n d  those of a v a i l a b l e  N , P , K , C a  

and Mg as Kg  h a ~ ^ .

3 . 2 . 5 . 4 . 3 .  Leaf a n a l y s i s

L e a f  s a m p l e s  w e r e  c o l l e c t e d  f r o m  e a c h  t r e a t m e n t

plot in S e p t e m b e r  ( S h o r r o c k s ,  1965, G u g h a  ^  aj_. 1971 

***4
and Lu He, 1982). 1991, 1992 and 1993. T h r e e  trees w e r e

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

E x p e r i m e n t  II. T h r e e  h e a l t h y  d i s e a s e  free twings f r o m  e a c h  

tree w e r e  c o l l e c t e d  ( S h o r r o c k s  1961 and Lu a n d  He, 1982). 

From e a c h  t w i g  the l o w e r m o s t  m a t u r e ^ w h o r l  was s e l e cted. In 

the e x p e r i m e n t  I the m a t u r e  leaves at the top s e c o n d  whorl 

"'ere s e l e c t e d .  F o r  no'/er c r o p s  m a t u r e d  l e a v e s  w e r e



c o l l ected. T h e  leaf lets we r e  s e p a r a t e d  and the p e t i o l e s  

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

leaves thus o b t a i n e d  w e r e  d r i e d  in an  ov e n  at 70°C for t h r e e  

days a n d  p o w d e r e d  in grinder.

N i t r o g e n  was d e t e r m i n e d  by  m i c r o  K j e l d h a l  m e t h o d  

(Piper, 1950). P h o s p h o r o u s  was d e t e m i n e d  by  M o l y b d e n u m  b l u e  

m e t h o d  in a s p e c t r o p h o t o m e t e r  (Jackson, 1973). P o t a s s i u m  was 

d e t e r m i n e d  in a f l ame p h o t o m e t e r  (Jackson, 1973) B o t h  Ca  a n d  

Mg  c o n c e n t r a t i o n  w e r e  r e a d  in a CiBC D o u b l e  B e a m  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  model no. 902. T h e  n u t r i e n t  

c o n t e n t s  w e r e  e x p r e s s e d  as p e r c e n t a g e .  The leaf a n a l y s i s  of 

co ver c r o p s  w e r e  d o n e  at six m o n t h s  interval.

3 . 2 . 5 . 4 . 4 .  B i o l o g i c a l  p r o p e r t i e s

T h e  g e n eral m i c r o b i a l  c o u n t  was t a k e n  f o l l o w i n g  the 

m e t h o d  of T i m o n i n  (1940) and p h o s p h a t e  s o l u b l i s e r s  by  that of 

S p e r b e r  ( 1 9 5 8 ) .  T h e  c o u n t  of t o t a l  b a c t e r i a ,  f u n g i  a n d  

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

and all the c o u n t s  we r e  e x p r e s s e d  as x 10^ g~^ of d r y  soil.



3. 2.6.1. R u b b e r

3 . 2 . 6 . 1 . 1 .  Y i e l d

T h e  latex c o l l e c t e d  in the c o l l e c t i n g  s h e l l s  a f t e r  

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

acid. T h e  c u p  lumps from the i n d i v i d u a l  trees w e r e  c o l l e c t e d  

on  metal hooks, air d r i e d  for a w e e k  in s h a d e  a n d  t here a f t e r  

d r i e d  in a sraoke h o u s e  for 25 days. A f t e r  c o m p l e t e  d r y i n g  

the lumps w e r e  w e ighed, y i e l d  was s i m i l a r l y  r e c o r d e d  e v e r y  

m o n t h  ( O w e n  ^  1957). Y i e l d  r e c o r d i n g  was c o n t i n u e d  for

a p e r i o d  for six m o n t h s  at the end of the e x p e r i m e n t .  Fr o m  

these d a t a  the m e a n  y i e l d  w a s  w o r k e d  out as initial y i e l d  and

final y i e l d  a n d  e x p r e s s e d  as g t r e e “̂ tapping"^.

3 . 2 . 6 . 1 . 2 .  G i r t h

In o r d e r  to g u a g e  the g r o w t h  rate, the g i r t h  of

trees w e r e  r e c o r d e d  ( D i s s a n a y a k e  and M i t h r a s e n a  1986) in J u l y

91 a n d  J u l y  93. T h e  m e a s u r e m e n t  of g i r t h  w a s  d o n e  at a 

he i g h t  of 150 cm from the b u d  u n i o n  e v e r y  time ( O w e n  ^  al . 

1957) F r o m  t h e s e  d a t a  the g i r t h  i n c r e m e n t  for the p e r i o d  from 

July 19yl to d u J y  1993 we r e  w o r k e d  ouL.



T h e  t h i c k n e s s  of the v i r g i n  b a r k  a n d  that of the 

r e n e w e d  b a r k  w h i c h  was t a p p e d  two y e a r s  ago w e r e  r e c o r d e d  

J u l y  19S3 u s i n g  a Schl iper b a r k  m e a s u r i n g  g u a g e  (De J o n g e  

1957) .

3 . 2 . 6 . 1 . 3 .  Leaf litter

T h e  d r y  w e i g h t  of the leaf that fell on the g r o u n d  

d u r i n g  the annual leaf fall in F e b r u a r y  was r e c o r d e d  d u r i n g  

1991, 1992 a n d  1993. For this, four p a t c h e s  w e r e  s e l e c t e d  at

Q
r a n d o m  b y  t h r o w i n g  a Ira q u a d r a t  a n d  t h e  d r y  w e i g h t  w a s  

c o m p u t e d  as  t h a " ^  ( R u b b e r  R e s e a r c h  I n s t i t u t e  of M a l a y a ,  

1972).

3 . 2 . 6 . 1 . 4 .  L a t e x  fl o w  c h a r a c t e r i s t i c s

T h e  c h a r a c t e r s  c o n n e c t e d  w i t h  t h e  f l o w  of l a t e x  

w e r e  r e c o r d e d  t h ree times viz. J u l y  1992, Oct 1992 a n d  April 

1993 c o r r e s p o n d i n g  to the wet, m o d e r a t e l y  wet a n d  d r y  s e a s o n s  

in o n e  y e a r  cycle. Two trees w e r e  selected, from e a c h  net 

plot for the r e c o r d i n g  of o b s e r v a t i o n  w h e n  the trees w e r e  

t a p p e d  t h e  l a t e x  o b t a i n e d  in t h e  i n i t i a l  5 m i n u t e s  w a s  

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



r e f e r r e d  to as the initial volume. A f t e r  a b o u t  2-3 h o u r s  the 

d r i p p i n g  of latex was c o m p l e t e ,  the e n t i r e  v o l u m e  of latex 

i n c l u d i n g  the initial v o l u m e  was m e a s u r e d  for e a c h  tree and 

this is r e f e r r e d  to as total v o l u m e  ( M i l f o r d  ^  aj_. 1969).

T h e  initial flow rate was w o r k e d  out as initial 5 

m i n u t e s  volume. T h i s  is e x p r e s s e d  in ml. A n o t h e r  p a r a m e t e r  

c a l l e d  ' P l u g g i n g  i n d e x’ wa s  c o m p u t e d  form the initial flow 

rate a n d  total v o l u m e  a n d  is a n  index of d u r a t i o n  of latex 

flow a f t e r  tapping. ( M i l f o r d  ^  aj_. 1969 a n d  P a a r d e k o o p e r  

a n d  S a m o s o r n ,  1989).

I n i tial f l o w  rate

P l u g g i n g  index = ----------------------------  x 100
Total v o l u m e

T h e  d r y  r u b b e r  c o n t e n t  of latex w a s  a l s o  d e t e r m i n e d  

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

c h a r a c t e r s  d e s c r i b e d  above. W h e n  the f l o w  of latex was o v e r  

a n d  d r i p p i n g  of l a t e x  c e a s e d  t h e  l a t e x  o b t a i n e d  f o r m  t h e  

r e c o r d i n g  t r e e s  was p o o l e d  and 10ml. of it was t r a n s f e r r e d  

into a w e i g h e d  50ml. b e a k e r  a n d  the w e i g h e d  a l o n g  w i t h  the 

latex was d e t e r m i n e d .  The latex thus t r a n s f e r r e d  was d i l u t e d  

w i t h  20 ml. w a t e r  a n d  c o a g u l a t e d  b y  a d d i n g  a b o u t  1 m l . of one 

per  ocnt a c e t i c  a c i d .  The next  day the coaj^nlated lump of



r u b b e r  was w a s h e d  in water, m a d e  into a th i n  film and d r i e d  

in an o v e n  at a b o u t  85*^C until c o n s t a n t  w e i g h t  was o b t a i n e d  

(Rubber R e s e a r c h  I n s t i t u t e  of M a l a y s i a  1973). The w e i g h t  of 

the d r y  r u b b e r  a n d  that of the f r e s h  c o n t e n t  of latex is 

coihputed as

W e i g h t  of d r y  ru b b e r
----------------------------------------------------  X 100
W e i g h t  of f r e s h  latex

3.2.6.2. C o v e r  c r o p s

a. B i o m a s s  p r o d u c t i o n  of  c o v e r  c r o p s  w e r e  r e c o r d e d  a s  

e x p l a i n e d  in E x p e r i m e n t  I

b. N o d u l e  c o unt and f r e s h  w e i g h t  of n o d u l e s  per p lant w e r e  

a l s o  r e c o r d e d  as m e n t i o n e d  in E x p e r i m e n t  I at 4 0 t h  d a y  

a f t e r  p l a n t i n g

3.2.6.3. Soil
V

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

w o r k e d  out as n a r r a t e d  u n d e r  E x p e r i m e n t  I



T h e  d r y  w e i g h t  of w e e d s  in the t r e a t m e n t  p l o t s  were 

a l s o  r e c o r d e d  as e x p l a i n e d  in E x p e r i m e n t  I at s i x  m o n t h s  

i n t e r v a l .

3.2.7. E x p e r i m e n t  ITI

I n  t h e  e x p e r i m e n t  I I I  t h e  o b s e r v a t i o n s  a r e  

r e c o r d e d  f r o m  10 p l a n t s  w i t h i n  e a c h  m i c r o p l o t  area.

3.2 . 7 . 1 .  B i o m a s s  p r o d u c t i o n

T h e  b i o m a s s  p r o d u c t i o n  of c o v e r  c r o p s  was e s t i m a t e d  

u s i n g  a q u a d r a t e  at r a n d o m  in four p l a c e s  as e x p l a i n e d  in 

E x p e r i m e n t  I a n d  II and e x p r e s s e d  in t h a”^

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

N o d u l e  count and f r e s h  w e i g h t  of n o d u l e  per plant 

w e r e  r e c o r d e d  as e x p l a i n e d  in E x p e r i m e n t  I a n d  II.

3. 2 . 7 . 3 .  Soil

Ph y s i c a l  ch e m i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s  of the 

soil w e r e  w o r k e d  out as e x p l a i n e d  in E x p e r i m e n t  I and the

v a l u e s  w e r e  recorded.



3 .2 .7.4. Leaf a n a l y s i s

Leaf samplers n o l l e c t e d  at s i x  m o n t h s  i n t e r v a l  w e r e  

a n a l y s e d  for N, P, K, C a , Mg a s  p e r  t h e  m e t h o d s  e x p l a i n e d  in 

the F.xpcjriment T.

W««ds

3 .2.7.5. D M P  of w e e d s

T h e  D M P  of w e e d s  w e r e  w o r k e d  o u t  a s  p e r  t h e

t e c h n i q u e  e x p l a i n e d  in E x p e r i m e n t  I a n d  t h e  v a l u e s  w e r e  

re corded at six m o n t h s  i n t e r v a l .

3.2.8, S t a t i s t i c a l  a n a l y s i s

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

a p p l y i n g  t h e  t e c h n i q u e  o f  R a n d o m i s e d  b l o c k  d e s i g n  in

E x p e r i m e n t  T, F a c l o r i a l  R B D  in E x j ) c r i m e n t  IT a n d  in 

E x p e r i m e n t  TTT the me a n  va l u e s  w e r e  c o m p a r e d  w i t h  E x p e r i m e n t  

T a n d  TT. T h e  d a t a  w e r e  a n a l y s e d  a s  p e r  t h e  p r o c e d u r e  

d e s c r i b e d  by P a n s e  and R u k a t m e  (1985), w h e r e  ev e r  the r e s u l t s  

were s i g n i f i c a n t .  r.riti('.al d i f f e r e n c e  (least s i g n i f i c a n t

d i f r e r e n c e ;  and s t a n d a r d  error of m e a n s  we r e  w o r k e d  out for 

the p r o b a b i l i t y  level of 0.05.





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

Tn o r d e r  to sLudy. t h e  e f f e c t  of c o ver c r ops on  soil 

n u t r ients, ph y s  i(;o-ohemical p r o p e r t i e s ,  b i o l o g i c a l  c h a n g e s  on  

soil, as well as g r o w t h  and y i e l d  of rubber, three s i t u a t i o n s  

r e p r e s e n t i n g  im m a t u r e  p h a s e  Cone year old), m a t u r e  p h a s e  (8 

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

o b s e r v a t i o n s  r e c o r d e d  w e r e  s t a t i s t i c a l l y  a n a l y s e d .  T h e  

important r e s u l t s  are p r e s e n t e d  and d i s c u s s e d .

4.1 E f f e c t  of c o v e r  c r o p s  a n d  t h e i r  n u t r i t i o n  o n  i n a a t u r e

r u b b e r
V

4.1.1 G r o w t h  c h a r a c t e r s

4.1.1.1 G i r t h  i n c r e m e n t

The g i r t h  i n c r e m e n t  for the two y ears p e r i o d  1991- 

93 for the i m m a t u r e  r u b b e r  is p r e s e n t e d  in T a b l e  3. It is 

o b s e r v e d  th a t  all the t r e a t m e n t s  w i t h  c o v e r  c r o p s  w e r e  

s i g n i f i c a n t  1y s u p e r i o r  to the a b s o l u t e  control, w h e r e  there 

was no c o v e r  crop. A m o n g  the levels of f e r t i l i z e r s  to cover 

c r o p s  the levels a n d  Fg w e r e  s i g n i f i c a n t l y  s u p e r i o r  to Fj 

and F q . T h e  level Fg ujfts on par w i t h  Fj. F q UI s s i g n i f i c a n t l y



i n f e r i o r  to all o t h e r  l e v e l s .  T h e r e  w a s  ' s i g n i f i c a n t  

d i f f e r e n c e  b e t w e e n  the c o v e r  c r o p s  and als-' "lo s i g n i f i c a n t  

d i f f e r e n c e  in the i n t e r a c t i o n  effect.

G r o w i n g  of c o v e r  c r o p s  e v e n  withoi;: f e r t i l i z e r

g a v e  m o r e  g i r t h  i n c r e m e n t  than p l o t s  without cover crops,

t h e r e b y  s h o w i n g  the d i s t i n c t  a d v a n t a g e  of co';'^ c rops alone. 

Th e  c o v e r  c r o p s  in g e n e r a l  h a s  increased the g i r t h  but

i n d i v i d u a l l y  t h e r e  is no s i g n i f i c a n t  differc’-'̂ b e t w e e n  them. 

Th i s  s h o w s  that t h e r e  is no d i s t i n c t  s u p e r  ii'"" i ty of o n e  ov e r  

the o t h e r  in i n c r e a s i n g  the g r o w t h  a t t r i b u t e  (Fig. 4).

A p p l i c a t i o n  of f e r t i l i z e r  to c r o p s  h a v e

f u r t h e r  i n c r e a s e d  the g i r t h  incre m e n t  over e v i d e n c e d

from the t r e a t m e n t s .  T h e  h i g h e s t  level of fertil i z e r s  h a v e  

r e c o r d e d  the m a x i m u m  girth. H o w e v e r ,  this is part w i t h

f e r t i l i z e r  level Fg t h e r e b y  i n d i c a t i n g  the s u f f i c i e n c y  of the 

later level. T h i s  s h o w s  that f e r t i l i z e r  b e y o n d

10 : 3 0 : 3 0  is not of a n y  s p e c i f i c  a d v a n t a g e .

G r o w i n g  of c o v e r  c r o p s  h a s  i n c r e a s e d  t h e  g i r t h  

p r o b a b l y  d u e  to the i n c r e a s e  in a b s o r p t i o n  »’f N, P a n d  K b y  

the p l a n t s  g r o w n  w i t h  c o v e r  crops. Th i s  is .substantiated in



FO FI F2 F3 F4 M e a n  C

Cl' 5.87 7 . 1 0  8.00 7 . 57 8 . 17 7 . 340

C2 5.90 7 . 2 3  8.10 7 .83 8.27 7 .47

M e a n  F 5.88 7. 1 7  8.05 7 .70 8 . 22

CDt 1.462 t ■
M e a n of control 3 . 333

CDf 1.034 (/«. 1$

CD tr vs ct 1.08
•tv-, uj tfe:

T a b l e  4. E f f e c t  of c o v e r c r o p s  a n d  t h e i r  n u t r i t i o n  o n  the

h e i g h t  i n c r e m e n t  (m) 1991- 93

FO FI F2 F3 F4 M e a n  C

Cl 2.05 2 . 1 0  2. 2 0 2. 10 2 . 28 2 . 15

C2 2 . 07 2 . 1 5  2.18 2. 15 2. 28 2.17

M e a n  F 2.06 2. 1 3  2.19 2. 13 2. 28

M e a n of control 0 . 677

CD tr vs ct 0 . 5 1 4
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the T a b l e  3. T h e  g i r t h  i n c r e m e n t  is d i r e c t l y  r e l ated w i t h  

the m a j o r  leaf n u t r i e n t s  n a m e l y  N, P a n d  K. T h e  l e a f  

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

s i g n i f i c a n t l y  h i g h e r  in p l o t s  wJioo c o ver c r o p s  were grown. 

S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by W y c h e r l e y  (1969), Y o g a r a t n a m  

et a l . (1984) and P u n n o o s e  (1993).

A p p l i c a t i o n  o f  f e r t i l i z e r  w a s  f o u n d  to b e  of 

a d d i t i o n a l  b e n e f i t  aa for the g i r t h  incre m e n t  is concerned. 

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

i n c r e a s e d  the g i r t h  fr o m  3.33 to 5.88 cm and the g i r t h  was 

f u r t h e r  e n h a n c e d  to 8 . 0 5  cm in t h e  f e r t i l i z e r  t r e a t m e n t  

r e c e i v i n g  1 0 : 3 0 : 3 0 .  T h i s  f i n d i n g  is in l i n e  w i t h  t h e  

f i n d i n g s  of P u s h p a r a j a h  (1977).

Th e  a p p l i c a t i o n  of N to c o v e r  c r o p s  has b e n e f i t e d  

the g i r t h  i n c r e m e n t  i n s p i t e  of the m e d i u m  c o n t e n t  of soil N. 

(Table 2). T h i s  w o u l d  h a v e  r e s u l t e d  in m o r e  a b s o r p t i o n  of 

’N ’ by r u b b e r  p l a n t s  as e v i d e n c e d  by  h i g h e r  c o n tent of leaf N 

(Table 11). The n o d u l e  count of c o v e r  cr o p  ha v e  a l s o  s h o w n  

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

r e c e i v i n g  initial d o s e  of nitrogen. T h i s  could h a v e  h e l p e d  

the r u b b e r  p l a n t  to a b s o r b  m o r e  N i t r o g e n  e s p e c i a l l y  in the



first year. The b e n e f i c i a l  e f f e c t  of N in i n c r e a s i n g  the 

ce l l  s i z e  a n d  p h o t o s y n t h e t i c  r a t e  of r u b b e r  p l a n t  w e r e  

r e p o r t e d  b y  B r a d y  C1988). O w n  ^  aj_. (1957), B o l t o n  (1964), 

K a l a m  ^  aj_. (1980) and P o t t y  ^  (1980) a l s o  r e p o r t e d

h i g h  g i r t h  incre m e n t  from h i g h e r  level of a p p l i c a t i o n  of N.

A p p l i c a t i o n  of ’P ’ to c o v e r  c r o p  h a s  g i v e n  h i g h e r  

g i r t h  increment. P h o s p h o r u s  b e i n g  a n  e s s e n t i a l  c o n s t i t u e n t  

of ADP, A T P  and several o r g a n i c  c o m p o u n d s  in the plant, m ight 

h a v e  p r o m o t e d  the m e t a b o l i s e s  of the t r e e s  and i m p r o v e d  the 

g r o w t h  (Sutc l i f f  a n d  B a k e r  1974).

It is s e e n  th a t  a p p l i c a t i o n  of K to c o v e r  c r o p  

i m p r o v e d  the g i r t h  incre m e n t  of r u b b e r  tree t h r o u g h  i n c r e a s e d  

leaf p r o d u c t i o n  as b i o m a s s  of c o v e r  c r o p  and this m u s t  have 

e n r i c h e d  the soil w i t h  K. P o t a s s i u m  b e i n g  e s s e n t i a l  f o r  

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

m i g h t  h a v e  h e l p e d  in e n h a n c e d  g i r t h  i n c r e m e n t  (Brady 1988).

4 . 1 . 1 . 2  H e i g h t  i n c r e m e n t

The h e i g h t  i n c r e m e n t  for the two y e a r s  p e r i o d  1991- 

1993 for the i m m a t u r e  r u b b e r  is p r e s e n t e d  in T a b l e  4. It is
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seen f r o m  the table that all tl^e t r e a t m e n t s  w i t h  c o v e r  c r ops 

w e r e  s i g n i f i c a n t l y  s u p e r i o r  to the a b s o l u t e  control. T h e r e  

was no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the c o v e r  c r o p s  as well 

b e t w e e n  the levels of f e r t i l i z e r  to c o v e r  c r o p s  on the h e i g h t  

increment. It is a l s o  n o t e d  that t h e r e  w a s  no s i g n i f i c a n t  

d i f f e r e n c e  in the i n t e r a c t i o n  effect. H o w e v e r ,  t h e r e  w a s  a 

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

f e r t i l i z e r  w h i c h  is s i g n i f i c a n t  o v e r  the t r e a t m e n t  w i t h  no 

f e r t i l i z e r  and n o cover. It is a l s o  s e e n  that i n c r e a s e  in the 

f e r t i l i z e r  level h a s  e n h a n c e d  t h e  h e i g h t  e v e n t h o u g h  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  (Fig. 5).

F r o m  the a b o v e  r e s u l t s  it is e v i d e n t  that g r o w i n g  

c o v e r  c r o p s ,  e v e n  w i t h o u t  a n y  f e r t i l i z e r  g a v e  m o r e  h e i g h t  

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

h i g h l i g h t i n g  the d i s t i n c t  a d v a n t a g e  of c o v e r  c r o p  alone.

4 . 1 . %  Soil n u t r i e n t  s t a t u s

T h e  e f f e c t  of c o v e r  c r o p s  and their n u t r i t i o n  on 

s o i l  o r g a n i c  c a r b o n  a n d  a v a i l a b l e  P, K, C a  a n d  M g  a r e  

p r e s e n t e d  and d i s c u s s e d .



T a b l e  5. E f f e c t  of c o v e r c r o p s  a n d  t h e i r nutritiati ont the soil

o r g a n i c  c a r b o n % 1991

F 0 1 2 3 4 M e a n  C

Cl 1 .003 0 . 9 9 0 1 .010 1 .000 1 .050 1 .011

C2, 1 .017 1 .000 1 .000 1 .020 1 .040 1 .027

M e a n  F 1 .010 0 . 9 9 5 1 .035 1 .010 1 .045

C D  tr vs ct 0 . 2 4 7
M e a n of control 0 .677

T a b l e  5a. Soil o r g a n i c  c a r b o n  % 1992

F 0 1 2 3 4 M e a n  C

Cl 1 . 020 1 .043 1.117 1 .040 1 . 170 1 .078

C2 1 .053 1 .080 1.213 1 .060 1 .253 1 . 132

M e a n  F 1 .037 1 .062 1 . 165 1 .050 1.212

M e a n of control 0 . 6 7 3

C D  tr vs ct 0 . 2 3 2

T a b l e  5b. Soil o r g a n i c  c a r b o n  % 1993

P 0 1 2 3 4 M e a n  C

Cl 1 .063 1 .093 1 . 173 1 .097 1 . 250 1 . 135

C2 1 . 103 1 . 120 1 .283 1 . 127 1 . 367 1 .200

M e a n  F 1 .083 1 . 107 1 .228 1.112 1 . 308

M e a n of control 0 . 6 8 7

C D  tr vs ct 0 . 2 3 6



T h e  r e s u l t s  o b t a i n e d  t'rom t h e  t h r e e  y e a r s  

o b s e r v a t i o n s  are p r e s e n t e d  in T a b l e  5-5b. G r o w i n g  of c o v e r  

cr ops h a v e  s i g n i f i c a n t l y  i n c r e a s e d  the o r g a n i c  c a r b o n  c o n t e n t  

over the a b s o l u t e  c o n trol p l o t s  in all the t hree y e a r s  of 

o b s e r v a t i o n s .  A m o n g  the c o v e r  c r o p s  there was no s i g n i f i c a n t  

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

f e r t i l i z e r  a p p l i e d  t o  c o v e r  c r o p s  a l s o  d i d  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 .  (Fig. 6).

In the c o v e r c r o p p e d  t r e a t m e n t  p l o t s  the dead litter 

m a t e r i a l s  d e p o s i t e d  o n  the s u r f a c e  of soil got d e c o m p o s e d  and 

the soil o r g a n i c  c a r b o n  c o n t e n t  m i g h t  h a v e  i n c r e a s e d  in due 

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

re s u l t s  a l s o  s h o w e d  that t h ere was a n  incremental i n c r e a s e  of 

o r g a n i c  c a r b o n  by g r o w i n g  c o v e r  crops. T h e s e  f i n d i n g s  a r e  in 

c o r r o b o r a t i v e  w i t h  the o b s e r v a t i o n s  of W a t s o n  (1961), W a t s o n  

et a l ■ (1964), B r o u g h t o n  (1977) a n d  P u n n o o s e  (1993).

It is a l s o  s e e n  th a t  a d d i t i o n  of a l l  n u t r i e n t s  

h e l p e d  in the g r a d u a l  b u i l d i n g  and e n r i c h m e n t  of soil o r g a n i c  

c a r b o n  w h e n  m i n e r a l  n u t r i e n t s  are in a d e q u a t e  q u a n t i t y  in
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Fig. 6. Effect of cover crops and their nutrition 
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soil i.here will be  b e t t e r  c o n s e r v a t i o n  of o r g a n i c  c a r b o n  of 

soil. ( S t e v e n s o n ,  19 6 4  a n d  B r a d y ,  1 9 8 8 ) .  T h e  g r a d u a l  

b u i l d i n g  of o r g a n i c  c a r b o n  in soil c o u l d  be- the result of 

c o n t i n u o u s  a d d i t i o n  of leaf li t t e r  f r o m  c o v e r  crop.

4 . 1.2.2. A v a i l a b l e  N

Th e  a v a i l a b l e  N  c o n t e n t  in the d i f f e r e n t  y e a r s  of 

o b s e r v a t i o n s  a r e  p r e s e n t e d  in T a b l e  6 - 6 c . T h e  c o v e r  c r o p p e d  

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

the c o n trol p l o t s  d u r i n g  all the three y e a r s  of o b s e r v a t i o n s .

T h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  n o t e d  b e t w e e n  

t h e  c o v e r  c r o p s  o n  the soil a v a i l a b l e  N. T h e  l e v e l s  of 

f e r t i l i z e r  to c o v e r  c r o p s  h a v e  i n c r e a s e d  t h e  a v a i l a b l e  N 

c o n t e n t  s i g n i f i c a n t l y .  T h e  level has r e c o r d e d  the h i g h e s t  

v a l u e  of a v a i l a b l e  N  c o n t e n t  and was on par w i t h  F 2  d u r i n g

1992 Sept. T h e  levels Fj and F q  we r e  s i g n i f i c a n t l y  i n f e r i o r  

to F^ a n d  Fg d u r i n g  all the three y e a r s  o b s e r v a t i o n s .  (Fig. 

7) .



r 0 I 2 3 4 M e a n  C

Cl' 183.73 187.50 172.70 174.93 171.87 178.05

C2 172.37 173.87 191.97 186.13 170.36 178.94

M e a n  F 178.05 180.68 182.08 180.53 171 . 12

M e a n  of c o n t r o 1 109. 3 0 0

C D  tr vs ct 37.41

T a b l e  6a., Soil a v a i l a b l e N  Kg  b a“  ̂ 1991 Sept.

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  f

195.70 

182.33 

189.02

2 1 2 . 4 0  

198.70 

20 5 . 5 5

236.97 

217.40 

227.92

2 2 4 . 4 0

2 0 7 . 4 0  

2 1 5 . 9 0

245.27 

22 7 . 9 3  

2 3 6 . 6 0

2 2 2 . 9 5  

2 0 6 . 7 7

CD  tr vs ct 3 7 . 6 9

M e a n  of control 1 1 1 .47



T a b l e  6b. Soil a v a i l a b l e  N  Kg  h a   ̂ 1 9 92 Sept

0 • 4 M e a n  C

Cl 2 1 1 . 5 7  2 2 8 . 7 3  2 8 3 . 7 0  2 4 3 . 6 3  3 1 5 . 9 3  2 5 6 . 7 1 3

C2 2 0 5 . 6 0  2 2 8 . 1 0  2 6 9 . 5 7  2 5 3 . 5 3  3 0 1 . 9 7  2 5 1 . 7 5 3

M e a n  F 2 0 8 . 5 8  2 2 8 . 4 1 7  2 7 6 . 6 3  2 4 8 . 5 8  3 0 8 . 9 5

M e a n  of c o n trol 1 1 8 .100

CDt 5 5 . 2 0 9

CDf 3 9 . 0 3 8

C D  tr vs ct 4 0 . 9 4 0

T a b l e  6c. Soil a v a i l a b l e  N  K g  h a  * 19 9 3  Sept.

0 M e a n  C

Cl 2 2 2 . 5 3  2 4 4 . 5 7  3 0 9 . 7 3  2 6 3 . 1 3  2 5 4 . 5 3  2 7 8 . 9 0

C2 2 1 8 . 6 0  2 4 4 . 8 3  30 5 . 8 7  2 6 9 . 3 3  2 4 8 . 5 0  2 7 7 . 3 4 0

M e a n  F 2 2 0 . 5 6 7  2 1 4 . 7 0 0  3 0 7 . 8 0 0  2 6 6 . 2 3 3  3 5 1 . 3 0

M e a n  of cont r o l  160.02

CDt 5 4 . 0 7 8

CDf 3 8 . 2 3 8

CD 1,r  v s  c t  4 0 . 1 1 0



Fig. 7. Effect of cover crops and their nutrition
on soil available Nitrogen (kg ha"‘) i99i -1993

X
rn

C1 -+-C2 
1991

-^C1 -I-C2 
1992

—-C1 + C 2  

1993



T h e  i n c r e a s e  in a v a i l a b l e  N c o n t e n t  of soil in the 

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

to t h e  p r e s e n c e  of t h i c k  d e a d  l i t t e r  m u l c h  o n  t h  s o i l  

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

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

m i c r o b i a l  p o p u 1 at ion ^ T a b 1es 5, 1 7 - 2 0  and 35) thus e n h a n c e d

the a v a i l a b l e  N  con t e n t .  S i m i l a r  f i n d i n g s  w a s  a l s o  r e p o r t e d  

by K o t h a n d a r a m a n  e_t (1990).

4. 1.2.3. A v a i l a b l e  P

T h e  a v a i l a b l e  P c o n t e n t  in the d i f f e r e n t  y e a r s  of 

o b s e r v a t i o n  a r e  p r e s e n t e d  in T a b l e  7-7b. T h e  c o v e r  c r o p p e d  

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

the c o n t r o l  p l o t s  d u r i n g  all the t h r e e  y e a r s  of o b s e r v a t i o n .

