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IN T R O D U C T IO N



I. INTRODUCTION

The o u ts ta n d in g  v a lu e  o f  g ra s s - le g u m e  a s s o c ia t io n  

r e s t s  on th e  p r o p e r ty  o f  th e  legum e to  f i x  n i t r o g e n  when 

n o d u la te d  b y  a p p r o p r ia te  s t r a in s  o f  r h i z o b ia .  The 

n i t r o g e n  so f i x e d  becomes a v a i la b le  t o  th e  a s s o c ia te d  

g r a s s  th ro u g h  d e cay  o f  dead le a v e s ,  s te m s , r o o ts  and 

n o d u le s  o f  th e  le g u m e , The m ore e f f e c t i v e  th e  r h i z o b i a l  

s t r a i n  th e  more d r y  w e ig h t  i s  p ro d u c e d . U s u a l ly  la n d  

w i t h  lo w  f e r t i l i t y  i s  g ro w n  t o  g ra s s e s .  The use  o f  

n i t r o g e n o u s  f e r t i l i z e r s  i s  g e n e r a l ly  n o t  a d v o c a te d , because  

o f  lo w  eco nom ic  r e tu r n s  and c o m p a ra t iv e ly  h ig h  c o s t  o f  

n i t r o g e n  f e r t i l i z e r s .
i

W hyte  et_ a l .  (1953) l i s t e d  I n d ia  ( u n d iv id e d ,  

i n c lu d in g  B unna ) as a  c e n t r e ,  n e x t  to  C h in a  i n  im p o r ta n c e  

f o r  o r i g i n  o f  legum es.. N o r r is  (1966) co n te n d e d  t h a t  

legum es w ere  t r o p i c a l  i n  o r i g i n  and he  p ic t u r e d  t h e i r  

s p re a d  t o  te m p e ra te  and a r i d  r e g io n s  as an  o u tw a rd  m ig r a t io n  

fro m  th e  t r o p i c s .  T h is  in d ic a t e d  t h a t  I n d ia  has th e  r i g h t  

e n v ir o n m e n ta l  c o n d i t io n s  f o r  g ro w in g  a w id e  v a r i e t y  o f  

le g u m e s . Y e t v e r y  l i t t l e  e f f o r t  i s  made i n  I n d ia  t o  

e x p l o i t  t h i s  n a t u r a l  a d v a n ta g e  t o  augm ent g ra s s  y ie ld s  

th ro u g h  m ixe d  p a s tu re s  o f  g ra s s  and le g u m e .

G ra s s - le g u m e  a s s o c ia t io n  was s tu d ie d  b y  v a r io u s  

w o rk e rs  f o r  th e  in c re a s e d  p r o d u c t io n  o f  fo d d e r  u s in g



d i f f e r e n t  c o m b in a t io n s  o f  g ra s s  and le g u m e s , d e p e n d in g  

upon  th e  a g r o c l im a t ic  c o n d i t io n s .

R o b e r ts  and O lso n  (1 9 4 2 )  r e p o r te d  t h a t  h ig h e r  

y i e l d s  c o u ld  be o b ta in e d  p e r  u n i t  a re a  o f  g ra s s  i n  g r a s s -  

legum e m ix tu re s  th a n  i n  p u re  s ta n d  o f  e i t h e r  g ra s s  o r  

le g u m e . H e n z e l l  and U o r r is  (1 9 6 2 )  have  c i t e d  in s ta n c e s  

o f  t r a n s f e r  o f  N f i x e d  b y  t r o p i c a l  fo ra g e  legum es t o  

g ra s s  i n  th e  p a s tu re  c o n s is t in g  o f  S ty lo s a n th e s  g r a c i l i s /  

H e te ro p o g o n  c o n t o r t u s . P u e r a r ia  th u n b e r g ia n a /M e l in is  

m i n u t i f l o r a  and P an ioum  maximum. P e r nan do (1 9 6 1 ) r e p o r te d

t h a t  th e  y i e l d  o f  p a s tu re  was c o n s id e r a b ly  in c re a s e d  b y  

legum e a s s o c ia t io n  c o n s is t in g  o f  B r a c h ia r ia  b r iz a n t h a /  

C e n tro se m a  pubesoens as com pared t o  p u re  g ra s s  s ta n d .- 

I n  I n d ia ,  S in g h  a n d  C h a t te r je e  (1 9 6 8 a  and b )  have  c o n d u c te d  

e x p e r im e n ts  d u r in g  1 9 6 2 -6 5  t o  com pare h e rb a g e  p r o d u c t io n  

u n d e r  f r e q u e n t  and in f r e q u e n t  d e f o l i a t i o n  w i t h  12 g ra s s e s  

and  one legum e ( C en trosem a  p u b e s c e n s ) .  They have r e p o r te d  

t h a t  u n d e r  b o th  d e f o l i a t i o n  t r e a tm e n ts ,  t o t a l  fo ra g e  y i e l d  

i n  g ra s s /C e n tro s e m a  m ix tu re  was more th a n  t h a t  i n  p u re  g ra s s  

s ta n d .  C h a t te r je e  e t  a l .  (1 9 6 9 )  r e p o r te d  t h a t  H e te ro p o g o n  

c o n to r tu s ' g row n  i n  m ix tu r e  w i t h  legum e S ty lo s a n th e s  h u m i l i s ,

S .g r a c i l i s  o r  C en trosem a  pubescene  y ie ld e d  m ore th a n  th e  

p u re  g ra s s  s ta n d .  W h itn e y  and G reen (1 9 6 9 a ) h m e  c a r r ie d  

o u t  e x te n s iv e  f i e l d  t r i a l s  on g ra s s - le g u m e  m ix tu r e s  in  

U n i te d  S ta te s  o f  A m e r ic a . T hey have  a ls o  com pared th e  

y i e l d s  o f  g ra s s  g row n  in  a s s o c ia t io n  w i t h  b o th  in o c u la te d
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and u n in o c u la te d  legum e© . I n  t h e i r  s t u d ie s ,  th e  y i e l d  

o f  P a n g o la  g ra s s  ( D i g i t a r i a  deoum bens) g ro w n  w i t h  in o c u ­

la t e d  legum es Desmodium canum and D . in t o r t u m  w ere  h ig h e r  

th a n  th e  y i e l d  o f  g ra s s  g row n  w i t h  u n in o c u la te d  le g u m e s .

Bowen (1 9 5 6 )  r e p o r te d  th a t  d i f f e r e n t  legum es l i k e  

G ly c in e  m ax, G ..1 a v a n ic a » P u e r a r ia  p h a s e o lo id e s . C en trosem a  

pubes pens > C l i t o r i a  t e m a te a  and I n d ig o f e r a  h l r s u t a  

re s p o n d e d  w e l l  t o  th e  R h iz o b iu m  in o c u la t io n .  On th e  o th e r  

h a n d , W a les (1 9 5 7 ) showed t h a t  legum es l i k e  P h a s e o lu s  

la t h y . r o id e s , D o l lc h o s  b i f l o r u s « C e n tro se m a  p ubescens  and 

L e sp e d e za  s t r i a t a  p la n te d  w i t h  o r  w i t h o u t  in o c u la t io n  

n o d u la te d  e q u a l ly  w e l l .

M o s t o f  th e  w o rk  i n  I n d ia  on g ra s s - le g u m e  a s s o c ia t io n  

was w i t h  a p p l ie d  n i t r o g e n  r a t h e r  -tiian w i t h  in o c u la t io n  o f  

le g u m e s . F u r t h e r ,  th e r e  a re  n o  a p p r o p r ia te  r h i z o b i a l  

in o c u la n t s  f o r  legum es t o  be g ro w n  w i t h  a s s o c ia te d  g r a s s .

I t  was t h e r e f o r e ,  w ished , t o  s tu d y  th e  c o n t r i b u t i o n  o f  in o c u ­

l a t e d  and u n in o c u la te d  legum e n i t r o g e n  t o  th e  a s s o c ia te d  

g r a s s .

A c c u ra te  e s t im a te s  o f  n i t r o g e n  f i x a t i o n  b y  legum es 

a re ' v e r y  d i f f i c u l t  u n d e r  f i e l d  c o n d i t io n s .  The d e g re e  o f  

c o n t r o l  o f  e x p e r im e n ta l  c o n d i t io n s  r e q u i r e d  t o  a r r i v e  a t  

a c c u r a te  e s t im a te s  i s  n o t  p o s s ib le  b e cau se  o f  n o n s p e c i f ic  

f i x a t i o n  o f  N , N lo s s e s  th ro u g h  le a c h in g  and  d e n i t r i f i c a t i o n , e t c .
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A t  b e s t *  a p p ro x im a te  v a lu e s  o f  N c o n t r i b u t i o n  fro m  

le g u m e  t o  a s s o c ia te d  g ra s s  can  be a ss e s s e d  i n d i r e c t l y  

b y  d e te r m in in g  th e  N i n  g ra s s  to p s  i n  c u t t i n g  e x p e r i ­

m e n ts ,  T h is  m ethod  i s  a t te m p te d  i n  th e s e  s t u d ie s .

H e re  p u re  g ra s s  p l o t  and u n in o c u la te d  le g u m e /g ra s s  p l o t  

w o u ld  in d ic a t e  a p p r o x im a te ly  th e  a m oun t o f  s o i l  N ta k e n  

u p  b y  th e  g ra s s  and th e  e x te n t  o f  s y m b io t ic  N f i x e d  b y  

n a t u r a l l y  n o d u la te d  legum e a n d  t r a n s f e r r e d  t o  th e  g r a s s ,  

r e s p e c t i v e l y  and th e  d i f f e r e n c e  b e tw e e n  th e  sum o f  th e s e  

tw o  N v a lu e s  and th e  t o t a l  N o f  th e  g ra s s  g ro w n  i n  a s s o ­

c i a t i o n  w i t h  in o c u la te d  legum e w o u ld  g iv e  th e  N f i x a t i o n  

due t o  i n o c u la t io n .



R E V IE W  O F  L IT E R A T U R E



II. REVIEW OP LITERATURE

Graham (1 9 5 1 )  has s tu d ie d  th e  v a r io u s  g ra s s - le g u m e  

a s s o c ia t io n s  i n  p a s tu re  f o r  "beef p r o d u c t io n ,  v i z .  P an ioum  

maximum v a r .  c o lo ra tu rn  /  C en tro se m a  p u h e s c e n s . M e l in ia  

m i n u t i f l o r a  /  C a lo p o g o n iu m  m u c o n o id e s . P .maximum /  

S tv lo a a n th e s  g u ia n e n s is .  and M .m i n u t i f l o r a  /  P u e r a r ia  

p h a s e o lo ld e s  c o m b in a t io n s  and recom m ended them  f o r  g e n e r a l  

c u l t i v a t i o n .  Pyne (1 9 5 5 )  r e p o r te d  t h a t  th e  P an lcum  

maximum /  C en trosem a  pube scen s  a s s o c ia t io n  gave th e  m ost 

p r o m is in g  r e s u l t *

I n  a  g ra s s - le g u m e  a s s o c ia t io n  s tu d y ,  i t  was fo u n d  

t h a t  th e  m ost p r o d u c t iv e  legum es w ere  P u e r a r ia  p h a s e o lo ld e s . 

C e n tro s e m a  p u b e s c e n s « I n d ig o f e r a  s u h u la t a , I . e n d e c a p h v l la . 

C a lo p o g o n iu m  m uco no id es  and  S o l lc h o s  h o s i i . w he rea s  th e  

b e s t  g ra s s - le g u m e  m ix tu r e  was B r a c h ia r ia  m u t ic a /  C en trose m a  

p u be sce n s  (A nonym ous, 1 9 5 6 ) .  P a t i l  (1 9 5 6 ) u se d  v a r io u s  

g ra s s - le g u m e  m ix tu r e s  v i z .  A lv s ic a r p u s  ru g o a u s . I n d ig o f e r a  

g la n d u lo s a . Desmodium u n c in a tu m , D .n lc a ra g u e n s e . C en tro se m a  

p u b e s c e n s . C a lopogQ a ium  m u c o n o id e s . P u e r a r ia  th u n b e r g ia n a . 

P . p h a s e o lo id e s . G ly c in e  J a v a n ic a ,  Beam anthus v l r g a t u s  and 

Leuoaena  g la u c a  on th e  g ra s s  la n d s  o f  Bombay S ta te  and 

recom m ended them  f o r  c u l t i v a t i o n  a lo n g  w i t h  g ra s s e s .

Neme and S o ja  (1 9 5 8 ) fo u n d  t h a t  G ly c in e  .1 a v a n ic a » a  

p e r e n n ia l  c re e p in g  s p e c ie s  c o u ld  be g row n  f o r  fo d d e r  e i t h e r

1. General
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a lo n e  o r  m ix e d  w i t h  g ra s s e s .  W a lsh  (1 9 5 8 ) has r e p o r t e d  

t h a t  th e  legum es l i k e  G -ly c in e  . ja v a n ic a . C e n trose m a  p u b e s c e n s . 

P u e r a r ia  p h a s e o lo id e s . C a lo p o g o n iu m  m u co no id es  and S ty lo s a n th e s  

g r a c i l i s  te n d e d  to  do b e s t  when used  i n  a s s o c ia t io n  w i t h  t a l l  

g ro w in g  v ig o r o u s  g ra s s e s  on w h ic h  th e y  c o u ld  c l im b .  A nd rade  

e t  a l .  (1 9 7 0 ) have  showed t h a t  i n  S o u th  A m e r ic a  i t  was p re ­

f e r a b le  to  g ro w  C a lo p o g o n iu m  m ucono ides  i n  a s s o c ia t io n  w i t h  

g r a s s e s .

2 ,  S tu d ie s  on th e  n o d u la t io n  o f  fo r a g e  legum es

S am uels and L a n d ra u  (1 9 5 3 a ) ,  s tu d ie d  th e  e f f e c t  o f  

ammonium s u lp h a te  and b o ra x  on n o d u la t io n  i n  P u e ra r ia  phaseo­

lo id e s  . Ammonium s u lp h a te  a p p l i c a t io n  a t  250 l b  p e r  a c re  had 

a n  a d v e rs e  e f f e c t  on n o d u la t io n  w h ic h  was im p ro v e d  t o  some 

e x te n t  b y  l im in g .  W hereas, B o ra x  a p p l i c a t io n  a t  30 l b  p e r  

a c re  had  no  c o n s is t e n t  e f f e c t  on n o d u la t io n .