T h e r e  w a s  a l s o  a p p r e c i a b l e  i n c r e a s e  in P c o n t e n t  in 

p l o t s  g r o w n  w i t h  M u c u n a  ov e r  P u e r a r  ia a n d  the i n c r e a s e  is 

s i g n i f i c a n t  for the last two years. T h e  levels of f e r t i l i z e r  

a p p l i e d  to c o v e r  c r o p s  a l s o  i n c r e a s e d  the a v a i l a b l e  P c o n t e n t  

s i g n i f i c a n t l y .  T h e  level has r e c o r d e d  the h i g h e s t  v a l u e

a n d  was o n  p a r  w i t h  F 2  a l o n e  d u r i n g  1993. T h e  levels Fj a n d  

F q  w e r e  s i g n i f i c a n t l y  i n f e r i o r  to F^ a n d  F^^. (Fig. 8).



F 0 1 2 3 4 M e a n  C

Cl 15. 05 15 . 28 15.70 15.42 15. 20 15.33

C2 15. 50 16.48 15.22 15.68 16.50 15.88

M e a n  F 15. 28 15.88 15.46 15.55 15.85

M e a n of control 9.97

CD tr vs ct 3 . 3 3 2  .

T a b l e  7a. Soil a v a i l a b l e P Kg ha~^ 1992

F 0 1 2 3 4 M e a n  C

Cl 15.53 17.05 20. 12 18 . 15 2 0 .03 18.18

C2 16 . 82 2 0 . 7 0 22 . 27 21 .03 2 4.53 21 .07

M e a n  F 16. 18 18.18 21 . 19 19. 59 22.28

M e a n of control 9. 7 0

CD t 4 . 0 8  

CDc 1.967

CDf 3.111

CD tr vs ct 3 . 2 6 3



T a b l e  7b. Soil a v a i l a b l e  P Kg h a   ̂ 1993

p 0 1 2 3 4 M e a n  C

Cl 1 7 . 48 2 2.98 26. 55 2 3 . 3 8 2 7 . 6 5 23.61

C2 19.72 2 6 .02 2 9 . 9 0 2 6.77 31 .77 26. 83

M e a n  F 18.60 24 . 50 2 8 . 2 3 2 5 . 0 8 29.71

M e a n of control 11 .40

C D  tr 5 . 2 1 3  

C D c  2.331

CDf 3 . 6 8 6

C D  tr vs ct 3 . 6 8 6



Fig. 8. Effect of cover crops and their nutrition 
on soil available Phosphorus (kg ha') 1991-1993
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T h e  i n c r e a s e  in the a v a i l a b l e  P content, of soil in 

the oov'er c r o p p e d  a r e a  ov e r  the control p l o t s  was m a i n l y  due 

to t h e  p r e s e n c e  of t h i c k  d e a d  l i t t e r  m u l c h  o n  t h e  s o i l  

surface. T h i s  t h i c k  m u l c h  i m proved the soil m o i s t u r e  content 

( T a b l e s  17-20.) and soil p h y s i c a l  p r o p e r t i e s  (Tables 21-30.). 

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

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

s o l u b i l i s e r s  (T a b l e  35). S i m i l a r  f i n d i n g  was a l s o  r e p o r t e d  

b y  K o t h a n d a r a m a n  ^  (1990).

T h e  i n c r e a s e  in t h e  a v a i l a b l e  P c o n t e n t  of s o i l  

w i t h  level was not a b l e .  It is o n l y  a d i r e c t  ef f e c t  of

a p p l i c a t i o n  of P f e r t i l i z e r .  S i m i l a r  i n c r e a s e s  in P c o n t e n t  

of soil w e r e  r e p o r t e d  b y  B o l t o n  ( 1 9 6 0 ) ,  P u s h p a d a s  e_t a 1 . 

( 1 9 7 2 )  P u s h p a r a j a h  ( 1 9 8 4 )  a n d  P u n n o o s e  ( 1 9 9 3 )  in r u b b e r  

g r o w l n g  s o i 1s .

4. 1 . 2 . 4 .  A v a i l a b l e  K

T h e  a v a i l a b l e  K  c o n t e n t  of soil in d i f f e r e n t  y e a r s  

of o b s e r v a t i o n ,  a r e  p r e s e n t e d  in T a b l e  8. T h e  p lots g r o w n  

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

K. c o n t e n t  o v e r  the control plots. T h e r e  was no s i g n i f i c a n t



T a b l e 8. E f f e c t of c o v e r c r o p s  a n d their n u t r i t i o n

f

o n  the

soi 1 a v a i l a b l e  ha~^ )1991

F 0 1 2 3 4 M e a n  C

Cl

C2,

M e a n  F

1 1 8 .52 
119.37 

118.94

121.23 

118.32 

119.78

120.32 

122.05 

121.25

122.58

125.92

124.25

119.98

119.83

119.66

120.427 

121.097

C D  tr (vs) Ct 26 . 66

M e a n  of control 8 0 . 2 0

T a b l e 8 a . A v a i l a b l e  K C K g  h a  *) 1 9 9 2

f 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

13 8 . 7 3  

139.92 

139.33

136.32 

139.93 

138.13

123.37

124.82

124.09

131.80 

132.72 

132.26

130.85 

13 3 . 1 8  

132.02

1 3 2 . 2 1 3  

134.115

C D  tr (vs) ct 31 .509

M e a n  of control 9 4 .43

T a b l e 8b. Soil a v a i l a b l e  K ( K g  h a  ^ ) 1 9 9 3

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

160.60 

161.68 

161 . 14

165.22 

165.85 

165.53

134.88 

137.63 

136.26

147.20 

146.87 

147.03

134.97

134.57

134.76

148.57

149.320

C D  tr (vs) Ct 35 .770

M e a n  of c o n t r o 1 107.73



d i f f e r e n c e  n o t i c e d  b e t w e e n  the levels of f e r t i l i z e r s  for e a c h  

c o v e r  c r o p s  as well as b e t w e e n  the c o v e r  crops. (Fig. 8).

T h e  i n c r e a s e  in the a v a i l a b l e  K c o n t e n t  of soil in 

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

a d d i t i o n  of c o v e r  c r o p  litter in to the soil w h i c h  c o n t a i n s  

lot of K. T h i s  is all the m o r e  e v i d e n c e d  b y  the inc r e a s e  in 

the q u a n t i t y  of the a v a i l a b l e  soil K from 91 to 1993. T h e r e  

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

the b i o m a s s  as the g r o w t h  of the c o v e r  c r o p  is p r o g r e s s i v e l y  

i n c r e a s e d  d u e  to t h e  a g e  ^ T a b l e  31). T h e  r a i n  w a t e r  

i n t e r c e p t i o n  a n d  p r e v e n t i n g  soil e r o s i o n  b y  the live c o ver 

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

T h e s e  f i n d i n g s  a r e  in c o r r o b o r a  t i v e  w i t h  th a t  of W a t s o n  

( 1 9 6 1 ) ,  S h o r r o c k s  ( 1 9 6 5 ) ,  R u s s e l l  ( 1 9 8 3 )  a n d  P u s h p a r a j a h  

(1984) .

T h e  i n c r e a s e  in t h e  a v a i l a b l e  K c o n t e n t  of s o i l  

s h o w e d  a n e g a t i v e  e f f e c t  w h e n  a n  e x t r a  do s e  of 10 kg n i t r o g e n  

was a d d e d  (T a b l e  8b). T h e s e  f i n d i n g s  are in c o r r o b o r a t i v e  

w i t h  th a t  of W a t s o n  ( 1 9 6 1 ) ,  S h o r r o c k s  ( 1 9 6 5 )  a n d  R u s s e l l  

(1983).



Fig. 9. Effect of cover crops and their nutrition 
on soil available Potassium (kg ha’ *) 1991-1993

—  C1 -I-C 2

1 991

-C 1  -t-C2

1992

—  C1 ~ h c 2
1 993



T h e  i n c r e a s e  in t h e  a v a i l a b l e  K c o n t e n t  of s o i l  

sho w e d  a n e g a t i v e  e f f e c t  on e x t r a  d o s e  of 10 kg n i t r o g e n  was 

a d d e d  ( T a b l e  8b). T h i s  a p p l i c a t i o n  of n i t r o g e n  a n d  r e d u c t i o n  

of a v a i l a b l e  K c o n t e n t  m i g h t  be  d u e  to the f o l l o w i n g  reasons.

H i g h e r  c o n c e n t r a t i o n  of ions e s p e c i a l l y  in

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

e x c h a n g e  s i t e s  b r i n i n g  m o r e  of K  into the s o l u t i o n  fr o m  w h e r e  

they w e r e  lost b y  l e a c h i n g  ( T i s d a l e  ^  1985). M o r e o v e r

the h i g h e r  g r o w t h  a s s o c i a t e d  w i t h  a p p l i c a t i o n  of N to c o v e r  

c r o p  h a v e  i n c r e a s e d  the p l a n t  u p t a k e  of K (Table 31f) thus

r e d u c i n g  its level in the soil ( T a b l e  8b).

A v a i l a b l e  Ca

T h e  a v a i l a b l e  C a  c o n t e n t  of soil is p r e s e n t e d  in 

T a b l e  9. T h e  c o v e r  c r o p  g r o w n  p l o t s  w e r e  s i g n i f i c a n t l y  

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

content. T h e r e  was n o  s i g n i f i c a n t  d i f f e r e n c e  f o u n d  b e t w e e n  

the levels of f e r t i l i z e r s  to c o v e r  c r o p s  as well as b e t w e e n  

the c o v e r  crops. (Fig. 9).

T h e  i n c r e a s e d  C a  c o n t e n t  o f  s o i l  in t h e

c o ver c r o p p e d  p l o t s  th a n  the a b s o l u t e  control is m a i n l y  d u e



0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

172.08 

172.33 

117 . 35

175.43

1 7 0 . 4 0

172.92

169.63

172.28

175.90

174.67

176.73

175.70

169.62

180.47

175.04

172 . 6 9  

174.44

C D  tr (vs) ct 38 .66

M e a n  of control 1 17.35

T a b l e  9a. Soil a v a i l a b l e  C a K g  h a“' 1992

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

2 0 2 . 0 8  

2 0 4 . 0 0  

2 0 3 . 0 4

2 3 5 . 4 3  

2 3 6 . 3 7  

2 3 5 . 9 0

21 9 . 6 3

2 2 2 . 5 5  

2 2 1 . 0 9

2 7 4 . 7 0

2 7 7 . 3 2

276.01

2 7 1 . 2 3  

2 7 3 . 5 5  

27 2 . 3 9

2 4 0 . 6 2

2 4 2 . 7 6

CD  tr 5 7 . 3 1 0  

CDf 4 0 . 5 2  

C D  tr (vs) ct 42. 50

M e a n  of control 1 30.73

T a b l e  9b. Soil a v a i l a b l e  C a K g  h a ~‘ 1993

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

2 2 7 . 1 3  

2 2 8 . 7 8  

2 2 7 . 9 5 8

2 7 0 , 4 3  

2 7 3 . 8 7  

2 7 2 . 1 5 0

26 4 . 6 3  

26 7 . 4 5  

2 6 6 . 0 4 2

31 4 . 9 3  

31 7 . 2 7  

3 1 1 . 6 6 7

311.27 

314.07 

3 1 2 . 6 6 7

2 7 7 . 6 8 0

2 8 0 . 2 8 7

C D  tr (vs) ct 51 

CDf 4 4 . 3 0

.305

M e a n  of c o n t r o 1 16 8 . 5 0



to the a d d i t i o n  of i n c r e a s e d  leaf litter m a t e r i a l s  to the 

soil. . r . T h e  le a f

litter m a t e r i a l s  c o n t a i n  0 . 7 5  to 1.00% of Ca a n d  is r e c y c l e d  

into the soil.

T h e r e  was a l s o  a b u i l d  u p  of Ca  in the soil w i t h  

a d d i t i o n  of P o v e r  t h e  y e a r s .  T h i s  c o u l d  b e  d u e  to t h e  

c o n t i n u o u s  a p p l i c a t i o n  of r o c k  p h o s p h a t e  ( B o l t o n  1 9 6 0 ,  

P u s h p a r a j a h  1966, and P u n n o o s e ,  1993).

4. 1.2.6. A v a i l a b l e  Mg

Th e  soil a v a i l a b l e  Mg c o n t e n t  is p r e s e n t e d  in 

T a b l e  10. T h e  c o v e r  c r o p e d  p l o t s  w e r e  s i g n i f i c a n t l y  s u p e r i o r  

to the a b s o l u t e  control on  the a v a i l a b l e  M g  content. A m o n g  

the levels of f e r t i l i z e r s  to c o v e r  c r o p s  as well b e t w e e n  the 

c o v e r  c r o p s  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  recorded.

T h e  i n c r e a s e d  M g  c o n t e n t  o f  s o i l  in t h e  c o v e r  

c r o p p e d  t r e a t m e n t s  o v e r  the a b s o l u t e  control is m a i n l y  d u e  to 

the a d d i t i o n  of leaf litter and root m a t e r i a l s  to the soil. 

T h e  cower c r o p  leaf litter c o n t a i n s  0 . 2 5  to 0 . 4 5 %  of Mg  and



f 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

105.12 

107.22 

1 06.17

107.18 

109.40 

108.29

105.90 

1 08.00 

106.95

99. 83

102.03

101.03

101.35 

102.80 

102.80

103,88 

1 0 6 . 2 2 0

CD tr (vs) Ct 22,.41

M e a n  of c o n t r o 1 6 6 . 7 5

T a b 1e 10a. Soil a v a i l a b l e  M g  h a   ̂ 1992

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

124.37

12 6 . 3 5

125 . 3 6

143.42

145.28

144.35

153.33 

154.17 

153.75

146 .72 

148.37 

147.54

140.52 

143.27 

141.89

141.67 

143.49

CD tr (vs) Ct 32. 36

M e a n  of c o n t r o 1 8 0 . 0 5

T a b l e  10b. Soil a v a i l a b l e M g  h a   ̂ 1993

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

145.95

1 4 7 . 4 0

1 4 6 . 4 2 5

165.17 

165.22 

165.900

167.88 

160.27 

1 1 6 4 . 0 8 0

167.60

153.53

160.573

168.37 

158.70 

163.53

1 6 2 . 8 9 3  

1 5 7 . 0 2 3

CD tr (vs) Ct 28. 968

M e a n  of control 8 6 . 9 8



is r e c y c l e d  into the soil. A l s o  the root n o d u l e s  w h i c h  a r e  

r i c h  in M g  a d d e d  i n t o  t h e  s o i l  . T h e s e  f i n d i n g s  a r e  in 

a c c o r d a n c e  w i t h  the w o r k  of W a t s o n  (1961).

A p p l i c a t i o n  of K  b e y o n d  30 kg  level h a d  a n e g a t i v e  

effect on  the Mg c o n t e n t  of soil. A p p l i c a t i o n  of K i n c r e a s e d  

the c o n c e n t r a t i o n  of K'*’ ions w h i c h  m i g h t  h a v e  replaced. M o r e  

of Mg"^"^ ions f r o m  the e x c h a n g e  s i t e s  into the soil s o l u t i o n  

and th e y  w e r e  s u b s e q u e n t l y  lost b y  l e a c h i n g  { T i s d a l e  ^  al . 

1985). A l s o  more, of M g  w a s  p r o b a b l y  r e m o v e d  b y  the r u b b e r  

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

a p p l i c a t i o n  of N and K.

4 . 1 . 3 .  E f f e c t  of c o v e r  c r o p s  a n d  t h e i r  n u t r i t i o n  o n  t h e  

H e v e a  leaf n u t r i e n t  c o n t e n t s .

Th e  r e s u l t s  of m a j o r  n u t r i e n t s  N, P, K, Ca  a n d  Mg

c o n t e n t  of H e v e a  leaves a r e  p r e s e n t e d  a n d  d i s c u s s e d  below.

4 . 1 . 3 . 1 .  H e v e a  leaf N  c o n t e n t

T h e  r e s u l t s  o b t a i n e d  for the p e r i o d  fr o m  1991 to

1 9 9 3  a r e  p r e s e n t e d  in T a b l e s  1 1 - l l b .  It is o b s e r v e d  t h a t  

t h e r e  w a s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  m e a n  of



F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

3. 104 

3.114 

3. 109

3.111

3 . 186 

3. 149

3. 125 

3. 121

3. 123

3. 159 

3.308 

3.234

3. 176 

3.117 

3 . 147

3. 135 
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C D  tr (vs) ct 0. 706

M e a n of control 2 . 137

T a b l e 11a. H e v e a leaf N % 1992

f 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

3 . 202 

3.311 

3 . 2 5 7

3 .213 

3 . 386 

3 . 2 9 9

3.331

3.418

3.375

3.288

3.398

3.343

3. 377 

3.461 

3 . 4 1 9

3. 282 

3 . 3 9 5

C D  tr ( v s ) Ct 0. 719

M e a n of control 2. 175

T a b l e 11b. H e v e a leaf N  X 1993

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

3 . 2 7 3  

3. 396 

3 . 335

3.311

3.457

3.384

3.432

3.547

3.490

3.380 

3. 522 

3.451

3.478

3 .550

3. 514

3 . 3 7 5

3.494

CD tr (vs) Ct 0 . 7 2 5



Fig. 10.Effect of cover crops and their nutrition 
on the Hevea leaf Nitrogen (%) 1991-1993

-C 1  + C 2

1991

—  C1 - f - C 2

1992

- + -C 2

1993



t r e a t m e n t s  a n d  c o n t r o l  p l o t s .  T h e  f o r m e r  r e c o r d e d  

s i g n i f i c a n t l y  h i g h e r  leaf N content. It m a y  be se e n  fr o m  the 

t able o n  o r g a n i c  c a r b o n  c o n t e n t  was m o r e  in the t r e a t m e n t  

p l o t s  w i t h  c o v e r  c r o p  than that of a b s o l u t e  control. A m o n g  the 

levels of f e r t i l i z e r ,  t h ere is no s i g n i f i c a n t  d i f f e r e n c e .  

(Fig. 10). T h i s  w o u l d  h a v e  i n f l u e n c e d  the n i t r o g e n  c o n t e n t  of 

H e v e a  u n d e r  c o v e r  c r o p p e d  s i t u a t i o n .  A l l  t h e  b e n e f i t s  

a s s o c i a t e d  w i t h  c o ver cr o p  su c h  as m o i s t u r e  a v a i 1a b i 1 i t y , 

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

c o n t r i b u t e d  to h i g h e r  leaf n i t r o g e n  c o n t e n t  of H e v e a . T h e s e  

f i n d i n g s  a r e  in line w i t h  the w o r k s  of W a t s o n  (1961), W a t s o n  

^  (1964) and P u s h p a r a j a h  (1977).

4. 1 . 3 . 2 .  H e v e a  leaf P c o n t e n t

T h e  r e s u l t s  of H e v e a  leaf P o b t a i n e d  for the p e r i o d  

from 1991 to 1993 a r e  p r e s e n t e d  in T a b l e  12-12b. It is se e n  

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

b e t w e e n  the t r e a t m e n t s  a n d  control plot. The p l o t s  w i t h  c o v e r  

cr ops r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  leaf P c o n t e n t  t h a n  the 

c o n t r o l  p l o t s .  It is a l s o  o b s e r v e d  t h a t  t h e r e  w a s  no  

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

b e t w e e n  the levels of f e r t i lizers. T h e r e  was no i n t e r a c t i o n  

effect found. (Fig. 11).
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Fig. 11. Effect of cover crops and their nutrition 
on the Hevea leaf Phosphorus(%) 1991-1993
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All the t h ree y e a r s  of s a m p l i n g ,  the H e v e a  leaf P 

c o n t e n t  in the c o v e r  c r o p p e d  p l o t s  w e r e  h i g h e r  d u e  to the 

i n c r e a s e d  a v a i l a b l e  P c o n t e n t  of the soil, this was t h r o u g h  

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

m i c r o o r g a n i s m s  in the soil (Ta b l e  35). T h e  i n c r e a s e d  leaf P 

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

and i n c r e a s e d  u p t a k e  of P from Soil a l o n g  w i t h  N  a r e  K  for 

the g r o w t h  a n d  o t h e r  p lant m e t a b o l i s m .  T h i s  f i n d i n g  is in 

a c c o r d a n c e  w i t h  the w o r k s  of W a t s o n  (1961) a n d  Kothandararaan 

^  (1990) .

T h e  h i g h  soil P s t a t u s  m i g h t  h a v e  h e l p e d  in b e t t e r  

a b s o r p t i o n  of P r e s u l t i n g  in h i g h e r  P c o n t e n t  of H e v e a  leaves 

in the c o v e r  c r o p p e d  t r e a t m e n t s .  S h o r r o c k s  (1962), P u s h p a d a s  

et a l . (1978), Y o g a r a t n a m  ^  (1984) a n d  P u n n o o s e  (1993)

a l s o  r e p o r t e d  t h a t  a p p l i c a t i o n  of P i m p r o v e d  t h e  l e a f  P 

c o n t e n t  of H e v e a .

4 . 1 . 3 . 3 .  H e v e a  leaf K  c o n t e n t

T h e  H e v e a  leaf K  c o n t e n t  for the p e r i o d  from 1991 

to 1993 a r e  p r e s e n t e d  in T a b l e s  13-I3b. It is n o t e d  from 

the t a b l e  that t here w a s  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

the t r e a t m e n t s  a n d  control plot. T h e  t r e a t m e n t  p l o t s  w i t h



0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

1 . 265 

1 . 268 

1 . 266

1 . 293 

1.301 

1 . 297

1.316 

1 . 320 

1.318

1 .345 

1 . 348 

1 . 346

1 .456 

1 . 459 

1 .457

1 .335 

1 . 339

C D  tr ( vs> Ct 0. 265

M e a n of control 0. 806

T a b l e 13a. H e v e a leaf K % 1992

P 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

1 . 269 

1 . 274 

1 . 272

1 . 297 

1 . 306 

1 .302

1 . 321 

1 .325 

1 . 323

1 . 350 

1 .353 

1 . 352

.1 .461 

1 .452 

1 .457

1 . 340 

1 . 342

C D  tr (vs) Ct 0. 266

M e a n of control 1 . 341

T a b l e 13b. H e v e a leaf K  % 1993

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

1 . 271

1 . 277 

1 . 274

1 . 303 

1.311 

1 . 307

1 .325 

1 . 329 

1 .327

1 . 353 

1 . 357 

1 . 355

1 .466 

1 .469 

1 . 468

1 . 344 

1 .349

C D  tr ( . vs ) Ct 0. 267

M e a n of control 0 . 8 1 0



Fig. 12. Effect of cover crops and their nutrition 
on tine Hevea leaf Potassium (%) 1991-1993

—  C l - f-c a  

1991

-C 1 - t -c a  

1992

- ^ c i  - t -c a  

1993



cover c r o p  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  leaf K  c o n t e n t  than 

the a b s o l u t e  control. T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

b e t w e e n  c o v e r  (;rops a s  w e l l  a s  b e t w e e n  t h e  l e v e l s  of  

f e r t i l i z e r s  to c over crops. It is a l s o  n o t e d  that t h e r e  was 

no i n t e r a c t i o n  effect. (Fig. 1 2 ) .

T h e  i n c r e a s e d  K c o n t e n t  o f  H e v e a  l e a f  in t h e  

c o ver c r o p p e d  t r e a t m e n t  ov e r  the a b s o l u t e  control is m a i n l y  

due to the p r e s e n c e  of h i g h e r  q u a n t i t y  of a v a i l a b l e  K w h i c h  

was o b t a i n e d  t h r o u g h  the d e c o m p o s e d  d e a d  litter a d d i t i o n  a n d  

the K from rainfall i n t e r c e p t i o n  by c o ver crops. M o r e o v e r  

the h i g h e r  g r o w t h  a s s o c i a t e d  w i t h  a p p l i c a t i o n  of N e n h a n c e d  

to c o v e r  c r o p  w o u l d  h a v e  i n c r e a s e d  the p l a n t  u p t a k e  of K 

thus i n c r e a s i n g  its level in leaf. T h i s  f i n d i n g  is in line 

w i t h  the w o r k  of W a t s o n  (1961), Rus s e l  (1983) and P u n n o o s e  

(1993) .

4.1.3.4. Bevea leaf Ca content

T h e  H e v e a  leaf Ca c o n t e n t  for the s a m p l i n g  p e r i o d  

w e r e  p r e s e n t e d  in T a b l e s  14-14b. The t r e a t m e n t s  w i t h  c o v e r  

c r o p s  w e r e  s i g n i f i c a n t l y  h i g h e r  in C a  c o n t e n t  t h a n  t h e  

a b s o l u t e  c o n t r o l .  It is o b s e r v e d  ), h a t  t h e r e  w a s  n o  

s i g n i f i c a n t  d i f f e r e n c e  o b t a i n e d  b e t w e e n  e i t h e r  the levels of 

f e r t i l i z e r s  o r  b e t w e e n  t h e  c o v e r  c r o p s .



F 0 1 2 3 4 M e a n  C

Cl 0. 403 0 . 4 6 3 0 . 4 8 7 0 . 4 7 7 0 . 5 0 0 0 . 4 6 5

C2 0 . 4 3 3 0 . 4 7 7 0 . 5 1 0 0 . 4 8 0 0 . 5 2 0 0 .486

M e a n  F 0 . 4 2 3 0 . 4 7 0 0 . 4 9 8 0 . 4 7 5 0 . 5 1 0

M e a n of cont r o l 0 . 2 1 7

C D  tr (vs> Ct 0. 073

T a b 1e 14a. H e v e a leaf Ca % 1992

F 0 1 2 3 4 M e a n  C

Cl 0 . 4 5 0 0 . 4 9 0 0 . 5 2 3 0 . 5 1 0 0. 553 0 . 5 0 7

C2 0 . 4 8 0 0 . 5 4 0 0. 540 0 . 5 1 0 0. 560 0 . 5 2 6

M e a n  F 0. 465 0 . 5 1 5 0. 537 0 . 5 1 0 0. 557

i M e a n of control 0 . 2 4 3

C D  tr (vs) Ct 0. 081

T a b l e  14b. H e v e a leaf C a % 1993

f 0 1 2 3 4 M e a n  C

Cl 0 . 4 8 3 0 . 5 2 0 0 . 5 6 0 0. 560 0 . 617 0 . 5 4 8

C2 0 . 5 1 3 0 . 5 2 3 0 . 597 0 . 5 7 7 0 . 6 3 3 0. 579

M e a n  F 0 . 4 9 8 0 . 5 4 7 0 . 5 7 8 0. 568 0 . 6 2 5

^ TV ^ V* f  •\ r f  o . 003



T h e  i n c r e a s e d  l e a f  C a  c o n t e n t  is d u e  t o  t h e  

i n c r e a s e d  q u a n t u m  a d d i t i o n  of d e a d  l e a f  a n d  t w i g  l i t t e r  

m a t e r i a l s  into the soil. T h i s  a d d i t i o n  of Ca into the soil 

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

h i g h e r  C*. c o n t e n t  in leaf of H e v e a . T h i s  f i n d i n g  is in line 

w i t h  the w o r k  of W a t s o n  (1961) a n d  P u s h p a r a j a h  (1966).

4.1.3.5. H e v e a  leaf M g  c o n t e n t

T h e  H e v e a  leaf M g  c o n t e n t  d u r i n g  the e x p e r i m e n t s  

we r e  p r e s e n t e d  in T a b l e s  15-15b. T h e  t r e a t m e n t s  w i t h  c o v e r  

c r ops w e r e  s i g n i f i c a n t l y  s u p e r i o r  than the a b s o l u t e  control 

on the leaf Mg  content. T h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  

b e t w e e n  the levels of f e r t i l i z e r s .  It was n o t e d  that t here 

was no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the c o v e r  crops.

T h e  i n c r e a s e d  M g  c o n t e n t  of H e v e a  l e a f  in t h e  

cover c r o p p e d  t r e a t m e n t  p l o t s  a r e  m a i n l y  d u e  to the a d d i t i o n  

of d e a d  leaf, st e m  a n d  root litter of c o v e r  c r ops w h i c h  are 

g o o d  s o u r c e  of M g .  T h i s  a d d e d  l i t t e r  e n h a n c e d  t h e  

m i n e r a l i s a t i o n  p r o c e s s  a n d  i m p o r t e d  t h e  u p t a k e  of M g  b y  

H e v e a . T h e  N, P, K a d d i t i o n  g r a d u a l l y ,  imp r o v e d  the u p t a k e  

of M g  by H e v e a  as well as c over c r o p s  also. S i m i l a r  f i n d i n g s  

were r e p o r t e d  by W a t s o n  (1961) and P u n n o o s e  (1993).



F 0 1 2 3 4 M e a n  C

Cl 0 . 2 5 2 0 . 254 0 . 2 2 5 0. 259 0 . 2 6 0 0 . 2 5 6

C2 0. 252 0. 255 0 . 257 0. 262 0. 265 0. 258

M e a n  F 0. 252 0 . 2 5 5 0. 256 0 . 2 6 0 0 . 262

M e a n of control 0. 164

CD tr (vs) Ct 0.,054

T a b l e  15a. H e v e a leaf M g % 1992

f 0 1 2 3 4 M e a n  C

Cl 0 . 254 0. 255 0 . 2 5 8 0 . 2 6 3 0 . 2 7 0 0. 260

C2 0. 256 0.261 0 . 263 0 . 267 0.271 0. 263

M e a n  F 0. 255 0. 258 0. 260 0. 265 0. 271

M e a n of control 0. 166

CD  tr (vs) Ct 0,,055

T a b l e  15b. H e v e a leaf M g % 1993

F 0 1 2 3 4 M e a n  C

Cl 0. 253 0. 255 0. 258 0.261 0. 267 0. 259

C2 0. 255 0. 258 0. 259 0.261 0 . 2 6 9 0 . 2 6 0

M e a n  F 0. 254 0 . 2 5 6 0. 258 0. 261 0 . 268

CD tr (vs) Ct 0 . 0 5 5



4.1.4. E f f e c t  of c o v e r  c r o p s  a n d  t h e i r  n u t r i t i o n  on  W e e d  D r y  

M a t t e r  P r o d u c t i o n  (DMP)

T h e  q u a n t i t y  of w e e d  d r y m a t t e r  p r o d u c e d  in Kg h a”  ̂

in the e x p e r i m e n t  is a n a l y s e d  and the sa m e  is p r e s e n t e d  and 

d i s c u s s e d  below. T h e  r e c o r d i n g  of w e e k  D M P  w e r e  u n d e r  t a k e n  

at six m o n t h l y  i n t e r v a l .

It is a l s o  s e e n  fr o m  the T a b l e s  16-16d that d u r i n g  

the f i rst y e a r  of the e x p e r i m e n t  t here was no s i g n i f i c a n t  

d i f f e r e n c e  n o t e d  in the w e e d  D M P  b e t w e e n  the t r e a t m e n t s  a n d  

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

A p r i l  1 9 9 2  t o  O c t o b e r  1 9 9 3  b e t w e e n  t h e  t r e a t m e n t s  a n d  

a b s o l u t e  c o n t r o l  on  the w e e d  D M P  d u r i n g  all the r e c o r d i n g s .  

T h ere was no s i g n i f i c a n t  d i f f e r e n c e  found b e t w e e n  the c o v e r  

crops. H o w e v e r  in the c a s e  of f e r t i l i z e r  t r e a t m e n t s  t h ere 

was a d r a s t i c  r e d u c t i o n  in w e e d  D M P  w h e n  t h e  l e v e l  of 

f e r t i l i z e r s  w e r e  increased. T h i s  r e d u c t i o n  was s i g n i f i c a n t  

in A p r i 1 1993. (Fig. 13).

D u r i n g  t h e  f i r s t  y e a r  of  t h e  e x p e r i m e n t  t h e  

cover c r o p s  w e r e  just e s t a b l i s h i n g  in the t r e a t m e n t  plots, 

that m i g h t  b e  the r e a s o n  for n o t  s h o w i n g  a n y  s i g n i f i c a n t



F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

1168.3 

1 196.7 

118 2 . 5

8 7 0 . 0

9 1 5 . 0

8 9 2 . 0

687 .6 

628 . 3 

6 5 8 . 0

7 7 5 . 0

8 1 0 . 0  

7 9 2 . 5

556 .0 

5 8 9 . 3  

572 . 7

8 1 1 . 4 0  

8 2 7 . 8 6 7

CDf 402. 050

M e a n  of control 1 2 0 0.00

T a b l e  16a . W e e d  d r y  m a t t e r K g  ha~^ April 1992

f 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

9 4 5 . 0

8 2 5 . 0  

885 . 0

668 . 3 

6 0 5 . 0  

6 3 6 . 7

47 6.7

4 1 3 . 3

4 4 5 . 0

6 1 6 . 7

5 3 . 3 0

5 7 5 . 0

4 5 3 . 0 0

3 9 6 . 0

4 7 5 . 0

6 3 2 . 0 0  

5 54.67

CD  tr (vs) Ct 371 .230

M e a n  of c o n trol 1073.33

T a b l e  16b . W e e d  d r y  m a t t e r K g  h a "‘ O c t . 1992

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

1156.7

1021.7 

1 089.2

871 . 7 

798 . 3 

835 . 0

6 8 3.3

618.3 

650.8

8 1 8 . 3  

7 3 0 . 0  

774 . 2

6 5 5 . 0

5 5 5 . 0

6 0 5 . 0

8 3 7 . 0 0  

7 4 4 . 6 7

CD t r  ( v s )  nt 405.230



T a b l e  16c. W e e d  d r y  m a t t e r  Kg h a   ̂ A pril 1993

F 0 1 2 3 4 M e a n  C

Cl 9 7 8 . 3  6 8 8 . 3  

C2 8 1 3 . 3  5 8 8 . 3  

M e a n  F 8 9 5 . 8  6 3 8 . 3

4 7 6 . 6  

368 . 3 

422 . 5

568 . 3 

401 .7 

4 8 5 . 0

451 .7 

3 6 0 . 0  

4 0 5.8

6 3 2.7

5 06.3

C D  tr (vs) Ct 3 3 9 . 8 0 0  

CDf 3 2 3 . 9 8 3

M e a n  of control 9 9 0 . 0 0

T a b l e  16d. W e e d  d r y  a a t t e r K g  ha~^ O c t . 1993

P 0 I 2 3 4 M e a n  C

Cl 1061.7 7 9 0 . 0  

C2 8 5 8 . 3  5 9 8 . 3  

M e a n  F 9 6 0 . 0  6 9 4 . 2

5 1 5 . 0  

401 . 6

5 1 5 . 0

573. 3 

4 5 6.6 

5 1 5 . 0

4 5 8 . 3  

393. 3 

450.8

6 8 9 . 6  

541 .7

M e a n  of control 1208.3

C D  tr (vs) Ct 4 1 3 . 3 5 2



Fig. 13. Effect of cover crops and their nutrition 
on weed DMP (kg ha') 1991-1993
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d i f f e r e n c e  b e t w e e n  the a b s o l u t e  control a n d  c o v e r  c r o p  g r o w n  

p l o t s  o n  t li e w e e d  D M P ,  F r o m  A p r i l  1 9 9 2  t h e r e  w a s  a

s i g n i f i c a n t  r e d u c t i o n  on the w e e d  D M P  b e t w e e n  the a b s o l u t e  

c o n t r o i  a n d  c o v e r  c r o p  g r o w n  plots. Fr o m  April 1992 there 

was s i g n i f i c a n t  r e d u c t i o n  of w e e d  D M P  in the treat m e n t  p l o t s  

over a b s o l u t e  control. T h i s  m ight be d u e  to the s m o t h e r i n g  

effect of c o v e r  c r o p s  o n  the we e d  g r o w t h  in the c over c r o p s  

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

the o b s e r v a t i o n s  of P o t t y  ejt (.1980) and K o t h a n d a r a m a n

^  ( 1987) .

W h e n  t h e  t h r e e  o b s e r v a t i o n s  in O c t o b e r  a r e

e x a m i n e d ,  it c a n  b e  s e e n  that the control p l o t s  h a v e  r e c o r d e d  

al m o s t  s a m e  q u a n t i t y  of D M P  of weeds, w h e r e  as the t r e a t m e n t

p l o t s  ( c o v e r  c r o p p e d  p l o t s )  there was a d r a s t i c  r e d u c t i o n  in

the D M P  as the time is passed. T h e  same trend is a l s o  seen 

b e t w e e n  t h e  o b s e r v a t i o n s  d u r i n g  A p r i l  92 a n d  A p r i l  1 9 9 3 ,  

w h e r e i n  t h e  r e d u c t i o n  in D M P  is n e a r l y  5 0 % .  T h i s  is 

a t t r i b u t e d  to the d i s t i n c t  b e n e f i c i a l  effect of c o v e r  c r o p s  

in the r e d u c t i o n  of we e d  growth.

In the f irst y e a r  of the e s t a b l i s h m e n t ,  the c o v e r  

crop M u c u n a  had a t e n t a n c y  to g r o w  v e r y  s l o w l y  and t h o s e  p l o t



with that c o v e r  c r o p  r e c o r d e d  h i g h e s t  w e e d  D M P  d u r i n g  O c t o b e r  

1991. A f t e r w a r d s  it has g r o w n  p r o f u s e l y  and s u p p r e s s e d  the 

we e d  g r o w t h  a n d  r e c o r d e d  least q u a n t i t y  of w e e d  DMP. T h i s  

f i n d i n g  is c o r r o b o r a t i v e  w i t h  the w o r k  of K o t h a n d a r a m a n

et <. 1990) .

It m a y  further s e e n  that t h e r e  is a l s o  a p p r e c i a b l e  

d i f f e r e n c e  n o t i c e d  in the w e e d  D M P  b e t w e e n  the seasons. T h e  

A p r i l  m o n t h  coinc;ided w i t h  s u m m e r  s e a s o n  a n d  t h e  c o v e r  

c r o p p e d  p l o t s  r e c o r d e d  c o m p a r a t i v e l y  r e d u c e d  D M P  t h a n  that of 

wet s e a s o n  in O c t o b e r .  T h i s  is d u e  to the s m o t h e r i n g  effect 

of the c o v e r  c r o p  on w e e d  g r o w t h .  T h e  c o m p e t i t i o n  f o r  

m o i s t u r e  a l s o  mu s t  h a v e  r e d u c e d  the w e e d  p o p u l a t i o n  since the 

c o v e r  c r o p s  a r e  of robust nature.

4 . 1 . 5 .  E f f e c t  of c o v e r  c r o p s  a n d  t h e i r  n u t r i t i o n  of s o i l  

mosi Lure

T h e  soil m o i s t u r e  c o n t e n t  for s u m m e r  m o n t h s  viz., 

J a n u a r y ,  F e b r u a r y ,  M a r c h  a n d  A p r i l  of 1 9 9 2  a n d  1 9 9 3  w e r e  

es t i m a t e d ,  a n a l y s e d  a n d  d i s c u s s e d  below.

F r o m  the T a b l e s  17-20c it is s e e n  that d u r i n g  the T 

year, Lop s o i l  (0-30 cm d e p t h  of soil) soil m o i s t u r e  in the



Table 17- E f f e c t  of c o v e r c r o p s  a n d  their n u t r i t i o n  o n  the 

soil m o i s t u r e  % at 0 - 3 0  cm (Jan. 1992)

F 0 1 2 3 4 M e a n  C

Cl,

C2

Mean F

15.25 

15 . 57 

1 5 . 9 0 8

15.10 

16 . 77 

1 5.933

15.98 

17 . 16 

16.567

15.16 15.10 

16.98 18.07 

15.82 17.040

15.50

17.01

CD tr (vs) Ctrl 2 .66
M e a n  of control 8 .033

T a b l e  17a. Soil m o i s t u r e  % at 0 - 3 0 cm ( F e b . 1992)

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

14.15 

15 . 20 

14.675

14 . 27

15 .58 

14 . 93

14 . 97 

16 . 57 

15.77

14.17 15.47 

15.32 17.77 

14.74 16.620

14.60

16.09

CD  tr (vs) 

CDc 1,47

ct 2.44

M e a n  of control 7 . 3 3 3



T a b l e  17b. Soil m o i s t u r e  % at 0 - 3 0  c m  ( M a r c h  1992)

0 1 M e a n  C

Cl 12.30 13.33 14.38 13.30 14.97 13.657

C2 13.13 13.95 15.91 14.27 17.03 14 . 7 6 0

M e a n  F 12.717 13.39 15.15 13.78 16.00

C D  tr (vs) ct 2 . 1 7 7  

C Do 1.076 

CDf 2 . 0 1 8

M e a n  of control 6 . 3 6 6

T a b l e  17c. Soil m o i s t u r e  %  at 0 - 3 0  c m  (April 1992)

0 M e a n  C

Cl 1 1.45 12.20 13.43 12.37 13.93 12.677

C2 12.13 12.58 14.97 13.27 16.18 1 3 . 8 2 7

M e a n  F 11.39 12.39 ' 1 4 . 2 0  12.82 15.06

C D  tr (vs) ct 1.817 

C D  tr 2.451 

CDc 1.096

CDf 1.733

M e a n  of control 5 . 4 8



T a b l e  18. Soil m o i s t u r e  % at 3 0 - 6 0 cm ( J a n , 1992)

0 1 2 3 4 M e a n  CJ

Cl 16 . 53 16 . 42 16 .62 16.17 17 .43 16.63

C2, 17 .57 17 .78 18.17 17 .50 19.08 18 .02

M e a n  F 17 .05 17 . 10 17 . 39 16.83 18.260

M e a n  of c o n t r o 1 9.017

CD  tr (vs) ct 2 . 9 8 7

CDc 1.287

T a b l e  18a. Soil m o i s t u r e  % at 3 0 - 6 0 cm (Feb .1992)
■

f 0 1 2 3 4 M e a n  C

Cl 15.30 15.42 15.98 15. 22 16.63 15 . 7 1 0

C2 16 . 48 16.73 17 .73 16.47 18 . 93 17 . 270

M e a n  F 15.89 16.075 16.858 15.842 17 .783

C D  tr (vs) ct 2 .747 

CDc 1.460



F 0 1 2 3 4 M e a n  C

Cl 13.177 14 . 10 15 . 33 13.85 15.60 14 . 4 1 0

C2 14 . 55 14 .45 16 . 80 15.13 18.05 15.797

M e a n  F 13.858 14 . 28 16.07 14 . 49 16.83

M e a n of control 7 . 2 6 6

CD  tr (vs) ct 2.431

CDc 1 . 287

CDf 2 . 217

T a b l e 1 8 c . Soil m o i s t u r e  % at  30- 6 0  c m  (April 199^)

F 0 1 2 3 4 M e a n  C

Cl 12.45 13.25 14 . 46 13.37 15.28 13.76

C2 13. 18 1 3.70 15.43 14.25 17 .43 14.80

M e a n  F 12.817 13.47 14 .95 13.81 16.36

M e a n of control 6.2

C D  tr (vs> ct 2 . 1 7 7  

CDc 1.017 

CDf 2 . 0 7 6



c o v e r  c r o p p e d  p l o L s  w e r e  m o r e  t,han t h e  a b s o l u t e  c o n t r o l .  

F e r t i l i z e r  a p p l i c a t i o n  al s o  i n c r e a s e d  the m o i s t u r e  c o n t e n t  

and the c o m b i n e d  e f f e c t  of b o t h  is m o r e  p r o n o u n c e d  a n d  

s i g n i f i c a n t .  As the p e r i o d  of o b s e r v a t i o n  is a d v a n c e d ,  the 

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

A m o n g  the c o v e r  crops, C' 2 is s i g n i f i c a n t l y  s u p e r i o r  than Cj . 

F r o m  M a r c h  92 o n w a r d s ,  f e r t i l i z e r  t r e a t m e n t s  w e r e  a l s o  

s h o w i n g  d e f i n i t e  a d v a n t a g e .  H i g h e r  d o s e  of f e r t i l i z e r  

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

by Fg w h i c h  is s i g n i f i c a n t l y  s u p e r i o r  to F q . D u r i n g  April 92 

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

s u p e r i o r  to F q  and Fj.

D u r i n g  the first year for the b o t t o m  soil (3 0 - 6 0  cm 

depth), the soil m o i s t u r e  in the c o v e r  c r o p p e d  p l o t s  we r e  

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

P u e r e r i a  is s u p e r i o r  t h a n  M u c u n a . F e r t i l i z e r  l e v e l s  a l s o  

im p r o v e d  the soil m o i s t u r e  at latter months. F 2 level is 

f o und s u f f i c i e n t  as the levels Fg a n d  F^ are on par w i t h  e a c h  

o t h e r .

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

m o i s t u r e  c o n t e n t  in the top soil d i d  not show a n y  s i g n i f i c a n t  

d i f f e r e n c e  b e t w e e n  the cover crops.



T h e  f e r t i l i z e r  levels e x h i b i t e d  same trend as the 

first y e a r  of o b s e r v a t i o n  w h e r e  in the ef f e c t  was n o t i c e d  

from M a r c h  to April (Peak s u m m e r  m o n t h s ) .  D u r i n g  M a r c h  and 

April, ? 2  is s u p e r i o r  t h a n  F g , Fj and F q .

D u r i n g  the s e c o n d  year of o b s e r v a t i o n ,  in the lower 

d e p t h  of s o i l ,  t h e  c o v e r  c r o p p e d  p l o t s  r e c o r d e d  m o r e  

m o i s t u r e  tl)an the a b s o l u t e  control. A m o n g  the c o v e r  crops, 

P u e r a r  ia is s u p e r i o r  t h a n  M u c u n a . T h e  f e r t i l i z e r  l e v e l s  

r e s p o n d e d  as in the c a s e  of I year. (Fig. 14).

T h e  c o v e r  c r o p p e d  t r e a t m e n t s  r e g i s t . e r e d  h i g h e s t  

soil m o i s t u r e  p e r  cent th a n  the a b s o l u t e  c o ntrol. T h e  c o v e r  

c r o p  c o v e r e d  over the soil s u r f a c e  like a thick mat a n d  

m i g h t  h a v e  i n t e r c e p t e d  t h e  p r e c i p i t a t i o n  to t h e  m a x i m u m  

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

e v a p o r a t i o n  a n d  t h e r e  b y  i m p r o v e d  t h e  w a t e r  r e t e n t i o n  

c a p a c i t y  of t h e  soil ( T a b l e s  2 1 - 2 4 ) .  T h i s  m i g h t  b e  t h e  

r e a s o n  for the h i g h e s t  soil m o i s t u r e  c o n t e n t  in the c o ver 

c r o p p e d  plots. In c o n t r a s t ,  the a b s o l u t e  c o n t r o l  plots w e r e  

i n f e s t e d  w i t h  w e e d s  c o m p l e t i n g  there life c y c l e  in short span 

and the p r o c e s s  w a s  c o n t i n u o u s  a n d  this r e s u l t e d  least soil



F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

16.25 16.20 

17.53 17.-73 

16.892 16.967

16.82 

18. 10 

17 .46

16.15

17.42

1 6.783

16.92 

18. 95 

17 .93

16.47

17.95

CD tr (vs) ct 2 . 4 8 9

M e a n  of controI 7 . 5 0 0

T a b l e  19a. Soil m o i s t u r e  % at 0 - 3 0 ( F e d . 1993)

F 0 1 2 3 4 M e a n  C

Cl

02

M e a n  F

15,98 15.38 

16.27 16.62 

16.125 16.000

16.72

17.95

17.333

15.47 

16.75 

16.108

16. 50 

18.68 

17,592

1 6.010

17.253

C D  tr (vs) ct 2.687

M e a n  of control 8 . 067



T a b l e  19b. Soil m o i s t u r e  % at 0 - 3 0 ( M a r c h 1993)

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

13.23 

14 . 17 

1 3 . 7 0 0

14.227

14.47

14.342

15. 38 

18 . 78 

16.083

1 4.45 

15.43 

14.942

15.93 

17.72 

16.825

14.643

15.713

C D  tr Cvs) 

CDf 2.061

ct 2 .162
•

M e a n  of control 6 .383

T a b l e  I9c. S o i 1 m o i s t u r e  % at 0 - 3 0 (Apr iI 1993)

f 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

12 . 30 

13.13 

12.717

13.117 

13.817 

13 . 4 7 0

15.35

16.57

15.958

12.97 

14. 28 

13 . 6 2 5

16 .03

17 . 25 

16.64

13.953 

15.010

C D  tr (vs) ct 1.857 

C D  tr 2 . 5 0 5  

CDf 1.771



f 0 1 2 3 4 Me a n  C

Cl 17.89 

C2 17.50 

M e a n  F 17.695

18.48 

17 .40 

17 . 940

18.59 

17 .50 

1 8.045

18.79 

17 . 10 

17.945

19.75 

18.25 

19.000

18.70 

17 . 55

C D  t r  (vs) C t r l  2 

C D c  1.657

. 945

M e a n of control 8 .725

T a b l e  20a. Soil m o i s t u r e  % at 3 0 - 60 (Feb. 1993) .

f  0 1 2 3 4 Me a n  C

Cl 17.23 

C2 15.48 

M e a n  F 16.358

15 . 60 

15. 42 

15.508

18 . 73 

15.93 

17.333

17.45

15.40

16.425

19.77 

16.68 

18.225

17.757 

15.783

C D t r  (vs) ct 2. 

CD c  1.792

972

M e a n of control 8.216
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r- 0 1 2 3 4 M e a n  C

Cl 14.67 14.80 

C2 13.63 14.65 

M e a n  F 14.150 14.725

17 .42 

15.70 

16.558

15 . 60 

14.85 

1 5.225

18.03 

15.65 

16.842

16 . 103 

1 4.897

CD tr (vs) ct 2.027 

CDc 1.905 

CDf 1.933

M e a n  of control 6 . 783

T a b l e  20c. Soil m o i s t u r e  % at 3 0 - 6 0 (Apr i 1 1993)

p 0 1 2 3 4 M e a n  C

Cl 13.82 14.08 

C2 12.72 13.77 

M e a n  F 13.267 13.925

16.43

14.72

15.575

14 . 50 

13.63 

14.067

16.88

15.88

16.383

15.143

14 . 1 4 3

CD tr (vs) ct 2 . 216 

CDc 1.945

CDf 2 . 1 1 2
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moisture. T h e s e  f i n d i n g s  a r e  in line w i t h  the w o r k  of S o o n g  

^  aj.. ( 1976) .

D u r i n g  the first a n d  s e c o n d  y e a r  of o b s e r v a t i o n  the 

top soil m o i s t u r e  in the M u o u n a  c o v e r  c r o p p e d  p l o t s  w e r e  

higher be c a u s e ,  the t hick mat of m u l c h i n g  b y  the c o v e r  a l o n e  

is there in this zone. A c t i v e  r h i z o p h e r e  of M u c u n a  is b e l o w  

45 cm d e p t h  w h e r e  as the P u e r a r  ia roots a r e  a c t i v e  at top 45 

cm layer h e n c e  t h e r e  was least m o i s t u r e  c o ntent. (Fig. 15).

In c o n t r a s t  the lower d e p t h  soil m o i s t u r e  c o n t e n t  

of P u e r a r  ia is h i g h e r  t h a n  Mucuna. . ( F i g .  14). It is 

b e c a u s e  of the a c t i v e  r h i z o p h e r e  of P u e r a r  ia at 45 cm of top 

soil layer. H e n c e  the soil m o i s t u r e  b e l o w  45 cm is h i g h e r  in 

Puerar ia w h e r e  a s  i n  t h e  c a s e  of M u c u n a . i t s  a c t i v e  

r h i z o p h e r e  is b e l o w  4 5  cm d e p t h  a n d  r e c o r d e d  l e a s t  s o i l  

m o i s t u r e  at d e e p e r  depth. T h e s e  f i n d i n g s  a r e  in c o n f i r m a t i v e  

w i t h  the w o r k  of K o t h a n d a r a m a n  et a l . (1990).

4.1.6. Soil p h y s i c a l  c h a r a c t e r s

T h e  e f f e c t  of cover c r ops a n d  their n u t r i t i o n  o n  

m o i s t u r e  r e t e n t i o n ,  t o t a l  p o r o s i t y ,  b u l k  d e n s i t y  a n d



a g g r e g a t i o n  p e r o e n L a g e  at two d e p t h s  viz., 0 - 3 0  a n d  3 0 - 6 0  cm 

are p r e s e n t e d  a n d  d i s c u s s e d  below.

4 . 1 . 6 . 1 .  Soil m o i s t u r e  r e t e n t i o n  c a p a c i t y

T h e  m o i s t u r e  r e t e n t i v e  c a p a c i t y  w a s  w o r k e d  out at 

the b e g  ruing and end of the e x p e r i m e n t  at - 0 . 0 3 3  M P a  a n d  at - 

1.5 M p a  p r e s s u r e  at two d e p t h s  viz., 0 - 3 0  and 3 0 - 6 0  cm and 

are p r e s e n t e d  in T a b l e s  21-24. At - 0 . 0 3 3  Mpa, g r o w i n g  of 

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

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

d e p t h s .  A m o n g  t h e  c o v e r  c r o p s ,  M u c u n a  g r o w n  p l o t s  h a v e  

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

P u e r a r  i a g r o w n  p l o t s  in the 0 - 3 0  cm Soil depth. W h e r e a s  w h e n  

the d e p t h  w a s  i n c reased, there was no  s i g n i f i c a n t  d i f f e r e n c e  

in soil m o i s t u r e  r e t e n t i o n .  T h e  l e v e l s  o f  f e r t i l i z e r s  

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

r e t e n t i o n  at b o t h  d e p ths. A m o n g  the levels h a s  r e c o r d e d  

the h i g h e s t  m o i s t u r e  r e t e n t i o n  f o l l o w e d  b y  F g , F^, Fj a n d  F q .

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

m a t e r i a l s  d e p o s i t e d  o n  the s u r f a c e  o f  soil a n d  f o r m  a thick 

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



0 1 M e a n  C

Cl 2 4 . 8 3  2 5 . 1 0  2 6 . 2 5  2 5 .75 2 6 . 4 3  2 5 . 6 7 3

C2 2 5 . 0 5  2 5.15 2 6 . 8 8  2 5 .55 2 6 . 8 6  2 5 . 8 9 9

M e a n  F 2 4 . 9 4 2  2 5 . 1 2 5  2 6 . 5 6 7  2 5 . 6 5 0  26 . 4 4 7

M e a n  of control 2 4 . 8 3 3

C D  t 0 . 1 3 1 4

C D  cf 0.131

CD c 0 . 0 5 9

C D  f 0 . 0 9 3

C D  tr vs ct 0 . 0 9 8

T a b l e  22. M o i s t u r e  r e t e n t i o n  at C 3 0 - 6 0  cm) - 0 . 0 3 3  M P a

0 1 M e a n  C

Cl 2 8 . 9 0  2 9 . 1 3  3 0 . 0 7  2 9.67 3 0 . 1 5  2 9 . 5 8 3

C2 2 8 . 2 3  2 9 . 0 8  3 0 . 6 0  29.07 30.81 2 9 . 5 5 3

M e a n  F 2 8 . 5 6 7  2 9 . 1 0 7  3 0 . 3 3 3  2 9 . 3 6 7  30. 4 8 2

CD t 0 . 3 7 4  

C D  c 0 . 1 6 7  

C D  f 0 . 2 6 5  

CD cf 0 . 3 7 4



T a b l e  23. M o i s t u r e  r e t e n t i o n  at ( 0-30 c») - 1 . 5  M P a

0 1 2 M e a n  C

Cl 17.93 17.85 19.45 18.13 1 9 . 4 0  18.553

C2 18.48 18.97 19.67 1 9.00 19.95 19.213

M e a n  F 18.208 18 . 4 0 8  19.558 18.567 19.675

M e a n  of c o n t r o l  17.75

CD  t 0 . 3 8 2

C D  c 0.171

CD  f 0.271

C D  cf 0 . 3 8 2 7

C D  tr (vs) ct 0 . 2 8 4

T a b l e  24. M o i s t u r e  r e t e n t i o n  a t  ( 3 0 - 6 0  cn) - 1 . 5  M P a

0 1 M e a n  C

Cl 2 2 . 0 5  2 2 . 7 5  2 3 . 3 5  2 2 . 8 8  2 3 . 6 5  22 . 9 3 7

C2 2 2 . 4 8  2 2 . 8 0  2 3 . 7 5  2 2 . 9 5  2 3 .87 2 3 . 1 7 0

M e a n  F 2 2 . 2 6 7  2 2 . 7 7 5  2 3 . 5 5 0  2 2 . 9 1 7  2 3 . 7 5 8

C D  t 0 . 2 0 6  

C D  c 0 . 0 9 2 2  

C D  f 0 . 1 4 6  

C D  cf 0 . 2 0



i m p r o v e d  the i n f i l t r a t i o n  of r a i n  w a t e r  i n t o  t h e  s o i l .  

O r g a n i c  m a t t e r  a d d i t i o n  in the c o v e r  c r o p p e d  p l o t s  w e r e  v e r y  

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

a d d e d  got d e c o m p o s e d  and i n c r e a s e d  the total p o r o c i t y  (Table 

25). I n c r e a s e d  b i o m a s s  of c o v e r  c r o p s  as  e v i d e n c e d  f r o m  

T a b l e  31, and i n c r e a s e d  soil m i c r o b i a l  p o p u l a t i o n  (Table 35) 

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

T h e s e  m i g h t  be  the r e a s o n s  for t h e  h i g h e s t  s o i l  m o i s t u r e  

r e t e n t i o n  at b o t h  d e p t h s  u n der b o t h  p r e s s u r e s  in M u c u n a  g r o w n

plots. T h e s e  f i n d i n g s  are in line w i t h  the w o r k  of S o o n g

(1971), S o o n g  ^  ^  (1976) and K r i s h n a k u m a r  ^  ^  (1990).

R e g a r d i n g  the l e v e l s  of f e r t i l i z e r s ,  t h e  h i g h e r  

d o s e  h a s  p r o d u c e d  i n c r e a s e d  q u a n t u m  of o r g a n i c  c a r b o n  b y  

i n c r e a s e d  q u a n t i t y  o f  b i o m a s s .  H e n c e  h i g h e r  m o i s t u r e  

r e t e n t i o n  at h i g h e r  f e r t i l i z e r  level.

4 .1 . 6 . 2 .  T o t a l  p o r o s i t y

T h e  soil was a n a l y s e d  for its total p o r o s i t y  at the 

b e g i n n i n g  a n d  end of the e x p e r i m e n t  at two d e p t h s  viz., 0 - 3 0

a nd 3 0 - 6 0  cm a n d  a r e  p r e s e n t e d  in T a b l e s  25 and 26. T h e

total p o r o s i t y  of the soil at 0 - 3 0  cm d e p t h  was s i g n i f i c a n t l y



F 0 1 2 3 M e a n  C

Cl

C2

M e a n  F

4 5 . 0 8  

16. 13 

4 5 . 6 0 8

4 6 . 8 3  4 8 . 5 0  

4 7 . 1 8  4 8 . 7 8  

4 7 . 0 0 8  4 8 . 6 4 2

4 7 . 9 3  

47 . 95 

4 7 . 9 4 2

4 9 . 0 0  

49. 10

C D  tr (vs) c-t 0.

M e a n

162

of control

1

44 .83

T a b l e  26. T o t a l  p o r o s i t y  %  ( 3 0 - 6 0  cm)

f 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

4 7 . 7 0  

48. 15 

4 7 . 9 2 5

4 9 . 1 0  4 7 . 1 2  4 9 . 8 0  5 0 . 8 0  

4 9 . 1 2  5 0 . 8 8  3 9 . 8 0  5 1 , 2 3  

4 9 . 1 0 8  4 9 . 0 0 2  4 4 . 8 0 0  5 1 . 0 1 7

48 . 9 0 4

4 7 . 8 3 7

M e a n  of control 4 7 . 8 5

C D  t NS  

C D  c N S  

C D  f NS



h i g h e r  in the c over c r o p p e d  t r e a t m e n t  p l ots t h a n  the a b s o l u t e  

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

b e t w e e n  the c o v e r  c r o p s  as w e l l  as  b e t w e e n  t h e  l e v e l s  of 

f e r t i l i z e r s .  A l s o  t h ere is no s i g n i f i c a n t  d i f f e r e n c e  o b s e r v e d  

at lower d e p t h  of soil.

I n  the c o v e r  c r o p p e d  t r e a t m e n t  p l o t s  t h e  d e a d  

litter m a t e r i a l s  of c o ver c r o p  d e p o s i t e d  on  the s u r f a c e  of 

soil a n d  g o t  d e c o m p o s e d .  T h i s  d e c o m p o s e d  o r g a n i c  m a t t e r  

might h a v e  i m p r o v e d  the o r g a n i c  c a r b o n  c o n t e n t  a n d  t h ere by 

the p o r e  s p a c e s  w e r e  improved. T h e  s t u d i e s  m a d e  e l s e w h e r e  

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

m a t t e r  r e t u r n e d  to the soil and a l s o  the v i g o u r  of the root 

system. T h e  r a m i f i c a t i o n s  m a d e  b y  the c o v e r  c r o p  r o o t s  and 

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

c o n t r i b u t e d  t o  t h e  i n c r e a s e d  t o t a l  p o r e  .space. T h e s e  

f i n d i n g s  are in c o r r o b o r a t i v e  w i t h  the w o r k s  of H a r r i s  ^  a l . 

(1966), S o o n g  ^  ^  (1976) and K r i s h n a k u m a r  (1989).

4 . 1 . 6 . 3 .  B u l k  d e n s i t y

i

Th e  b u l k  d e n s i t y  of the soil from the e x p e r i m e n t a l  

ar e a  was a n a l y s e d  and is p r e s e n t e d  in the T a b l e s  27 a n d  28. 

T h e  b u l k  d e n s i t y  of t h e  s o i l  d i d  n o t  s h o w  e i t h e r  a n y



F 0 1 2  3 4 5 M e a n  C

Cl

C2

M e a n  ^

1 . 25 

1 .24 

1 . 247

1.26 1.23 1.23 1.23 

1.23 1.25 1.24 1.24 

1.247 1 .243 1 . 237 1.237

1 .23 

1 .29 

1 . 263

1 .242 

1 .253

C D  tr (vs) ot

M e a n  of

0 . 0 0 7

control 1.236

T a b l e  28. B u l k  D e n s i t y  ( 3 0 - 6 0  cm)

F 0 1 2 3 4 M e a n  C

Cl

C2

M e a n  F

1 . 37

1 .22 

1 .292

1.197 1.18 1.20 

1.22 1.20 1.19 

1.208 1.19 1.95

1 . 19 

1 . 18 

1 . 187

1 .227 

1 .202

M e a n  of control 1.217

CDt NS

CD c  NS

CDf NS

CDcf NS

Cd Ct N S

C D  t r t v s ) c t  NS



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  the c o v e r  c r o p s  or a n y  a m o n g  the 

levels of f e r t i l i z e r s  a p p l i e d  to the c o ver crops.

In normal c a s e  the effect of c o v e r  c r o p s  on the 

b u l k  d e n s i t y  of the soil c o u l d  be o c c u r r e d  at a long s p a n  of 

time. T h i s  f i n d i n g  is in r e l a t i o n  w i t h  the w o r k  of S o o n g  

^  (1976) .

4. 1.6.4. A g g r e g a t i o n  p e r c e n t a g e

T h e  r e s u l t s  of a g g r e g a t i o n  a n a l y s i s  d o n e  a t  t h e  

b e g i n n i n g  a r d  e n d  of t h e  e x p e r i m e n t  is p r e s e n t e d  in t h e  

T a b l e s  29 a n d  30. T h e  a g g r e g a t i o n  p e r c e n t a g e  was f o und to be 

h i g h e r  in the topsoil (0-30 cm d e p t h )  than the b o t t o m  soil 

(3 0 - 6 0  cm dept h ) .  T h e  c o v e r  c r o p p e d  t r e a t m e n t  p l o t s  r e c o r d e d  

s i g n i f i c a n t l y  h i g h e r  a g g r e g a t i o n  p e r c e n t a g e  ov e r  the control 

p l o t s  at b o t h  depths. A m o n g  t h e  c o v e r  c r o p s  t h e r e  is n o  

s i g n i f i c a n t  d i f f e r e n c e  o b s e r v e d .  R e g a r d i n g  t h e  l e v e l s  of 

f e r t i l i z e r s  a p p l i e d  to c o ver c r ops and F 2  w e r e  o n  par and 

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

1 eve 1s .