Bowen (1 9 5 6 ) has r e p o r t e d  t h a t  d i f f e r e n t  legum es l i k e  

G -lyc in e  m ax, G .ja v a n ic a , P u e r a r ia  p h a s e o lo id e s . C en trose m a  

p u b e s c e n s , C l i t o r i a  t e r n a te a  and I n d ig o f e r a  h i r s u t e  re s p o n d e d  

w e l l  t o  th e  R h iz o b iu m  i n o c u la t io n ,  w he reas  V ig n a  s in e n s i s .

P h a s e o lu s  la t h y r o id e s  and S ty lo s a n th e s  g r a c i l i s  w ere  a d e q u a te ly  

n o d u la te d  b y  th e  n a t iv e  s t r a in s  o f  R h iz o b iu m .

W ales (1 9 5 7 ) showed t h a t  when legum es l i k e  P h a s e o lu s  

l a t h y r o id e s  , D o lic h o s  b i f l o r u s » C en tro se m a  pube scen s  and

^■espedega  s t r i a t a  p la n te d  w i t h  o r  w i t h o u t  in o c u la t io n ,  

n o d u la te d  e q u a l ly  w e l l .



Bowen (1 9 5 8 ) r e p o r te d  t h a t  C en tro se m a  pubescens showed 

a  c o n s id e r a b le  d e g re e  o f  s p e c i f i c i t y  i n  n o d u le  fo r m a t io n .  

N a t iv e  r h iz o b ia  w ere  c o n s is t e n t ly  fo u n d  t o  be e f f e c t i v e  in  

n o d u la t io n .  Bowen (1 9 5 9 a  and b )  r e p o r te d  t h a t  th e  R h iz o b iu m  

s t r a i n s  w ere  s p e c i f i c  t o  C en trosem a  pubescens  and  C .p lu m ie r i .  

T h e re  was a h ig h l y  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  w e ig h t  o f  

th e  n o d u le  p e r  p la n t  and w e ig h t  o f  th e  above  g ro u n d  p a r t s .

The n o d u la t io n  and n o d u le  se n esce nce  w ere  g o v e rn e d  m ore b y  

v e g e t a t iv e  g ro w th  r a t h e r  th a n  b y  f lo w e r  p r o d u c t io n .

DE f r a n c a  and DE C a rv a lh o  (1 9 7 0 )  s tu d y in g  th e  e f f e c t  o f  

n u t r i t i o n a l  d e f ic ie n c y  on th e  d e v e lo p m e n t o f  legum es l i k e  

G ly c in e  . ja v a n ic a  v a r .  comum, G-,. ja v a n ic a  v a r .  t i n a r o o , 

M a c r o p t l l iu m  a t r o p u r p u r e u s » P u e r a r ia  . ja v a n ic a  and C en trose m a  

p u be scens  on a  r e d - l a t o s o l  c a l le d  " fa s e  c e r ra d o "  fo u n d  t h a t  

t h e  e x te n s iv e  p h o s p h o ru s  d e f ic ie n c y  i n  t h i s  s o i l  d e c re a s e d  

th e  n o d u le  w e ig h t .  O m is s io n  o f  l im in g  ca u sed  a d e c re a s e  

i n  p r o d u c t io n  o f  i n e f f e c t i v e  n o d u le s ,  e s p e c ia l l y  i n  P u e r a r ia  

p h a s e o lo ld e s  and C e n tro se m a  p u b e s c e n s .

3 .  C r o s s - in o c u la t io n  S tu d ie s

A l le n  and A l le n  (1 9 3 9 )  r e p o r te d  t h a t  54 s t r a i n s  o f  

n o d u le  b a c t e r ia  i s o la t e d  f ro m  28 d i f f e r e n t  le g u m in o u s  p la n t s  

( in c lu d in g  fo ra g e  le g u m e s ) g ro w in g  i n  H a w a ii w ere  te s te d  f o r  

i n f e c t i v i t y  on 20  members o f  th e  cowpea g ro u p .  Ten t e s t  

p la n t s  w ere  n o d u la te d  b y  a l l  24 s t r a in s  and o n ly  13 s t r a in s
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i n f e c t e d  e l l  t e s t  p la n t s .  P la n ts  o f  th e  cowpea g ro u p  

f u r n is h e d  n o d u le  b a c t e r ia  t h a t  v a r ie d  i n  in f e c t iv e n e s s  and 

e f f e c t iv e n e s s  m ore th a n  d id  b a o t e r ia  o f  o th e r  c r o s s - in o c u la ­

t i o n  g ro u p s .

G a l l i  (1 9 5 8 )  w h i le  s tu d y in g  th e  c r o s s - in o c u la t io n  o f  

th e  tw e n ty - th r e e  r h i s o b i a l  s t r a in s  f ro m  1 5  legum e s p e c ie s  

c o n c lu d e d  t h a t  ( a )  th e r e  w e re  d i f f e r e n c e s  b e tw e e n  th e  m orpho­

l o g i c a l  c h a r a c t e r i s t i c s  o f  th e  n o d u le s  o f  some fo r a g e  legum e 

s p e c ie s  ( b )  C a lo p o g o n iu m  m u c o n o id e s , C e n tro se m a  p u b e s c e n s .

Desmodium a d s c e n d e n s , D .d i s c o l o r . I n d ig o f e r a  m u c ro n a ta »

I . s u b u la ta . I . s u m a tra n a , S ty lo s a n th e s  g u ia n e n s is , T e p h ro s ia  

C a n d id a  and Teram nus u n c in a tu s  b e lo n g e d  t o  th e  cowpea g ro u p

( c )  V ic ia  o b s o u ra  b e lo n g e d  t o  th e  pea g ro u p  and ( d )  Leucaena  

g la u c a  and C r a t y l i  f l o r ib u n d a  b e lo n g e d  t o  o th e r  c r o s s -  

i n o c u la t lo n  g ro u p s  t o  w h ic h  no  o th e r  s p e c ie s  b e lo n g e d .

G b lls a m i and Rangaswam i (1 9 7 2 ) r e p o r te d  t h a t  a  fo r a g e  le g u m e , 

C l l t o r l a  t e r n a te a  was n o d u la te d  w e l l  b y  th e  r h i s o b ia  f ro m  th e  

p la n t s  b e lo n g in g  t o  cowpea #nd so ybea n  c r o s s - in o c u la t io n  

g ro u p s  and v ic e - v e r s a , and  was n o t  n o d u la te d  b y  th e  r h is o b ia  

fro m  a l f a l f a ,  c lo v e r ,  bean  and pea  c r o s s - in o c u la t io n  g ro u p s  

and  v i c e - v e r s a .

4 .  E f f e c t  o f  g ra s s - le g u m e  a s s o c ia t io n  on fo r a g e  y i e l d

E f f e c t  o f  g ra s s - le g u m e  a s s o c ia t io n  on th e  fo d d e r  y i e l d  

h a s  been  s tu d ie d  b y  v a r io u s  w o r k e r s .  R o b e r ts  and O lso n  (1 9 4 2 )
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r e p o r t e d  t h a t  i n  s e v e r a l  g ra s s - le g u m e  m ix tu r e s  he o b ta in e d  

h ig h e r  y i e l d  p e r  u n i t  a re a  o f  s o i l  th a n  th e  p u re  s ta n d  o f  

e i t h e r  g ra s s  o r  legum e p e r  h a l f  o f  u n i t  a re a  on d r y  w e ig h t  

b a s is .

_/V in c e n te -C h a n d le r  e t  a l . ( 1 9 5 3 )  r e p o r t e d  t h a t  when 

h e rb a g e  was c u t  a t  10 in c h e s  h e ig h t  i t  p ro d u c e d  h ig h e r  y i e l d  

as  com pared  t o  t h a t  c u t  a t  4- in c h e s  h e ig h t  and th e  y i e l d  was 

e v e n  th ro u g h o u t  th e  y e a r .  The g ra s s  y i e l d  was h ig h e r  due 

t o  u t i l i z a t i o n  o f  n i t r o g e n  f i x e d  b y  th e  legum es o v e r  a  s h o r t  

p e r io d  o f  t im e  and i t  was, fo u n d  p r o p o r t io n a l  t o  th e  g ro w th  

o f  th e  le g u m e s ., Sam uels, and  Land rau  (1 9 5 3 b ) r e p o r te d  th a t  

when P u e r a r ia  p h a s e o lo id e s  g ro w n  i n  a s s o c ia t io n  w i t h  P e n n ise tu rn  

p u rp u re u m  v a r .  m e r k e r i i  p ro d u c e d  th e  h ig h e s t  y i e l d  i n  re s p o n s e  

t o  p o ta s s iu m  a p p l i c a t io n  a t  th e  r a t e  o f  300 l b  p e r  a c r e . .

Bumpus (1 9 5 8 ) has s tu d ie d  4 legum es n a m e ly  T r i f o l i u m  s e m ip i lo s u m . 

T . r e p e n s . T . r u e p p e l l ia n u m , G ly c in e  . ja v a n ic a  i n  c o m b in a t io n  w i t h  

l o z i a  Rhodes g ra s s  ( C h io r is  g a y a n a ) . The g ra s s - le g u m e  m ix tu re s  

y ie ld e d  no  m ore i n  th e  e s ta b l is h m e n t  y e a r  (1 9 5 6 -5 7 )  th a n  th e  

p u re  g ra s s  s ta n d ,  b u t  i n  th e  se co n d  and t h i r d  y e a rs  th e  m ix tu r e s  

w h ic h  in c lu d e d  T .s e m ip i lo s u m , T . re p e n s  y ie ld e d  s i g n i f i c a n t l y  

m ore th a n  th e  p u re  g ra s s  s ta n d .  Among g ra s s - le g u m e  a s s o c ia - ,  

t i o n s ,  L a b la b  p u rp u re u s  /  C h io r is  ga yan a  gave  h ig h e r  y i e l d  

th a n  o th e r  g ra s s - le g u m e  m ix tu r e s .

L o te r o  ( I9 6 0 )  r e p o r te d  t h a t  th e  g ra s s  P an icum  p u rp u ra s c e n s  

i n  a s s o c ia t io n  w i t h  S t.v lo b iu m  d e e r in g ia n u m . Ca.ianus c a . ia n ,
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L a b ia l)  p u rp u re u s  o r  P u e r a r ia  p h a s e o lo id e s  y ie ld e d  2 5 8 0 ,

5 3 6 0 ,  2 2 8 0 , 2950 k g /h a  (a v e ra g e  o f  n in e  c u t t in g s  d u r in g  

tw o  y e a r s ) » r e s p e c t iv e ly .  H ow e ve r, S . d e e r in g ia n u m  and 

L a b la b  p u rp u re u s  w e re  n o n - p e r s is t e n t  a f t e r  f i v e  c u t t i n g s .  

W a lk e r  ( i9 6 0 )  showed t h a t  a p p l i c a t io n  q f  n i t r o g e n  g e n e r a l ly  

p ro d u c e d  h ig h e r  y i e l d  on g ra s s  la n d  th a n  th e  n i t r o g e n  f i x e d  

b y  le g u m e s . H ow eve r, i n  p r o p e r ly  e s ta b l is h e d  and  managed 

s w a rd ,le g u m e s  g r e a t l y  in c re a s e d  h e rb a g e  p r o d u c t io n  i n  absence  

o f  l i - f e r t i l i z e r .  A l le n  and C ow dry (1 9 6 1 ) s tu d ie d  d i f f e r e n t  

g ra s s - le g u m e  a s s o c ia t io n s  f o r  y i e l d .  P a r a g r a s s /c e n t r o  

( B r a c h ia r ia  m u tic a /C e n tro s e m a  p u b e s c e n s ) y ie ld e d  0 .6 5  t o  

1 *1  to n s ,  Bhodes g r a s s / s t y lo  (C h lo r is  gavana  /  S ty lo s a n th e s  

g r a c i l i s ) y ie ld e d  0 ,5  t o  0 .9  t o n s ,  G u in e a  g ra s s  /  s t y l o  

( P an icum  maximum /  S ty lo s a n th e s  g r a c i l i s ) 0 .5 5  t o  0 .8 5  to n s  

a n d  G u in e a  g ra s s  /  C e n tro  ( P ,maximum /  C e n tro se m a  p u b e s c e n s ) 

y ie ld e d  0 .4  t o  0 .7 5  t o n s / a c r e .  The p a s tu re  was p r o d u c t iv e  

a t  th e  above r a t e  f o r  te n  y e a r s .  A ndrew  a n d  N o r r is  (1 9 6 1 ) 

r e p o r t e d  t h a t  t r o p i c a l  legum es l i k e  Desmodium u n c in a tu m , 

I n d ig o f e r a  s p ic a t a ,  C e n trose m a  p u b e s c e n s , S ty lo s a n th e s  b o . je r i  

and P h a s e o lu s  la t h y r o id e s  d id  n o t  show a n y  d e f ic ie n c y  symptoms 

a n d  t h e i r  y ie ld s  w e re  25 t o  68  p e r  c e n t  h ig h e r  th a n  th e  

te m p e ra te  le g u m e s . W he reas , te m p a ra te  legum es showed v i s u a l

sym ptom s o f  c a lc iu m  d e f ic ie n c y  and u n t fe a te d  p la n t s  y ie ld e d  

0 ,2  to  6 .5  p e r  c e n t  le s s  th a n  th e  m axim a . D o l l  e t  a l .  (1 9 6 1 ) 

show ed t h a t  th e  g ra s s - le g u m e  a s s o c ia t io n  was s u p e r io r  t o  

N - f e r t i l i z e r  a p p l i c a t io n .  G ra s s - le g u m e  a s s o c ia t io n  in c re a s e d
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f o d d e r  y i e l d  f o r  lo n g e r  t im e  th a n  N - f e r t i l i z e r  a p p l i c a t io n .

I n  p a s tu r e ,  w here  g ra s s  was a p u re  c r o p ,  N - f e r t i l i s e r  

a p p l i c a t io n  was fo u n d  m o s t e s s e n t ia l  as com pared t o  g r a s s -  

leg u m e  a s s o c ia t io n .  F e rn a n d o  (1 9 6 1 )  r e p o r te d  t h a t  th e  

y i e l d  o f  p a s tu re  was c o n s id e r a b ly  in c re a s e d  b y  legum e a s s o ­

c i a t i o n  c o n s is t in g  o f  B r a c h ia r ia  b r ia a n th a  /  aentrogem n. 

p u b e sce n s  when com pared t o  p u re  g ra s s  s ta n d .