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

m a t e r i a l s  a d d e d  h a v e  im p r o v e d  the o r g a n i c  c a r b o n  content, and



f  0 1 2 3 4 M e a n  C

Cl 8 7 . 2 3  8 6.77 

C2 8 7 . 3 7  8 7 . 4 0  

M e a n  F 8 7 . 3 0 0  8 7 . 0 8 3

89. 50 

89. 37 

8 9 . 4 3

8 8 . 5 0  

88 .47 

8 8 . 4 8 3

88 .60 

89 . 63 

89.1 17

8 8 . 1 2 0  

8 8 . 4 4 7

C D ^ f  0 . 5 5 5  

C D c  0 . 3 4 8  

CDf 0 . 3 9 3  

C D  tr (vs) ct 0 . 4 1 2

M e a n  of control 8 7 . 1 3 3

T a b l e  30. A g g r e g a t i o n  % (30--60cm)

F  0 1 2 3 4 M e a n  C

Cl 8 0 . 7 3  8 0 . 5 3  

C2 8 0 . 8 7  8 0 . 7 7  

M e a n  F 8 0 . 8 0 0  8 0 . 6 5 0

8 2 . 6 0  

81 .06 

8 1 . 8 3 3

81 . 56 

81 . 60 

8 1 . 5 8 3

8 2 . 6 3  

8 0 . 7 0  

8 1 . 6 6 7

8 1 . 6 1 3  

8 1 . 0 0 0

C D  cf 0 . 4 4 4  

CD c  0 . 7 9 9  

CDf 0 . 3 1 4  

C D  tr (vs) *t 0 . 3 2 9

M e a n  of c o n t r o 1 8 0 . 0 6 7



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

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

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

a g g r e g a t i o n  p e r c e n t a g e .  S a m e  l i n e  of o b s e r v a t i o n s  w e r e

r e p o r t e d  b y  H a r r i s  ^  ( 1966), S o o n g  (1971), S o o n g  ^  aj_

(1976).

4.1.7. C o v e r c r o p  B i o m a s s  p r o d u c t i o n  k g  h a  ^

B i o m a s s  of c o v e r  cropj p r o d u c e d  from O c t o b e r  91 to 

O c t o b e r  93 w e r e  r e c o r d e d  at six m o n t h l y  interval a n a l y s e d  and 

d i s c u s s e d  below.

D u r i n g  the e a r l y  s t a g e ,  O c t o b e r  1991 P u e r a r  i a 

r e c o r d e d  s i g n i f i c a n t l y  h i g h e s t  b i o m a s s .  F r o m  A p r i l  1 9 9 2  

o n w a r d s  M u c u r a  is o v e r t a k i n g  P t i e r a r i a . M u c u  n a  p r o d u c e d  

a l m o s t  d o u b l e  the q u a n t i t y  of b i o m a s s  at latter stage. A m o n g  

the levels of f e r t i l i z e r s  F2 is f o und s u p e r i o r  in e a r l i e r  

s t a g e  a s  t h e  g r o w t h  is l i m i t e d ,  a d d i t i o n  of 10 k g N  h a s  

i n c r e a s e d  the n o d u l e s  count w i t h  that the biomass. At this 

st age F2 is s u f f i c i e n t  and c o v e r  c r o p s  has no c a p a c f t y  to 

u t i l i z e  60 kg P and K. As the time passes, mo r e  u p t a k e  of P 

and K is n o t i c e d  and fr o m  first y e a r  o n w a r d s  is s u p e r i o r

and is f o l l o w e d  by F2.



F O  FI F2 F3 F4 M e a n  C

Cl 3 5 2 . 6 7 3 7 8 . 3 3 4 7 8 . 3 3 4 3 5 . 0 0 4 8 3 . 3 3 4 2 5 . 5 3

^2
3 2 5 . 0 0 3 8 0 . 0 0 4 5 1 . 6 7 3 8 1 . 6 7 4 2 3 . 3 3 3 9 2 . 3 3

M e a n F 3 3 8 . 8 3 3 3 7 9 . 1 6 7 4 6 5 . 0 0 0 4 0 8 . 3 3 0 4 5 3 . 3 3
_________________

CD  t 
CD  c 
C D  f

4 4 . 2 7 3  
1 9 . 7 9 9  
3 1 . 3 0 6

T a b l e  31a. April 1992

FO FI F2 F3 F4 M e a n  C

Cl 4 2 3 . 3 3 4 6 5 . 0 0 58 1 . 6 7 5 0 0 . 0 0 64 6 . 6 7 5 2 3 . 3 3

^ 2 8 1 8 . 3 3 8 4 1 . 6 7 1 0 9 0.00 9 2 8 . 9 9 1 1 4 3 . 3 3 9 6 4 . 3 3

M e a n F 6 2 0 . 8 3 3 6 5 3 . 3 3 3 8 3 5 . 8 3 3 7 1 4 . 1 6 7 8 9 5 . 0 0

C D  o 
C D  f 
C D  t

3 4 . 4 9 2  
5 4 . 5 3 7  
7 7 . 1 2 7

T a b l e  31b. O c t o b e r  92

FO FI F2 F3 F4 M e a n  C

Cl 9 6 2 . 6 6 7 9 8 8 . 3 3 1 0 8 8.33 1 0 8 0 . 0 0 1 1 5 5 . 0 0 1 0 5 4 . 8 6 7

^ 2 1 5 4 3 . 3 3 1 6 5 1 . 6 7 2 1 8 3 . 3 3 1 6 8 0 . 0 0 2 3 3 6 . 6 6 1879 . 0 0

M e a n F 1 2 5 3 . 0 0 1 3 7 0 . 0 0 7 1635.83 1 3 8 0 . 0 0 1745.83

C D  c 
C D  f

3 9 . 9 7 7  CD  
6 3 . 2 0 9  C D

cf 8 9 . 3 9  
t 8 9 . 3 9



FO FI F2 F3

April 1993 

F4 M e a n  C

<̂ 1
1 3 6 5 . 0 0 1421.67 1601.57 1498 . 3 3 1610.00 1499.33

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

Mean F 1727.5 1798.33 2 1 1 5 . 0 0 1 886.87 2 2 3 5 . 8 3

CD c 
C D  t

57 .37 5 CD 
114.877

f 81.231 C D  cf 114.877

T a b l e  3 Id. O c t o b e r  1993

FO FI F2 F3 F4 M e a n  C

2 6 2 5 . 0 2 6 6 3 . 3 3 3 0 6 8 . 3 3 2 6 7 0 . 0 0 3 2 4 5 . 0 0 2 8 5 4 . 3 3 3

30 6 5  . 0 3 2 6 5 . 0 0 3 8 6 8 . 3 3 3 7 6 8 . 3 3 4 6 7 6 . 6 7 3 7 2 8 . 6 6 7

M e a n F 2 8 4 5 . 0 29 6 4 . 1 7 3 4 6 8 . 3 3 3 2 1 9 . 1 6 7 3 9 6 0 . 8 3

CD c 65.141 CDf 98.751 CDcf 127.41 CD t 127.41



D u r i n g  the e a r l y  s t a g e  P u M r a r  ia g r o w n  faster and 

M u c u n a  is a s l o w  grower. " A s  ti m e  p a s s e d  M u c u n a  p i c k e d  tfp the 

g r o w t h  a n d  o v e r t o o k  the other.

T h i s  f i n d i n g  is in l i n e  w i t h  t h e  w o r k  of 

Kothandararaan gjt aj_. (1990). R e g a r d i n g  the levels of N, P 

and K at the e a r l y  s t a g e ^ F 2  level is s u f f i c i e n t  and same type 

of r e p o r t i n g  w a s  d o n e  b y  P u s h p a r a j a h  ( 1 9 7 7 ) .  D u r i n g  t h e  

latter s t a g e s  of g r o w t h  the level F4 is r e q u i r e d  b e c a u s e  of 

i n c r e a s e d  b i o m a s s  a d d i t i o n  a n d  i t s  i n c r e a s e d  P a n d  K 

r e q u i r e m e n t  is met b y  the F4 level.

4. 1.7.1. E f f e c t  of n u t r i t i o n  o n  the u p t a k e  of n u t r i e n t s  by 

c o v e r  c r o p s  K g  ha"^

T h e  u p t a k e  of N, P, K, Ca a n d  Mg  in the d i f f e r e n t  years 

of o b s e r v a t i o n s  a r e  p r e s e n t e d  in T a b l e  3 l e - 3 1 i .  In t h e  

f i r s t  y e a r  of o b s e r v a t i o n  t h e r e  w a s  n o  s i g n i f i c a n t  

d i f f e r e n c e s  o b s e r v e d  b e t w e e n  the c o v e r c r o p s  and a m o n g  the 

levels^ F 2 a n d  F^ w e r e  on par w i t h  e a c h  other. D u r i n g  the 

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

s i g n i f i c a n t l y  h i g h e r  u p t a k e  of N. A m o n g  the level s ^ F g  and F^ 

w e r e  o n  par. T h i s  s h o w e d  the s u f f i c i e n c y  of t h e  l e vel 

1 0 : 3 0 : 3 0  for b o t h  c o v e r c r o p s .



O c t o b e r  1991

FO FI F2 F3 F4 M e a n  C

8.22 9 . 22 1 i . 89 10.56 12.03 10.35

7 . 75 9 . 52 1 1 . 55 9 . 49 10.87 9.81

M e a n F 7 . 985 9 . 37 11.72 10.03 11 .45

C D  f 2 . 565

O c t o b e r 1992

FO FI F2 F3 F4 M e a n  C

Cl 23. 23 24 . 70 27 . 20 27 .08 29 . 79 26 . 40

<̂ 2 38 . 68 4 3 . 0 5 58 .07 43.34 62.61 4 9 . 3 5

M e a n F 3 0 . 9 5 5 3 8 . 8 7 5 4 2 . 6 3 5 3 5 . 2 1 0 4 6 . 2 0 0

C D  c 
C D  f

7 .425 
10.265

O c t o b e r 1993

FO FI F2 F3 F4 M e a n  C

Cl 64 . 49 6 8 . 4 4 80 . 90 68 . 97 83 . 57 7 3 . 6 7 4

^ 2 78 . 37 8 6 .75 103.28 99.59 125.79 9 9 . 1 5 6

M e a n F 71 .43 7 3 . 5 9 5 92 .09 84 . 28 104.68



O c t o b e r  1991

FO FI F2 F3 F4 M e a n  C

Cl
0. 5 3 0.41 0. 84 0 . 6 6 0. 80 0 . 688

^2
0.54 0 . 6 3 0. 87 0 . 67 0 . 84 0 . 7 0 2

Mean F .0.535 0 . 620 0 . 8 5 5 0 . 6 6 5 0 . 8 1 5

CD c 
CD f

0 . 0 6 5
0 . 2 1 0

Oc tober 1992

FO FI F2 F3 F4 M e a n  C

3 . 25 3 . 9 0 4 . 98 4.01 6.02 4 .432

3 . 42 4 .05 5.49 4 .55 7.01 4 . 104

M e a n F 3 . 3 3 5 3 . 9 7 5 5. 235 4 .28 6 . 5 1 5

CD c 
C D  f

0. 4 0 0  
1 .502

O c t o b e r 1993

FO FI F2 F3 F4 M e a n  C

5. 15 5.98 8 .65 7.01 9. 10 7 . 178

^ 2 5.45 6 .40 9.31 7 .45 10.55 7 . 8 0 2

M e a n F 5 . 30 6 . 1 9 8.98 7 . 23 9 . 8 2 5



O c t o b e r 1991

FO FI F2 F3 F4 M e a n  C

Cl 6 . 92 8 .05 9 . 75 9.05 9.65 8 . 6 8 4

^2
7.19 8. 1 5 10.80 9.50 10 . 65 9 . 258

M e a n F 5 . 6 3 4 8 . 1 0 10.275 9.275 10. 15

CD c 
CD  f

NS
3 . 450

O c t o b e r 1992

FO FI F2 F3 F4 M e a n  C

30 . 92 36.51 46 . 59 38.45 54 . 65 41 .30

^2 34 .45 3 8 . 0 5 52 .45 42.45 60. 65 45 . 63

M e a n F 32.4 35 37 .33 4 9 . 4 7 5 4 0 .45 51 . 65

C D  c 
C D  f

2.751
6 . 4 5 0

O c t o b e r 1993

FO FI F2 F3 F4 M e a n  C

ĉ i 39. 15 42 . 5 5 9 . 4 5 4 6 .55 70. 3 51 .58

C^2 52.45 4 6 . 5 85.40 65. 90 95.4 69 . 13

M e a n F 4 5 . 8 0 44 . 5 7 2 . 1 2 5 56 . 2 82 . 85



O c t o b e r  1991

FO FI F2 F3 F4 M e a n  C

Cl 2 .05 2.15 3 . 05 2 . 60 3. 1 5 2.60

2 . 25 2 . 35 3 . 23 2.71 3 . 25 2.66

M e a n F 2. 1 5 2.25 3. 14 2.41 3. 20

C D  c 
CD  f

N S
NS

O c t o b e r 1992

FO FI F2 F3 F4 M e a n  C

7 . 4 5 9.45 13 . 25 11.25 19.45 12. 17

^2 1 1 . 85 12 . 55 19.45 16 . 25 2 3 . 4 0 16 . 69

M e a n F 9. 65 10.98 16.35 1 3.75 21 .43

C D  c 
C D  f

1 . 245 
3 . 4 3 0

O c t o b e r 1993

FO FI F2 F3 F4 M e a n  C

14 . 30 15. 40 24 . 15 2 0 . 4 2 26 . 5 20.154

*^2 17 . 20 19.15 30 .45 24.5 3 3 . 4 0 24 .94

M e a n F 15.75 17 . 28 27 . 3 2 2 . 4 6 2 9 . 9 5



O c t o b e r  1991

FO FI F2 F3 F4 M e a n  C

0. 48 0 . 6 5 0 . 90 0.65 1 .05 0. 7 5

0. 6 2 0 . 85 1 . 05 0 . 9 0 1 . 25 0 . 9 5

Mean F 0. 5 5 0. 75 0. 9 8 0.81 1.15

CD o 
CD f

NS
NS

O c t o b e r 1992

FO FI F2 F3 F4 M e a n  C

3 . 0 5 3 . 45 5.15 4.75 6.45 4 . 57

3 . 50 4 . 32 6.45 5 . 25 8.01 5 .51

Mean F 3.28 3 . 89 5.80 5.00 7.23

CD c 
CD f

0.451 
1 . 245

O c t o b e r 1993

FO FI F2 F3 F4 M e a n  C

4 . 15 5 . 20 7 . 45 7 .05 9.42 6 . 6 5

5. 25 6 . 35 7 . 75 8 . 15 12. 25 8 . 35

M e a n F 4 . 7 0 5.78 8.80 7.60 10 . 84



R e a s o n s  for the i n c r e a s e d  u p t a k e  of n u t r i e n t s  by 

c o v e r c r o p s  as the g r o w t h  p r o g r e s s e d  w e r e  m a i n l y  d u e  to the 

i n c r e a s e d  b i o m a s s  p r o d u c t  i o n ( T a b  1e 31-31d) . W h e n  10 kg e x t r a  

d o s e  of N  w a s  not g i v e n  to c o v e r c r o p s ,  it m i g h t  h a v e  i m p r o v e d  

the e a r l y  e s t a b l i s h m e n t  and b e t t e r  v e g e t a t i v e  growth. For 

s u p p o r t i n g  t h e s e  growth, i n c r e a s e d  P, K, Ca a n d  M g  u p t a k e  

w e r e  o b s e r v e d .  T h i s  f i n d i n g s  in c o n f i r m a t i o n  w i t h  the w o r k  

of P u s h p a r a j a h  (1977).

4.1.8. R o o t  s t u d i e s  of c o v e r  c r o p s

T h e  c o v e r  c r o p  root a n a l y s i s  for the m e a s u r e m e n t s

like v e r t i c a l  root p e n e t r a t i o n , s h o o t  w e i g h t  a n d  root w e i ght,

w e r e  w o r k e d  out, p r e s e n t e d  a n d  d i s c u s s e d  in this chapter.

T h e  v e r t i c a l  root p e n e t r a t i o n  m e a s u r e m e n t s  t a k e n

f r o m  3 r d  m o n t h  to 3 0 t h  M o n t h  after s o w i n g  w e r e  p r e s e n t e d  in 

T a b l e s  32-32e. D u r i n g  the 3rd m o n t h  o b s e r v a t i o n  the c o v e r  

c r o p  Cl f o u n d  s i g n i f i c a n t l y  s u p e r i o r  o v e r  the c o v e r  c r o p  C g .

A m o n g  the le v e l s  of f er t i 1 izers^ 1 eve 1 F4 a n d  F2 w e r e  o n  p a r

a n d  s u p e r i o r  t h a n  Fg, Fj a n d  F q . In  t h e  6 t h  m o n t h  of

o b s e r v a t i o n  t h e  c o v e r  c r o p  C 2 w a s  f o u n d  s i g n i f i c a n t l y  

s u p e r i o r  o v e r  Cj. A m o n g  the levels t h e r e  is no d i f f e r e n c e



PO FI F2 F3 F4 M e a n  C

35. 13 3 6 . 5 3  4 2 . 5 5 38 . 09 43 . 19 39 . 0 9 4

2 6 . 2 0 2 7 . 6 9  3 2 . 8 9 28 . 86 3 3.46 2 9 . 8 1 9

M e a n F 3 0 . 6 6 3 3 2 . 1 0 8  37.72 33 . 48 38 . 31

CDt
CDc
CDf

1 . 100 
0 . 4 9 2  
0. 778

T a b l e  32a. V e r t i c a l  p e n e t r a t i o n  of root (cm) 6 t h  m o n t h

FO FI F2 F3 F4 M e a n  C

68 . 50 6 7 . 7 8  74.23 6 8 . 7 3 7 5 . 8 0 6 9 . 0 0 9

^ '2
71 .70 7 2 . 6 8  75.14 73 . 23 79.07 7 3 . 9 6 7

M e a n F 70. 10 7 0 . 2 3  74.69 7 0 . 9 9 76.43

CDt
CDc

2 . 200 
0 . 9 8 4

CDf 1.886



T a b l e  32b. V e r t i c a l  p e n e t r a t i o n  of r o o t s  Com) 12 t h  m o n t h

FO FI F2 F3 F4 M e a n  C

Cl 7 4 . 6 3 7 6 . 6 0 84 . 2 1 7 8 2 . 4 2 8 5 . 8 2 80.74

103.32 106.21 114.22 1 03.14 121.01 109.58

M e a n F 8 8 . 9 7 5 9 1 . 4 0 5 9 9 . 2 1 7 9 2 . 7 8 103.42

CDt
C D c
CDf
CDcf

2 . 469 
1 . 104 
1 . 746 
2. 469

T a b l e  32c. V e r t i c a l  p e n e t r a t i o n  of r o o t s  (cm) 1 8 t h  m o n t h

FO FI F2 F3 F4 M e a n  C

81 .92 8 4 . 2 5 91 .52 9 0 . 8 3 92. 77 8 8 .75

^ 2 1 3 7 . 4 0 142.60 165.50 146.97 169 . 5 0 152.393

M e a n F 109 . 6 6 113.43 128.51 1 1 8 . 8 9 1 31.13

CDt 1.487 
CDc 0 . 6 6 5  
CVf 1.051 
C D c f  0.501



FO FI F2 F3 F4 M e a n  C

Cl 85. 27 88 . 80 103.22 98.47 105.38 96 . 19

176.50 187.77 2 0 3 . 3 0 194.17 212.47 194.84

M e a n F 13 0 . 8 8 130.18 153.26 146.317 158.93

CDt
CDc
CDf
CDcf

3.051
3 . 3 6 5
2 . 157
3 .051

T a b l e 32e. V e r t i c a l  p e n e t r a t i o n  of r o o t s  (cm) 3 0 t h m o n t h

FO FI F2 F3 F4 M e a n  C

^1 8 8 . 7 0 95. 19 109.42 100.07 114.23 101.52

*̂ 2 1 8 7.30 200 . 0 7 2 4 7 . 4 3 198.63 2 5 6 . 0 0 2 1 7 . 8 9

M e a n F 1 3 8 . 0 0 147.63 178.43 149.35 185.12

CDt 4 . 2 7 7  
CDc 1.913 
CDf 3 .094 
CDcf 4 . 2 7 9



noted. D u r i n g  12th, 18th, 2 4 t h  a n d  3 0 t h  m o n t h  of observ a t i o n

it is n o t e d  that c o v e r  c r o p  Cg is s i g n i f i c a n t l y  s u p e r i o r  over 

C|, a n d  a m o n g  the levels w a s  f o u n d  s u p e r i o r  o v e r  all the 

o t h e r  levels f o l l o w e d  b y  F 2 , F g , Fj a n d  F q .

At 3rd m o n t h  the c o v e r  c r o p  Cj h a s  r e c o r d e d  higher

root le n g t h  th a n  C g . T h e  c o v e r  c r o p  Cj h a s  the ten d e n c y  to

p r o d u c e  root s y s t e m  d e e p e r  at the v e r y  b e g i n n i n g  stage. This 

c o v e r  c r o p  Cj , is a fast g r o w i n g  o n e  in the initial months 

t h a n  C 2 - T h i s  f i n d i n g  is in l i n e  w i t h  t h e  w o r k  of

C h a n d a p i l l a i  (1968). F r o m  6 t h  m o n t h  o n w a r d s  th c o v e r  crop Cg 

is o v e r t a k i n g  Cj o n  root length. P e n e t r a t i o n  of C 2  is double 

at latter s t a g e s  of o b s e r v a t i o n .  S i n c e  the root length of

M u c u n a  is d e e p e r  t h a n  r u b b e r  r o o t s  t h e r e  is n o  c o m p e t e t i o n  

o b s e r v e d  b e t w e e n  M u c u n a  a n d  Rubber.

R e g a r d i n g  the levels of f e r t i l i z e r s  for b e t t e r  root 

p e n e t r a t i o n ,  level F 2  is b e t t e r  u p t o  6 t h  m o n t h .  F4 is 

r e q u i r e d  f r o m  1 2 t h  m o n t h  o n w a r d s .  F ^  is s i g n i f i c a n t l y  

s u p e r i o r  b e c a u s e  C 2  r e q u i r e d  h i g h  P, K, for p r o p o r t i o n a t e l y  

h i g h e r  b i o m a s s  (T a b l e  3 1 - 3 1 d )  p r o d u c t i o n  ie. w h y  i n t e r a c t i o n  

is s i g n i f i c a n t  f r o m  12th m o n t h  onw a r d s .



T h e  w e i g h t  of s h oot and root w e r e  w o r k e d  out from 

3rd m o n t h  to 3 0 t h  m o n t h  of the s t u d y  a n d  f o u n d  that d u r i n g  

all t h e  s t a g e s  o f  c o v e r  c r o p  g r o w t h ^  M u o u n a  r e c o r d e d  

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

R e g a r d i n g  the levels of N, P a n d  K a p p l i e d  to cover, level

has r e c o r d e d  m a x i m u m  w e i g h t  of shoot a n d  root f o l l o w e d  by F g • 

Among the levels the Fq  level has r e c o r d e d  the least q u a n t i t y  

of shoot a n d  not weight.

T h e  r e a s o n  for the l u x u r i o u s  g r o w t h  of M u c u n a  s p . 

is g e n e t i c a l .  R e g a r d i n g  the level«^F^ a n d  F 2  w e r e  g i v e n  w i t h  

10 kg e x t r a  d o s e  of n i t r o g e n  w h i c h  w o u l d  h a v e  h e l p e d  in 

b e t t e r  u p t a k e  b y  c o v e r  c r o p s  ( T a b l e  3 1 e - 3 1 i )  a n d  b e t t e r  

q u a n t i t y  b i o m a s s  of c o v e r  c r o p s  ( T a b l e  31-31d). This f i n d i n g  

is in line w i t h  the r e p o r t  of K o t h a n d a r a m a n  e_t 1987 and

1990.

4.1.8.2. C o v e r  c r o p  root n o d u l e s  c o unt a n d  f r e s h  we i g h t

T h e  root n o d u l e  count we r e  t a ken o n  40 da y s  a f t e r  

s o w i n g  of c o v e r  crops. T h e  n o d u l e  w e i g h t  per plant w e r e  a l s o



T a b l e  33. E f f e c t  of n u t r i t i o n  to c o v e r  o n  t h e  w e i g h t  of s hoot
(g> 3rd m o n t h

FO FI F2 F3 F4 M e a n  C

Cl 5 . 8 0 7 11.200 12.710 1 3 . 3 9 0 15.133 11 .448

^2 7 .040 12.760 14.500 14.387 15.530 12.843

M e a n F 6 . 4 2 3 11 . 9 8 0 1 3.605 13. 8 8 8 14.832

CDt
CDc
CDf
CDcf

1 .074 
0. 480 
0 . 7 5 9  
NS

T a b l e i 33a. W e i g h t of s h o o t ( g )  6 t h m o n t h

Fp FI F2 F3 F4 M e a n  C

9 3 . 6 1 7 9 6 . 1 8 0 110.88 8 9 . 2 5 113.40 100.665

1 0 2 . 3 5 0 1 1 3 . 8 5 0 126.77 1 15.69 128.11 117.254

M e a n F 9 7 . 9 8 3 1 0 5 . 0 1 5 118.575 102.47 120.755

CDt 8 . 8 5 9  
C Dc 3 . 9 6 2  
CDf 6 . 2 6 4  
C D c f  NS



T a b l e  32b. W e i g h t  of s h o o t  (g) 12th m o n t h

FO FI F2 F3 F4 M e a n  C

Cl
3 6 9 . 8 8 4 0 3 . 5 8 0 4 5 7 . 2 4 4 0 0 . 4 3 473.57 42 0 .941

^2
4 8 8 . 4 0 4 9 8 . 9 6 5 4 5 . 2 8 5 0 7 . 3 6 57 5 . 5 2 5 2 3 . 1 0 5

Mean F 4 2 9 . 1 9 2 4 5 1 . 2 7 5 5 0 1 . 2 6 4 5 3 . 8 9 52 4 . 5 5

CDt,
CDc
CDf
CDcf

2 5 . 3 3 2  
1 1 . 3 2 9  
17.912 
N S

Table

'S

! 32c. W e i g h t  of s hoot (g; 24th 1 m o n t h

FO FI F2 F3 F4 M e a n  C

‘='‘1 6 2 4 . 9 6 7 6 2 4 . 1 7 0 7 4 5 . 6 4 6 5 1 . 7 8 75 0 . 1 2 6 7 9 . 3 2 2

^2 8 5 2 . 2 8 8 5 5 . 7 7 9 3 8 . 3 8 8 7 0 . 0 9 1023.03 9 0 7 .911

Mean F 7 3 8 . 6 2 7 3 9 . 9 4 842.01 7 6 0 . 9 4 886.57

CDt 14.746 
CDc 6 . 5 9 5  
CDf 10.427 
CDcf 14.745



T a b l e  3 2 d . W e i g h t of shoot (g) 18th m o n t h

FO FI F2 F3 F4 M e a n  C

Cj 5 3 9 . 4 6 5 4 8 . 3 4 6 4 0 . 3 5 5 4 1 . 9 3 546.51 563. 3 1 7

Cg 6 5 1 . 2 7 67 2.25 7 5 1 . 7 5 6 5 5 . 9 3 771.04 70 0 .447

M e a n  F 5 9 5 . 3 6 6 1 0 . 2 9 6 9 6 . 0 5 5 9 8 . 9 3 65 8 . 7 8

CDt 95 . 6 9 7  
CD c  4 2 . 7 9 7  
CDf 6 7 . 6 6 8  
CDcf NS

T a b l e  32e. W e i g h t of s h oot (g) 3 0 t h m o n t h

FO FI F2 F3 F4 M e a n  C

Cj 6 5 7 . 0 4 6 6 7 . 6 3 7 7 9 . 4 5 7 0 3 . 6 2 7 9 6 . 9 3 7 2 0 . 9 3 5

Cg  9 4 2 . 5 0 9 6 0 . 3 0 12 5 2 . 3 6  1006 . 4 8 1 3 3 3.90 109 9 . 1 2 0

M e a n  F 7 9 9 . 7 7 0 8 1 3 . 9 7 1 0 1 5 . 9 0 8 5 5 . 0 5 1065.42

CDt 19.684 
C D c  8 . 803 
CDf 13.918 
C D c f  19.684



FO FI F2 F3 F4 M e a n  C

0. 937 1 . ao7 2 . 050 2 . 160 2 . 28 1 . 847

1 .067 1 . 933 2 . 197 2 . \ 00 2 . 35 I .946

M e a n F 1 . 002 1 . 870 2 . 1 2 3 2. 170 2.317

CDt
CDc
CDf
CDcf

0 . 168 
0 . 07 5 
0 . n  H 
NS

T a b l e 33a. W e i g h t of root (g) 6 t h m o n t h

FO FI F2 F3 F4 M e a n  C

14.93 15 . 27 17 . 60 14.17 18.00 15.993

■̂'2 14 . 93 16 . 50 18 . 30 16.77 18 . 57 17.013

M e a n F 14.93 15 . 88 17 . 50 15.47 18 . 28

CDt 1.424 
CDo 0 .637 
CDf 1.007 
CDcf NS



T a b l e  33b. W e i g h t of rc'c'ts 12tr. m o n t h

FO FI F2. F3 F4 M e a n  C

Cj 5 3 . 8 3 58 . 5C 66.a7- 58 . 03 68 . 63 61. 0 5 3

C 2  6 7 . 8 3 69 . 30 78 .63 70. 47 79 . 93 73.113

M e a n  F 6 0 . 8 3 3 63 . 90i’ 72. :5 6 4 . 2 5 0 7 4 . 2 8 3

CDt 2 . 7 9 9  
CDc 1.252 
CDf 1.979 
CDcf NS

T a b l e  33c. W e i g h t of roots eg) 18th m o n t h

FO FI F2 F3 F4 M e a n  C

Cj 7 3 . 5 0 74 . 10 84 . 53 73. 23 87 .37 78 . 5 4 7

C 2  7 3 . 1 7  

M e a n  F 7 3 , 3 3 3

75 . 53 

7 4 . 82

84 . 47 

84 . 50

73 . 70 

73 . 47

86 . 63

87 .00

7 8 . 700

CDt 2.631 
C D o  NS 
CDf 1.860 
CDcf NS



T a b l e  33d. W e i g h t of root (g) 24 t h m o n t h

FO FI F2 F3 F4 M e a n  C

C'l 7 4 . 4 0  
Cg 8 6 . 8 3

75 . 43 
88 . 53

8 8 . 7 7  
96 . 90

78 . 23 
89 . 70

89 . 30 
105.47

81 .227 
9 3 . 4 8 7

M e a n  F 8 0 . 6 1 7 8 1 . 9 8 3 9 2 . 8 3 3 8 3 . 9 6 7 9 7 . 3 8 3

CDt 1.478 
CDo 0.661 
CDf 1.045 
CDcf 1.478

T a b l e  33e. W e i g h t of root (g) 3 0 t h m o n t h

FO FI F2 F3 F4 M e a n  C

Cj 7 6 . 4 0 77 . 63 90.63 81 .70 92 . 67 83. 8 0 7

C 2  7 5 . 3 0 9 7 . 0 0 126.50 101.63 1 32.63 110.613

M e a n  F 8 5 . 8 5 87 . 32 108.57 91 .67 112.65

CDt 0 . 7 6 7  
C Dc 0 . 3 4 3  
CDf 0 . 5 4 2  
CDcf 0 . 7 6 7



T a b l e  34. N o d u l e  c o u n t / p l a n t  ( 4 0 t h  DAS)

FO FI F2 F3 F4 M e a n  C

*̂ 1
6 . 4 0 6 . 60 6 . 90 6.87 7.23 6 . 8 0 0

^2 3 . 37 3 .60 3.87 3.33 4.07 3 .647

M e a n F 4 . 8 8 3 5 . 10 5 . 38 5. 10 5.65

CDt
CDc
CDf
CDcf

0. 341 
0. 153 
0.241 
N S

T able i 34a. N o d u l e f r e s h  w e i g h t / p l a n t

FO FI F2 F3 F4 M e a n  C

1 .32 1.41 1 . 46 1 .44 1 .48 1 .422

^ 2 1 .31 1 . 43 1 .51 1 .47 1 . 49 1 .442

M e a n F 1.315 1 .420 1 .485 1 .455 1 .485

CDt
CDc
CDf
CDcf

0. 109 
NS
0. 130 
NS



Fig. 16. Effect of nutrition to cover crops 
on nodule count and nodule weight (40 DAS)

CD
SI
E

□  ci C3c 2 
N o d u le  c o u n t p la n t (4 0  DAS)

□  c i C3c 2
-1N o d u le  w e ig h t p la n t (4 0  DA S)



n o d u l e s  c o u n t  f o r  t h e  P u e r a r  ia s p . w a s  f o u n d  t o  b e  

s i g n i f i c a n t l y  h i g h e r  t h a n  M u c u n a  s p . R e g a r d i n g  the w e i g h t  of 

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

d i f f e r e n c e  found. A m o n g  the levels of N P K ^ F ^  a n d  F 2  w e r e  

s i g n i f i c a n t l y  s u p e r i o r  a n d  on p a r  w i t h  e a c h  o t h e r  for the 

n o d u l e  count, t h e s e  levels w e r e  on  par w i t h  all the o t h e r  

levels e x c e p t  F q . (Fig. 16).