H u n t and W agner (1 9 6 3 )  showed t h a t  h e ig h t  o f  c u t t i n g ,  

f r e q u e n c y  and  d a te  o f  f i r s t  c u t t i n g  had  a  m arked in f lu e n c e  

on th e  g ra s s  y i e l d .  They p r e fe r r e d  2 in c h e s  c u t t i n g  and 

lo n g e r  i n t e r v a l  b e tw e e n  c u t t i n g s  w h ic h  in c re a s e d  th e  c lo v e r ­

g ra s s  y i e l d .  Less  f r e q u e n t  c u t t i n g  a t  a d e la y e d  f i r s t  

c u t t i n g  d a te  m a in ta in e d  good  y ie ld s  o f  sm o o th  brome g ra s s  

( Broom s in e r m is ) .

A h la w a t e t  a l .  (1 9 6 4 )  r e p o r te d  t h a t ,  among p u re  sown 

c ro p s  on w e l l  d ra in e d  l i g h t  s a n d y  s o i l ,  b a j r a  (P e n n is e tu m  

ty p h o id e u m ) and Sudan g ra s s  (Sorghum  s u d a n e n s is ) o u t - y ie ld e d  

jjo w a r  (A nd ropogon  so rg h u m ) and tw o  legum es n a m e ly , O vam opsis 

p s o r a l io id e s  and V ig n a  c a t. la n g  i n  g ra s s - le g u m e  m ix tu r e s  w ere 

c o n s is t e n t ly  b e t t e r  th a n  p u re  sown g ra s s e s .  Y /o lf  and S m ith  

(1 9 6 4 ) s tu d ie d  n in e  g ra s s - le g u m e  m ix tu r e s  c o n s is t in g  o f  

M e d ic a e o  s a t i v a ,  L o tu s  c o r n ic u la t u s . T r i f o l l u m  re p e n s  w i t h  

E ro m u s  in e r m is , D a c t y l i s  g lo m e ra ta  o r  P b leum  p r a te n s e .

Those c o n ta in in g  M e d ica g o  s a t i v a  /  D a c t y l i s  g lo m e ra ta  y ie ld e d  

th e  b e s t .  Moore (1 9 6 5 ) s tu d ie d  th e  g ra s s - le g u m e  a s s o c ia t io n
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o f  C ynodon p le c  to s ta c h y u s  and C e n tro se m a  p u b e s c e n s .

Y ie ld  re s p o n s e  o f  17 and 24 p e r  c e n t  r e s u l t e d  i n  th e  

f i r s t  c u t t i n g  fro m  50 and 100 l b  N p e r  a c re  r e s p e c t iv e ly  

and c u t t i n g  a t  2 t o  4 in c h e s  a t  8  w e e k ly  i n t e r v a l s  p ro d u c e d  

a b o u t  2§ to n s  o f  d r y  m a t te r  p e r  a c r e ,

De W it  e t  a l .  (1 9 6 6 ) r e p o r te d  t h a t  P a n icum  maximum 

and  G ly c in e  . la v a n lc a  g row n to g e th e r  i n  po ts - c o n ta in in g  

I - p o o r  sa n dy  s o i l  a p p e a re d  t o  be m u tu a l ly  e x c lu s iv e  i n  

a b se n ce  o f  R h iz o b iu m . H o r r e l l  and  Nev/House (1 9 6 6 )  r e p o r te d  

t h a t  on s o i l  o f  lo w  f e r t i l i t y  and o f  pH 5 .5  t o  6 . 5 , i n  a 

g r a z in g  t r i a l ,  u n f e r t i l i z e d  g ra s s - le g u m e  p a s tu r e  c o n ta in in g  

S ty lo s a n th e s  g r a c i l i s  and C e n trose m a  pubescens  gave y ie ld s  

e q u a l t o  th o s e  p a s tu re  r e c e iv in g  150 l b  U p e r  a c r e .

M o r r is o n  (1 9 6 6 )  c o n d u c te d  an  e x p e r im e n t t o  com pare  th e  

p r o d u c t i v i t y  o f  c o c k s fo o t ,  c o o k s fo o t  sw a rd s  w i t h  f e r t i l i s e r  

N , and sw a rd s  c o n ta in in g  s u b te r ra n e a n  and L o u is ia n a  w h ite  

c lo v e r  on a  r e d  c la y  loa m  s o i l ,  L o u is ia n a  w h ite  c lo v e r  

y ie ld e d  g ra s s  w i t h o u t  f e r t i l i z e r  N i n  b o th  y e a r s .  In  th e  

s e c o n d  y e a r  c o o k s fo o t /L o u is ia n a  w h i te  c lo v e r  sw a rd  gave a 

d r y  m a t te r  p r o d u c t io n  e q u iv a le n t  t o  g ra s s  r e c e iv in g  250  l b  U 

p e r  a c r e .  W h itn e y  (1 9 6 6 )  s tu d ie d  Desmodium in t o r t u r n .

’ D«canum and C en trosem a  pube scen s  g row n  a lo n e  and i n  com b iner- 

t i o n  w ith . P e n n la e tu rn  p u rpu re u m  and P i g i t a r i a  decumbens on 

v o lc a n ic  s o i l .  D . in t o r tu m  /  g ra s s  y ie ld e d  a b o u t 1700 l b  

d r y  m a t te r  p e r  a c r e , C e n tro se m a  p ubescens  in  p u re  s ta n d  

g a ve  in te r m e d ia te  d r y  m a t te r  y i e l d s .



B le a k  (1 9 6 8 )  r e p o r te d  th a t  h e rb a g e  p r o d u c t io n  was 

in c r e a s e d  b y  an a v e ra g e  o f  1 4 4  l b / a c r e  b y  s o w in g  c r u s te d  

w h e a t g r a s s / lu c e r n e *  S c a te n i (1 9 6 8 )  r e p o r te d  t h a t  a  ra n g e  

o f  m ix tu r e  o f  legum es in c lu d in g  G ly c in e  . ja v a n ic a  c v .  C P I 

2 5 7 0 2 , t l n a r o c  and  C P I 1 6 8 3 0 , M a c r o p t i l iu m  a t r o p u rp u re u s  

c v ,  s i r a t r o  and lu c e rn e  c v .  H u n te r - R iv e r  and H a ir y  P e ru v ia n  

and  o f  g re e n  p a n ic  ( Pan icurn  maximum v a r .  t r ic h o g lu m e ) w ere  

com pared  u n d e r  in f r e q u e n t  c u t t i n g  w i t h  v a r io u s  r a t e s  o f  N 

d u r in g  1 9 6 2 -6 3 *  D ry  m a t te r  y i e l d  re s p o n s e  t o  f e r t i l i z e r  ® 

i n  th e  p u re  g ra s s  sw ards  was l i n e a r .  I t  was c o n c lu d e d  t h a t  

i n  th e  e n v iro n m e n t o f  th e s e  t r i a l s ,  legum es s h o u ld  be  re g a rd e d  

p r i m a r i l y  as p r o t e in  r i c h  h e rb a g e . S in g h  e t  a l .  (1 9 6 8 ) 

w h i le  s tu d y in g  g ra s s - le g u m e  a s s o c ia t io n s  o f  P e n n is e tu m  

p o ly a ta c h y o n  w i t h  legum es l i k e  S ty lo s a n th e s  g r a c i l i s .

C e n tro se m a  p u b e s c e n s » C l i t o r i a  t e r n a te a ,  A t v lo s la  s c a ra b a c o id e s
*ii 1

a n d  C a lo p o g o n iu m  m u cono ides  r e p o r te d  t h a t  p u re  g ra s s  s ta n d  

ga ve  a v e ra g e  y ie ld s  o f  6 3 . 9  t o  9 7 .7  k g /h a  i n  u n f e r t i l i z e d  

p l o t s .  P . p o l.v s ta c h y o n  g ro w n  i n  m ix tu r e  w i t h  S .g r a c i l i s

o r  C .p u b e s c e n s , b u t  w i t h o u t  f e r t i l i z e r  gave a v e ra g e  y ie ld s  

o f  6 4 *5  and 9 2 .3  k g /h a ,  r e s p e c t i v e l y .  I n  th e  se co n d  y e a r ,  

t h e  g r a s s /c e n t r o  m ix tu r e  y ie ld e d  more th a n  p u re  g r a s s .

C h a t te r  je e  e t  a l .  (1 9 6 9 )  r e p o r te d  t h a t  He t e r  op og on 

c o n to r tu s  /  S ty lo s a n th e s  h u m i l is  m ix tu r e  gave  a v e ra g e  y ie ld s  

o f  1 9 .5  to n s  h e rb a g e  p e r  h e c ta re  as com pared  w i t h  1 5 .6  t o n s / h a ; 

f o r  H .c o n to r tu s  a lo n e .  O th e r  m ix tu r e s  gave  le s s e r  y ie ld s

13
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th a n  p u re  g ra s s  s ta n d .  S to b b 3  (1 9 6 9 a  and b )  n o te d  t h a t  

a p p l i c a t io n  o f  s u p e rp h o s p h a te  to  a  H y p a r rh e n ia  r u f a  /  

C e n tro se m a  pubescens p ro d u ce d  m arked  b e n e f i t  i n  h e rb a g e  

p r o d u c t io n  and he a ls fo  c o n c lu d e d  t h a t  g ra s s - le g u m e  sw ards  

s i g n i f i c a n t l y  y ie ld e d  h ig h e r  h e rb a g e . W hitem an (1 9 6 9 )  

te s te d  f o u r  legu m es ( G ly c in e  . ia v a n ic a . M a c r o p t i l iu m  

a tro p u rp u re u s  t  v. s i r a t r o . Desmodium u n c in a tu m  and L o to n o n ls  

b a i n e s i i )  w i t h  Ehodes g r a s s .  I n  a l l  r e s p e c t s ,  th e  d i f f e r ­

e n ces  b e tw e e n  th e  s p e c ie s  w ere  m in o r ,  a lth o u g h  G1 y c ln e  

, ia v a n ic a  showed s l i g h t l y  b e t t e r  p e r s is te n c e  i n  a l l  t r e a tm e n ts .  

W a lk e r  (1 9 6 9 ) n o te d  t h a t  f i v e  fo r a g e  legum es te s te d  i n  g r a s s -  

le g u m e  m ix tu r e s  in c re a s e d  y i e l d s ,  m a in ly  due t o  a d d i t i o n a l  

y i e l d  f ro m  th e  le g u m e s . H ig h e s t  y i e l d s  w ere  o b ta in e d  fro m  

m ix tu r e s  w i t h  M a c ro p tiliu m  a t r o p u rp u re u s  o r  S ty lo s a n th e s  

g u ia n e n s is  and  lo w e s t  y i e l d  was f ro m  G ly c in e  . ia v a n ic a  m ix tu r e s ,  

W h itn e y  and G reen (1 9 6 9 a ) have c a r r ie d  o u t  e x te n s iv e  f i e l d  

t r i a l s  on g ra s s - le g u m e  m ix tu r e s .  T h e y  have a ls o  com pared 

th e  y ie ld s  o f  g ra s s  g row n  i n  a s s o c ia t io n  w i t h  in o c u la te d  and 

u n in o c u la te d ,  le g u m e s . In  t h e i r  s t u d ie s ,  th e  y i e l d s  o f  

p a n g o la  g ra s s  ( D i g i t a r i a  decum bens) g ro w n  w i t h  and w it h o u t  

in o c u la te d  Desmodium eanum w ere 7510 k g /h a  and 6840  k g /h a ,  

r e s p e c t iv e l y .

K re ts c h m e r (1 9 7 0 )  e s t im a te d  th e  p r o d u c t io n  o f  d r y  

m a t te r  y ie ld s  i n  s e v e n  legum es ( M a c r o p t i l iu m  a tro p u rp u re u s  

v a r .  3 i r a t r 0 , C e n trose m a  p u b e s c e n s 9 G ly c in e  . ia v a n ic a .
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S ty lo s a n th e s  h u m i l l s . P h a s e o lu s  l a t h y r o id e s . A l . v s l c a r P U B  

v a g in a l i s  and Desmodlum s a n d w ic e n s e ) w i t h  p a n g o la  g r a s s .  

Among legum es t r i e d ,  M .a t r o p u rp u re u s  y ie ld e d  th e  h ig h e s t  

( 1 1 ,6 1 0  k g / h a / y r ) ,  w h i le  D .sa n dw ioe n a e  y ie ld e d  th e  lo w e s t  

(7 3 8 0  k g / h a / y r ) .  H o w e ve r, g ra s s  a lo n e  y ie ld e d  5240  k g /  

h e , /y e a r .  EE f r a n c a  and I®  C a rv a lh o  (1 9 7 0 )  s tu d ie d  th e  

n u t r i e n t  d e f ic ie n c y  o f  a s o i l  f ro m  a  " C e r ra d o ”  a re a  on 

f i v e  t r o p i c a l  le g u m e s , n a m e ly  G ly c in e  . ja v a n ic a  v a r . comum, 

G . . ja v a n ic a  v a r .  t i n a r o o . P u e r a r ia  . ja v a n ic a , M a o r o p t i l iu m  

a t r o p u r p u r e u s  and C e n trose m a  p u be sce n s  and n o te d  t h a t  th e  

la r g e  p h o sp h o ru s  d e f ic ie n c y  d e c re a s e d  d r y  m a t te r  y ie ld s  

o f  a l l  le g u m e s ,

5 .  N it r o g e n  f i x a t i o n  b.v legum e com ponen t and N it r o g e n  
t r a n s f e r  t o  th e  a s s o c ia te d  g ra s s  i n  g ra s s - le g u m e  
a s s o c ia t io n

N it r o g e n  f i x a t i o n  and n i t r o g e n  t r a n s f e r  t o  th e  

a s s o c ia te d  g ra s s  ha ve  been  s tu d ie d . b y  v a r io u s  w o rk e r s .

The n i t r o g e n  c o n te n t  and n i t r o g e n  f i x a t i o n  and t r a n s f e r  

v a r ie d  w i t h  ty p e  o f  g ra s s - le g u m e  a s s o c ia t io n .  R o b e r ts  

a n d  O ls o n 1 (1 9 4 2 )  r e p o r te d  t h a t  g r e a te r  y ie ld s  o f  n i t r o g e n  

w ere  o b ta in e d  fro m  m ix tu r e s  on - u n i t  a re a  o f  s o i l  th a n  

f ro m  p u re  s ta n d s  o f  g ra s s  o r  le g u m e . L a r g e s t  g a in s  

due t o  a s s o c ia t io n  o c c u r re d  when a legum e w i t h  a 

v ig o r o u s  g ro w th  h a b i t  was a s s o c ia te d  w i t h  g ra s s  w i t h

m irnm  of /.qkuwhl men® 
U iin n n y  uor'i>v 

MN&UK&ai.
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w ea k  g ro w th  h a b i t s .  G a in s  i n  t o t a l  N w ere  b e l ie v e d  

t o  have  r e s u l t e d  f ro m  s p re a d in g  o f  p la n ts  w i t h  v ig o ro u s  

g ro w th  h a b i t s  o v e r a g r e a t e r  s o i l  a re a .

i

Ja c k o b s  (1 9 5 2 ) showed t h a t  when a  m ix tu r e  was 

p re d o m in a n t ly  legum e ( lu c e r n e - g r a s s  c o m b in a t io n ) th e r e  

was o n ly  a  s l i g h t  y i e l d  re s p o n s e  t o  N a p p l ie d  as 

b u t  w i t h  L a d in o c lo v e r - g r a s s  c o m b in a t io n s  th e r e  was a 

m a rked  re s p o n s e  t o  n i t r o g e n .  V in c e n te -C h a n d le r  e t  a l .  