T h e  r e a s o n s  for t h e  i n c r e a s e d  n o d u l e  n u m b e r  in 

P u e r a r  ia s p ■ is p u r e l y  g e n e t i c a l  a n d  r e g a r d i n g  the levels F ^ ,

F 2  w e r e  g i v e n  w i t h  e x t r a  d o s e  o f  10 k g  N ^ w h i c h  w o u l d  b e

1

h i g h l y  b e n e f i c i a l  for the l e g u m i n o u s  c o v e r  crop, for its e a r l y  

v i g o u r o u s  e s t a b l i s h m e n t .  As far as the n o d u l e  w e i g h t  p e r  

p l a n t  is c o n c e r n e d ^ t h e  N P K  f e r t i l i z e r  a p p l i c a t i o n  is 

e s s e n t i a l  for the b e t t e r  n o d u l a r  w e i ght. T h e s e  f i n d i n g s  w e r e  

in c o r r o b o r a t i v e  w i t h  P u s h p a r a j a h  (1977) a n d  K o t h a n d a r a n a n  

et a l . (1990).

4.1.9. M i c r o b i a l  p o p u l a t i o n  in soil

T h e  m i c r o b i a l  p o p u l a t i o n  of the soil w e r e  a n a l y s e d



for the g e n e r a l i s e d  c o u n t  of B a c t e r i a ,  fungi a n d  p h o s p h a t e  

s o l u b i l i s e r s  at the end of the e x p e r i m e n t .  T h e  d a t a  w e r e  

a n a l y s e d  a n d  p r e s e n t e d  as lO'* of d r y  soil T a b l e  35. All

the m i c r o b i a l  s p e c i e s  c o unt w e r e  incre a s e d  ov e r  the initial 

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

s o l u b i l i s e r s  w e r e  i n c r e a s e d  in their p o p u l a t i o n  u n d e r  the 

c o v e r  c r o p p e d  p l o t s  o v e r  the a b s o l u t e  control t r e m e n d o u s l y .  

A m o n g  the levels of f e r t i l i z e r s ,  , F 2 , and F 3  w e r e  f o u n d  to 

be g o o d  for b a c t e r i a l  p o p u l a t i o n  and p h o s p h a t e  s o l u b i l i s e r s .  

Fj, F^s F 4  a n d  Fg w e r e  f o und to be b e t t e r  for fungi. A m o n g  

the c o v e r  c r o p ,  M u c u n a  sp r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  

p e r c e n t a g e  of increase.

T h e  r e a s o n s  for the in c r e a s e  in the p o p u l a t i o n  of 

m i c r o b e s  a r e  d u e  to t h e  i n c r e a s e d  b i o m a s s  p r o d u c t i o n  a n d  

i n c r e a s e d  q u a n t i t y  of soil m o i s t u r e  in summer, u r d e r  M u c u n a  

sp and the level F 2  has i m p r o v e d  m u c h  on the o r g a n i c  c a r b o n  

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

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

a re in line w i t h  the re p o r t  of K o t h a n d a r a m a n  ^  (1990).



E f f e c t  of c o v e r c r o p s  a n d  t h e i r  n u t r i t i o n  o n  the 
m i c r o b i a l  p o p u l a t i o n  of soil B a c t e r i a  x lo"*" of 
d r y  soil

FO FI F2 F3 F4 M e a n  C

2 9 . 0 6 7 3 0 . 8 0 0 33 . 80 3 4 . 7 7 3 6 . 4 0 32 . 9 6 7

3 5 . 6 3 3 36 . 433 42.47 41 . 47 45 .97 4 0 , 3 9 3

M e a n F 3 2 . 3 5 0 33 . 617 3 8 . 1 3 3 3 8 . 1 1 7 4 1 . 1 8 3

CDt
CDc
CDf
CDcf

1 . 380 
0 . 6 1 7  
0 . 9 7 6  
1 .022

M e a n  of control 2 8 . 9 3 3

Tab] e 35a. F u ngi X lO'^ of d ry  s o i 1

FO FI F2 F3 F4 M e a n  C

9.67 10.30 10.23 9 . 6 0 9.67 9 . 8 9 3

^2 9. 9 0 10.10 9. 70 10. 20 10. 27 10.033

M e a n F 9 . 7 8 3 10.200 9.867 9 . 9 0 0 9 .967 9 . 9 6 3

M e a n  of o o n t r o 1 8 . 130

CDt 0 . 2 1 5  
CDc 0 . 0 9 6  
CDf 0 . 1 5 2  
C D  tr vs ct 0 . 2 1 5



FO Fl F2 F3 F4 M e a n  C

C'l 4.68 4 . 82 5.21 5 . 20 5 . 133 5.045

^2
6 . 49 6 . 13 7 . 43 7 . 15 7 . 7 0 0 6 . 981

M e a n  F 5 . 585 5 . 4 7 5 6 .322 6 . 175 6 . 507

M e a n  of control 4 .440

CDt 0 . 6 1 3  
CDo 0.27 4 
CDf 0 . 4 3 3  
CDcf 0 . 4 5 4



E f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  o n  m a t u r e  r u b b e r

4.2.1. G r o w t h  c h a r a c t e r s

4 . 2 . 1 . 1 .  G i r t h  i n c r e m e n t
I

T h e  g i r t h  i n c r e m e n t  for the two y e a r s  p e r i o d  1991- 

1993 for the m a t u r e  r u b b e r  is p r e s e n t e d  in T a b l e  36. It is 

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

s i g n i f i c a n t l y  s u p e r i o r  to the a b s o l u t e  control w h e r e  there 

w a s  n o  c o v e r  c r o p .  A m o n g  t h e  l e v e l s  of f e r t i l i z e r s  to 

c o v e r  crop^ a n d  F 2  w e r e  o n  par a n d  s i g n i f i c a n t l y  s u p e r i o r  

to Fg, Fj a n d  Fq. T h e  level F q  is s i g n i f i c a n t l y  i n f e r i o r  to 

all o t h e r  leveliS. (Fig. 17).

G r o w i n g  of c o v e r  c r o p  e v e n  w i t h o u t  any f e r t i l i z e r  

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

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

c o v e r  c r o p  alone.

A p p l i c a t i o n  of f e r t i l i z e r  to c o v e r  c r o p s  h a s

f u r t h e r  i n c r e a s e d  the g i r t h  i n c r e m e n t  ov e r  Fq  as e v i d e n c e d

fr o m  the t r e a t m e n t s .  T h e  h i g h e s t  level of f e r t i l i z e r s  h a v e

r e c o r d e d  the  maximum g i r i h ^  hov/cver t h i s  ic on p a r  w i t h



'Treatments G i r t h  i n c r e m e n t  in 
(cm)

FO 3 . 90

Fl 5.01

F2 5 . 29

F3
5. 10

^4 5 . 32

c 2 .63

SE 0 . 0 5 4

CD 0. 161

s*+

S** S i g n i f i c a n t at P = 0.01 1 eve 1 .

T a b l e  37. E f f e c t of c o v e r c r o p a n d  its n u t r i t i o n  o n  the v i r g i n
b a r k  t h i c k n e s s  1993 (mm) of H e v e a

T r e a t m e n t  s V B T  (mm)

7 . 87

8 .02

^2 8.82

^3 8.06

8.29

C 6.94

SE 0 . 2 4 3

C D 0. 372

s*+

S** S i g n i f i c a n t  at P = 0.01 level



CO
O)
0)
T -
1

W  T -

^  O)
*0 ^  
c  ^

a  t  o o

o
0
>oo

c  
©  E 
0x_
Oo £

o
0

>♦—
'f­
lu

J= 
t

D) 

®
. H  

N
T -  C
. O

r  ^  U- o

0

M-u.

CM
U.

c
<D

□
C

0
M
®
>
ID

U.

(LUO) JU3OI0JOU! L|)J0



>•

tyi
Q
*0

f
V

N



f e r t i l i z e r  level p 2 ^ t h e r e  b y  i n d i c a t i n g  the s u f f i c i e n c y  of 

the l a t e r  level. T h i s  s h o w s  t h a t  f e r t i l i z e r  a p p l i c a t i o n  

b e y o n d  1 0 : 3 0 : 3 0  has not a n y  s p e c i f i c  a d v a n t a g e .

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

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

Experiraent I .

T h e  o t h e r  r e a s o n  for the g i r t h  i n c r e m e n t  a r e  by the 

a b s o r p t i o n  of n u t r i e n t s  fo r m  the lower levels a n d  b r i n g i n g  

the s a m e  to t h e  s u r f a c e  a n d  i n s i t u  i n c o r p o r a t i o n  in t h e  

s u r f a c e  w o u l d  h a v e  d e f i n i t e l y  b e n e f i t e d  the m a i n  crop.

M a x i m u m  a b s o r b i n g  r o o t s  a r e  p r e s e n t  in the interow 

a r e a  a n d  f e r t i l i z e r s  a p p l i e d  in  t h e  r u b b e r  t r e e s  a r e  

b e n e f i t e d  by the d i r e c t  a p p l i c a t i o n  o n  the s u r f a c e  as well as 

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

d r y m a t t e r  of c o v e r  crop. D i a g r a m  p r e s e n t e d  a l s o  s h ows that 

t h ere is no c o m p e t e t i o n  b e t w e e n  r u b b e r  a n d  M u c u n a  b e c a u s e  the 

f e a d i n g  z o n e s  a r e  e n t i r e l y  d i f f e r e n t .

4.2 . 1 . 2 .  E f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  o n  v i r g i n

b a r k  t h i c k n e s s

G r o w i n g  of c o v e r  c r o p  s i g n i f i c a n t l y  incre a s e d  the 

v i r g i n  b a r k  t h i c k n e s s  (T a b l e  37) o v e r  the a b s o l u t e  control



plot. A m o n g  the levels of f e r t i l i z e r s  to c o v e r  c r o p  has 

r e c o r d e d  the m a x i m u m  b a r k  t h i c k n e s s  a n d  a l s o  on par wi t h  F g • 

All the o t h e r  levels except Fq w e r e  on par w i t h  ea c h  other.

It is s e e n  that g r o w i n g  of c o ver c r o p  s i g n i f i c a n t l y  

improved the v i r g i n  bark t h i c k n e s s  ov e r  the a b s o l u t e  control. 

This i m p r o v e m e n t  of b a r k  t h i c k n e s s  is due to the a d d i t i o n  of 

n u t r i e n t s  t h r o u g h  the litter a d d e d  from the cover cr o p  a n d  

the m o i s t u r e  c o n s e r v e d  in the soil ( T a bles 52 and 53). The 

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

was in a g r e e m e n t  w i t h  the f i n d i n g s  of W a t s o n  (1961). T h e  

f a v o u r a b l e  e f f e c t s  of d i f f e r e n t  levels of n u t r i t i o n  to c o ver 

c r o p  o n  t h e  b a r k  t h i c k n e s s  is a l s o  in a g i ' e e m e n t  w i t h  t h e  

f i n d i n g s  of D i j k m a n  ( 1 9 5 1 )  a n d  S a m s i d a r  B T E  H a m z a h  a n d  

M a h m o o d  (1975).

It m a y  a l s o  be n o t e d  that the p o s i t i v e  ef f e c t  of 

cover c r o p  a n d  a p p l i e d  n u t r i t i o n  on b a r k  t h i c k n e s s  w e r e  a l s o  

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

g i r t h  of the tree is a m e a s u r e m e n t  w h i c h  a l s o  included the 

t h i c k n e s s  of the b a r k  a n d  a g r e a t e r  b a r k  t h i c k n e s s  to a 

ce r t a i n  e x t e n t  can lead to a h i g h e r  g i r t h  of the trunk ( Owen 

et, 1 S57) .



T h e  leaf litter p r o d u c t i o n  of H e v e a  was i n f l u e n c e d  

by the g r o w t h  of c o v e r  c r o p  a n d  its n u t r i t i o n  d u r i n g  1992 and 

1993 arjd a r e  p r e s e n t e d  in T a b l e  38. It is se e n  that g r o w t h  

of c o v e r  c r o p  in the p l o t s  h a d  i n f l u e n c e d  the leaf litter 

p r o d u c t s  s i g n i f i c a n t 1y (Fig. 18). All the t r e a t m e n t s  w i t h  

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

leaf litter ov e r  a b s o l u t e  c o n t r o l  d u r i n g  b o t h  years. A m o n g  

the levels of n u t r i t i o n  to c o v e r  crop, was s i g n i f i c a n t l y

h i g h e r  th a n  all o t h e r  levels, f o l l o w e d  b y  F 2 j F 3 , Fj a n d  Po- 

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

w i n t e r i n g  w a s  d e l a y e d  26 d a y s  in t h e  c o v e r  c r o p p e d  p l o t s  

( P l ates 5 a n d  6 ) t h e r e  b y  g i v i n g  10 e x t r a  t a p p i n g  days. N, P 

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

a p p l i c a t i o n  to c o v e r  c r o p  h a s  r e s u l t e d  in the e n h a n c e m e n t  of 

f o l i a g e  of c o v e r  a n d  H e v e a  (Brady, 1988). T h i s  i n c r e a s e d  

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

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

n u t r i e n t  s t a t u s  of soil a n d  in t u r n  m o r e  u p t a k e  of n u t r i e n t s  

b y  t h e  c o v e r  c r o p  ( T a b l e  5 2 a - 5 2 e ) ^  t h u s  r e s u l t i n g  in 

s i g n i f i c a n t l y  h i g h e r  q u a n t i t y  of leaf litter p r o d uced.



T r e a t m e n t s  1991 1992 1993

FO
2 . 7 3 0 3.060 3.473

2 . 675 3 . 202 3 . 665

F2 2 . 875 3.447 3 . 938

F 3
2 . 7 4 0 3. 230 3.745

F 4 2 . 800 3. 490 4.118

C ' 2 . 715 2. 940 3 . 323

SE

CD

0 . 0 6 8

NS

0. 035 

0.104

s * *

0.036 

0. 109 

S * *

S** S i g n i f i c a n t  at P = 0.01 level NS Not s igni f icant

T a b l e  39. E f f e c t  of c o v e r c r o p  a n d  
fl o w  c h a r a c t e r i s t i c s

its n u t r i t i o n on the latex

T r e a t m e n t Initial 
f l o w  rate 
(ml m i n ~ ^ )

Total V o l . 
(ml)

P l u g g i n g
index

Dry ru b b e r  
content 
(per cent;

3 . 473 133.32 2.708 37 . 19

3 . 6 6 5 144.45 2 . 783 37 . 98

^2 3 . 938 146.96 2 . 730 38 . 37

F 3 3 . 745 145.09 2 . 768 38.08

4 . 1 1 8 150.06 2.745 3 8.53

C 3 . 223 127.59 2 , 853 36. 19

SE

CD

0 . 036 

0 . 109 

S* +

5 . 239 

15.787 

S*

0 .004 

0 . 0 1 2  

S**

0. 132 

0. 398 

S**

S* S i g n i f i c a n t  at P = 0. 0 b  level

S** S i g n i f i c a n t  at P = O.Ol level
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A m o n g  the levels of n u t r i t i o n  to c o ver c r o p  10 kg 

n i t r o g e n  and 60 kg e a c h  of P , K  has p r o d u c e d  s i g n i f i c a n t l y  

h i g h e r  q u a n t i t y  of leaf l i t t e r .  N i t r o g e n  is t h e  c h i e f  

n u t r i e n t  r e l a t e d  to g r o w t h  a n d  its a p p l i c a t i o n  to c o v e r  cr o p  

h a s  r e s u l t e d  in t h e  e n h a n c e m e n t  of f o l i a g e  ( B r a d y ,  1 9 8 8 ) .  

T h o u g h  the N c o n t e n t  of the soil in the site was not low it 

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

A p p l i c a t i o n  of P has i n c r e a s e d  the p r o d u c t i o n  of leaf litter, 

p h o s p h o r o u s  is a l s o  i m p o r t a n t  for g r o w t h  and its a p p l i c a t i o n  

has lead to p r o d u c t i o n  of m o r e  foliage. A p p l i c a t i o n  of K

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

The role of K in d r y  m a t t e r  p r o d u c t i o n  and g r o w t h  is v e r y  

impor t a n t  (Brady, 1988).

4.2.3. E f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  on  latex flow 

c h a r a c t e r i s t  ics

T h e  l a t e x  f l o w  c h a r a c t e r i s t i c s  v i z ;  t h e  i n i t i a l  

f l o w  r a t e ,  t o t a l  v o l u m e ,  p l u g g i n g  i n d e x  a n d  d r y  r u b b e r  

c o n t e n t  of latex w e r e  r e c o r d e d  in o c t o b e r  1993. D u r i n g  the 

p e r i o d  u n d e r  r e p o r t i n g  the y i e l d  is h i g h e r  a n d  leaves are 

f u l l y  g r o w n  a n d  h a v e  m o r e  o r  l e s s  s t e a d y  s t a t u s ,  o f

nu t r i en ̂ R .



G r o w i n g  of c o v e r  c r o p  has i m p r o v e d  the initial fl o w  

r a t e  of H e v e a . o v e r  a p e r i o d  of time ( T a b l e  39) over the 

a b s o l u t e  c o n t r o l  plot. R e g a r d i n g  the levels of n u t r i t i o n  to 

c o v e r  c r o p  has r e c o r d e d  s i g n i f i c a n t l y  h i g h e s t  initial

f l o w  rate f o l l o w e d  by Fg. w h i c h  was a l s o  h i g h e r  th a n  Fg, F^

a n d  Fq . T h e  c o n t r o l  pl o t  r e c o r d e d  the least initial fl o w

r a t e .

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

n u t r i e n t  s t a t u s  ( T a b l e s  4 1 - 4 6 ) ,  soil m o i s t u r e  .content d u r i n g  

s u m m e r  m o n t h s ,  ( T a b l e s  52 a n d  5 3 )  a n d  t h u s  i m p r o v e d  t h e  

initial fl o w  rate. T h e  level of n u t r i t i o n  a n d  F 2  r e c o r d e d  

the h i g h e s t  initial f l o w  r a t e  of latex. T h e  initial fl o w  

r a t e  has of c o u r s e  a small c o n t r i b u t i o n  to the total y i e l d

s i n c e  it is the a v e r a g e  of the initial five m i n u t e s  flow.

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

was r e f l e c t e d  in the y i e l d  of r u b b e r  a l s o  to c e r t a i n  extent, 

t h e s e  f i n d i n g s  a r e  in l i n e  w i t h  t h e  w o r k  of P u s h p a r a j a h
V

(1977) and P u n n o o s e  (1993).



4 .2.3.2. T otal v o l u m e

C u l t i v a t i o n  of c o v e r  c r o p  in the m a t u r e  p l a n t a t i o n  

has s i g n i f i c a n t l y  i n c r e a s e d  the total v o l u m e  of latex o v e r  

t h e  a b s o l u t e  c o n t r o l .  A m o n ^  t h e  l e v e l s  of N , P ^ K ,  

r e g i s t e r e d  h i g h e s t  c o n t e n t  of total v o l u m e  and was on par 

w i t h  Fg) F 3  a n d  Fj. T h e  a b s o l u t e  control plot has r e c o r d e d  

the least.

T h e  r e a s o n s  for the i n c r e a s e d  p r o d u c t i o n  of total 

v o l u m e  in c o v e r  c r o p p e d  p l o t s  a r e  s i m i l a r  to that e x p l a i n e d  

in the initial fl o w  rate.

It is s e e n  that a p p l i c a t i o n  of all the n u t r i e n t s  to 

c o v e r  c r o p  h a d  a f a v o u r a b l e  e f f e c t  on the total v o l u m e  of 

latex. T h e  total v o l u m e  of latex is the c o m p o n e n t  w h i c h  has 

the c l o s e s t  p o s i t i v e  r e l a t i o n s h i p  w i t h  the y i e l d  of rubber.
I

T h e s e  n u t r i e n t s  t h r o u g h  t h e i r  r o l e  in i m p r o v i n g  

p h o t o s y n t h e s i s  a n d  m e t a b o l i c  a c t i v i t y  of the tree m ight h a v e  

h e l p e d  the s y n t h e s i s  of mo r e  latex as r e p o r t e d  b y  P u n n o u s e  

( 1993) .

4 . 2.3.3. P l u g g i n g  index

In the m a t u r e  p i a n t a t i o n ^ g r o w i n g  of cover c r o p  has 

s i g n i f i c a n t l y  r e d u c e d  the p l u g g i n g  index ov e r  the c o n t r o l  

plot. As for the levels of f e r t i l i z e r s  are c o n c e r n e d ^ F 2 a n d



has r e c o r d e d  the least p l u g g i n g  index a n d  are on  par w i t h  

e a c h  other. F q  h a s  r e c o r d e d  the h i g h e s t  p l u g g i n g  index next 

to a b s o l u t e  c o n t r o l  plot. P l u g g i n g  index has g e n e r a l l y  a 

n e g a t i v e  r e s p o n s e  or r e l a t i o n  w i t h  yield.

R e d u c t i o n  in the p l u g g i n g  index in c o v e r  c r o p p e d  

p l o t s  m i g h t  b e  d u e  to the r e a s o n s  a l r e a d y  e x p l a i n e d  u n d e r  

i n i t i a l  f l o w  r a t e .  A p p l i c a t i o n  of N a n d  K  to c o v e r  h a s  

r e d u c e d  the p l u g g i n g  index. The i n c r e a s i n g  in y i e l d  w i t h

a p p l i c a t i o n  of N a n d  K in the e x p e r i m e n t  c o u l d  be to so m e

e x t e n t  r e l a t e d  to the e f f e c t  of t h e s e  n u t r i e n t s  in l o w e r i n g  

p l u g g i n g  index. T h a t  is the r e a s o n  w h y  the levels a n d  Fg 

r e g i s t e r e d  a l o w  p l u g g i n g  i n d e x ,  "this o b s e r v a t i o n  is 

c o r r o b o r a t i v e  w i t h  the t h o u g h t s  of P u s h p a r a j a h  (1981), Y e a n g  

a nd P a r a n j o t h y  (1982) a n d  P u n n o o s e  (1993).

4 . 2.3.4. D r y  r u b b e r  c o n t e n t

T h e  d r y  r u b b e r  c o n t e n t  o f  t h e  l a t e x  f r o m  t h e  

c o v e r  c r o p p e d  p l o t s  w e r e  s i g n i f i c a n t l y  h i g h e r  t h a n  that of 

c o n t r o l  p l o t .  T h e  p l o t  w i t h o u t  c o v e r  c r o p  r e c o r d e d  t h e  

least d r y  r u b b e r  c o ntent. A m o n g  the levels of f e r t i l i z e r s  to 

c o v e r  c r o p  F^ a n d  F 2  w e r e  o n  par a n d  s i g n i f i c a n t l y  s u p e r i o r

ov e r  F q , Fg is o n  par w i t h  F^ a n d  Fj.



It is n o t e d  that g r o w i n g  of cover c r o p  u n d e r  m a t u r e  

p l a n t a t i o n  has i m p r o v e d  the dry r u b b e r  content. T h e  r e a s o n s  

for the i m p r o v e m e n t  a r e  a l r e a d y  e x p l a i n e d  in the initial flow 

rate. It is a l s o  n o t e d  that the d r y  r u b b e r  c o n t e n t  o f  latex 

has b e e n  i n c r e a s e d  b y  a p p l i c a t i o n  of the v a r i o u s  nut r i e n t s .  

This c o u l d  be the re s u l t  of the f a v o u r a b l e  effect of t hese 

n u t r i e n t s  in i m p r o v i n g  the c o n d i t i o n s  of the ru b b e r  tree to 

p r o d u c e  latex. T h e  v o l u m e  of latex r e m a i n i n g  c o n s t a n t  the 

y i e l d  is d i r e c t l y  d e p e n d e n t  o n  t h e  d r y  r u b b e r  c o n t e n t  of 

l a t e x .  T h e  f a v o u r a b l e  e f f e c t  of t h e  v a r i o u s  a p p l i e d  

n u t r i e n t s  in i n c r e a s i n g  the d r y  r u b b e r  c o n t e n t  of latex has 

b e e n  r e f l e c t e d  in the y i e l d  of r u b b e r  also. Th i s  f i n d i n g  is 

in line w i t h  the w o r k  of P u n n o o s e  (1993).

4.2.4. E f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  on  the y i e l d

T h e  m e a n  y i e l d  e x p r e s s e d  as g tree  ̂ t a p p i n g ”̂ for 

1 9 9 1 - 1 9 9 3  p e r i o d  is p r e s e n t e d  in T a b l e  40.

In the m a t u r e  p l a n t a t i o n ,  g r o w i n g  of c o v e r  c r o p  has 

imp r o v e d  the y i e l d  of r u b b e r  s i g n i f i c a n t l y  over the a b s o l u t e  

control w h e r e  t h e r e  was no c o v e r  crop. T h e  level a n d  F 2

w e r e  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  y i e l d  than F 3 , Fj a n d  Fq



T r e a t m e n t s Y i e l d

F q
45. 10

46 .51

^2
50.77

F 3
47 .49

F 4 5 2 . 4 2

C 40. 79

SE 0 . 8 9 7

CD 2 . 703
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a n d  a r e  o n  p a r  w i t h  e a c h  o t h e r .  F e r r u s a l  o f  y i e l d  

a t t r i b u t i n g  o h a r a c t e r a  like g i r t h  i n c rement, b a r k  t h i c k n e s s  

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

s u p e r i o r i t y  of and Fg in i n f l u e n c i n g  the p e r f o r m a n c e  of

a b o v e  a t t r i b u t e s .  It is to be p a r t i c u l a r l y  m e n t i o n e d  that 

all o t h e r  le v e l s  like F^j Fj a n d  F q  a r e  i n ferior to F^ a n d  

F 2  • A d d i t i o n  o-f 10 k g  N t o  t h e  c o v e r  c r o p  o v e r  t h e  

r e c o m m e n d e d  d o s e  of 30 kg e a c h  P a n d  K  h a d  d e f i n i t e l y  

p r o d u c e d  a s u b s t a n t i a l  y i e l d  i n c r e a s e  of rubber. I n c r e a s i n g  

the level of P a n d  K  to 60 kg e a c h  in the a b s e n s e  of n i t r o g e n  

h a s  r e s u l t e d  in d r a s t i c  r e d u c t i o n  of yield. (Fig. 19).

T h e  a d d i t i o n  of 10 kg N  s u p p l e m e n t e d  w i t h  6 0  kg 

e a c h  of P a n d  K  d i d n ’t p r o d u c e  a n y  i n c r e a s e  in y i e l d  o v e r  

10:30:30. A p p l i c a t i o n  of N has s i g n i f i c a n t l y  i n c r e a s e  the 

y i e l d .  T h e  r o l e  o f  N in i n c r e a s i n g  t h e  r a t e  o f  

p h o t o s y n t h e s i s  a n d  m e t a b o l i s m  is a n  e s t a b l i s h e d  p h e n o m e n o n  

( S u t c l i f f  a n d  Baker, 1974 a n d  Bidwel I , 1979). T h i s  m i g h t

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

N. T h i s  is f u r t h e r  s u p p o r t e d  by the s i g n i f i c a n t  i n c r e a s e  in 

leaf litter p r o d u c t i o n  (Table 38) w i t h  a p p l i c a t i o n  of N. The 

t a b l e s  on soil o r g a n i c  c a r b o n  and H e v e a  leaf N c l e a r l y  s h o w e d

that t h e s e  p a r a m e t e r s  w e r e  s i g n i f i c a n t l y  h i g h e r  in N a p p l i e d
/



p l o t s  (Fg and F^). It is a l s o  se e n  f r o m  T a b l e  39 that the 

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

at ¥ 2  ^4 levels. P o s i t i v e  r e s p o n s e s  to a p p l i e d  N w e r e

r e p o r t e d  by O w e n  ^  ( 1957), G u h a  (1975), P o t t y  ^  al .

(1976) and P u n n o o s e  (1993).

P h o s p h o r o u s  is i m p o r t a n t  as a s t r u c t u r a l  part of 

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

p h o s p h o l i p i d s  and has i m p o r t a n t  ro l e  in p h o t o s y n t h e s i s  and 

e n e r g y  m e t a b o l i s m  ( B i d w e l ,  1 9 7 9 ) .  A p p l i c a t i o n  of P to 

c o v e r  c r o p  m i g h t  h a v e  i m p r o v e d  the rate of p h o t o s y n t h e s i s  of 

the tree a n d  t h e r e b y  i n c r e a s e d  'the y i e l d  indirectly. T h e  

s i g n i f i c a n t  i n c r e a s e  in soil a v a i l a b l e  P and leaf P c o n t e n t  

( T a b l e s  43 a n d  48) in the P a p p l i e d  p l o t s  f o r  f u r t h e r  

s u p p o r t s  t h e  r e s p o n s e  to P a p p 1 i c a t i o n ( Y o g a r a t r a m  a n d  

W e e r a s u r i y a  (1984), M a t h e w  ^  (1989) and P u n n o o s e  (1993^.

P o t a s s i u m  is a n  a c t i v a t o r  in e n z y m e  s y s t e m s  and has 

a d e f i n i t e  ro l e  in the t r a n sport of A T D - a s e  ( S u t c l i f f  a n d  

B a k e r ,  19 7 4 ) .  It is i m p o r t a n t  f o r  t h e  d e v e l o p m e n t  of 

c h l o r o p h y l l  a n d  for p h o t o s y n t h e s i s .  T a b l e  38 i n d i c a t e s  that 

leaf litter p r o d u c t i o n  was s i g n i f i c a n t l y  i n c r e a s e d  by the 

a d d i t i o n  of K at 60 kg. The a v a i l a b l e  K as well as the leaf



K c o n t e n t s  w e r e  s i g n i f i c a n t l y  i m p r o v e d  by  the a d d i t i o n  of 60 

kg K to c o v e r  crop. D i r e c t  r e s p o n s e  in y i e l d  o b t a i n e d  to 

a p p l i c a t i o n  of K  a l s o  be r e p o r t e d  b y  A n g k a p r a d i p t a  ^  al . 

(1986) a n d  P u n n o o s e  ^  (1993).