(1 9 5 3 )  r e p o r te d  t h a t  i n  a  s tu d y  t o  e s t im a te  th e  e f f e c t  o f  

tw o  h e ig h ts  o f  c u t t i n g  on th e  P u e r a r ia  p h a s e o lo id e s  /

M e I in is  m i n u t i f l o r a  m ix tu r e ,  g ra s s  y ie ld s  w ere  n o t  

d e p re s s e d  b y  t h i s  in c re a s e  i n  g ro w th  o f  P u e r a r ia  p h a s e 0 -  

l o l d e s . I t  was assum ed t h a t  th e  g ra s s  o b ta in e d  N f ro m  

th e  P u e r a r ia  p h a s e o lo id e s  o v e r  s h o r t  p e r io d s  o f  t im e  and 

m ore o r  le s s  i n  p r o p o r t io n  t o  th e  g ro w th  o f  th e  le g u m e .

M oore ( I9 6 0 )  r e p o r t e d  th e  c o m p a r is o n  made o f  s o i l  H 

u n d e r  a  f i v e  y e a rs  o ld  g ra z e d  s ta n d  o f  O.vnodon p le c t o s t a -  

c h y u s  and a s ta n d  o f  C .p le c to s ta c h y u s  /  C en tro se m a  p u b e s c e n s . 

T h e re  w ere  2600  l b  1 /a c r e  ( t o  a d e p th  o f  1 f o o t )  i n  th e  

s o i l  u n d e r th e  m ix tu r e ,  and 20 40  l b  EF/acre i n  th e  p u re  

g ra s s  s ta n d .  On an  a v e ra g e  on a n n u a l b a s is ,  th e  C en trosem a  

pubescens f i x e d  112 l b  N /a c r e .
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D o l l  e t , a l . ( 1 9 6 1 )  in d ic a t e d  t h a t  N f e r t i l i z i n g  

o f  g ra s s - le g u m e  p a s tu re s  i s  in a d v is a b le  when t o t a l  y i e ld s  

a n d  legum e c o n te n t  o f  th e  m ix tu re  a re  c o n s id e re d .  T o ta l  

u p ta k e  o f  H was c lo s e ly  c o r r e la t e d  w i t h  y i e l d s .  F e rn a n d o  

(1 9 6 1 )  r e p o r t e d  t h a t  th e  y i e l d  o f  p a s tu re  h e rb a g e  was 

g r e a t l y  in c re a s e d  b y  th e  in c lu s io n  o f  le g u m e . N it r o g e n  

to p * d r e s s in g s  gave  in c re a s e d  y ie ld s  o f  d r y  m a t te r  i n  th e  

f i r s t  c u t  f o l lo w in g  th e  a p p l i c a t io n  o f  n i t r o g e n  b u t  i n  

th e  s u b s e q u e n t c u ts  th e  e f f e c t  o f  n i t r o g e n  was v i r t u a l l y  

l o s t .  M oore (1 9 6 2 ) r e p o r te d  a b o u t in c lu s io n  o f  C en trosem a  

pu be sce n s  i n  a C.vnodon p le c to s ta c h v u s  p a s tu r e .  U nder th e  

p a s tu r e  c o n ta in in g  le g u m e , t o t a l  N and n i t r i f i a b l e  35T in  

th e  u n d e r ly in g  s o i l  was s i g n i f i c a n t l y  in c r e a s e d .  N c o n te n t  

w as (2 5 0  l b  p e r  a c re  p e r  y e a r )  h ig h e r  th a n  t h a t  u n d e r th e  

p u re  g ra s s  s ta n d .  N c o n te n t  o f  g ra s s  was r a is e d  fro m

1 .8  t o  2 .4  p e r  c e n t .

B ru c e  (1 9 6 5 ) r e p o r te d  t h a t  o v e r  16 y e a r  p e r io d ,  

C e n tro se m a  pubescens added 9 2 .0 0  l b  N p e r  a c re  ( 6 in c h e s  

o f  s o i l )  p e r  annum. M o r r is o n  (1 9 6 6 )  f ro m  Kenya r e p o r te d  

t h a t  N t r a n s f e r  t o  c o o k s fo o t  g ra s s  f ro m  s u b te r ra n e a n  

c lo v e r  was e q u iv a le n t  t o  250 l b  N p e r  a c r e .  F ix a t io n  o f  

2 0 0 -3 0 0  lb s  n i t r o g e n  p e r  a c re  p e r  y e a r  was p o s s ib le  a t  

h ig h  a l t i t u d e .  W h itn e y  (1 9 6 6 )  in c lu d e d  th r e e  le g u m e s l/  

( Desmodium in t o r t u r n , D .canum and  C e n tro se m a  p u b e s c e n s )
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w i t h  tw o  g ra s s e s  ( P e n n is e tu m  p u rp u re u m  and D i g i t a r i a  

decum bens) t o  s tu d y  th e  am ount o f  U f i x a t i o n  b y  legum es 

and th e  am ount o f  N t r a n s f e r r e d  t o  g ra s s e s  g row n  i n  

a s s o c ia t io n .  T o ta l  n i t r o g e n  f i x a t i o n  d u r in g  th e  t r i a l

was 3 4 0  l b  p e r  a c re  f o r  D . in t o r t u r n , 82 l b  p e r  a c re  f o r

D .oanum and 156 l b  p e r  a c re  f o r  C e n tro se m a  p u b e s c e n s .

T r a n s fe r  o f  N t o  g ra s s  was a b o u t 5 p e r  c e n t  f o r  P . in t o r t u m  

and  u p to  11 p e r  c e n t  f o r  0 . p u b e s c e n s .

B i r c h  a n d .D o u g a ll  (1 9 6 7 )  r e p o r t e d  t h a t  p e rc e n ta g e  

o f  N i n  g ra s s  ( Pan ioum  p u rp u re u m . T r ip s a c u m  la x u m  and  

P a n icu m  maximum) was s i g n i f i c a n t l y  in c re a s e d  when th e y  

w e re  g row n i n  a s s o c ia t io n  w i t h  a  le g u m e , Deamodium 

u n c in a tu m . Jones  e t  a l .  (1 9 6 7 )  i n  t h e i r  s tu d ie s  in c lu d e d

1 1  le g u m e s , g row n  i n d i v i d u a l l y  w i t h  P aspa lum  p l i c a t u lu m  

M ic h  c v .  h a r t l e y . The b e s t  legum e t r e a tm e n t  g a ve  a N 

y i e l d  e q u iv a le n t  t o  t h a t  f ro m  g ra s s  f e r t i l i z e d  w i t h  170  l b  

N p e r  a c re  p e r  y e a r ,  as u r e a .  N t r a n s f e r  t o  th e  a s s o c ia te d

g ra s s  in c re a s e d  w i t h  t im e  and was g r e a t e r  f o r  th e  M a c r o p t l l iu m

a tro p u rp u re u s  and  L o to n o n ls  b a in e s l i .  Oke (1967  a and b )  

r e p o r t e d  t h a t  a m o n g 'th e  s e v e r a l  N ig e r ia n  legum es t r i e d  f o r  

N f i x i n g  c a p a c i t y ,  C a.lanus c a . ia n . C e n tro se m a  p u b e s c e n s . 

S ty lo s a n th e s  g r a c i l i s .  C a lo p o g o n iu m  m uco no ides  and 

P u e r a r ia  s p p . f i x e d  1 4 .5 »  1 0 .3 *  4 . 6 ,  3 .8  and 9 .3  mg o f  N 

p e r  da y  p e r  p la n t ,  r e s p e c t iv e l y .  W h itn e y  e t  a l .  (1 9 6 7 )



o b s e rv e d  N f i x a t i o n  o f  85 l b  p e r  a c re  b y  Desmodium canum 

b u t  n o  N t r a n s f e r  t o  g r a s s e s , w h e re a s  C e n tro se m a  pubescens 

f i x e d  24-0 l b  N p e r  a c re  i n  p u re  s ta n d  and  110  l b  o f  N 

p e r  a c re  when g row n  w i t h  g ra s s e s .  I n  th e  l a t t e r ,  N 

t r a n s f e r  ra n g e d  f ro m  6 t o  11 p e r  c e n t .  Desmodium in t o r t u m  

f ix ie d  340 l b  K p e r  a c re  and t r a n s f e r  n o te d  was a b o u t 5 

p e r  c e n t .  W hereas^,W h itney and  K a n c h iro  (1 9 6 7 )  o b s e rv e d  

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

f ro m  th e  m ore v ig o ro u s  legum es t o  th e  g ra s s e s ,  e s p e c ia l l y  

a f t e r  c u t t i n g  b a c k .

S in g h  e t  a l .  (1 9 6 8 ) e s t im a te d  th e  N t r a n s f e r  f ro m  

legum e to  th e  g ra s s  a t  32 and 74 k g  o f  K p e r  h e c ta r e ,  

r e s p e c t iv e ly  i n  th e  m ix tu re s  o f  P e n n is e tu m  p o ly s ta c h y o n /  

S ty lo s a n th e s  g r a c i l i s  and P .p o ly s ta c h y o n /G e n trQ B e m a  p u b e s c e n s . 

S im pson  (1 9 6 8 )  r e p o r te d  t h a t  th e  th r e e  legum es used  p e r ­

fo rm e d  q u i t e  d i f f e r e n t l y .  S u b te r ra n e a n  c lo v e r  d id  n o t  

r e le a s e  any  n i t r o g e n  u n t i l  sen esce n ce  and th e n  p ro d u c e d  

a  r a p id  t r a n s fe r e n c e ,  w h i le  th e  w h ite  c lo v e r  was c o m p e t i t iv e  

f o r  n i t r o g e n  u n t i l  the  a u tu m n -w in te r  was r a p id .  H ow eve r, 

lu c e r n e  r e le a s e d  n i t r o g e n  g r a d u a l ly  o v e r  th e  w h o le  

e x p e r im e n ta l  p e r io d .

B i r c h  (1 9 6 9 ) r e p o r te d  th e  s i g n i f i c a n t  e f f e c t  o f  

Desm odium  u n c in a tu m  i n  in c r e a s in g  N p e rc e n ta g e s  i n  a s s o ­

c ia t e d  N a p ie r  g ra s s  ( P e n n is e tu m  p u rp u re u m ) , G u a te m a la
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g r a s s  (T r ip s a c u m  la x u m ) and G u in e a  g ra s s  (P a n icu m  maximum) 

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

K re ts c h m e r  (1 9 7 0 )  e s t im a te d  th e  n i t r o g e n  y ie ld s  o f  

s e v e r a l  t r o p i c a l  legum es i n  a s s o c ia t io n  w i t h  p a n g o la  

g r a s s .  A s s o c ia t io n  o f  g ra s s  w i t h  O en tro se m a  pubesce ns  

and  G ly c in e  . la v a n ic a  f i x e d  150 and 134 kg  N p e r  h e c ta r e  

p e r  y e a r ,  r e s p e c t iv e l y .  Bewg e t  a l .  (1 9 7 0 )  r e p o r te d  

t h a t  th e  N -e o n te n t  o f  th e  p a s tu r e  d r y  m a t te r  d e c re a s e d  

f r o m  2 p e r  c e n t  i n  summer t o  1 p e r  c e n t  i n  w in t e r  when th e  

g ra s s  was g row n  i n  a s s o c ia t io n  w i t h  G ly c in e  w i g h t l i . 

Desmodium in t o r t u r n . D .u n c in a tu m  and M a c r o p t i l iu m  a t r o ­

p u rp u re u s  c v .  s i r a t r o .  ODu e t  a l .  (1 9 7 1 ) r e p o r te d  t h a t  

t h e  n i t r o g e n  f i x a t i o n  i n  C e n tro se m a  p u b e sce ns  and S t y l o -  

a a n th e 3 g r a c i l i s  was maximum a t  pH v a lu e  o f  a b o u t 6 .

6 .  C rude  P r o te in  P ro d u c t io n

Many w o rk e rs  have  r e p o r te d  on th e  c ru d e  p r o t e in  

p r o d u c t io n  i n  th e  g ra s s - le g u m e  a s s o c ia t io n s .

M u ld e r  (1 9 4 9 ) r e p o r te d  t h a t  a p p l i c a t io n  o f  s m a ll  

a m o u n ts  o f  N (2 0  t o  40  k g /h a )  g e n e r a l ly  d e c re a s e d  th e  

p r o t e in  c o n te n t  o f  h e rb a g e  due t o  th e  d e p re s s io n  o f  c lo v e r s .  

L a rg e  d re s s in g s  o f  N (8 0  t o  240 k g /h a )  in c re a s e d  th e  

p r o t e in  c o n te n t  c o n s id e r a b ly ,  e s p e c ia l l y  when th e  g ra s s  

was c u t  y o u n g .
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V in c e n te -C h a n d le r  e t  a l .  (1 9 5 3 ) e s t im a te d  th e  p r o t e in  

c o n te n t  o f  the . P u e r a r ia  p h a s e o lo id e s  /  M e l i n  i s  m i n u t i f l o r a . 

and n o te d  t h a t  h ig h  c u t t i n g  (1 0  in c h e s )  fa v o u re d  th e  P u e r a r ia  

p h a s e o lo id e s  and r e s u l t e d  i n  a  h ig h e r  y i e l d  o f  p r o t e in ,  and 

a ls o  w i t h i n  y i e l d  p e r io d  th e  a s s o c ia te d  m o la s s e s  g ra s s  i n ­

c re a s e d  i n  p r o t e in  c o n te n t .  la n d r a u  e t  a l . ( 1 9 5 3 )  r e p o r te d  

t h a t  P u e r a r ia  p h a s e o lo id e s  srhowed in c re a s e d  p r o t e in  c o n te n t  

w i t h  In c re a s e d  n i t r o g e n ,  p r i n c i p a l l y  i n  th e  f i r s t  c u t t i n g ,  

when g ro w n  i n  d i f f e r e n t  c la y  s o i l s ,

Washko and P e n n in g to n  (1 9 5 6 ) r e p o r t e d  t h a t  th e  p r o t e in  

c o n te n t  o f  g ra s s e s  i n  le g u m e -a s s o c ia t io n s  was s l i g h t l y  h ig h e r  

th a n  th e  g ra s s e s  i n  p u re  s ta n d s  r e c e iv in g  n i t r o g e n .