4.2.5. Soil n u t r i e n t  s t a t u s

T h e  e f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  o n  soil 

o r g a n i c  c a r b o n  a n d  a v a i l a b l e  N , P , K , C a  a n d  M g  a r e  p r e s e n t e d  

a n d  d i s c u s s e d .

4 . 2 . 5 . 1 .  O r g a n i c  c a r b o n

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

p r e s e n t e d  in T a b l e  41. A s  t i m e  p r o g r e s s e s  the g r o w i n g  of 

c o v e r  c r o p  has s i g n i f i c a n t l y  i n c r e a s e d  the o r g a n i c  c a r b o n  

c o n t e n t  o v e r  the a b s o l u t e  control plots. A m o n g  the levels of 

f e r t i l i z e r s  a p p l i e d  t o  c o v e r  c r o p ^  a n d  F g  w e r e

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

w e r e  o n  par w i t h  e a c h  o t h e r  d u r i n g  1992. D u r i n g  the end of 

t h e  e x p e r  iment  ̂  F^ a n d  F 2  w e r e  s i g n i f i c a n t l y  h i g h e r  to o t h e r  

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

D u r i n g  the e n t i r e  p e r i o d  of the e x p e r i m e n t  the a b s o l u t e  .Ih8 

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

c o n t e n t .



T a b 1e 41. E f f e c t  of c o v e r c r o p  
o r g a n i c  c a r b o n  (per

a n d  its n u t r i t i o n  
cent >

on  the soil

T r e a t m e n t s 1991 1992 1993

Fo 1 .028 1 .083 1 . 143

1 .050 1 . 108 1 . 165

^2 1 .030 1 . 183 1 . 288

P 3
1 .055 1.118 1 . 183

F 4 1 .048 1 .210 1 . 308

C 1 .055 1 .048 1 .083

SE 0 . 0 0 9 0 . 0 0 6 0 . 0 0 5

C D ' 0 . 0 1 9 0 .017

NS s** s * *

S * *  S i g n i f i c a n t  at P = 0.01 level 

N S  Not s i g n i f i c a n t



I n  the c o v e r  c r o p p e d  t r e a t m e n t  p l o t s  t h e  d e a d  

litter m a t e r i a l s  d e p o s i t e d  o n  the s u r f a c e  of soil a n d  insitu 

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

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

c o v e r  crop. T h e s e  f i n d i n g s  a r e  in line w i t h  the o b s e r v a t i o n  

of W a t s o n  (1961) a n d  W a t s o n  ^  (1964b) .

It is a l s o  n o t e d  t h a t  b y  a d d i t i o n  of all t h e  

n u t r i e n t s  a r e  in a d e q u a t e  s u p p l y  in soil t h e r e  will be b e t t e r  

c o n s e r v a t i o n  of o r g a n i c  c o n t e n t  of soil ( S t e v e n s o n ,  1964 a n d  

Brady, 1988). T h e  g r a d u a l  b u i l d u p  of o r g a n i c  c a r b o n  in the 

soil c o u l d  be  t h e  r e s u l t  of c o n t i n u o u s  a d d i t i o n  of l e a f  

l itter fr o m  the trees and c o v e r  crop. T h e  e f f e c t  of N on the 

o r g a n i c  c a r b o n  s t a t u s  is well known. In r u b b e r  g r o w n  soil it 

is all the m o r e  e n h a n c e d .  H e n c e  it is n o t  d i s c u s s e d  in 

d e t a i l .  R e p o r t s  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 M a l a y s i a  

(1976) i n d i c a t e d  that a p p l i c a t i o n  of f e r t i l i z e r s  e s p e c i a l l y  N  

i n c r e a s e d  the level of o r g a n i c  c a r b o n  in the soil.

4 . 2 . 5 . 2 .  A v a i l a b l e  N

T h e  a v a i l a b l e  M c o n t e n t  in the d i f f e r e n t  y e a r s  of 

o b s e r v a t i o n s  a r e  p r e s e n t e d  in T a b l e  42. T h e  c o v e r  c r o p  p l o t s

r e co rd ed  s i gn i f  i oant 1 y highf ; r  a v a i ’ ^'ble N cr 'ntent than the



T r e a t m e n t s 1991 1992 1993

FO 182.45 2 0 9 . 4 5 2 3 0 . 8 8

186.45 2 3 0 . 4 2 2 5 9 . 5 2

1 89.70 2 8 5 . 6 5 3 1 5 . 3 5

^3 190.45 2 4 5 . 2 5 26 5 . 2 0

P 4 185.32 2 9 2 . 3 0 3 2 6 . 4 5

C 186.45 2 0 2 . 8 5 2 1 5 . 6 5

CD 3 0 . 3 5 0 3 3 . 4 5 0 3 6 . 4 2 0

NS s*+ s * *

S** S i g n i f i c a n t  at P = 0.01 level 

NS  Not s i g n i f i c a n t



' s •

Gonti'ol p l o t s  d u r i n g  t h e  s e c o n d  a n d  t h i r d  y e a r  of

o b s e r v a t i o n s .  A v a i l a b l e  N c o n t e n t  in the a n d  F 2 levels

we r e  on par and s i g n i f i c a n t l y  h i g h e r  th a n  all o t h e r  levels.

T h e  r e a s o n s  for the i n c r e a s e d  a v a i l a b l e  N content 

in soil w e r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  1.

4 . 2 . 5 . 3 . A.va i 1 ab  1 e P

T he a v a i l a b l e  P c o n t e n t  in the d i f f e r e n t  y e a r s  of 

o b s e r v a t i o n s  a r e  p r e s e n t e d  in T a b l e  43. T h e  c o v e r  c r o p p e d  

p l o t s  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  a v a i l a b l e  P cont e n t  than 

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

o b s e r v a t i o n .  A v a i l a b l e  P c o n t e n t  in the Fg  level a p p l i e d

p l o t s  w e r e  s i g n i f i c a n t l y  h i g h e r  th a n  all o t h e r  levels.

4 . 2 . 5  . 4. A v a  i 1a b 1e K

T h e  a v a i l a b l e  K c o n t e n t  of soil in d i f f e r e n t  y e a r s  

of o b s e r v a t i o n s  a r e  p r e s e n t e d  in T a b l e  44. As in t h e  

E x p e r i m e n t  I, it is n o t e d  that in E x p e r i m e n t  TI al s o  c o ver 

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

c o n t e n t  in the soil o v e r  the control plots. A m o n g  the levels^ 

E g  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  s o i l  a v a i l a b l e  K.



T a b l e  43. E f f e c t  of c o v e r c r o p  
a v a i l a b l e  P (kg ha~^)

a n d  its n u t r i t i o n  on soil

T r e a t m e n t s  1991 1992 1993

FO 2 0 . 1 7 0 2 2 . 5 6 5 30.508

Fl
20 . 2 8 8 2 5 . 6 8 5 3 1 . 8 8 3

P2 20 . 2 3 3 2 7 . 7 1 5 3 7 . 7 4 0

*̂ 3 2 0 . 2 0 5 2 6 . 4 4 8 3 2 . 4 1 3

^4 2 0 . 3 1 3 2 8 . 7 6 8 38 . 0 1 0

C 2 0 . 2 4 8 2 1 . 4 7 0 25.413

SE 0 . 220 0.091 0. 245

CD 0 . 2 7 5 0. 738

NS S** S* +

S** S i g n i f i c a n t  at P = 0.01 level 

NS Not s i g n i f i c a n t



T a b l e  44. E f f e c t  of c o v e r c r o c  
a v a i l a b l e  K  (kg ha~^

> a n d  i t s

h
n u t r i t o r  o n  s o i l

T r e a t m e n t s 1991 1992 1993

F q 1 2 8 . 0 9 8 159.098 .94.668

Fl 1 3 1 . 0 4 8 155.340 .91.843

F 2 1 2 9 . 2 9 3 148.840 -.69 . 368

^3 1 3 0 . 6 6 0 147.493 :87.768

^4 1 2 9 . 1 8 3 146.638 ;60.120

C 129.1 15 150.755 190.053
1

SE 2 . 239 2.404 3 . 1 1 3

CD 6 . 6 2 3 6.819 9. 383

NS s * * s**

S*+ S i g n i f i c a n t  at P = 0.01 level 

N S  Not s i g n i f i c a n t



T h e  r e a s o n s  for this i n c r e a s e  w e r e  a l s o  a l r e a d y  n a r r a t e d  in 

E x p e r  iment I .

It was o b s e r v e d  that a p p l i c a t i o n  of K s i g n i f i c a n t l y  

i n c r e a s e d  the a v a i l a b l e  K c o n t e n t  of soil as also o p i n e d  by 

P u s h p a d a s  ^  aj_. ( 1 9 7 8 ) ,  Lau ( 1 9 7 9 )  a n d  D i s s a n a y a k e  a n d  

M i t h r a s e n a  (1986).

4 . 2.5.5. A v a l i a b l e  Ca

T h e  a v a i l a b l e  Ca c o n t e n t  of the soil are p r e s e n t e d  

in T a b l e  45. C o v e r c r o p  g r o w n  p l o t s  w e r e  s i g n i f i c a n t l y  

s u p e r i o r  t h a n  the a b s o l u t e  c o n t r o l  o h  t h e  a v a i l a b l e  C a

content. T h e  levels of f e r t i l i z e r s  s.re found s u p e r i o r

than o t h e r  levels a n d  w e r e  on p a r  w i t h  ea c h  other. Control 

p l o t s  r e c o r d e d  the least value.

T h e  r e a s o n s  for the i n c r e a s e d  q u a n t i t y  of a v a i l a b l e  

Ca c o n t e n t  in the c o v e r  c r o p p e d  p l o t s  and in the F^ a n d  F^ 

levels w e r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I.

4 . 2.5.6. A v a i l a b l e  M g

The a v a i l a b l e  Mg c o n t e n t  in the soil are p r e s e n t e d

in the T a b l e  46. T h e  a v a i l a b l e  Mg c o n t e n t  of cover c r o p p e d



T a b l e  45. E f f e c t  of c o v e r c r o p  
a v a i l a b l e  C a  (kg h a ~

a n d  i t s n u t r i t o n  o n  s o i l

T r e a t m e n t s 1991 1992 1993

F q
2 1 2 . 0 4 5 280 . 2 1 3 1 9 . 3 3

2 1 3 . 9 7 3 05.71 3 5 5 . 3 5

^2 2 2 1 . 0 3 5 3 0 2 . 3 8 3 6 2 . 0 9

^ 3 2 1 3 . 6 9 8 3 6 5 . 5 8 4 2 6 . 5 7

^4 2 1 2 . 2 2 3 6 3 . 1 2 4 2 4 . 8 5

C 2 1 4 . 9 4 8 263.01 2 8 8 . 3 9

SE 0 . 3 4 5 0 . 4 1 8 0 . 5 3 6

C D 1 .039 1 . 260 1 .616

s* s * * s**

S+ S i g n i f i c a n t  at P = 0 . 0 5  level 

S*+ S i g n i f i c a n t  at P = 0.01 level 

N S  Not s i g n i f i c a n t



T a b l e  46. E f f e c t  of c o v e r c r o p  
a v a i l a b l e  M g  (kg ha~

a n d  its n u t r i t o n  o n  s o i l

T r e a t m e n t  s 1991 1992 1993

FO 118.57 138 . 0 9 157.97

^1
120.51 156.64 179.14

^2 118.11 164.63 174.82

^3 1 1 2 . 6 3 158.72 171.08

^4 1 14.77 1 54.02 169.06

C 116.61 136.91 155.08

SE 0 . 3 1 5 0 . 3 4 9 0 . 3 5 6

CD 0 . 948 1 .052 1 .074

S * * s**



p l o t s  w e r e  s i g n i f i c a n t l y  h i g h e r  o v e r  the a b s o l u t e  control, 

a m o n g  the levels Fj h a s  r e c o r d e d  the h i g h e s t  v a l u e  f o l l o w e d  

b y  F 2 1  F 3 ) F 4  a n d  F q . T h e s e  l e v e l s  w e r e  s i g n i f i c a n t l y

d i f f e r i n g  f r o m  o n e  a n o t h e r .

4.2.6. E f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  o n  the H e v e a  

leaf n u t r i e n t s  c o n t e n t s

4 . 2 . 6 . 1 .  H e v e a  leaf N i t r o g e n  c o n t e n t s

T h e  r e u l t s  o b t a i n e d  f r o m  1991 to 1993 a r e  p r e s e n t e d  

in T a b l e  47. It is o b s e r v e d  t h a t  t h e r e  w a s  s i g n i f i c a n t  

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

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

h i g h e r  leaf N c o ntent. It m a y  be a l s o  s e e n  f r o m  the T a b l e  on  

o r g a n i c  c a r b o n  that ini all the t h ree y e a r s  the o r g a n i c  c a r b o n  

c o n t e n t  was m o r e  in the c o v e r  c r o p  g r o w n  p l o t s  t h a n  that of 

c o n t r o l  plot. A m o n g  the levels of f e r t i l i z e r s  a p p l i e d  to 

c o v e r  c r o p ^ F ^  and F 2  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  H e v e a  leaf 

N.

T h e  r e a s o n s  for the h i g h e r  leaf N c o n t e n t  of H e v e a  

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

E x p e r i m e n t  I.



T a b l e  47. E f f e c t  of c o v e r c r o p  
N  (per c e nt)

a n d  its n u t r i t i o n o n  H e v e a  Leaf

T r e a t m e n t s  199i 1992 1993

FO
3 . 2 1 6 3 . 3 2 0 3.427

Pi
3.2*85 3.434 3 . 569

F 2
3 . 4 1 9 3 .626 3.711

F 3
3 . 305 3 . 5 2 9 3 .663

F 4
3 . 4 2 4 3 . 6 5 5 3 . 9 0 6

C 3 . 0 4 3 3 .074 3. 102

SE 0 . 0 0 2 0 . 0 6 6 0 . 002

CD 0 . 0 0 5 0 . 1 9 9 0 . 0 0 6

s** s** s**

s** S i g n i f i c a n t  at P = 0.01 1 e v e  1



R e g a r d i n g  the l e v e l s  of N P K  t h e  i n c r e a s e  in t h e  

H e v e a  leaf N  c o n t e n t  in , F 2  a r e  d u e  to the a p p l i c a t i o n  of 

10 kg e x t r a  n i t r o g e n .  T h i s  a p p l i c a t i o n  of N has i n c r e a s e d  

the soil o r g a n i c  c a r b o n  ( T a b l e  41) w h i c h  m i g h t  h a v e  lead to 

g r e a t e r  a b s o r p t i o n  of N a n d  i n c r e a s e d  N c o n t e n t  of l e a f .

S i m i l a r  i n c r e a s e  in t h e  l e a f  N c o n t e n t  o f  H e v e a  f r o m

a p p l i c a t i o n  of N  f e r t i l i z e r s  w e r e  r e p o r t e d  b y  S h o r r o c k s  

(1962) a n d  (1964), K a l a m  ^  aj_. (1980), S i v a n a d y a n  (1983) a n d  

P u n n o o s e  (1993).

4 . 2 . 6 . 2 .  H e v e a  leaf P  c o n t e n t

T h e  r e s u l t s  of H e v e a  leaf P o b t a i n e d  for the p e r i o d

from 1991 to 1993 a r e  p r e s e n t e d  in T a b l e  48. T h e  t r e a t m e n t s

w i t h  c o v e r  c r o p  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  leaf P c o n t e n t  

t h a n  the c o n trol plots.

T h e  r e a s o n s  for the i n c r e a s e d  H e v e a  leaf P  c o n t e n t

in the c o v e r  c r o p p e d  p l o t s  w e r e  a l r e a d y  d i s c u s s e d  in detail

in the E x p e r i m e n t  I.

A m o n g  the lev e l s  of N P K ^ F ^  r e c o r d e d  s i g n i f i c a n t l y  

h i g h e r  q u a n t i t y  of leaf P c o n t e n t  f o l l o w e d  b y  F g , F g , Fj and

F q  a n d  they w e r e  o n  par w i t h  e a c h  other.



T a b l e  48. E f f e c t  of c o v e r c r o p  
P  (per c e nt)

a n d  its n u t r i t i o n o n  H e v e a  Leaf

T r e a t m e n t s  1991 1992 1993

FO 0 . 2 2 7 0. 234 0.237

0. 236 0 . 244 0. 264

F2 0. 244 0. 255 0 . 2 7 4

F 3 0 . 2 3 8 0 . 2 4 9 0 . 2 6 0

0. 251 0 . 2 6 4 0 . 3 1 4

C 0. 223 0. 225 0 . 2 2 8

SE 0.001 0 . 0 0 2 0.011

C D 0 . 0 0 5 0 . 0 0 5 0 . 0 3 2

s** s+* s*+

s * * S i g n i f i c a n t  at P = 0.01 1 eve 1



c o n t e n t  o f  l e a f .  It w a s  a l r e a d y  s e e n  t h a t  t h e r e  w a s

s i g n i f i c a n t  i n c r e a s e  in the soil P level fr o m  a p p l i c a t i o n  of

P f e r t i l i z e r s .  T h e  h i g h  P s t a t u s  of soil m i g h t  h a v e  h e l p e d

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

leaf. S h o r r o c k s  ( 1962), P u s h p a d a s  ^  aJ. (1978)^ Yogaratnani/f

et a 1 ■ (.1984) a l s o  r e p o r t e d  t h a t  a p p l i c a t i o n  of P

i m p r o v e d  the leaf P c o n t e n t  of H e v e a .

4 . 2 . 6 . 3 .  H e v e a  leaf K  c o n t e n t

T h e  r e s u l t s  of H e v e a  leaf K c o n t e n t  for the p e r i o d

fr o m  1991 to 1993 a r e  p r e s e n t e d  in T a b l e  49. It is o b s e r v e d

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

s i g n i f i c a n t l y  h i g h e r  leaf K  c o n t e n t  t h a n  the c o n t r o l  plots. 

T h e  r e a s o n s  a r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I.

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

h i g h e r  v a l u e  f o l l o w e d  b y  F g , Fg. Fj a n d  F q  a n d  t h e s e  v a l u e s  

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

a l r e a d y  s e e n  that t h e r e  w a s  s i g n i f i c a n t  i n c r e a s e  in the soil 

K level f r o m  a p p l i c a t i o n  of K f e r t i l i z e r s .  T h e  h i g h  K s t a t u s  

o f  soil m i g h t  h a v e  h e l p e d  in be t t e r  absorpLioii of K r e s u l t i n g



T a b l e  49. E f f e c t  of c o v e r c r o p  a n d  
K  (per cent)

its n u t r i t i o n o n  H e v e a  Le a f

T r e a t m e n t s  1991 1992 1993

FO 1 . 269 1 .306 1 . 349

Fl 1 . 304 1 . 350 1 .429

F2 1.319 1 . 331 1 .475

Fa 1 . 347 1 . 496 1 . 606

F 4
1 . 459 1 . 531 1 . 695

c 1 . 209 1 . 235 1 . 279

SE 0 . 002 0 . 0 3 3 0 . 0 0 2

CD 0 . 0 0 6 0 . 0 0 9 0 . 006

s** s * *



in h i g h  K c o n t e n t  of leaf C S h o r r o c k s  (1961a), Yogaratnara 

et a l ■ (1984), Y o g a r a t n a m  a n d  Mel (1985) a n d  P u n n o o s e  (1993)),

4 . 2 . 6 . 4 .  H e v e a  leaf Ca  c o n t e n t

T h e  r e s u l t s  of H e v e a  leaf Ca c o n t e n t  for the p e r i o d  

f r o m  1991 to 1993 are p r e s e n t e d  in T a b l e  50. It is o b s e r v e d  

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

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

r e a s o n s  a r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I.

T h e  level h a s  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r

v a l u e  f o l l o w e d  b y  Fg, Fg, Fj a n d  F q  a n d  t h e s e  v a l u e s  w e r e  

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

i n c r e a s e  in the leaf C a  c o n t e n t  w i t h  a p p l i c a t i o n  of P c o u l d  

b e  the r e s u l t  of a d d i t i o n  of r o c k  p h o s p h a t e  w h i c h  a l s o  

c o n t a i n s  C a . T h i s  is in a g r e e m e n t  w i t h  t h e  r e p o r t s  of 

S h o r r o c k s  ( 1 9 6 1 a )  , P u s h p a r a j a h  ( 1 9 6 9 )  a n d

P u n n o o s e  (1993).

4 . 2 . 8 . 5 .  H e v e a  leaf M g  c o n t e n t

Th e  r e s u l t s  of H e v e a  leaf Mg c o n t e n t  for the p e r i o d

from 1991 to 1993 are pre,'?entBrl in T a b l e  Tt is n o t e d  that



T a b l e  50. E f f e c t  of c o v e r c r o p  
C a  (per cent)

an d  its n u t r i t i o n o n  H e v e a  Leaf

T r e a t m e n t s  1991 1992 1993

FO 0 . 8 2 3 0. 829 0 . 8 5 2

0 . 865 0 . 8 9 4 0. 923

^2 0 . 8 7 4 0 . 8 9 2 0. 933

^3 0 . 8 7 4 0. 922 0 . 9 6 9

0. 877 0 . 9 4 8 0. 981

C 0 .816 0.821 0 . 8 3 3

SE 0 . 0 0 2 0 . 0 0 2 0 . 0 0 2

CD 0 . 0 0 6 0 . 0 0 5 0 . 0 0 5

s** s**

S i g n i f i c a n t  at P = 0.01 1 eve 1



T r e a t m e n t s 1991 1992 1993

Fo 0 . 3 4 8 0 . 3 7 4 0 . 3 9 5

0 . 3 4 8 0 . 3 7 5  , 0 . 3 9 9

2̂ 0 . 3 5 0 0 . 3 8 3 0 . 4 0 7

0 . 3 4 4 0 . 381 0 . 3 9 8

0.351 0 . 3 8 3 0 . 4 0 6

C 0. 342 0 . 3 6 5 0.381

SE 0 . 0 0 2 0 . 0 0 2 0 . 0 0 2

C D 0 . 0 0 6 0 . 0 0 6 0 . 0 0 6

s+*

S** S i g n i f i c a n t  at P = 0.01 1 evel



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

H e v e a  leaf M g  content.

T h e  l e v e l s  F 2 , w e r e  s i g n i f i c a n t l y  h i g h e r  o n

H e v e a  leaf M g  a n d  on  p a r  w i t h  e a c h  o t h e r  a n d  f o l l o w e d  by , 

Fj a n d  F q .

4 . 2 . 7 .  E f f e c t  o f  c o v e r  c r o p  a n d  i t s  n u t r i t i o n  o n  s o i l  

D o i s t u r e

T h e  soil m o i s t u r e  c o n t e n t  in- s u m m e r  m o n t h s  v i z  

J a n u a r y ,  F e b r u a r y ,  M a r c h  a n d  A p r i l  1 9 9 2  a n d  1 9 9 3  w e r e

e s t i m a t e d ,  a n a l y s e d  a n d  d i s c u s s e d  below.

F r o m  the t a b l e  it is s e e n  that d u r i n g  the first 

y e a r  f o r  t h e  s h a l l o w  d e p t h ^ t h e  s o i l  m o i s t u r e  in t h e  

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

N u t r i t i o n  to c o v e r  cr o p  a l s o  i n c r e a s e d  the m o i s t u r e  c o n t e n t  

c o m b i n e d  e f f e c t  of  b o t h  is m o r e  p r o n o u n c e d  a n d  is 

s i g n i f i c a n t .  T h e  level F ^  r e c o r d e d  h i g h e r  s o i l  m o i s t u r e  

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

T h e s e  two levels w e r e  o n  par w i t h  e a c h  other. T h e s e  two 

levels w e r e  f o l l o w e d  b y  F g , F q  and F j .



Treatment Jan
0-30 30-60

Feb 
0-30 30-60

March 
0-30 30-60

Apri 1 
0-30 30-60

FO 17.23 16.39 14.96 15.44 15.29 14.74 15.24 14.28

17.10 16.18 16.68 15.61 15.68 14.95 15.58 14.68

^2 17.99 17.00 17.30 16.35 16.10 15.50 16.04 15.10

Fs 17.16 16.25 17.20 15.64 15.74 15.09 15.78 14.73

^4 18.01 16.78 17.48 16.46 16.20 15.74 16.25 15.34

C 11.86 12.21 11.15 11.51 9.22 11.61 9.14 10.35

SE 0. Ill 0.146 0.070 0.099 0.066 0.108 0.122 0.094

CD 0.335 0.439 1.838 0.216 0.020 0.326 0.367 0.283

S** s** S** S+* s**



Treatment Jaa-i
0-30 30-60

Feb 
0-30 30-60

March 
0-30 30-60

i^ril 
0-30 30-60

Fq 17.23 16.05 16.55 15.68 16.25 15.16 16.18 14.88

17.35 16.27 16.69 15.83 16.39 15.19 16.50 14.95

18.21 17.15 17.69 16.55 17.10 16.16 17.04 15.78

*̂ 3 17.83 16.36 16.60 16.08 16.70 15.34 16.55 15.04

^4 18.04 17.19 17.74 16.65 17.26 16.33 17.19 16.10

C 12.63 12.58 12.06 12.08 10.15 11.35 10.01 11.05

SE 0.099 0.072

!

0,052 0.072 0.094 0.044 0.056 0.057

CD 0.298 0.217 0.157 0.222 0.283 0.133 0.169 0.172

s+* s** S++ s** S** s** S++

S** Significant at P = 0.01 level



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

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

m o i s t u r e  ov e r  a b s o l u t e  control. N u t r i t i o n  to c o v e r  c r o p  a l s o  

i n c r e a s e d  the soil m o i s t u r e  c o n t e n t  a t  l a t e r  m o n t h s .  F g

level u»as f o u n d  s u f f i c i e n t  o n  t h ese two levels we r e  o n  par

w i t h  e a c h  other.

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

m o i s t u r e  c o n t e n t  in the top soil a n d  b o t t o m  soil e x h i b i t e d  

the sa m e  t r e n d  as that of the first year. T h e  c o v e r  c r o p p e d  

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

o v e r  the a b s o l u t e  c o n t r o l  . T h e  l e v e l s  a n d  F 2  h a v e

r e g i s t e r e d  a h i g h e r  v a l u e  t h a n  o t h e r  levels. T h e s e  levels 

w e r e  o n  par w i t h  e a c h  o t h e r  a n d  f o l l o w e d  b y  Fg, F^ a n d  F q .

T h e  r e a s o n s  for the i n c r e a s e  in the soil m o i s t u r e  

c o n t e n t  in the c o v e r  c r o p p e d  t r e a t m e n t s  as  w e l l  a s  t h e  

n u t r i t i o n a l  e f f e c t s  w e r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I.

4 . 2 . 8 .  E f f e c t  o f  n u t r i t i o n  o n  t h e  u p t a k e  of n u t r i e n t s  b y  

c o v e r  c r o p  K g - h a ~ ^

T h e  n u t r i e n t s  u p t a k e  by c o v e r  crops w e r e  p r e s e n t e d

in T a b l e  5 3 a-53e.



T a b l e  53a. E f f e c t  of n u t r i t i o n  
c o v e r c r o p

o n  t h e  u p t a k e

\ ’

of N  K g  ha~^ by

T r e a t m e n t Oct 1991 Oct 1992 Oct 1993

FO 7 .90 36.52 5 5 . 9 8 0

8.69 40. 92 6 4 . 2 0 0

^2 1 1 .74 57 .41 91 .94

^3 10.25 4 5 . 4 0 6 9 . 8 3

^4 11 .68 67 . 83 100.88

SE 0 . 8 1 0 0 . 8 1 0 0.9

C D 2 . 4 7 0 2 . 4 7 0 2 .774

5" *



T r e a t m e n t Oct 1991 Oct 1992 Oct 1993

Fo 0. 54 3.39 5 . 4 2 0

0. 63 4. 14 6. 380

^ 2 0. 86 5. 6 8 9 . 2 1 0

^3 0. 68 4 . 58 7 . 2 9 0

0 . 8 3 6. 94 10.470

SE 0 . 2 0 0. 50 0. 80

C D 1 .541 1 . 541 2 . 4 7 0

3 “'" S



T r e a t m e n t Oct 1991 Oct 1992 Oct 1993

FO 7 . 18 3 3 . 4 5 52.22

8.11 38 .06 4 5 . 8 3

^2 10.75 51.41 8 3.35

^3 9.44 41 .49 6 4 . 7 8

10. 59 6 0 . 6 4 91 .28

SE 1 .700 1 .30 1.4

CD N S 4 .006 4 .314



T a b l e  53d. E f f e c t  of n u t r i t i o n  
c o v e r c r o p

o n  the u p t a k e  of C a  K g  h a “̂  by

T r e a t m e n t Oct 1991 Oct 1992 Oct 1993

Fo 2 . 15 11.71 17. 19

2 . 25 13.61 19.04

^2
3 . 2 3 18.54 2 9 . 3 0

^3 2. 6 8 15.09 2 2 . 7 2

^4 3. 1 8 2 2.34 32.51

SE 0 . 8 0 1 .20 1 . 1

C D N. S. 3 . 6 9 8 3. 389

. S ' "



T a b l e  53 b . E f f e c t  of n u t r i t i o n  
c o v e r c r o p

o n  the u p t a k e  of M g  K g  ha  ̂ b y

T r e a t m e n t Oct 1991 Oct 1992 Oct 1993

FO 0.61 3.54 5.12

0 . 8 0 4 .25 6.38

^2 1 .09 6. 2 8 9. 56

0 . 9 5 4. 93 7.07

^4 1 .30 7.81 11 .42

SE 0 . 5 0 0 . 8 0 0.5

CD N.S. W-5 N'5



D u r i n g  the first year all the n u t r i e n t s  e x c e p t  N, 

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

t r e a t m e n t s .  F r o m  the s e c o n d  year o n w a r d s  a m o n g  the levels F 2  

a nd w e r e  o n  p a r  for the P u p t ake. For all the o t h e r

n u t r i e n t s  the level F^ was found s i g n i f i c a n t l y  s u p e r i o r  over

^2' ^3> ^0-

R e a s o n s  w e r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I.

4.2.9. E f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  o n  the g r o w t h  

of H e v e a  r o o t s  a n d  c o v e r  c r o p  r o o t s

T h e  e f f e c t  o f  c o v e r  c r o p  a n d  a p p l i c a t i o n  of 

n u t r i t i o n  to c o v e r  c r o p  o n  the g r o w t h  a n d  d e v e l o p m e n t  of 

H e v e a  root a n d  c o v e r  c r o p  root w e r e  a n a l y s e d  a n d  p r e s e n t e d  in 

T a b l e  54-57. T h e  w e i g h t  of r o o t s  w e r e  e x p r e s s e d  as gm'”'^.

4 . 2 . 9 . 1 .  H e v e a  r o o t s  at 0 - 7 . 5 c m  soil layer

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

h i g h e r  w e i g h t  of H e v e a  roots t h a n  u n d e r  no cover. A m o n g  the 

levels F^ has r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  root w e i g h t  th a n  

Fg a n d  f o l l o w e d  b y  F 3 , Fj and F q .