F e rn a n d o  (1 9 6 1 ) r e p o r te d  t h a t  th e  y i e l d  o f  h e rb a g e  was 

g r e a t l y  in c r£ a s e „d  "by th e  in c lu s io n  o f  a  le g u m e . A s i g n i f i c a n t  

in c re a s e  in  .c rude  p r o t e in  was n o te d  due to  th e  p re s e n c e  o f  

legum es i n  a l l  th e  th r e e  h a r v e s t s .  C en trose m a  pubescens 

a lm o s t i n v a r i a b l y  gave  h ig h e r ,  c o n te n ts  o f  c ru d e  p r o t e in  th a n  

o th e r  le g u m e s .

Vazquez (1 9 6 5 ) e s t im a te d  th e  p r o t e in  c o n te n t  i n  G u in e a  

g ra s s  an d  p e tra g ra ss  g ro w n  a lo n e  and i n  m ix tu r e  w i t h  P u e r a r ia  

p h a s e o lo id e s . C rude  p r o t e in  c o n te n t  was a b o u t e q u a l i n  p u re  

g ra s s  s ta n d  and i n  t h e i r  m ix tu r e s  w i t h  P u e r a r ia  p h a s e o lo id e s .

The a p p l i c a t io n  o f  40 0  l b  H p e r  a c re  in c re a s e d  th e  c ru d e  

p r o t e in  c o n te n t  b y  a b o u t 2 p e r  c e n t  and  800  l b  n i t r o g e n  p e r  a c re  

in c re a s e d  i t  b y  a  f u r t h e r  2 p e r  c e n t .
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H o r r e l l  and NewHouse (1 9 6 6 ) r e p o r t e d  t h a t  g r a s s -  

legum e g row n i n  p a s tu re  c o n ta in in g  S ty lo s a n th e s  g r a c H is  

aSsd C en trose m a  pubescens gave  y ie ld s  e q u a l t o  th o s e  fro m  

g ra s 's  p a s tu r e  r e c e iv in g  150 l b  H p e r  a c re  and gave  h ig h e r  

y i e l d s  <&f c ru $ e  p r o t e in  th a n  th e  l a t t e r .  K y n e v r (1 9 6 6 ) 

r e p o r t e d  t h a t - p r e s e n c e  o f  G ly c in e  . ja v a n ic a  g e n e r a l ly  

in c re a s e d  ih e  p r o t e in  c o n te n t  o f  th e  g ra s s  co m p o n e n t. 

M o r r is o n  (1 ^ 6 6 )  r e p o r te d  t h a t  in c lu s io n  o f  c lo v e r  (C o o k s -

^ e t / L o u s i a n a  M i i t e  c lo v e r )  im p ro v e d  th e  c ru d e  p r o t e in
' \ \  ~ r~ ' l  

c o n te n t  o f \  th e  a s s o c ia te d  g ra s s .

/  V , V :

Singh a t  faî - H19SBJ) Singh and Cna&terjee (1968aA

and b )  r e p o r te d  th a t^ w h e n  P e n n ise tu rn - ;p o ly s ta c h y o iT was grow n 

i n  a s s o c ia t io n  w i t h  S ty lo s a n th e s  g r a c i l i s  o r  C e n tro se m a  

p u b e sce n s  w i t h  SO k g  N | e r  h e c ta r e ,  th e  average^ p r o t e in  y ie I S  

o f  P . p o ly s  ta c h y  on was 1 0 5 6 .8  k g  p a r  h e c ta re  as c o iftp a re d ^ to  

7 2 9 .2  k g  f o r  P .p o lv s ta c i ly o n / S . g r  a  3 i l  i  s m ix tu re  and 1 2 1 0 .9 ^ 'kg

f o r  P . p o ly s ta c h y o n / C . pubescens m ix tu r e . When c u t  f r e q u e n t l y ,
j ■ j

t h e  g ra s s  /  C en trosem a  pubescens m ix tu re  y ie ld e d  347 k g  p r o t e in
I. 1

p e r  h e c ta r e .  P u re  g ras js  y ie ld e d  J 189 k g  p e r  h e c ta r e .  G rass 

g ro w n  a lo n e  r e c e iv in g  44 kg  $ p e r  h e c ta re  y ie ld e d  383 k g  

p r o t e in  p e r  h e c ta r e .  C h a tte r^ e e  e t  a l . (1 9 6 9 )  r e p o r te d  t h a t  

H e te ro p o g o n  c o n t o r t u s / S t.v lo s  an th e  a g r a c i l i s  m ix tu re  gave  th e  

h ig h e s t  c ru d e  p r o t e in  y i e l d  o f  5 3 5  k g (o n , d r y  m a t te r  b a s is )  p e r  

h e c ta r e ,  f o l lo w e d  b y  H . c on t  o r tu  s / S . g r  a c l l i s  m ix tu re  w i t h  4 3 5  k g  

p e r  h e c 'ta re  and & . con  t o r t u s  a lo n e  w i t h  342 kg  p e r  h e c ta r e .
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Jan ies £ t  a l .  (1 9 6 9 )  n o te d  th e  in f lu e n c e  o f  legum e a s s o c ia ­

t i o n  and n i t r o g e n  f e r t i l i z a t i o n  on c ru d e  p r o t e in  c o n te n t  

o f  11 g ra s s e s .  S e a s o n a l e f f e c t s ,  n i t r o g e n  s o u rc e s  and 

d i f f e r e n c e s  i n  k in d s  o f  g ra s s e s  w ere  h ig h l y  s i g n i f i c a n t  i n  

a f f e c t i n g  th e  c ru d e  p r o t e in  c o n te n t  o f  th e  f o r a g e .  W a lk e r

(1 9 6 9 ) r e p o r te d  t h a t  c ru d e  p r o t e in  y ie ld s  f ro m  M a c r o p t i l iu m  

a tro p u rp u re u s  o r  S ty lo s a n th e s  g u la n e n s is  m ix tu r e s  w e re  much 

h ig h e r  th a n  th o s e  fro m  th e  n i t r o c h a l k  t r e a tm e n t  ( 4 .5  c w t / a c r e ) .  

W h itn e y  and G reen  (1 969 a  and t>) o b s e rv e d  t h a t  th e  p e rc e n ta g e  

o f  c ru d e  p r o t e in  f l u c t u a t e d  w i t h  s e a s o n , h ig h e s t  b e in g  d u r in g  

th e  c o o le r  m o n th s . C rude  p r o t e in  l e v e l s  w e re  in f lu e n c e d

o n ly  s l i g h t l y  b y  lo w  r a t e s  o f  f e r t i l i z a t i o n  b u t  w ere  r a is e d  

b y  th e  h ig h e r  ® r a t e s .

K re ts c h ra e r (1 9 7 0 ) r e p o r te d  t h a t  among e ig h t  legum es 

C e n tro se m a  pu be sce n s  and G ly c in e  . la v a n ic a  y ie ld e d  9 . 9 ' and 

8 ,9  p e r  c e n t  c ru d e  p r o t e in ,  r e s p e c t i v e l y ,  w he reas  P a n g o la  

g ra s s  a lo n e  y ie ld e d  6 .0  p e r  c e n t ;  F e b le s  and P a d i l l a  (1 9 7 0 ) 

e s t im a te d  t h a t  th e  c ru d e  p r o t e in  c o n te n t  o f  P u e r a r ia  phaseo ­

l o id e s  and Ca.1anus ca .ia n  ( in o c u la t e d  w i t h  B h iz o b iu m ) i n  

u r e a  s p ra y e d  t re a tm e n t  was in c re a s e d  b y  15 p e r  c e n t .  R e id

(1 9 7 0 )  n o te d  t h a t  re s p o n s e  o f  c ru d e  p r o t e in  y i e l d  f o r  H 

a p p l i c a t io n  (0  t o  600  t o  700  l b  N p e r  a c r e )  was l i n e a r ,  b u t  

i n c lu s io n  o f  c lo v e r  in c re a s e d  th e  c ru d e  p r o t e in  y ie ld s  a t  

lo w  $ r a t e s .



24

Many w o rk e rs  ha ve  r e p o r te d  on th e  p h o s p h o ru s  c o n te n t  

a n d  re s p o n s e  t o  a p p l ie d  p h o sp h o ru s  i n  d i f f e r e n t  g ra s s - le g u m e  

a s s o c ia t io n s .

S a lg u e s  (1 9 3 8 )  s tu d ie d  th e  b e h a v io u r  o f  d i f f e r e n t  

a n n u a l and  p e r e n n ia l  g ra s s e s .  G ra sse s  on c a lc a re o u s  s o i l  

c o n ta in e d  more p h o s p h o ru s  th a n  le g u m e s . P e r e n n ia l  g ra s s e s  

c o n ta in e d  m ore p h o s p h o ru s  th a a  a n n u a ls .

Ja cko b s  (1 9 5 2 ) n o te d  t h a t  when a  m ix tu r e  c o n s is te d  

p r e d o m in a n t ly  o f  a  le g u m e , th e r e  was m arked  re s p o n s e  t o  

PgOj. a p p l i c a t io n  as t r i p l e  s u p e rp h o s p h a te . When g ra s s  was 

p re d o m in a n t ,  th e re  was muoh s m a l le r  re s p o n s e  t o  PgO^. The 

m a g n itu d e  o f  th e  re s p o n s e s  o f  lu c e r n e /g r a s s  c o m b in a t io n s  

t o  PgOfj v a r ie d  w i t h  th e  g ra s s  c o m p o n e n t.

L a n d ra u  e t  a l *  (1 9 5 3 )  s tu d ie d  th e  b e h a v io u r  o f  P u e r a r ia  

p h a s e o lo id e s  on d i f f e r e n t  c la y  s o i l s  and r e p o r te d  t h a t  a p p l i ­

c a t i o n  o f  p h o s p h o ru s  t o  c la y  s o i l s  was i n e f f e c t i v e  on P . 

p h a s e o lo id e s . V in c e n t -C h a n d le r  e t  g l . (1 9 5 3 ) r e p o r t e d  t h a t  

h ig h  c u t t i n g  to  10  in c h e s  fa v o u re d  p h o s p h o ru s  u t i l i s a t i o n

P u e r a r ia  p h a s e o lo id e s  and h ig h  y i e l d s  o f  lo w  c u t  ( 4 in c h e s )  

r e q u i r e d  p h o s p h o ru s  a p p l i c a t io n s .  The b e n e f i c i a l  e f f e c t s  

o f  p h o sp h o ru s  and p o ta s h  t re a tm e n ts  w e re  l a r g e l y  th ro u g h  th e  

in f lu e n c e  o f  th e s e  n u t r i e n t s  on t h i s  le g u m e .

7. Phosphorus content



25

M oore  (1 9 6 2 )  r e p o r te d  t h a t  t h e r e  w e re  n o  s i g n i f i c a n t  

d i f f e r e n c e s  i n  p h o s p h o ru s  c o n te n t  o f  th e  g ra s s  due t o  i t s  

a s s o c ia t io n  w i t h  th e  legum e (C e n tro se m a  p u b e sce n s /C yn o d o n  

p le c t o s t a c h v u s ) .

C a ro -G o s ta s  a n d  V in c e n te -C h a n d le r  (1 9 6 3 )  r e p o r te d  

t h a t  a p p l i c a t io n  o f  p h o sp h o ru s  d id  n o t  a f f e c t  y ie ld s  o r

s p e c ie s  b a la n c e ,  b u t  in c re a s e d  th e  p h o sp h o ru s  c o n te n t  fro m

0 *1 2  t o  0 .1 5  p e r  c e n t  i n  P u e ra r ia  p h a s e o lo id e s  and 0 ,1 1  to

0 ,1 7  p e r  c e n t  i n  M e t in is  m i n u t i f l o r a ,

G ro f  (1 9 6 6 )  r e p o r te d  t h a t  on v a r io u s  c la y  s o i l s  o f  

th e  c o a s ta l  p la in s  P u e r a r ia  p h a s e o lo id e s  showed g r e a t e r  

v ig o u r  and g r e a t e r  re s p o n s e  t o  a p p l ie d  p h o s p h o ru s  th a n  

S ty lo s a n th e s  g r a c i l i s  d id .  I n  th e  f i e l d ,  a  m ix e d  sw a rd  o f  

P an icu m  maximum /  P u e r a r ia  p h a s e o lo id e s /  C en trose m a  pubescens 

showed s i g n i f i c a n t  p h o sp h o ru s  re s p o n s e ..

S to b b s  (1 9 6 9 a ) n o te d  t h a t  a p p l i c a t io n  o f  s in g le  s u p e r­

p h o s p h a te  t o  a  H y p a r rh e n ia  r u f a  /  C e n trose m a  pubescens  sw ards  

p ro d u c e d  a  m arked  b e n e f i t  t o  h e rb a g e  p r o d u c t io n .  Mean 

p h o s p h o ru s  c o n te n t  i n  s o i l  was s i g n i f i c a n t l y  h ig h e r  u n d e r  

p a s tu r e  r e c e iv in g  s in g le  s u p e rp h o s p h a te .



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



Ill, MATERIAL AND METHODS

The f o l l o w i n g  fo ra g e  legum es w ere  s e le c te d  f o r  

th e  p r e s e n t  s tu d y .  B h a rw a r h y b r id - 2  (D H -2 ) was s e le c te d  

a s  th e  a s s o c ia te d  g r a s s .

1 .  C a lo p o g o n iu m  m ucono ideB  D esv .

2 .  C en tro se m a  pubescens B e n th .

3 .  P o l ic h o s  b i f l o r u s  L in n .

4 .  G ly c in e  .Ia v a n lc a  L in n .

5 .  L a b la b  p u rp u re u s  ( L in n . ) S w e e t

6 .  M im osa in  v i s  a  M a r t .

7 .  P u e r a r ia  p h a s e o lo id e s  B e n th .

The fo ra g e  legum e seeds  w ere  sown i n  cem en t p o ts  

(4 5  x  30  x  2 8 .5  cm ) c o n ta in in g  H e b b a l s a n d y  lo a m  s o i l  

m ix e d  w i t h  a p p ro x im a te ly  4 k g  o f  fa rm  y a rd  m anure p e r  p o t .  

A f t e r  6 t o  7 weeks o f  g ro w th ,  legum es w ere  w e l l  e s ta b l is h e d .  

T h e n , th e  legu m es w e re  u p ro o te d  and u se d  f o r  th e  i s o l a t i o n  

o f  R h iz o b iu m  s t r a i n s .  A f t e r  w a s h in g  th e  r o o t s  c a r e f u l l y  

i n  r u n n in g  ta p  w a te r ,  w e l l  fo rm e d #  h e a l t h y ,  p in k is h  n o d u le s  

on th e  ta p  r o o t  w e re  d e ta c h e d  and p la c e d  i n  a  t e s t  tu b e ,  

ftaese n o d u le s  w ere  s u r fa c e  s t e r i l i z e d  f o r  one m in u te  b y  

m om en ta ry  t r e a tm e n t  w i lh  a lc o h o l  and t r e a te d  w i t h  m e rc u r ic  

c h lo r id e  ( 0 .1  p e r  c e n t ) .  Then th e y  w ere  washed th o r o u g h ly  

w i t h  te n  cha ng es  o f  s t e r i l e  w a te r .

S t e r i l i z e d  n o d u le s  w ere  p la c e d  i n  t e s t  tu b e  w i t h  a  fe w  

d ro p s  o f  s t e r i l e  d i s t i l l e d  w a te r  a t  th e  r a t e  o f  one n o d u le
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p e r  tu b e .  N o d u le s  w ere  c ru s h e d  u s in g  a f la m e d  g la s s  r o d .

One l o o p - f u l  o f  th e  expunged  f l u i d  f ro m  th e  n o d u le s  was 

p la t e d  i n  tw o  o r  th r e e  d i l u t i o n s  u s in g  Y e a s t E x t r a c t  M a n n i to l  

a g a r .  The p la te s  w ere  in c u b a te d  a t  28°C  f o r  one w eek and 

w e l l  i s o la t e d  c o lo n ie s  s u s p e c te d  t o  be R h iz o b iu m  w ere  p ic k e d  

a n d  s u b -*o u l tu r e d  o n to  Y e a ^ t E x t r a c t  Mann i t  o l  a g a r s lo p e s .

C h a r a c t e r iz a t io n  o f  th e  R o o t N o d u le  B a c t e r ia

M o r p h o lo g ic a l  c h a r a c t e r s : The b a c t e r i a l  i s o la t e s  fro m

th e  r o o t  n o d u le s  o f  fo ra g e  legum es w ere  e xa m ined  m ic r o s c o p i­

c a l l y  f o r  th e  c e l l  shape and s iz e  and gram  r e a c t io n  as p e r  

th e  p ro c e d u re  g iv e n  i n  th e  M a nua l o f  M ic r o b io lo g ic a l  M e thods 

(Anonym ous* 1 9 5 7 ) .  -

T e s t  f o r  p u r i t y  o f  R h iz o b iu m : The p u r i t y  o f  th e  i s o la t e s

was e s ta b l is h e d  b y  th e  f o l l o w in g  t e s t s :

YM A-C ongored m ed ium : A l l  th e  i s o la t e s  w ere  s t r e a k e d  on

th e  YM A-Congored a g a r  medium c o n s is te d  o f  M a n n i to l ,  1 0 .0  g ;  

KgHPO'^., 0 .5  g ;  MgS04 .7H 2 0 ,  0 . 2 g ;  N a C l, 0 .1  g ;  CaC03> 4 .0  g ;  

Y e a s t E x t r a c t ,  0 .4  g» one p e r  ce n t. C ongo red  d y e , 2 .5  m l p e r  

l i t r e ;  a g a r ,  1 5 .0  g ;  d i s t i l l e d  w a te r ,  1000 m l;  pH , 6 .8  -  7 .0 .  

The p la t e s  v/ere  in c u b a te d  a t  28°C f o r  a  w e e k . I s o la t e s  t h a t  

showed p in k  o r  r e d  c o lo n ie s  w ere  r e je c t e d  as n o t  b e in g  

r h iz o b ia  (H ah n , 1 9 6 6 ) .
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H o f e r ’ s a l k a l i n e  t o o t h  t e a t : The l i q u i d  medium o f

th e  f o l l o w in g  c o m p o s it io n ^  was p re p a re d :  KgHPO^, 0 .5  g j

MgS04# 7H2 0 ,  0 .2  g ;  N a C l, 0 .1  g ;  CaC03 , 0 .0 5  g ;  Y e a s t 

E x t r a c t ,  3 *0  g ;  M a n n i to l ,  1 0 .0  g ;  d i s t i l l e d  w a te r ,  1000  m l 

and  pH a d ju s te d  to  1 2 .0  b y  a d d i t i o n  o f  a l k a l i .  Ten m l 

p o r t io n s  o f  th e  above medium w e re  d is p e n s e d  i n  t e s t  tu b e s  

and a u to c la v e d .  A f t e r  c o o l in g ,  th e  l i q u i d  was in o c u la te d  

w i t h  a l o o p - f u l  o f  th e  c u l t u r e  and in c u b a te d  a t  28°C f o r

12 days ( H o fe r ,  1 9 3 5 ) .  A bsence o f  a n y  g ro w th  i n  t h i s  

m edium  in d ic a te d  th e  i d e n t i t y  o f  th e  i s o la t e s  as r h iz o b ia .

K e to la c ta s e  t e s t :  The medium c o n s is te d  o f  la c t o s e ,  1 0 .0  g ;

KgHPO^, 0 .5  g ;  C a C lg , 0 .2  g ;  l e a s t  E x t r a c t ,  0 .5  g ;  MgSO^.

7 ^ 0 ,  0 .1  g$ N a C l, 0 .2  g ;  P e C l^ ,  0 .0 1  g ;  d i s t i l l e d  w a te r ,

1000  m l ; . a g a r ,  1 5 .0  g ;  pH 6 .8  was p re p a re d .  The is o la t e s  

w e re  s t r e a k e d  on to  k e to la c ta s e  a g a r  medium and in c u b a te d  

a t  28°C f o r  7 d a y s . A f t e r  in c u b a t io n ,  th e  p la t e s  were f lo o d e d  

w i t h  B e n e d ic t ’ s s o lu t io n .  F o rm a tio n  o f  y e l lo w  r i n g  a ro u n d  

th e  c o lo n y  o f  th e  o rg a n is m  was ta k e n  as p o s i t i v e  t e s t  f o r  

3 - k e to l 'a c ta s e  p r o d u c t io n  f ro m  la c to s e  w h ic h  in d ic a te d  t h a t  

th e  i s o la t e s  w e re  n o t  R h iz o b lu m  b u t  p ro b a b ly  A g ro b a c te r iu m  

(B e rn a e r ts  and d e le y ,  1 9 6 3 )*

G ro w th  on g lu c o s e  p e p to n e  a g a r  m edium : The medium

c o n s is te d  Of g lu c o s e ,  1 0 .0  g ;  p e p to n e , 2 0 .0  g ;  N a C l, 5 .0  g ;  

a g a r ,  1 5 .0  g ;  pH , 7 .2 .  P la te s  w i t h  g lu c o s e  p e p to n e  a g a r 

m edium  w e re  s t r e a k e d  w i t h  th e  i s o la t e s  and in c u b a te d  a t  2 8 °C .

/



The I s o la t e s  t h a t  g re w  w e l l  i n  2 4  h o u rs  on t h i s  medium 

w e re  r e je c t e d  ae n o t  b e in g  r h iz o b ia  (Graham and P a r k e r ,1 9 6 4 ) .

S a l t  t o le r a n c e  o f  R h iz o b iu m ; The in o c u lu m  was d e v e lo p e d  

b y  in o c u la t in g  i n t o  y e a s t  e x t r a c t  g lu c o s e  medium o f  th e  

f o l l o w i n g  c o m p o s it io n .  G lu c o s e , 1 0 .0  g ;  K2 HP04» 0 .5  g ;  

MgSO^.THgO, 0 .2  g j  N a C l, 0 .1  g j  CaCO^, 3 *0  g ;  Y e a s t E x t r a c t ,  

1 * 0  g and d i s t i l l e d  w a t e r ,  1000 m l.  The in o c u lu m  th u s  

o b ta in e d  was added a t  one p e r  c e n t  l e v e l  t o  te n  m l o f  Y e a s t 

E x t r a c t  g lu c o s e  medium c o n ta in in g  U aC l a t  3 .0 ,  4 . 0 ,  5 . 0 ,  7 .0 ,  

8 . 0 ,  9 .0  and 1 0 .0  p e r  c e n t  (W /V ). The medium was in o c u la te d  

w i t h  th e  is o la t e s  and in c u b a te d  a t  28°C on a r o t a r y  s h a k e r .  

A f t e r  78 h o u rs  in c u b a t io n *  th e  g ro w th  o f  th e  o rg a n is m s  was 

re c o rd e d  b y  v i s u a l  o b s e rv a t io n s  ( E t h i r a j  e t  a l , , 1 9 7 2 ) .

C ro s s  in o c u la t io n  s t u d ie s ? C ross  in o c u la t io n  s tu d ie s  w ere  

c o n d u c te d  u s in g  th e  m o d if ie d  L e o n a rd ’ s b o t t l e - j a r  a s s e m b ly  

m e thod  (L e o n a rd , 1 9 4 4 )*  The to p  h a l f  o f  th e  u n i t  c o n s is te d  

o f  a  ro u n d  b e e r  b o t t l e  (7 0 0  m l c a p a c i t y )  t h a t  had i t s  b o tto m  

c u t  t o  p r o v id e  a l e v e l  f l a t  g ro u n d  f i n i s h .  The lo w e r  h a l f  

( t h e  r e s e r v o i r )  c o n s is te d  o f  a j a r  o f  s u ch  d im e n s io n s  t h a t  

th e  in v e r t e d  b o t t l e  s a t  s n u g ly  on i t s  r im  and th e  n e c k  o f  

th e  b o t t l e  was w i t h i n  2 t o  4  cm above th e  b o tto m  j a r .

A w ic k  made up  o f  a b s o rb e n t c o t to n  was p ro v id e d  t o  

h e lp  th e  c a p i l l a r y  r i s e  o f  m o is tu re  f ro m  th e  r e s e r v o i r  t o  

th e  to p  o f  th e  g ro w th  v e s s e l .  The w ic k  was s e c u re d  i n  th e



n e c k  w i t h  a  wad o f  c o t to n  w o o l.  M o d e ra te ly  c o a rs e  w e l l  

w ashed  r i v e r  s a n d , m ixe d  w i t h  GaCO^ (1  g / k g )  w ere  f i l l e d  

i n t o  th e  b o t t l e  u n i t s  w i t h i n  5 cm o f  th e  t o p .

S e e d l in g  s o lu t io n  u sed  was t h a t  o f  f h o r n to n  (1 9 3 0 ) ,

I t  c o n ta in e d  CaCO^, 2 ,0  g '; KgHPO^, 0 ,5  g ;  MgSO^.TE^O, 0 ,2  g ;  

N a C l,  0 ,1  g ;  FePO^, 1 ,0  g ;  F e C l^ , 0 .0 1  g  i n  a l i t r e  o f  

d i s t i l l e d  w a te r  d i l u t e d  t o  o n e - f i f t h  and a p o r t io n  o f  i t  

w as used  t o  m o is te n  th e  sa n d  i n  th e  j a r .  The r e m a in in g  

s o lu t io n  waa p o u re d  i n  th e  b o tto m  c o n t a in e r .  T o t a l  q u a n t i t y

o f  n u t r i e n t  s o lu t io n  used was 250 m l p e r  j a r .  The to p  o f

t h e  g ro w th  v e s s e l  was c o v e re d  w i t h  a p e t r i d i s h  h a l f -  and th e  

w h o le  u n i t  was s e c u re d  w i t h  m o is tu re  p r o o f  p a p e r b y  means o f  

r u b b e r  b a n d s , The u n i t  was a u to e la v e d  a t  120°C  f o r  tw o  

h o u rs  and k e p t  c o v e re d  u n t i l  i t  was u s e d .

Undamaged c le a n  seeds o f  th e  seven  legum es w ere  s e le c te d  

a n d  r in s e d  w i t h  95 p e r  c e n t  e th a n o l and im m ersed f o r  3 m in u te s  

i n  0 ,2  p e r  c e n t  H gC lg a c i d i f i e d  w i t h  5 m l c o n c . HC1, The 

seeds w ere  th e n  w ashed th o r o u g h ly  w i t h  s i x  t o  te n  changes 

o f  s t e r i l e  d i s t i l l e d  w a te r .  T h e n , th e  seeds  w ere  sow n, j u s t  

b e lo w  th e  s u r fa c e  o f  th e  m o is t  sand  and th e  j a r s  w ere  p la c e d  

i n  o v e rh e a d  i l l u m in a t i o n  ch a m b e r. When th e  s e e d l in g s  w ere  

a  w eek o ld  th e y  w e re  in o c u la te d  x v ith  2 m l each  o f  6 days o ld  

b r o t h  c u l t u r e s .  L ig h t  was p ro v id e d  f o r  a m inim um  p e r io d  o f  

16 h o u rs  p e r  d a y  th ro u g h o u t  th e  d u r a t io n  o f  e x p e r im e n t .  

U n in o c u la te d  c o n t r o ls  w ere  m a in ta in e d  s i m i l a r l y .

30
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The d i l u t e d  n u t r i e n t  s o lu t io n  i n  th e  r e s e r v o i r  was 

r e p le n is h e d  t h r ie e  d u r in g  th e  e x p e r im e n t» w i t h  u s u a l a s e p t ic  

p r e c a u t io n s .  S ix  weeks a f t e r  s o w in g , p la n t s  w ere rem oved 

f r o m  th e  j a r ,  washed and o b s e rv e d  f o r  n o d u la t io n .

P o t  C u l tu r e  E x p e r im e n t

•The e x p e r im e n t was c o n d u c te d  i n  (45  x  30 x  2 8 .5  cm s iz e )  

• c e m e n t p o t s .  Sandy loa m  s o i l  (pH  6 . 4 )  f ro m  M a in  R e se a rch  

S t a t io n ,  H e b b a l,  was f i l l e d  t o  w i t h in  2 t o  3  cm fro m  th e  to p  

(4 0  kg  o f  s o i l  t o  each p o t ) .  B a s a l a p p l i c a t io n  o f  60  k g  o f  

P g 0 ^ /h a  as s in g le  s u p e rp h o s p h a te , 4 0  k g  o f  K ^O /h a  as m u r ia te  

o f  p o ta s h  w ere g iv e n .  Ho n it r o g e n o u s  f e r t i l i z e r  was a p p l ie d .  