T a b l e  54. Ef f e c t  
r u b b e r

of g r o w i n g  c o v e r c r o p s  
roots^giB ^ 0 - 7 . 5 c m  soil

o n  t h e  g r o w t h  of  
layer

T r e a t m e n t 1991 1993

F q , 3 1 2 . 3 0 8 4 1 1 . 0 1 3

3 3 1 . 9 6 3 4 3 2 . 7 7 0

3 2 6 . 3 8 0 4 8 7 . 8 7 5

^3 3 3 1 . 0 4 5 4 7 1 . 2 3 8

^4 3 3 8 . 9 3 5 1 4 . 6 3

C 2 4 5 . 0 1 3 2 4 6 . 3 8 8

SE 8 . 0 1 2 5.438

CD 2 4 . 1 4 5 16.389

S+* S * *



T a b l e  55. R u b b e r r o o t s ^ g m j  a b o v e  g r o u n d  level

T r e a t m e n t 1991 1993

F q
1 2 3 . 4 5 0 159.8

Fl 1 3 5 . 5 8 8 1 7 7 . 0 1 3

^2 1 4 2 . 9 7 8 209. 5

1 4 4 .233 2 0 2 . 4 6 3

^4 1 6 4 .638 2 2 0 . 1 8 3

C 7 4 . 8 1 3 1 1 2 . 5 9 5

SE 2. 885 6 . 1 6 8

C D 8. 694 18.587

S*+ S i g n i f i c a n t  at P = 0.01 level



The sil.uation is s i m i l a r  to that at 0-7 . 5cm soil

layer. The r e a s o n s  for the v i g o r o u s  d e v e l o p m e n t  of s u r f a c e  

roots at botli 0-7 . 5cm and a b o v e  g r o u n d  level u n d e r  legume

cover a r e  due to the h e a v y  m u l c h  of d e a d  leaves that b u i l t  up

under c o v e r  c r o p  (T a b l e  54). T h i s  w o u l d  h a v e  i n c r e a s e d  the

soil m o i s t u r e  c o n t e n t  (Tables 52 a n d  53). U n d e r  the a b s o l u t e  

control tre a t m e n t ,  t h ere wa.s no c o v e r  c r o p  a n d  f u l l y  i nfested 

wi t h  weeds, p r e d o m i n a t e l y  by g rasses. T h e s e  g r a s s e s  r o o t e d  

v i g o r o u s l y  o n  s u r f a c e  and h e n c e  least H e v e a  root d e v e l o p m e n t  

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

o b s e r v e d  by W a t s o n  ^  (1964).

4 . 2 . 9 . 3 .  C o v e r c r o p  r o o t s  at 0 - 7 . 5 c m  s o i l  l a y e r ,  a n d  a b o v e

g r o u n d  level

A.mong t h e  l e v e l s ,  a n d  F g  h a d  r e c o r d e d

s i g n i f i c a n t l y  h i g h e r  w e i g h t  of c o v e r  c r o p  roots than all the 

o ther levels. F^ a n d  F 2 were on par wi t h  e a c h  other. T h i s  

might b e  due to the d i r e c t  effect. At F^, F 2  levels the 

b i o m a s s  of c o v e r  c r o p  (Table 59) w e r e  a l s o  h i g h e s t  a n d  h e n c e  

be t t e r  r o o t i n g  u n d e r  these levels.



T a b l e  56. E f f e c t  of n u t r i t i o n  to c o v e r c r o p s  o n  the tfrowth of 
c o v e r c r o p  r o o t s  0 - 7 . 5  c m  l a yer of s o i l ( g m  )

T r e a t m e n t s 1991 1993

Fq 1 5 . 2 7 5 67 . 8 6 8

17 . 175 6 6 . 9 6 8

^2 18 . 5 6 3 7 3 . 9 9 3

^3 1 8 . 0 7 5 6 9 . 8 6 8

1 9.198 8 1 . 9 0 0

SE 1 .801 2 . 8 1 0

C D 5 . 427 8 . 469

S* s**

S* S i g n i f i c a n t  at P = 0 . 0 5  level

S+* S i g n i f i c a n t  at P = 0.01 level



T r e a t m e n t s 1991 1993

6 . 943 3 7 . 2 7 0

9 . 5 6 5 4 2 . 3 7 0

^2 10.615 4 6 . 2 7 8

^3 9. 100 4 1 . 2 4 3

4̂ 10.825 8 1 . 5 9 3

SE 0 . 2 7 8 1 .549

CD 0 . 8 3 8 4.667

S* s**

S* S i g n i f i c a n t  at P = 0. 0 5  level



T r e a t m e n t C : N  r a t i o

F q 1 4 . 3 5

1 3 .  3 8

^ 2 11 . 4 0

^ 3 1 3 . 3 0

^ 4 11 . 18

C 2 6 . 6 8

S E 1 . 0 5 6

C D 3 . 1 8 1

s * *

S * *  S i g n i f i c a n t  at P = 0.01 level



4 . 2 .10. E f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  o n  t h e  C / N

r a t i o

T h e  impact of c o v e r  c r o p s  a n d  its n u t r i t i o n  on the 

C / N  r a t i o  a r e  p r e s e n t e d  in T a b l e  58.

A m o n g  the t r e a t m e n t s  the c o v e r  c r o p  g r o w n  p l o t s  

r e c o r d e d  s i g n i f i c a n t l y  lower C/N ratio, w h e r e  as the c o n trol 

plot r e c o r d e d  the h i g h e s t  C / N  ratio. A m o n g  the levels and 

F 2  r e c o r d e d  least v a l u e  a n d  are on p a r  w i t h  all o t h e r  levels 

g r o w n  w i t h  c o v e r  crop.

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

g r e a t e r  q u a n t i t i e s  of nitro g e n ,  p h o s p h o r u s  and c a l c i u m  th a n  

the control plots. S i n c e  the litter from the c over c r o p  has 

a low C / N  r a t i o  it w o u l d  be e x p e c t e d  to m i n e r a l i s e  r a p i d l y  

w i t h  its n u t r i e n t  c o n t e n t  b e c o m i n g  q u i c k l y  a v a i l a b l e  a g a i n  

for u p t a k e  b y  H e v e a  or c o v e r  c r o p  itself. T h e s e  r e s u l t s  a r e  

in c o n f o r m a t i v e  w i t h  the w o r k  of W a t s o n  (1961).

4.2.11. E f f e c t  of c o v e r  c r o p  and its n u t r i t i o n  on the b i o m a s s  

p r o d u c t i o n  of c o v e r  crop(’Kg h a   ̂}

B i o m a s s  of c o v e r  crop p r o d u c e d  fr o m  O c t o b e r  1991 to 

O c t o b e r  1993 w e r e  r e c o r d e d  at six m o n t h l y  interval, a n a l y s e d  

and d i s c u s s e d  below.



T a b l e  59. E f f e c t  of 
(Kg h a

n u t r i t i o n to c o v e r c r o p  o n  its b i o m a s s

T r e a t m e n t
1991 

Oct 1991
1992

April 92 Got 92
1993

April 93 Oct 93

3 2 4 . 5 0 7 9 1 . 5 0 1 4 5 7 . 7 5 1 7 7 3 . 5 0 2 2 7 7 . 2 5

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

^2 4 6 0 . 5 0 1 1 0 0 . 0 0 2 1 4 3 . 7 5 3 1 7 0 . 7 5 3 4 7 6 . 0 0

^ 3 4 1 3 . 0 0 9 9 2 , 5 0 1 7 7 4 . 7 5 2 2 6 5 . 2 5 2 7 7 0 . 7 5

4̂ 4 5 1 . 0 0 1 1 7 6 . 7 5 2 4 9 5 . 5 0 3 4 9 2 . 5 0 3 7 6 7 . 2 5

SE 14.547 10 . 7 3 9 2 0 . 7 0 8 15.231 15.341

C D 4 4 . 8 2 7 3 3 . 0 9 4 6 3 . 8 1 4 4 6 . 9 3 7 47 .273

s+* s * * S * * S * * s * *



D u r i n g  the e a r l y  s t a g e  Oot 91 Fg was found to be 

s u p e r i o r  a s  the g r o w t h  in l i m i t t e d ,  a d d i t i o n  of 10 K g  

N i t r o g e n  h a s  i n c r e a s e d  the n o d u l e  c o u n t  w i t h  t h a t  h i g h e r  

b i o m a s s .  At this s t a g e  F 2 is s u f f i c i e n t ,  and c over c r o p  has 

no c a p a c i t y  to u t i l i z e  60 K g  P and K. As the time passed, 

m o r e  u p t a k e  of P and K is n o t i c e d  a n d  from first ye a r  o n w a r d s  

is s u p e r i o r  a n d  is f o l l o w e d  by  Fg.

T h e  r e a s o n s  w e r e  a l r e a d y  e x p l a i n e d  t h

E x p e r i m e n t  I.

4 . 2 . 1 2 .  E f f e c t  of c o v e r  c r o p  a n d  i t s  n u t r i t i o n  o n  w e e d  

d r y m a t t e r  p r o d u c t i o n

T h e  q u a n t i t y  of we e d  d r y m a t t e r  p r o d u c e d  in K g  ha~^ 

in the e x p e r i m e n t  in a n a l y s e d  and the same is p r e s e n t e d  and 

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

u n d e r t a k e n  at six m o n t h l y  interval.

It is n o t i c e d  from the t a ble that d u r i n g  all the

t h r e e  y e a r s  f o r m  O c t o b e r  1 9 9 1  to  O c t  1 9 9 3  t h e r e  w a s

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

a b s o l u t e  c o n t r o l  o n  the w e e d  D M P  . T h e r e  w a s  a d r a s t i c  

r e d u c t i o n  in w e e d  D M P  w h e n  t h e  l e v e l  of f e r t i l i z e r s  to



T a b l e  60. E f f e c t  of c 
D M P  (Kg

jovercrop a n d  its n u t r i t i o n  on the w e e d

T r e a t m e n t
1991 

Oct 1991
1992

April 92 Oct 92
1993

April 93 Oct 93

5 0 1 . 7 5 7 6 6 . 5 0 1 0 9 5 . 0 0 9 0 3 . 2 5 8 7 3 . 0 0

4 0 5 . 0 0 6 5 9 . 0 0 9 6 0 . 2 5 7 8 1 . 5 0 7 6 9 . 5 0

^2 6 0 5 . 0 0 5 0 4 . 7 5 7 8 9 . 7 5 5 6 8 . 0 0 4 9 4 . 2 5

5 2 5 . 7 5 6 3 8 . 2 5 8 8 8 . 5 0 7 5 8 . 5 0 74 2 . 7 5

^4 2 8 7 . 2 5 4 5 8 . 2 5 7 6 5 . 0 0 6 2 0 . 7 5 4 9 9 . 0 0

C 1 0 1 0 . 2 5 1 4 8 9 . 2 5 1 8 3 0 . 7 5 1713.50 1921.75

SE 2 5 . 1 2 3 3 7 . 5 5 6 3 1 . 0 3 6 4 2 . 5 3 9 19.367

C D 7 5 . 7 1 3 1 1 3 .185 9 3 . 5 3 3 128.198 5 8 . 3 6 5

s** s * * s**

S** S i g n i f i c a n t  at P = 0.01 level.



c o v e r  c r o p  w e r e  increased. T h e  level Fg was found to be 

o p t i m u m  in 1993, w h e r e  as F 2 a n d  w e r e  found o n  p a r  in 1991 

and 1992.

T h e  r e a s o n s  w e r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I

4.2.13. Soil p h y s i c a l  c h a r a c t e r s

T he e f f e c t  of c o v e r  c r o p  a n d  its n u t r i t i o n  on soil 

m o i s t u r e  r e t e n t i o n ,  t o t a l  p o r o s i t y ,  b u l k  d e n s i t y  a n d  

a g g r e g a t i o n  p e r c e n t a g e  at two d e p t h s  viz., 0 - 3 0  a n d  3 0 - 6 0  cm 

a r e  p r e s e n t e d  a n d  d i s c u s s e d  below.

4 . 2 . 1 3 . 1 .  Soil m o i s t u r e  r e t e n t i o n  c a p a c i t y

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

w o r k e d  out at the b e g i n n i n g  a n d  end of the e x p e r i m e n t  at - 

0 . 033 M p a  a n d  at - 1 . 5  M p a  p r e s s u r e s  at two d’epths  viz., 0 - 3 0  

a n d  3 0 - 6 0  cm a n d  a r e  p r e s e n t e d  in T a b l e s  61 and 62. Soil 

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

a b s o l u t e  c ontrol. At - 0 . 0 3 3  M p a  and at - 1 . 5  M p a  p r e s s u r e  the 

final a n a l y s i s  of soil m o i s t u r e  r e t e n t i o n  of s h a l l o w  d e p t h  

were s i g n i f i c a n t l y  d i f f e r i n g  ea c h  other. A m o n g  the levels at



0 - 30 cm d e p t h  3 0 - 6 0  cm  d e p t h
T r e a t m e n t  1991 initial 1993 final 1991 initial 1993 final

F O 2 8 . 8 5 3 2 7 . 0 7 5 2 9 . 0 5 0 3 0 . 4 7 5

2 6 . 6 0 0 2 7 . 3 7 5 2 8 . 8 6 3 31 . 195

^ 2 2 5 . 6 8 8 2 8 . 8 7 5 2 8 . 5 7 5 3 2 . 1 0 0

^ 3 2 6 . 5 7 5 2 7 . 9 3 8 2 9 . 2 0 0 3 1 . 1 3 8

^ 4 2 6 . 4 3 8 2 8 . 9 1 3 2 9 . 3 5 0 3 2 . 5 0 0

C 2 6 . 1 8 8 2 6 . 3 5 0 2 9 . 4 3 8 2 9 . 8 1 3

SE 1 . 103 0 . 2 5 2 0 . 3 7 7 0 . 3 8 8

C D N S 0 . 7 5 8 N S NS

S*

s* S i g n i f i c a n t  at P = 0 . 0 5  level

N S  Not s i g n i f i c a n t



T a b l e  62. E f f e c t  of c o v e p c r o p a  a n d  its n u t r i t i o n  
m o i s t u r e  r e t e n t i o n  c a p a c i t y  at - 1 . 5  MPa

o n  t h e  soil

T r e a t m e n t
0 - 3 0  

1991 init ial
cm d e p t h  
1993 final

30 - 60 
1991 initial

cm d e p t h  
1993 final

F q
19.463 2 0 . 6 5 0 2 2 . 0 5 0 2 3 . 7 6 3

Ft 18.938 2 0 . 8 0 0 23. 2 3 8 2 4 . 8 0 0

^2 19 . 1 2 5 2 1 . 8 2 5 2 3 . 8 8 0 2 5 . 5 8 8

3̂ 19.138 2 1 . 3 3 8 2 3 . 5 0 0 2 4 . 7 0 0

19.113 22 . 0 1 3 23.438 2 5 . 8 0 0

C 19.013 19.263 2 2 . ATS 2 2 . 8 5 0

SE 0 . 2 5 3 0. 192 0.254 0. 259

C D NS 0. 358 NS N S

s * *

S** S i g n i f i c a n t  at P = 0.01 level 

N S  Not s i g n i f i c a n t



s h a l l o w  d e p t h  w a s  f o u n d  o n  p a r  w i t h  at b o t h  p r e s s u r e s .  

At d e e p e r  d e p t h  t h e r e  w a s  no  s i g n i f i c a n t  c h a n g e  o b s e r v e d .

T h e  r e a s o n s  w e r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I

4.2.13i.2. T o t a l  p o r o s i t y ,  b u l k  d e n s i t y  a n d  a g g r e g a t i o n  

p e r c e n t a g e

T h e  soil was a n a l y s e d  for its total p o r o s i t y ,  b u l k  

d e n s i t y  a n d  a g g r e g a t i o n  p e r c e n t a g e  at the end a n d  b e g i n i n g  

of the e x p e r i m e n t  at two d e p t h s  viz., 0 - 3 0  a n d  3 0 - 6 0  c m  a n d  

w e r e  p r e s e n t e d  in T a b l e  63. All t h r e e  c h a r a c t e r s  of soil at 

0 - 3 0  cm d e p t h  w e r e  s i g n i f i c a n t l y  h i g h e r  in the c o v e r  c r o p p e d  

t r e a t m e n t s  t h a n  the a b s o l u t e  c o n t r o l .  At s h a l l o w  d e p t h  of 

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

c o v e r  c r o p p i n g .  A m o n g  the levels a n d  Fg w e r e  o n  par w i t h  

e a c h  other.

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

e x p l a i n e d  in E x p e r i m e n t  I.

4 . 2 . 1 4 .  E f f e c t  of c o v e r  c r o p  a n d  i t s  n u t r i t i o n  o n  t h e  

m i c r o b i a l  p o p u l a t i o n  in soil

T h e  m i c r o b i a l  p o p u l a t i o n  of the soil w e r e  a n a l y s e d  

for the g e n e r a l i z e d  c o u n t  of b a c t e r i a ,  fungi a n d  p h o s p h a t e



Tre a t m e n t T o t a l  p o r o s i t y  X B u l k  d e n s i t y  gcc * A « r e < a t l o n  t

0-■30 3 0 - 6 0 0- 30 30- 60 0--30 30--60

1991 1993 1991 1993 1991 1993 1991 1993 1991 1993 1991 1993

•̂ 0
•46.51 47.9 48.71 4 9 . 1 6 1 .21 1 .20 1.26 1 .25 85.63 88.50 7 9,48 8 0 . 9 3

4 6 . 8 9 4 8.93 48.71 5 0 . 6 6 1 .21 1 .20 1.25 1.24 85.18 89.55 7 9 . 1 8 8 0.23

4 7 . 6 5 49.51 4 8 . 7 9 5 2 . 6 6 1 .22 1.19 1 .26 1 .24 5 6.25 92.35 7 8 . 8 8 80.05

^3
4 8.23 4 9.65 4 8.75 61 .43 1.21 1 .20 1 .25 1.24 8 5.93 9 0.83 7 9 . 7 8 8 0 . 9»

•̂4 4 7.64 4 9 . 7 9 4 7 . 8 9 5 2 . 7 0 1 .21 1 .19 1 .25 1 .24 7 9.08 91.95 79.43 80.48

C 46.58 4 7 . 3 8 4 8 . 3 0 4 9 . 5 3 1.21 1.21 1.26 1.25 8 5.80 87.35 7 9.8 8 0.50

SE 0 . 3 6 0 0 . 2 6 7 0 . 2 9 9 4 .04 0 . 0 1 0 O.OOS O.OOS 0 .005 0 . 7 0 9 0 .326 0 . 8 4 9 0 . 3 0

CD NS 0 . 8 0 5 NS NS N S 0 .014 NS NS NS 0 .982 N S NS

S** S»* S»*

S*» s i g n i f i c a n t  a t  P  =. 0.01 level 

NS N ot s i g n i f i c a n t



T r e a t m e n t  ' P h o s p h a t e s
B a c t e r i a  F u n g i  a o l u b l i z e r s

Initial Final Initial' Final Initial Final

SE

C D

Fq 2 7 . 0 2 5 3 7 . S C O 9 . 7 5 0 1 1 . 5 0 3 4 . 6 3 8 6 . 5 3 8

- 2 8 . 6 5 0 3 8 . 6 2 5 10.075 12 . 6 0 0 4 .620 7 . 5 0 0

^ 2 2 8 . 6 7 5 4 9 . 3 7 5 9 . 7 5 0 13.563 4 . 5 4 3 7 . 333

P 3 2 8 . 1 7 5 4 6 . 8 2 5 10.125 13.280 4 . 7 0 0 7 .675

F4 2 7 . 6 5 0 4 9 . 0 5 0 1 0.025 13.918 4 . 5 4 3 7 .813

c 2 7 . 4 5 0 2 9 . 8 5 . 9 . 8 7 5 10.888 4 . 3 5 5 4 . 4 8 8

0 . 4 6 3 0 . 9 3 8 0 . 6 7 5 0 . 0 8 2 0. 103 0.061

NS 2 . 8 5 6 NS 0 . 2 4 6 NS 0. 185

S * * s** S *  +

S*+ S i g n i f i c a n t  at P = 0.01 level 

N S  Not s i g n i f i c a n t



n  >

s o l u b l i z e r s  at the b e g i n i n g  a n d  end of the e x p e r i m e n t .  T h e  

d a t a  w e r e  a n a l y s e d  and p r e s e n t e d  as X g “̂  of soil

T a b l e  64. All the m i c r o b i a l  p o p u l a t i o n  w e r e  i n c r e a s e d  over 

the initial c o u n t  in the c o v e r  c r o p p e d  p l o t s  w h i c h  was f o u n d  

s i g n i f i c a n t l y  h i g h e r  than the a b s o l u t e  control.

A m o n g  the levels^ a n d  Fg we r e  f o u n d  to be on

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

a n d  fungi count. P h o s p h a t e  s o l u b l i z e r s  w e r e  h i g h e r  in F^ 

level f o l l o w e d  b y  F g , F^, F 2  a n d  F q .

T h e  r e a s o n s  w e r e  a l r e a d y  e x p l a i n e d  in E x p e r i m e n t  I.

4.3. E x p e r i m e n t  III

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

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

se r i e s  of m i c r o p l o t s  w e r e  put u n d e r  P u e r a r i a  a n d  MuLcuna. T h e  

c o v e r  c r o p s  w e r e  r e t a i n e d  for 3 y e a r s  and v a r i o u s  b i o m e t r i c  

o b s e r v a t i o n s ,  m o i s t u r e  c o n t e n t  at d i f f e r e n t  d e p ths, n u t r i e n t  

u p t a k e ,  so i l  s t a t u s  of a v a i l a b l e  n u t r i e n t s  a n d  m i c r o b i a l  

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

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



r u b b e r  as well as that of m a t ure. In m a t u r e  p l o t  o n l y  M u c u n a  

tuals g r o w n  as c o v e r  crop. T h e s e  datawfive c o m p l i e d  f r o m  three 

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

not a t t e m p t e d .

4.3.1. Soil m o i s t u r e  p e r c e n t a g e

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

p r e s e n t e d  in T a b l e  65.

In the s e c o n d  y e a r  of o b s e r v a t i o n  (1992) at s h a l l o w  

d e p t h  M u c u n a  (Cg) h a s  r e c o r d e d  m o r e  m o i s t u r e  t h a n  Puerari 

(Cj) in b o t h  p u r e  c o v e r  c r o p p e d  a r e a  as well as c o v e r  cro|> 

g r o w n  w i t h  i m m a t u r e  rubber. M o r e  or less s a m e  t r e n d  is note<> 

at d e e p e r  layer also. I n  1993 April at 0 - 3 0 c m  d e p t h  a l s o  tb« 

t r e n d  is s o m e w h a t  s i m i l l a r .  W h e r e  as at 3 0 - 6 0 c m  d e p t h  C 2  haf< 

r e c o r d e d  lesser m o i s t u r e  c o n t e n t  t h a n  Cj u n d e r  b o t h  p u r e  anf) 

i m m a t u r e  r u b b e r  s i t u a t i o n .  I n  t h e  i n i t i a l  s t a g e s  of  

c o v e r  c r o p  m o r e  m o i s t u r e  p e r c e n t a g e  b e c a u s e  of m o m

soil c o v e r .  H o w e v e r  in t h e  d e e p e r  l a y e r  C 2  h a s  recor d o f J  

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

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

the d e e p e r  layers. T h e  p e r f o r m a n c e  of in m a t u r e  r u b b o f



/

T a b l e  6 5 .  C o m p a r i s o n  a m o n g  o p e n ,  i m m a t u r e  a n d  n a t u r e  

s i t u a t i o n  o n  soil m o i s t u r e  p e r c e n t a g e  (Apirl 
1992 &  1993)

1992 April 1993 Apri 1

0 - 3 0  cm 3 0 - 6 0  cm 0 - 3 0  cm 3 0 - 6 0  cm

O p e n

^1 12.66 13 . 25 12.75 14 . 19

*̂ 2 14 . 45 13.70 13.62 12.59

I m m t u r e

12.20 12.78 13. 12 14 .08

t^2 15.05 14 . 42 13.82 13.77

M a t u r e

^ 2 15.58 14 .68 16.50 14.95
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s h o w e d  that at 3 0 - 6 0  cm depth, t h e r e  w a s  r e d u c t i o n  of soil 

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

m o i s t u r e  p e r c e n t a g e  at lower d e p t h  b y  C 2  has no w a y  a f f e c t e d  

the g i r t h  of r u b b e r  a n d  is s e e n  f r o m  g i r t h  increment, h e i g h t  

increment, latex y i e l d  ^ T a b l e s  36, 37 a n d  40) . T h i s  s h o w s

thatt t h e r e  w a s  no c o m p e t e t i o n  for m o i s t u r e  at d e e p e r  d e p t h  b y  

g r o w i n g  M u c u n a  (C 2 ) .

4.3.2. Soil n u t r i e n t  s t a t u s

T h e  d a t a  of soil a v a i l a b l e  n u t r i e n t s  viz. o r g a n i c  

c a r b o n  ( % ) ,  r j i t r o g e n ,  p h o s p h o r u s ,  p o t a s h ,  e a l c i u m  a n d  

tnagnesium (kg ha  ^ ) a r e  p r e s e n t e d  in T a b l e  66.

O r g a n i c  c a r b o n ,  n i t r o g e n ,  p h o s p h o r u s ,  p o t a s h ,  

c a l c i u m  a n d  -iroagnesium a r e  at a h i g h e r  level in the m a t u r e  

area, t h a n  the o t h e r  two s i t u a t i o n s  (Fig. 21). A m o n g  the

c o v e r  c r o p s  h a s  r e g i s t e r e d  h i g h e r  v a l u e s  of a l l  t h e

a v a i l a b l e  n u t r e i n t s  t h a n  Cj , u n d e r  b o t h  p u r e  as well as in 

the i m m a t u r e  stage. T h e  t a ble on the leaf litter p r o d u c t i o n  

u n der m a t u r e  c o n d i t i o n  s h o w e d  that a h u g e  q u a n t i t y  of H e v e a  

leaf l i t t e r  is a d d e d  at e v e r y  y e a r  w h i c h  c o n t a i n s  lot of 

nut r i e n t s .  T h i s  p h e n o m e n o n  is lacking u n d e r  the p u r e  as well

as in t h e  i m m a t u r e  s t a g e .  A m o n g  t h  e c o v e r  c r o p  C g  h a s



■ soi 1 n u t r i e n t s t a t u s

O r g a n i c

c a r b o n

N

% kg h a ”̂
P

kg ha"^

K

kg  ha~^

Ca 

kg ha~^

Mg

kg ha- ^

O p e n

Ci 1 .072 2 3 2 . 7 4 0 2 1 . 8 0 5 1 9 4 . 2 3 0 2 7 3 . 2 2 0 137.695

^ 2 1 .201 2 4 0 . 6 1 0 2 6 . 8 0 0 1 5 8 . 4 7 0 2 7 7 . 8 8 5 151.635

I m m a t u r e

Cl 1 .093 2 4 4 . 5 7 0 2 2 . 9 8 0 1 6 5 . 2 2 0 2 7 0 . 4 3 165.170

f’2 1 . 120 2 4 4 . 8 3 0 2 6 . 0 2 0 1 6 5 . 8 5 0 2 7 3 . 8 7 165.220

M a t u r e

1 .200 2 5 9 . 5 2 0 3 1 . 8 8 3 1 9 1 .843 3 5 5 . 3 5 0 179.82
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producefll m o r e  of d e a d  leaf l i t t e r  w h i c h  is a d d e d  insitu a n d  

i n c o r p o r a t e d .  T h i s  m i g h t  h a v e  c o n t r i b u t e d  to the i n c r e a s e d  

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

s i t u a t  i o n s .

4 .3.3. U p t a k e  of n u t r i e n t s  b y  c o v e r  c r o p s

T h e  u p t a k e  of n u t r i e n t s  b y  c o v e r  c r o p  is p r e s e n t e d  

in T a b l e  67.

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

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

(Fig. 22). A m o n g  t h e  c o v e r  c r o p s  C g  h a s  t a k e n  h i g h e s t  

q u a n t i t i e s  of n u t r i e n t s  t h a n  Cj a n d  t h u s  p r o d u c e d  h i g h e r  

b i o m a s s  a n d  l e s s e r  w e e d  D M P .  U p t a k e  o f  n u t r i e n t s  b y  

c o v e r  c r o p s  u n d e r  o p e n  a n d  i m m a t u r e  s i t u a t i o n s  a r e  m o r e  or 

less similar. H i g h e r  b i o m a s s  p r o d u c t i o n  of c o v e r  c r o p s  u n d e r  

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

increaseejuptake of n u t r i e n t s .

4 .3.4. B i o m a s s  of c o v e r  c r o p s  kg h a  ^

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



T a b l e  67. U p t a k e  of n u t r i e n t s  b y  c o v e r  c r o p s ,  B i oraass o f  

c o v e r  c r o p  a n d  W e e d  D r y  M a t t e r  P r o d u c t i o n  

(Kg h a ~ b

N i t r o g e n P h o s ­

p h o r u s
P o t a s h C a l ­

c i u m

M a g n e ­

s i u m

- B i o ­

ma s s

W e e d

D M ?

O p e n

Cl 6 8 . 7 5 5 . 9 5 64 .80 20. 19 3. 7 6 2 8 0 5 . 0 0 776. 1

^ 2 9 2 . 7 5 7 . 9 2 8 3 . 6 5 2 6 . 2 6 8 . 8 9 3 5 9 8 . 0 0 6 1 7 . 9

I m m a t u r e

Cj 6 8 . 4 4 5 . 9 8 4 2 . 5 0 15.40 5.2.0 2 6 6 3 . 3 3 7 9 0 . 0

^ 2 8 6 . 8 4 6 . 4 0 4 6 . 5 0 19. 15 6. 3 5 3 2 6 5 . 0 0 5 9 8 . 0

M a t u r e

^ 2 6 4 . 2 0 6 .38 4 5 . 8 3 19.04 6 . 3 8 2 5 7 3 . 5 7 6 9 . 5
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B i o m a s s  of c o v e r  c r o p s  p r o d u c e d  u n d e r  p u r e  stand is 

h i g h e r  t h a n  that u n d e r  i m m a t u r e  s i t u a t i o n  (.Fig. 22). T h e  

c o v e r  c r o p  C 2  h a s  p r o d u c e d  m o r e  q u a n t i t i e s  of biiamass w h i c h  

is c o m p a r a b l e  w i t h  Cj u n d e r  i m m a t u r e  a n d  p u r e  s.ituation. T h e  / 

€ ■ 2 u n d e r  m a t u r e  s i t u a t i o n  is c o m p a r  i t i vel y lesser over the 

o t h e r  two s i t u a t i o n s .

U n d e r  p u r e  s t a n d  t h e r e  iJ*s no  s h a d e  e f f e c t  and h e n c e  

b e t t e r  q u a n t u m  of b i o m a s s ,  whichwi-s a b s e n t  u n d e r  i m m a t u r e  

s i t u a t i o n .  U n d e r  i m m a t u r e  s i t u a t i o n  part i a l  s h a d e  from y o u n g  

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

T h e  c o v e r  c r o p  C g  is g e n i t i c a l l y  v i g o u r s  in g r o w t h  and has 

p r o d u c e d  m o r e  b i o m a s s .  C g  c a n  b e  r e c o m m e n d e d  a s  a g o o d  

c o v e r  c r o p  u n d e r  m a t u r e  p l a n t a t i o n .  U n d e r  m a t u r e  s i t uation, 

c a n o p y  of H e v e a  is f u l l y  c l o s e d  a n d  l i g h t  p e n e t r a t i o n  is 

limitted, h e n c e  b i o m a s s  of Cg is c o m p a r i t i v e l y  lesser t h a n  

the o t h e r  two s i t u a t i o n s .

4.3.5. W e e d  d r y m a t t e r  p r o d u c t i o n

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



W e e d  d r y m a t t e r  p r o d u c e d  u n d e r  a l l  t h e  t h r e e  

s i t u a t i o n s  a r e  s i m i l a r  (Fig. 2 2 ) .  A m o n g  the c o v e r  cropi C 2  

has r e g i s t e r e d  lowest q u a n t i t y  of w e e d  d r y  m a t t e r  u n d e r  p u r e  

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

s m o t h e r i n g  weeds.

4.3 . 6 .  Soil m i c r o b i a l  p o p u l a t i o n

T h e  d a t a  of soil m i c r o b i a l  p o p u l a t i o n  is p r e s e n t e d  

in T a b l e  68. T h e  g e n e r a l  c o u n t  of  b a c t e r i a ,  f u n g i  a n d  

p h o s p h a t e  s o l u b i l i z e r s  w e r e  u n d e r  t a k e n  a n d  d i s c u s s e d  w i t h

r e s p e c t  of the s i t u a t i o n .  (Fig. 23).