DH -2 g ra s s  s e t t s  w ere p la n te d  a t  th e  r a t e  o f  one s e t  p e r  p o t .  

T h re e  r e p l i c a t i o n s  w ere  m a in ta in e d .  The t r e a tm e n ts  w e re :

( a )  DH-2 + C a lo p o g o n iu m  m u cono ides  ( in o c u la t e d )

( b )  DH-2 +  C e n tro se m a  p u be sce ns  ( in o c u la t e d )

( c )  DH-2 + D o lic h o s  b i f l o r u s  ( in o c u la t e d )

( d )  DH-2 + G ly c in e  ,1 a va n ica  ( in o c u la t e d )

(e )  DH-2 + L a b ia b  p u rp u re u s  ( in o c u la t e d )

( f ) DH-2 + M imosa i n v i s a  ( in o c u la t e d )

( g )  DH-2 + P u e r a r ia  p h a s e o lo id e s  ( in o c u la t e d )

( h )  DH-2 + C a lo p o g o n iu m  m u cono ides  ( u n in o c u la te d )

( i )  DH-2’ + C en trosem a  p ube scen s  ( u n in o c u la te d )

( j )  DH-2 + D o lic h o s  b i f l o r u s  ( u n in o c u la te d )

( k )  DH-2 + G ly c in e  . la v a n ic a  ( u n in o c u la te d )

( 1 )  DH-2 + L a b ia b  p u rp u re u s  ( u n in o c u la te d )
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(ra) DH-2 +  M im osa in v is a  (u n in o c u la te d O

( n )  BH-2 + P u e r a r ia  p h a a e o lo id .e e  ( u n in o c u la te d )

( o )  DH-2 + 3)H-2 (p u re  g ra sB  s ta n d )

The B h iz o b iu m  is o la t e s  f ro m  th e  above se ve n  fo ra g e  

le g u m e s  w ere  g ro w n  on y e a s t  e x t r a c t  m a n n i to l  b r o th  i n  shake 

c u l t u r e  f o r  5 days  a t  2 8 °C . C a rb o x y m e th y l c e l lu lo s e  a t  

1 0 0  mg p e r  100 m l c u l t u r e  was added as a s t i c k e r .  A f t e r  

5 d a ys  o f  g ro w th ,  th e  legum e seeds  w ere t r e a t e d  w i t h  a p p ro ­

p r i a t e  B h iz o b iu m  in o c u la n t  p re p a re d  w i t h  p e a t  as base  and 

d r ie d  i n  shade b e fo re  s o w in g . Seeds w ere  d ib b le d  i n  each  

p o t ,  a ro u n d  th e  g ra s s  s e t t s .  U n t re a te d  legum e seeds  w ere 

a ls o  d ib b le d  a ro u n d  th e  g ra s s  s e t t s  i n  r e s p e c t iv e  p o ts .

A f t e r  e s ta b l is h m e n t  o f  g r a s s ,  i r r i g a t i o n  was done once a  week-.

G rass c u t t in g s  w ere made once in  tw o  m onths f o r  a  

p e r io d  o f  te n  m o n th s . A f t e r  r e c o r d in g  th e  g re e n  w e ig h t ,  

th e  sam p les  w ere d r ie d  a t  60°G f o r  24 h ra  and th e  d r y  

w e ig h ts  w ere  re c o rd e d .  T o ta l  n i t r o g e n ,  and p h o s p h o ru s  w ere 

e s t im a te d  i n  th e  g ra s s  s a m p le s . C rude  p r o t e in  i n  th e  g ra s s  

sa m p le s  was c a lc u la t e d  b y  m u l t ip l y in g  t o t a l  n i t r o g e n  v a lu e s  

b y  th e  f a c t o r  6 ,2 5 .  D o lic h o s  b i f l o r u s  seeds in o c u la te d  

a s  w e l l  as u n in o c u la te d  w ere re so w n  in . th e  r e s p e c t iv e  p o ts  

a f t e r  second  and f o u r t h  c u t t i n g s  o f  th e  g r a s s .  A p p a re n t 

r e c y c l in g  o f  f i x e d  n i t r o g e n  fro m  th e  legum e t o  i t s  a s s o c ia te d  

g ra s s  was e s t im a te d  b y  s u b t r a c t in g  th e  N - y ie ld  o f  th e  p u re  

g ra s s  s ta n d  fro m  th e  K - y ie ld  o f  th e  g ra s s  com ponen t o f  each 

m ix t u r e ,
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The e x p e r im e n t  was c o n d u c te d  on s a n d y  loam  s o i l ,  

l o c a t e d  n e a r  M ic r o b io lo g y  D e p a r tm e n t, A g r i c u l t u r a l  C o l le g e ,  

H e b b a l.  A f a c t o r i a l  la y o u t  and ra n d o m iz e d  b lo c k  d e s ig n  

w as u se d  w i t h  th r e e  r e p l i c a t i o n s .  G ross  p l o t  s iz e  was

2 . 8  m x  1 .5  m.

T re a tm e n ts  c o n s is te d  o f  th e  f o l l o w in g :

( a )  DH-2 + C a lo p o g o n lu m  m u co n o id e s  ( in o c u la t e d )

( b )  DH-2 + G ly c in e  . ja v a n ic a  ( in o c u la t e d )

( c )  DH-2 + P u e r a r ia  p h a s e o lo id e s  ( in o c u la t e d )

( d )  DH-2 + C a lo p o g o n im a  m u co n o id e s  ( u n in o c u la te d )

(e )  DH-2 + G ly c in e  . ia v a n ic a  ( u n in o c u la te d )

( f ) DH-2 + P u e r a r ia  p h a s e o lo id e s  ( u n in o c u la te d )

(g )  DH-2 +  DH-2 (p u re  g ra s s  s ta n d )

B a s a l a p p l i c a t io n  c o n s is te d  o f  60  k g  o f  P gO ^/ha  as 

s in g le  s u p e rp h o s p h a te  and 40 k g  o f  K gO /ha  as m u r ia te  o f  

p o ta s h .  No n it r o g e n o u s  f e r t i l i z e r s  w e re  g iv e n .  DH-2 

g ra s s  s e t t s  w ere  p la n te d  on th e  r id g e s  80  cm a p a r t  i n  th e  

ro w  and s p a c in g  i n  be tw een  ro w s  was 80  cm. A f t e r  p la n t in g ,  

i r r i g a t i o n  was g iv e n  d a i l y  f o r  one w e e k . legum e se eds  w ere 

t r e a t e d  w i t h  a p p r o p r ia te  R h ig o b iu m  c u l t u r e  as d e t a i le d  

e a r l i e r ?  and  d ib b le d  a ro u n d  th e  g ra s s  s e t t s .  U n t re a te d  

leg u m e  seeds  w e re  a ls o  d ib b le d  a ro u n d  th e  g ra s s  s e t t s  in  

r e s p e c t iv e  p lo t s ,  a f t e r  e s ta b l is h m e n t  o f  g r a s s i  I r r i g a t i o n  

w as c o n t in u e d ,  once i n  a week th ro u g h o u t  th e  p e r io d  o f  th e  

e x p e r im e n t .

Field Experiment - 1.



G ra ss  c u t t i n g s  w ere  made once i n  tw o  m onths f o r  one 

y e a r  and th e  g re e n  w e ig h t  o f  g ra s s  was r e c o rd e d .

F i e l d  E x p e r im e n t -  2

The e x p e r im e n t was c o n d u c te d  on a s a n d y  loam  s o i l  

(pH  6 , 4 )  a t  M a in  H e se a rch  S t a t io n ,  H e b b a l,  B a n g a lo re .  A 

f a c t o r i a l  la y o u t  and ra n d o m iz e d  b lo c k  d e s ig n  was u s e d , w i t h  

th r e e  r e p l i c a t i o n s .  G ross  p l o t  s iz e  was 3 m x  2 m.

T re a tm e n ts  c o n s is te d  o f  th e  f o l lo w in g ?

( a )  DH-2 + C a lo p o g o n iu m  m u cono id es  ( in o c u la t e d )

( b )  DH-2 + C e n trose m a  pu bescens ( in o c u la t e d )

( c )  DH-2 + G ly c in e  .- ja va n ica  ( in o c u la t e d )

( d )  DH-2 + L a b la b  p u rp u re u s  ( in o c u la t e d )

( e )  DH-2 + C a lo p o g o n iu m  m u co n o id e s  ( u n in o c u la te d )

( f ) DH-^2 + C e n tro se m a  p ubescens  ( u n in o c u la te d )

( g )  DH-2 + G ly c in e  . ia v a n ic a  ( u n in o c u la te d )

( h )  DH*-2 + L a b la b  p u rp u re u s  ( u n in o c u la te d )

. ( i )  DH-2 + DH-2 (p u re  g ra s s  s ta n d )

B a s a l a p p l i c a t io n  c o n s is te d  o f  60 k g  o f  ?2 0 ^ /h a  as 

s in g le  s u p e rp h o s p h a te  and 40  k g  o f  IC ,0 /h a  as m u r ia te  o f  • 

p o ta s h .  No n it r o g e n o u s  f e r t i l i z e r s  w ere  g iv e n . DH-2 g ra s s  

s e t t s  w ere  p la n te d  on th e  r id g e s  a t  60  cm a p a r t  i n  th e  ro w  

an d  s p a c in g  b e tw ee n  ro w s  was a ls o  60  cm. ’ A f t e r  p la n t i n g ,  

i r r i g a t i o n  was g iv e n  d a i l y  f o r  one w ee k . Legume seed

34



35

t r e a tm e n t  and p la n t in g  w ere  c a r r ie d  o u t  as m e n tio n e d  i n  

th e  p re v io u s  e x p e r im e n t .  I r r i g a t i o n  was c o n t in u e d  once a 

w ee k  th ro u g h o u t  th e  p e r io d  o f  th e  e x p e r im e n t .

The g ra s s  was c u t  once e v e ry  tw o  m on ths  f o r  tw o  y e a rs ,

a n d  g re e n  w e ig h t  was re c o rd e d .  P ho sph o ru s  d e f i c ie n c y  was 

o b s e rv e d  d u r in g  th e  t h i r d  c u t t i n g .  fo p  d r e s s in g  w i t h  3 0  kg  

o f  PgOpj/ha was a p p l ie d  b e tw e e n  t h i r d  and f o u r t h  c u t t i n g s  and 

th e  c ro p  re c o v e re d  fro m  th e  d e f i c ie n c y .  L a b ia b  p u rp u re u s  

b e in g  an  a n n u a l c ro p ,w a s  re so w n  i n  th e  r e s p e c t iv e  p lo t s  a f t e r

f i f t h  and te n tfc i c u t t i n g s  o f  th e  g r a s s .

S t a t i s t i c a l  A n a ly s is

F o r  a s c e r t a in in g  th e  s ig n i f i c a n c e  o f  d a ta  on y i e l d ,  

n i t r o g e n ,  c ru d e  p r o t e in  and  t o t a l  p h o sp h o ru s  c o n te n t  o f  DH-2 

g ra s s  i n  th e  p o t  c u l t u r e  s t u d ie s ,  th e  tw o  w ay a n a ly s is  o f  

v a r ia n c e  was fo l lo w e d  (S n e d e c o r , 1 9 6 1 ) .

The d a ta  on th e  y i e l d  w ere  s t a t i s t i c a l l y  a n a ly s e d  

f o l l o w in g  th e  p ro c e d u re  o f  f a c t o r i a l  e x p e r im e n t l a i d  as 

ra n d o m iz e d  b lo c k  d e s ig n  (P e te r s o n ,  1 9 3 9 ) .



E X P E R IM E N T A L  R E S U L T S



T h re e  s e p a ra te  g ra s s - le g u m e  a s s o c ia t io n  s tu d ie s  

( p o t  c u l t u r e  and tw o  f i e l d  s t u d ie s )  w e re  made t o  know  th e  

b e h a v io u r  o f  fo ra g e  legum es u n d e r  d i f f e r e n t  s o i l  c o n d i t io n s  

a n d  a ls o  t o  know  th e  n i t r o g e n  t r a n s f e r  t o  th e  a s s o c ia te d  

g r a s s  fro m  th e  n i t r o g e n  f i x e d  b y  th e  le g u m e . The f o l lo w in g  

c o m b in a t io n s  o f  g ra s s - le g u m e s  w ere use d  i n  th e  s t u d ie s .  

D h a rw a r h y b r id - 2  g ra s s  was gr.own in  a s s o c ia t io n  w i t h  e ach  

o f  th e  b e lo w  l i s t e d  legum es in  p o t  c u l t u r e  and f i e l d  e x p e r i ­

m e n ts *  Legumes : C a lo p o g o n iu m  m u c o n o id e s , C e n tro se m a  . 

p u b e s c e n s , D o l ic h o s  b i f l o r u s , G ly c in e  . ja v a n ic a . L a b la b  

p u rp u r e u s .  M imosa in v is a  and P u e r a r ia  p h a s e o lo id e s . These 

le g u m e s  w ere  a ls o  g ro w n  s e p a r a te ly  f o r  i s o l a t i o n  o f  R h iz o b iu m  

s t r a i n s .  M o r p h o lo g ic a l  and p h y s io lo g ic a l  s tu d ie s  w ere  made 

' t o  know  th e  p u r i t y  o f  th e  i s o la t e s .

I n  p o t  c u l t u r e  s t u d y , a l l  th e s e  se ve n  legum es w e re  

com pared  w i t h  DH-2 g r a s s ,  w h i le  o n ly  f o u r  legum es v i z .

C . m u c o n o id e s , Q .pubescens , L * p u rp u re u s  and G .. ja v a n ic a  w ere 

in c lu d e d  f o r  th e  s tu d y  i n  c u l t i v a t e d  la n d  o f  f a i r l y  h ig h  

l e v e l  o f  f e r t i l i t y ,  w he reas  o n ly  th re e  legum es v i z .  C .muco­

n o id e s  , G. . ja v a n ic a  and P .p h a s e o lo id e s  w ere  in c lu d e d  i n  

f r e s h l y  opened up  u n c u l t i v a t e d  la n d .  G ra s s  y i e l d  i n  a l l  

th e s e  th r e e  e x p e r im e n ts  w ere  r e c o rd e d  a t  p e r io d ic a l  i n t e r v a l s .  