T h e  m i c r o b i a l  c o u n t  of t h e  s o i l  s h o w e d  t h a t  t h e  

c o u n t  u n d e r  m a t u r e  s i t u a t i o n  is h i g h e r  th a n  the o t h e r  two 

s i t u a t i o n s .  A m o n g  the p u r e  a n d  i m m a t u r e  s t a n d  t h e r e  w a s  not 

m u c h  d i f f e r e n c e .  T h e  c o v e r  c r o p  C 2 has r e c o r d e d  h i g h e r  count 

of m i c r o b e s  o v e r  Cj u n d e r  all the s i t u a t i o n s .

T h e  soil m o i s t u r e  c o n t e n t  a n d  the o r g a n i c  c a r b o n

c o n t e n t  ( T a b l e s  6 5  a n d  6 6 )  w e r e  h i g h e r  u n d e r  m a t u r e

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

m i c r o b i a l  p o p u l a t i o n .  A m o n g  the c o v e r  cropf, u n d e r  the



B a c t e r i a F u n g  i P h o s p h a t e  

s o l u b i 1izers

N o d u l e  

Count No. w t . g

O p e n  Cj 28 . 71 10.787 4 .860 5. 920 1.410

^2 3 5 .57 13.175 7 .505 4 . 400 1 .475

I m m t u r e 3 0 . 8 0 0 10.30 4.82 6 . 8 0 0 1 .422

^2 3 6 . 4 3 3 10. 10 6. 13 3 . 7 0 0 1 .442

M a t u r e ‘̂2 3 8 . 6 2 5 12 . 0 0 0 7 . 500 4 . 7 5 0 1 .525
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b i o m a s s  a d d i t i o n  of c o v e r  l i t t e r ,  h i g h e r  s o i l  m o i s t u r e  

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

soil m i c r o b i a l  a c t i v i t i e s .

4.3.7. N o d u l e  c o u n t  a n d  w e i g h t  p l a n t  ^

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

T a b l e  68. T h e  n o d u l e  c o u n t  of Cj is h i g h e r  than Cg • T h e  

w e  ight of n o d u l e s  u n d e r  a r e  c o m p a r a b l e  w i t h  C g  • T h e  

r e a s o n  is that the n o d u l e  si z e  of C 2 is b i g g e r  t h a n  C j . 

(Fig. 23).

4.4. C o r r e l a t i o n  s t u d i e s

In o r d e r  to e x p l a i n  the r e l a t i o n s h i p  b e t w e e n  s o m e  

of the i m p o r t a n t  c h a r a c t e r i s t i c s  w i t h  g i r t h  a n d  h e i g h t  

increment of c o v e r  c r o p  u n d e r  i m m a t u r e  and g i r t h  a n d  y i e l d  

u n d e r  m a t u r e  s i t u a t i o n s ,  c o r r e l a t i o n  s t u d i e s  w e r e  a t t e m p t e d .  

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

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

re 1e v a n t  c o r r e l a t i o n s  a r e  p r e s e n t e d  a n d  d i s c u s s e d  in t h e  

t e x t .



4.4.1. C o r r e l a t i o n  of g i r t h  w i t h  o t h e r  c h a r a c t e r i s t i c s  of Cj 

a n d  C 2  u n d e r  i m m a t u r e  s i t u a t i o n

T a b l e  69 i n d i c a t e d  that g i r t h  was s i g n i f i c a n t l y  a n d  

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

u p t a k e ,  soil a v a i l a b l e  n u t r i e n t s ,  soil m o i s t u r e  c o n t e n t s ,  

H e v e a  l e a f  n u t r i e n t s  a n d  s i g n i f i c a n t l y  a n d  n e g a t i v e l y  

c o r r e l a t e d  w i t h  w e e d  d r y  m a t t e r  p r o d u c t i o n  u n d e r  b o t h  C| and 

C 2  g r o w n  c o n d i t i o n s .

It is n o t e d  that N  c o n t e n t  of soil a n d  leaf w e r e  

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

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

that a p p l i c a t i o n  of N  i n c r e a s e d  the g i r t h  i n c r e m e n t  ( T a b l e s  

63 a n d  67) a s  w e l l  a s  t h e  N  c o n t e n t s  in l e a f  T a b l e  47. 

A p p l i c a t i o n  of N h a s  e n h a n c e d  the g i r t h  i n c r e m e n t  b e c a u s e  of 

the e f f e c t  of th i s  n u t r i e n t  o n  v e g e t a t i v e  g r o w t h  c h a r a c t e r s .  

T h i s  is e v i d e n c e d  b y  the c o r r e l a t i o n  o b t a i n e d  b e t w e e n  g i r t h  

i n c r e m e n t  and N c o n t e n t s  of leaf a n d  soil. T h e  i n c r e a s e d  N 

c o n t e n t  in the H e v e a  p l a n t  m i g h t  h a v e  h e l p e d  in e n h a n c i n g  the 

girth.

T h e  g i r t h  i n c r e m e n t  was a l s o  c o r r e l a t e d  w i t h  the P

and K" content, of p o i )  and leaf. T h i s  c o u l d  be due to the



as related to important 
characteristics (Immature Hevea)

Characteristics Girth increment 7r) He ight i ncremeni

Cover crop biomass 0.6611** 0.7920** 0.7959** 0.7764**

Cover crop nutrient uptake

N 0.9592 0.8130** 0.7516** 0.6718**

P 0.8483** 0.8018** 0.6016** 0.6048**

K 0.4574** 0.7743** 0.4675** 0.6677**

Ca 0.6512** 0.6215** 0.6212** 0.6055**

Mg 0.8010** 0.7916** 0.7560** 0.7422**

Soil available organic

C 0.6003** 0.6470** 0.7962** 0.5723**

N 0.9497** 0.9480** 0.7835** 0.7370**

P 0.8065** 0.7734** 0.7570** 0.6197**

K 0.8250** 0.8402** 0.8561** 0.7256**

Ca 0.7544** 0.7956** 0.4808** 0.5680**

0.9019** 0.5418** 0.5785** 0.3078**

Soil Moisture J 0.8601** 0.8876** 0.7342** 0.6192**

0-30 cm F 0.7394** 0.8591** 0.6253**. 0.5977**

M 0.8609** 0.7185** 0.7539 0.7172**

A 0.8035 0.8578** 0.7288** 0.6888**

30-60 J 0.6991** 0.8293** 0.7289** 0.7428**

F 0.6008** 0.5206** 0.6894** 0.6709**

M 0.3854** 0.7611 0.5110** 0.7119**

A 0.8894** 0.7907** 0.8093** 0.7754**

Hevea leaf nutrients

N 0.8035** 0.8102** 0.8127** 0.7117**

P 0.6376** 0.6244** 0.8391** 0.5986**

K 0.4738** 0.4823** 0.7003** 0.3508

Ca 0.9598** 0.7704** 0.8294** 0.6922**

Mg 0.8088** 0.6508** 0.9031** 0.7465**

Weed dry matter production

-0.6215** -0.7321** -0.7145** -0.7040**

** Significant at P = 0.01 level



f a v o u r a b l e  e f f e c t  of a p p l i e d  P a n d  K  o n  t h e s e  c h a r a c t e r s .  

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

c o n t e n t s  of leaf a n d  soil. C a l c i u m  is v e r y  i m p o r t a n t  for 

g r o w t h  as it is c o n s t i t u e n t  of the cell wall ( S u t c l i f f  a n d  

Baker, 1974). S i m i l a r  c o r r e l a t i o n  b e t w e e n  g i r t h  i n c r e m e n t  

a n d  soil N a n d  P w e r e  r e p o r t e d  b y  P u s p h a r a j a h  ^  (1984)

a n d  c o r r e l a t i o n  b e t w e e n  g i r t h  i n c r e m e n t  a n d  l e a f  N b y  

S i v a n a d y a n  (1983) a n d  W e e r a s u r i y a  a n d  Y o g a r a t n a m  (1988).

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

w i t h  so i l  m o i s t u r e  c o n t e n t  d u r i n g  s u m m e r  m o n t h s .  S o i l  

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

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

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

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

4 . 4 . 2 .  C o r r e l a t i o n  o f  g i r t h  a n d  y i e l d  w i t h  o t h e r  

c h a r a c t e r i s t i c s  of C| a n d  C 2  u n d e r  n a t u r e  s i t u a t i o n

T a b l e  7 0  i n d i c a t e s  t h a t  g i r t h  a n d  y i e l d  w e r e  

s i g n i f i c a n t l y  a n d  p o s i t i v e l y  c o r r e l a t e d  w i t h  soil, leaf a n d  

u p t a k e  of n u t r i e n t s  b y  c o v e r  crop. It m a y  b e  n o t e d  that the 

a p p l i c a t i o n  of N, P a n d  K  to c o v e r  c r o p  m i g h t  h a v e  i m p r o v e d



T a b l e  70. C o r r e l a t i o n  c o e f f i c i e n t  (r) of g i r t h  a n d  y i e l d  as 
r e l a t e d  to i m p o r t a n t  c h a r a c t e r i s t i c s  ( M a t u r e  Hevea

C h a r a c t e r  i st i os G i r t h  (r)

H e v e a  leaf litter 

Sol 1 a v a i l a b l e  N

P

K

Ca

Mg

H e v e a  leaf n u t r i e n t s

N 

P 

K 

Ca 

Mg 

J

F e b  

M a r  

Apr 

Jan 

Feb 

Mar 

Apr

W e e d  d r y  m a t t e r  

C o v e r  c r o p  b i o m a s s  

U p t a k e  of n u t r i e n t s

P

K

Ca

Mg

Soil M o i s t u r e  

0- 3 0

3 0 - 6 0

0 . 8 3 1 2

0 . 7 1 0 8

0 . 7 2 8 8

0.6841

0 . 7 2 1 5

- 0 . 7 7 9 9

0.8351 

0 .6225 

0 . 7 1 9 6  

0 . 8 9 8 6  

- 0 . 6 0 9 3  

0 . 2 5 8 9  

0 . 3 7 6 4  

0 . 7 2 6 4  

0 . 8 1 4 3  

0.4731 

0 . 5 1 6 2  

0 . 6 1 4 9  

0 . 6 1 5 2  

- 0 . 7 7 3 1  

0 . 7 7 7 6

♦ ♦

♦ ♦

♦ *

♦ ♦

*♦

♦ *

♦ ♦

**

0 . 7 4 0 9  

0 . 6 3 3 3  

0 . 7 0 3 2  

0 . 5 8 1 4  

0 . 7 5 8 2
* *

0 . 8 1 5 4

0 . 8 7 1 0

0 . 8 5 5 0

0 . 5 6 0 2

0 . 5 3 8 2

- 0 . 7 5 3 9

♦ ♦

♦ ♦

♦ *

* *
0 . 8 4 8 6  

0 . 6 8 8 4  

0 . 6 5 8 6  

0 . 6 4 8 0  

- 0 . 6 2 4 2  

0. 3 5 7 7  

0 . 4 9 2 5  

0 . 9 1 6 7  

0 . 8 8 3 0

0 . 7 7 5 6 * *

♦ ♦

♦ ♦

♦ ♦

♦ ♦

0.5 7 2 4  

0 . 8 4 4 9  

0 . 8 8 3 7  

- 0 . 8 3 0 7  

0.8891

* *

* *

* *

0 . 8 7 2 9

0 . 6 5 4 8

0 . 8 4 0 9

0 . 6 8 9 4

0 . 8 2 0 6

♦ ♦

♦ *

S i g n i f i c a n t  at P = 0.01 level



t h e  so i l  l e a f  n u t r i e n t s ,  r e s u l t i n g  in a s i g n i f i c a n t  a n  

p o s i t i v e  c o r r e l a t i o n .  S i m i l a r  r e l a t i o n  w e r e  a l s o  o b t a i n e d  

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

y i e l d ^ m o i s t u r e  c o n t e n t  d u r i n g  s u m m e r  m o n t h s .

W e e d  d r y  m a t t e r  p r o d u c t i o n  w a s  s i g n i f i c a n t l y  and 

n e g a t i v e l y  c o r r e l a t e d  w i t h  the g i r t h  a n d  y i e l d  of H e v e a .

T h e  r e p o r t s  of S h o r r o c k s  (1962) P u s h p a r a j a h  (1969) 

a n d  P u s h p a r a j a h  (1977) a l s o  i n d i c a t e d  p o s i t i v e  c o r r e l a t i o n  

b e t w e e n  g i r t h  a n d  y i e l d  w i t h  n u t r i e n t  c o n t e n t s  of soil and 

leaf. N e g a t i v e  r e l a t i o n s  of M g  w e r e  a l s o  r e p o r t e d  b y  Y i p  

(1990) .





F i e l d  e x p e r i m e n t s  w e r e  c o n d u c t e d  to s t u d y  t h e  

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

p l a n t a t i o n s . '  T h e r e  w e r e  t h r e e  f i e l d  e x p e r i m e n t s  a n d  w e r e  

c o n d u c t e d  at B e t h a n y  Estate, M u k k a m p a l a ,  K a n y a k u m a r i  D istrict 

f r o m  F e b r u a r y  1991 to O c t o b e r  1 9 9 3 ^ t h e y  w e r e  :

1. T h e  e f f e c t  of c o v e r  c r o p s  o n  the n u t r i e n t  d y n a m i c s  in

the i m m a t u r e  r u b b e r  p l a n t a t i o n

2. T h e  e f f e c t  of c o v e r  c r o p  on  the n u t r i e n t  d y n a m i c s  in the

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

3. M i c r o p l o t  s t u d y  of c o v e r  c r o p s  alone.

I n  E x p e r i m e n t  I t h e r e  w e r e  t w o  c o v e r  c r o p s  vi z .  

P u e r a r  ia p h a s e d  o i d e s  a n d  M u c u n a  b r a c t e a t a  a n d  fi v e  levels of 

N P K  viz. 0:0:0, 0 : 3 0 : 3 0 ,  10:30:30, 0 : 6 0 : 6 0  a n d  1 0 : 6 0 : 6 0  w i t h

o n e  y e a r  old R R I I - 1 0 5 ,  r e p l i c a t e d  t h r i c e  a n d  s t a t i s t i c a l l y  

la i d  in RBD. I n  E x p e r i m e n t  II t h e r e  w a s  o n e  c o v e r  c r o p  

M u c u n a  sp a l o n e  w i t h  fi v e  levels of N P K  as a b o v e  w i t h  8 years 

o l d  R R I I - 1 0 5  r e p l i c a t e d  4 t i m e s  a n d  s t a t i s t i c a l l y  l a i d  in 

RBD. I n  E x p t  . I l l  t h e r e  w e r e  10 m i c r o p l o t s ,  w i t h  b o t h  

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

s u m m a r i s e d  below.



(1) N, P, K, C a , Mg c o n t e n t  of b o t h  H e v e a  a n d  c o v e r  c r ops 

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

F e r t i l i z e r  a p p l i c a t i o n  to c o v e r  c r ops i m p r o v e d  the H e v e a  

leaf n u t r i e n t  c o n t e n t  t h a n  the a b s o l u t e  control. A m o n g  

the levels 1 0 : 3 0 : 3 0  was f o und optimum. M u c u n a  was found 

b e t t e r  t h a n  P u e r a r  ia i n  i n c r e a s i n g  t h e  H e v e a  l e a f  

n u t r i e n t  content.

(2) G i r t h  i n c r e m e n t  was b e t t e r  w i t h  10:30:30. T h i s  was found 

to b e  o p t i m u m  u n d e r  b o t h  e x p e r i m e n t s .  M o r e  h e i g h t  

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

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

c o n t r o l .

(3) B i o m a s s  p r o d u c t i o n  o f  c o v e r  c r o p s  w e r e  m a x i m u m  a t  

1 0 : 6 0 : 6 0  f o l l o w e d  b y  1 0 : 3 0 : 3 0  u n d e r  b o t h  e x p e r i m e n t s

(4) Root w e i g h t  a n d  l e n g t h  w e r e  h i g h e r  in M u c u n a  a n d  it was 

f o u n d  i n c r e a s i n g  as the c r o p  g r o w t h  progr e s s e d .

C5) N o d u l e  c ount was h i g h e r  in P u e r a r  ia and the f resh we i g h t

of n o d u l e  p e r  p l a n t  was h i g h e r  in M u c u n a  as the size of 

its n o d u l e  was f o u n d  bigger.



c o v e r  c r o p p e d  p l o t s  at b o t h  s h a l l o w  ( 0 - 3 0 c m )  a n d  d e e p e r

( 3 0 - 6 0 c m )  soil d e p t h s  at - 0 . 0 3 3  a n d  - 1 . 5  M P a  p r e s s u r e s  

t h a n  c o n t r o l .  P o r e  s p a c e  a n d  a g g r e g a t i o n  p e r c e n t a g e  

w e r e  i m p r o v e d  w h e r e  as b u l k  d e n s i t y  d e c r e a s e d .  A m o n g  

t h e  l e v e l s  o f  N P K ^  1 0 : 3 0 : 3 0  w a s  f o u n d  o p t i m u m  in 

i m p r o v i n g  the soil p h y s i c a l  p r o p e r t i e s .  T h e  p e r c e n t a g e

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

soil t h a n  deeper. Soil m o i s t u r e  c o n t e n t  d u r i n g  s u m m e r  

m o n t h s  w e r e  i m p r o v e d  in the c o v e r  c r o p p e d  area. The 

soil m o i s t u r e  in ; <r the top soil ( 0 - 3 0 c m >  w a s  lesser 

t h a n  the b o t t o m  soil (30-60cra) in P u e r a r i a  g r o w n  plots. 

T h i s  t r e n d  w a s  r e v e r s e  in the c a s e  of M u c u n a .  R e a s o n  

for this t r e n d  is a t t r i b u t e d  to the d e e p  r o o t e d  n a t u r e  

of M u c u n a .

(7) G r o w i n g  of c o v e r  c r o p s  i m p r o v e d  the m i c r o b i a l  p o p u l a t i o n  

of b a c t e r i a ,  fungi a n d  p h o s p h a t e  s o l u b i l i s i n g  org a n i s m s .  

T h e  level 1 0 : 3 0 : 3 0  w a s  f o u n d  o p t i m u m  f o r  t h e  b e t t e r  

m i c r o b i a l  a c t i v i t y .

(8) 1 0 : 3 0 : 3 0  w a s  f o u n d  o p t i m u m  for b e t t e r  y i e l d  a n d  L a t e x

F l o w  C h a r a c t e r i s t i c s .  C o v e r c r o p p i n g  h a s  i n c r e a s e d  the 

latex y i e l d  b y  15-20%.



(9) 1 0 : 3 0 : 3 0  w a s  o p t i m u m  for b e t t e r  leaf litter p r o d u c t i o n  

o f  H e v e a . In c o v e r  c r o p p e d  p l o t s  t h e  l e a f  l i t t e r  

p r o d u c t i o n  was h i g h e r  a n d  w i n t e r i n g  was dela.yed b y  2 6 - 3 0  

d a y s  o v e r  the c o ntrol. T h i s  h a s  e n h a n c e d  10 a d d i t i o n a l  

t a p p i n g  days.

(10) G i r t h  is p o s i t i v e l y  c o r r e l a t e d  w i t h  c o v e r  c r o p  biomass, 

n u t r i e n t  upta k e ,  soil a v a i l a b l e  n u t r i e n t s ,  soil m o i s t u r e  

c o n t e n t s  a n d  H e v e a  leaf n u t r i e n t  contents. S t r o n g e s t  

c o r r e l a t i o n  f o r  g i r t h  w a s  f o u n d  w i t h  H e v e a  l e a f  N 

c o n t e n t ,  a n d  u p t a k e  of N  by  c o v e r  crops, s u g g e s t i n g  the 

i m p o r t a n c e  of f o l i a r  d i a g n o s i s .  Y i e l d  was n e g a t i v e l y  

c o r r e l a t e d  w i t h  M g  c o n t e n t  of soil.

C o n c l u s i o n

t. G r o w i n g  o f  c o v e r  c r o p  is b e n e f i c i a l  a n d  a b s o l u t e l y  

e s s e n t i a l  in r u b b e r  p l a n t a t i o n s

2. B e s t  c o v e r  c r o p  for r u b b e r  is M u c u n a . self g e n e r a t i n g ,  

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

p e r f o r m s  well u n d e r  i m m a t u r e  and m a t u r e  p h a s e  of H e v e a .



3. O p t i m u m  level of n u t r i t i o n  for c o v e r  c r o p  is 10:30:30, 

f r o m  the p o int of its c o n t r i b u t i o n  to the r u b b e r  p l a n t s  

a r e  c o n c e r n e d .

4. Soil p h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s  we r e  

i m p r o v e d  b y  g r o w i n g  c o v e r  crops.

5. T h e r e  was a b s o l u t e l y  no c o m p e t i t i o n  for m o i s t u r e  b e t w e e n  

c o v e r  c r o p s a n d  m a i n  crop.

6. W e e d  g r o w t h  w a s  s u p p r e s s e d  to a g r e a t e r  extent.

7. Y i e l d  a n d  L a t e x  F l o w  C h a r a c t e r i s t i c s  w e r e  g r e a t l y
I

e n h a n c e d  b y  the c o v e r  crops.

8. W i n t e r i n g  w a s  d e l a y e d  to a n  e x t e n t  of 30 d a y s  t h e r e b y  

g i v i n g  10 e x t r a  t a p p i n g  days.

9. G r o w i n g  of c o v e r  c r o p s  a r e  a b s o l u t e l y  e s s e n t i a l  f o r  

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

e s p e c i a l l y  i n  a t r o p i c a l  s i t u a t i o n  l i k e  o u r s  w h e r e  

ra infall is v e r y  high.
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APPENDIX



W e a t h e r  d a t a  d u r i n g  the p e r i o d  of the E x p e r i m e n t  and m e a n s  of 

p r e v i o u s  2 5  y e a r s  ( 1 9 6 6 - 1 9 9 0 )  a t  t h e  E x p e r i m e n t  s i t e  

( K u 1a s e k a r a m )

Total R i a n f a l l  (mm)
M o n t h s 1 9 6 4-90 1991 1992 1993 1 9 6 4 - 9 0 1991 1992 19:

J a n u a r y 31 32 21 27 5 4 5 6
F e b r u a r y 38 54 47 48 4 3 4 3
M a r c h 85 47 85 56 6 4 3 4
A p r  i 1 178 176 105 182 9 9 11 9
M a y 230 111 148 140 12 14 16 11
J u n e 322 7 80 665 715 22 28 26 23
J u l y 196 150 195 175 14 12 16 14
Aug u s t 90 54 38 115 7 3 4 13
S e p t m b e r 183 138 265 170 8 9 4 7
O c t o b e r 318 248 195 242 18 19 21 16
N o v e m b e r 274 264 322 248 14 14 11 10
D e c e m b e r 86 30 42 36 3 2 3 3
Total 2031 2084 2128 2154 122 121 124 119

No. of r a i n y  d a y s

M a x l m u M  T e a p e r a t u r e  

M o n t h l y  isean (*C)

M l n l a u a  T e a p e r a t u r e  

M o n t h l y  m e a n  (*C)

R e l a t i v e  H u a l d l t y  

>tonthly a e a n  (X)

M o n t h s 1 9 6 6 ~ » 0 19»1 1992 1993 1 9 6 6 - 9 0 1991 1992 1993 1 966-90 1991 1992 1993

J a n u a r y 31 .7 31.8 3 1.6 3 1.9 18.4 18.2 17.9 18.5 68.5 68.5 67,0 6 9 . 0

F e b r u a r y 33.8 33. 8 33.4 34.0 19.9 19.2 19.1 18.2 6 9.0 70.0 69.5 70.6

M a r c h 3 4 . S 3 4.2 3 4.2 3 4.5 2 2. 6 2 2.0 2 0.5 21.7 7 3.5 73,5 74,0 72.5

A pril 35.1 33.8 34.5 34.2 2 3 .4 23.6 17.9 18.5 68.5 68.5 6 7.0 69.0

M a y 3 1.2 31.6 3 1 . 5 31 .0 23.5 22.9 21.6 23.5 8 0.0 79.5 81.0 8 0 , S

June 30.2 30.8 3 1.0 30.6 2 4 . 0 23.4 2 4 . 0 2 2 . 7 86.5 87.0 85.5 86.0

J u l y 30.1 29.8 3 0 . S 30.2 22.8 22.5 2 2.6 2 3.7 86.0 85.0 86.5 86.0

A u g u s t 3 0 . S 30.5 33.1 30.3 23.5 23.4 23.8 2 1 . 9 83.5 83.5 84,0 85.0

S e p t e a b e r 32.1 32.3 3 2 . 5 3 2.4 22.2 22.3 2 3 . 0 2 1.8 8 1.0 8 2.0 8 1 . 5 82.0

O c t o b e r 3 2 . 0 32.1 3 2.6 32.0 2 2 . 0 22.2 21 .8 2 2 . 0 83.5 85.0 84,0 85.0

N o v e a b e r 3 1.0 30,6 31.2 31.6 23.0 22.5 2 1 . 9 2 1 . 2 8 2.0 83.0 82.5 8 1.0

D e c e m b e r 3 2.0 31.1 3 1.8 31.8 2 1 .5 20.9 20.2 2 0 . 2 72.5 75.5 73,5 74.0



P l a t e  2. V i e w  of the s i t e  of E x p e r i m e n t  II





P l a t e  3. C o o i p a r i s i o n  o f  c o v e r c i ^ p p e d  p l o t  w i t h  

a b s o l u t e  control ( iBBature)

P l a t e  4. C o n p a r i s o n  o f  c o v e r c r o p p e d  p l o t  w i t h  
a b s o l u t e  control (aa t u r e )





P ) a t e  5. C o m p a r i s o n  of w i n t e r i n g  in c o v e r c r o p p e d  an d

a b s o u l t e  control pl o t
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P l a t e  7. Level 1 0 : 3 0 : 3 0  a p p l i e d  Miinuna b r a o t e a t a  plot
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T h r e e  f i e l d  e x p e r i m e n t s  w e r e  c o n d u c t e d  at B e t h a n y  

E s t ate, M u k k a m p a l a ,  K a n y a k u m a r i  D i s t r i c t  f r o m  F e b r u a r y  1991 

to O c t o b e r  1993 to s t u d y  the e f f e c t  of c o v e r  c r o p s  on the 

n u t r i e n t  d y n a m i c s  in immature, m a t u r e  r u b b e r  p l a n t a t i o n  and 

in a n  o p e n  area.

I n  E x p e r i m e n t  I t h e r e  w e r e  t w o  c o v e r  c r o p s  v i z .  

P u e r a r i a  p h a s e o I o i d e s  a n d  M u c u n a  b r a c t « ^ t a  and five le v e l s  of 

N P K  viz. 0:0:0, 0: 3 0 : 3 0 ,  10:30:30, 0 : 6 0 : 6 0  a n d  1 0 : 6 0 : 6 0  w i t h

o n e  y e a r  old R R I I - 1 0 5 ,  r e p l i c a t e d  t h r i c e  and s t a t i s t i c a l l y  

l a i d  in R B D . I n  E x p e r i m e n t  II t h e r e  w a s  o n e  c o v e r  c r o p  

M u c u n a  sp a l o n e  w i t h  fi v e  levels of N P K  as a b o v e  w i t h  8 y e a r s  

o l d  R R I I - 1 0 5  r e p l i c a t e d  4 t i m e s  a n d  s t a t i s t i c a l l y  l a i d  in 

RBD. In E x p t . Ill t h e r e  w e r e  10 m i c r o p l o t s ,  w i t h  b o t h  c over 

c r o p s .

N, P, K, c^a, Mg' c o n t e n t  of b o t h  H e v e a  a n d  cover 

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

F e r t i l i z e r  a p p l i c a t i o n  to c o v e r  c r o p s  i m p r o v e d  the H e v e a  leaf 

n u t r i e n t  c o n t e n t  t h a n  the a b s o l u t e  con t r o l .  A m o n g  the levels 

1 0 : 3 0 : 3 0  was f o und opt i m u m .  M u c u n a  was found b e t t e r  than 

P u e r a r i a  in i n c r e a s i n g  the H e v e a  leaf n u t r i e n t  c o n t e n t .



G i r t h  i n c r e m e n t  was b e t t e r  w i t h  10:30:30. T h i s  was 

f o u n d  to be o p t i m u m  u n d e r  b o t h  e x p e r i m e n t s .  M o r e  h e i g h t  

i n c r e m e n t  was o b s e r v e d  in this level, as well as in c o v e r  

c r o p p e d  t r e a t m e n t s  w h e n  c o m p a r e d  to a b s o l u t e  c o n t r o l .

B i o m a s s  p r o d u c t i o n  of c o v e r  c r o p s  we r e  m a x i m u m  at 

1 0 : 6 0 : 6 0  f o l l o w e d  b y  1 0 : 3 0 : 3 0  u n d e r  b o t h  e x p e r i m e n t s .  

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

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

p r o g r e s s e d .  N o d u l e  c o u n t  was h i g h e r  in P u e r a r i a  and the f r e s h  

w e i g h t  of n o d u l e  p e r  p l ant was h i g h e r  in M u c u n a  as the si z e  

of its n o d u l e  was f o u n d  bigger.

Soil m o i s t u r e  r e t e n t i o n  c a p a c i t y  was f o und h i g h e r  

under c o ver c r o p p e d  p l o t s  at b o t h  s h a l l o w  (0-30cm) a n d  d e e p e r  

(30-60cm) soil d e p t h s  at - 0 . 0 3 3  a n d  - 1 . 5  M P a  p r e s s u r e s  t h a n  

control. P o r e  s p a c e  a n d  a g g r e g a t i o n  p e r c e n t a g e  w e r e  i m p r o v e d  

w h e r e  as b u l k  d e n s i t y  d e c r e a s e d .  A m o n g  the levels of N P K  

1 0 : 3 0 : 3 0  w a s  f o u n d  o p t i m u m  in i m p r o v i n g  t h e  s o i l  p h y s i c a l  

p r o p e r t i e s .  T h e  p e r c e n t a g e  of i m p r o v e m e n t  was f o und g r e a t e r  

at s h a l l o w  d e p t h  of soil th a n  deeper. Soil m o i s t u r e  c o n t e n t  

d u r i n g  s u m m e r  m o n t h s  w e r e  i m p r o v e d  in the c o ver c r o p p e d  area. 

The soil m o i s t u r e  in than the top soil (0-30cm) was lesser 

than the b o t t o m  soil (30-60cm) in P u e r a r  ia g r o w n  plots. T h i s  

trend was r e v e r s e  in the case of M u c u n a .



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

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

o r g a n i s m s .  T h e  level 1 0 : 3 0 : 3 0  w a s  f o u n d  o p t i m u m  f o r  t h e  

b e t t e r  m i c r o b i a l  a c t i v i t y .

1 0 : 3 0 : 3 0  w a s  f o u n d  o p t i m u m  f o r  b e t t e r  y i e l d  a n d  

L a t e x  F l o w  C h a r a c t e r i s t i c s .  C o v e r c r o p p i n g  has i n c r e a s e d  the 

latex y i e l d  by 15-20%. .IhlO

1 0 : 3 0 : 3 0  w a s  o p t i m u m  f o r  b e t t e r  l e a f  l i t t e r  

p r o d u c t i o n  of H e v e a . In c o v e r  c r o p p e d  p l o t s  the leaf litter 

p r o d u c t i o n  was h i g h e r  a n d  w i n t e r i n g  was d e l a y e d  by 2 6 - 3 0  da y s  

over the control. T h i s  has e n h a n c e d  10 a d d i t i o n a l  t a p p i n g  

d a y s  .

G i r t h  is p o s i t i v e l y  c o r r e l a t e d  w i t h  c o v e r  c r o p  

b i o m a s s ,  n u t r i e n t  u p t a k e ,  so i l  a v ' a i l a b l e  n u t r i e n t s ,  s o i l  

m o i s t u r e  c o n t e n t s  a n d  H e v e a  l e a f  n u t r i e n t  c o n t e n t s .  

S t r o n g e s t  c o r r e l a t i o n  for g i r t h  was f ound w i t h  H e v e a  leaf N 

c o n t e n t ,  a n d  u p t a k e  of N b y  c o v e r  c r o p s ,  s u g g e s t i n g  t h e  

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

c o r r e l a t e d  w i t h  M g  c o n t e n t  of soil.