I n  a d d i t i o n  t o  t h i s ,  n o d u la t io n  p a t t e r n  was a ls o  o b s e rv e d  in  

a l l  th e s e  le g u m e s . H o w e v e r , in  p o t c u l t u r e  s tu d y ,  t o t a l

17. EXPERIMENTAL RESULTS
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n i t r o g e n  and  t o t a l  p h o sp h o ru s  i n  -the a s s o c ia te d  g ra s s  w ere  

d e te rm in e d .  R e s u lts  o f  th e s e  e x p e r im e n ts  a re  p re s e n te d  

i n  th e  r e s p e c t iv e  t a b le s .  I t  may a ls o  be n o te d  t h a t  p o t  

c u l t u r e  and f i e l d  e x p e r im e n ts  w ere  c o n d u c te d  u n d e r c o n d i­

t i o n s  o f  n a t u r a l  d e f o l i a t i o n  o f  legum es th ro u g h  senescenee and 

o n ly  g ra s s  was c u t  a t  p e r io d ic a l  I n t e r v a l s .

M o d u la t io n  i n  F o ra g e  Legum es:

S even fo ra g e  legum es w ere  g row n  s e p a r a te ly  i n  cem en t 

p o ts  f o r  i s o l a t i o n  o f  R h iz o b iu m . N o d u la t io n  c h a r a c te r s  o f  

th e s e  legum es w ere  o b s e rv e d  and th e  r e s u l t s  a re  p re s e n te d  

i n  t a b le  1 .

The n o d u le s  v/ere re c o rd e d  on b o th  ta p  r o o t  and l a t e r a l

r o o t s  o f  th e s e  seven  le g u m e s* The n o d u le s  w ere  ro u n d  and

sm o o th  - s u r fa c e d  i n  0 . pubescens » B .b i f l o r u s , L . p u rp u re u s  and 

P *p h a s e o lo id e s . w he reas  th e y  w ere  ro u g h  and w r in k le d  s u r fa c e d  

i n  O .m ueonQ ides and G .ja v a n ic a . F in g e r  l i k e  n o d u le s  w ere  

re c o rd e d  i n  M .in v i s a  and th e y  w ere  ro u g h  s u r fa c e d  a n d  w ere  

fo u n d  i n  c lu s t e r s .  The e x c is e d  n o d u le s  e x h ib i t e d  d i f f u s e  

p in k  c o lo u r a t io n  o r  c i r c u l a r  zones o f  p in k  c o lo u r .

C h a r a c t e r iz a t io n  o f  B a c t e r i a l  I s o la t e s  f ro m  N o d u le s t

The m o r p h o lo g ic a l ,  c u l t u r a l ,  p h y s io lo g ic a l  and n o d u la ­

t i o n  c h a r a c t e r i s t i c s  o f  th e s e  i s o la t e s  w ere  s tu d ie d  f o l lo w in g  

th e  p ro c e d u re  as g iv e n  u n d e r  M a t e r ia l  and  M e th o d s . R e s u lts

a r e  p re s e n te d  i n  t a b le  2 .
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The b a c t e r i a l  i s o la t e s  made f ro m  YMA and C ongo red  

p la t e s  w e re  ro d  shaped  and gram n e g a t iv e .  They fo rm e d  

f i l i f o r m  and r a is e d  g ro w th  on Y e a s t E x t r a c t  M a n n i to l  G o n g o - 

r e d  a g a r  and d id  n o t  show a n y  g ro w th  on g lu c o s e  p e p to n e  

a g a r  w i t h i n  24 h r s .  T he re  was no  g ro w th  in  a l k a l i n e  b r o th  

e ve n  a f t e r  12 d a y s . When th e  o rg a n is m s  w ere  te s te d  f o r  

k e t o la c t a s e  p r o d u c t io n ,  none o f  th e  i s o la t e s  e x h ib i t e d  any  

k e t o la c t a s e  r e a c t io n .

The s a l t  to le r a n c e  c h a r a c t e r i s t i c s  o f  th e  o rg a n is m s  

f r o m  seven  legum es w ere  s tu d ie d  as d e t a i le d  u n d e r  M a t e r ia l  

an d  M ethods and th e  r e s u l t s  a re  p re s e n te d  i n  t a b le  3 .

A i l  t h e  seven i s o la t e s  showed good g ro w th  u p to  4 .0  

p e r  c e n t  o f  l\Ta C l i n  th e  medium and th e r e  was no  g ro w th  fro m  

8 . 0  to  1 0 .0  p e r  c e n t  s a l t  c o n c e n t r a t io n .  A t 5 .0  p e r  c e n t  

s a l t  c o n c e n t r a t io n ,  i s o la t e  fro m  L . p u rp u re u s  showed good  

g r o w th ,  w h i le  th e  i s o l a t e  fro m  C .p u be scens  showed p o o r  

g ro w th  and  th e  i s o la t e s  f ro m  th e  o th e r  legum es showed m o d e ra te  

g r o w th .  A t  7 .0  p e r  c e n t  s a l t  c o n c e n t r a t io n ,  th e  i s o la t e s  

fro m  C .m u c o n o id e s » G .p u b e s c e n s , L . p u rp u re u s  and P .p h a s e o lo id e s  

showed p o o r g ro w th ,  w h i le  th e  i s o la t e s  fro m  o th e r  legum es 

showed no g ro w th .

O r o s s - in o c u la t io h  s t u d ie s :

The c r o s s - in o c u la t io n  s tu d ie s  w ere made on a l l  th e  

seven  fo ra g e  legum es v i z .  G .m u c o n o id e s , G .p u b e s c e n s ,
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D .b i f l o r u s . G . .1 a v a n ie a . L .  p u rp u re u s » M .in v i s a  and P . 

p h a s e o lo id e s  b y  f o l lo w in g  L e o n a rd ’ s b o t t l e  j a r  a s s e m b ly  

m e th o d . The r e s u l t s  o b ta in e d  a re  p re s e n te d  in  t a b le  4 *

Among th e  i s o la t e s  t r i e d ,  th e  i s o l a t e  f ro m  C .pube sce ns  

was fo u n d  t o  be h o s t  s p e c i f i c .  I t  ca u sed  n o d u le s  on i t s  

o r i g i n a l  h o s t  o n ly  -and d id  n o t  cause  n o d u la t io n  on th e  o th e r  

h o s t s .  G e n e r a l ly ,  th e  n o d u le s  w ere  m ore i n  h o s t  p la n t  

( 2 3  t o  3 6  p e r  p la n t )  th a n  i n  c r o s s - in o c u la te d  legum ea 

(0 t o  25 p e r  p la n t )  ( t a b le  4) .  Among th e  c r o s s - in o c u la te d  

le g u m e s , i s o la t e  fro m  L . p u rp u re u s  was m ore e f f e c t i v e  i n  

M o d u la t in g  a l l  th e  p la n t s  th a n  th e  o th e r  i s o la t e s .

P o t  c u l t u r e  S t u d ie s :

The e x p e r im e n t was c o n d u c te d  in '  cem en t p o ts  f i l l e d  w i t h  

s a n d y  loam  s o i l  f ro m  th e  M a in  R e s e a rc h . 'S ta t io n ',  H e b b a l.

Seven fo ra g e  legum es n a m e ly ,G .m u c o n o id e s » C .p u b e s c e n s . 3). 

b i f l o r u s , G. ,1a v a n  le a ,  L .  p u rp u re u s  , M .i n v i s a  and P . p h a s e o lo id e s  

v /e re  in c lu d e d  f o r  th e  s tu d y .  D ha rw ar h y b r id - 2  g ra s s  was 

g ro w n  i n  a s s o c ia t io n  w i t h  th e s e  le g u m e s .

G ra s s  c u t t in g s  w e re  made f o r  a p e r io d  o f  te n  m onths 

a t  tw o m onths i n t e r v a l .  T o ta l  n i t r o g e n  and p h o sp h o ru s  

c o n te n ts  o f  g ra s s  w ere  e s t im a te d .  The m o is tu re  c o n te n t ’: 

ra n g e d  f ro m  7 4  t o  8 6  p e r  c e n t  i n  g ra s s  sam p les  i n  ea ch  

c u t t i n g .  The mean m o is tu re  p e r  c e n t  o f  80 was c o n s id e re d  

f o r  th e  e s t im a t io n  o f  d r y  m a t te r  p r o d u c t io n .
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A p p a re n t r e c y c l in g  o f  f i x e d  n i t r q g e n  fro m  th e  in o c u -  

la t e d r a n d  u n in o c u la te d  legum es t o  i t s  a s s o c ia te d  g ra s s  was 

e s t im a te d  b y  s u b t r a c t in g  th e  N - y ie ld  o f  th e  p u re  g ra s s  s ta n d  

f r o m  th e  & - y ie ld  o f  th e  g ra s s  co m p on e n t o f  ea ch  m ix tu r e .  

N - f i x e d  b y  th e  n a t iv e  R h izo b iu m  was c a lc u la t e d  b y  s u b t r a c t ­

in g  th e  N - y ie ld  o f  th e . p u re  g ra s s  s ta n d  fro m  th e  N - y ie ld  

o f  th e  g ra s s  co m ponen t o f  each u n in o e u la te d  m ix tu r e .  S im i­

l a r l y  th e  N ~ y ie ld  o f  th e  g ra s s  com ponen t o f  each  u n in o c u la te d  

m ix tu r e  and pu re  g ra s s  s ta n d  was d e d u c te d  fro m  th e  in o c u la te d  

m ix tu r e  t o  f i n d  o u t  th e  N - f i x a t io n  due t o  in o c u la te d  s t r a i n s .  

The e f f e c t  o f  seven  fo r a g e  legum es when in o c u la te d  and un­

in o c u la t e d  w i t h  a p p r o p r ia te  r h iz o b ia  o v e r  th e  DH-2 g ra s s  was 

s t u d ie d .

G ra s s  y i e l d s I n  i h i s  e x p e r im e n t ,  th e  g re e n  w e ig h t  o f  th e  

DH-2 g ra s s  g ro w n  in  a s s o c ia t io n  w i t h  1he seven  legum es u n d e r 

b o t h  In o c u la te d  and. u n in o c u la te d  c o n d i t io n s  w ere  re c o rd e d  a t  

e a ch  s a m p lin g  and th e  r e s u l t s  a re  p re s e n te d  i n  ta b le s 5 a to  5c 

an d  i n  f i g .  1 .

As a  mean o v e r r h i z o b i a l  t r e a tm e n t i  g ra s s  g ro w n  w i t h  

M ._ in v is a _ g a v e  th e  h ig h e s t  g re e n  w e ig h t  (1 3 2 .8 4  t / h a / y e a r ) ,  

f o l lo w e d  b y  g ra s s  w i t h  C .m u cono ides  (1 2 6 .0 0  t / h a / y e a r ) ,  

w h i le  th e  g re e n  w e ig h t  o f  th e  p u re  g ra s s  s ta n d  was th e  

lo w e s t  (5 5 *2 8  t / h a / y e a r )  ( t a b le  5 a ) .  The y i e l d  o f  g ra s s  

g ro w n  w i t h  G .p u b e s c e n s , G . ja v a n ic a , L . p u rp u re u s , D .b i f l o r u s  

and  P .p h a s e o lo id e s  v/e re  in te r m e d ia te  and ra n g e d  fro m  

1 0 7 .4 2  to  1 2 3 .2 8  t / h a / y e a r .
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Yield per cut ting: The per cutting yields of grass were

poor during the first cutting and gradually rose to peak 

value during the third cutting. Thereafter, there was 

gradual decline upto the fifth cutting (fig. 1). The green

weight of the grass associated with M.invisa was "better in

most of the cuttings though it reached its peak in the 

third cutting (36.18 t/ha). The next best mixture which 

yielded higher grass yield was with 0 .muconoides which 

reached its peak at the fourth cutting (36.00 t/ha). In 

grass with C.pubescens, the yield ranged from 7.30 t/ha in 

the first cutting to 38.08 t/ha in the fourth cutting. Grass 

with P .biflorus gave yield of 7.15 t/ha in the firBt cutting 

and 36.93 t/ha in the fourth cutting. The grass yield was 

almost same after the second cutting till the fifth cutting 

in -grass/P,phaseoloides and grass/D.biflorus mixtures. How­

ever, the total yield of grass with P.phaseoloides was

slightly higher than the grass with D.biflorus'. In grass

with G.javanlca increase inNgreen weight was linear upto the 

fifth cutting (8.00 t/ha in the first cutting to 28.48 t/ha in 

the fifth cutting), while in grass with L.purpureus, the yield 

increased-upto the third-(gutting and then deolined (table 5b).

V

As a itfean over legumes, increase in green weight of 

grass was not appreciable (7.61 to 8.57 t/ha) upto the seoond 

cutting. It rose from the third cutting and remained more or 

less constant till the fourth cutting.. The mean grass yield



FIG: I RELATION BETWEEN CUTTING DATES AND YIELD OF GRASS 

IN GRASS-LEGUME MIXTURES (POT CULTURE STUDIES)

(DATA OF FIVE CUTTINGS) (GRASS WITH INOCULATED LEGUME •-

GRASS WITH UNINOCULATED LEGUME------ , AND PURE GRASS

STAND o---- o).



decreased considerably in the fifth cutting (2 2 . 9 1  t/ha)

(table 5b). The increase in yield due to Rhizobium inocu­

lation Of associated legume was highly significant as compared 

to uninoculated legumes. Inoculation of the legumes asso­

ciated with grass increased the mean grass yield (1 4 4 . 5 4  t/ 

ha/year) significantly as compared to that of grass associa­

ted with un inoculated legumes (95.12 t/ha/year). Grass yield 

of all mixtures with inoculated legumes was higher in all the 

cuttings than in the mixtures with uninoculated legumes. Grass 

yield in pure gras® stand was the lowest as compared to that 

of grass and legume mixtures.

Yield of grass associated with legume differed signi­

ficantly due to Rhizobium inoculation in all the cuttings 

except in second eutting (table 5b). The increase in mean • 

green weight of grass associated with inoculated legumes was 

higher in the third cutting (35.05 t/ha) reaching its peak in 

the fourth cutting (36.07 t/ha). It was sligiily lower in the 

fifth cutting (30.66 t/ha). Similar trend was observed even 

In uninoculeted legumes-grass mixtures, but the yield at the 

fifth cutting'was considerably lower as compared to the yield 

of grass at the third and the fourth cutting. Even in pure 

grass stand, the green weight of grass in different cuttings 

followed the same trend as in mixtures. The inorease in grass 

yield was only marginal upto the seoond cutting and was marked 

in the third and fourth cutting and decreased considerably 

in the fifth cutting.
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Yields of grass in association with several legumes 

as affeoted by RhizoMum inoculation in different cuttings 

are presented in table 5o. From the data, it could he obser­

ved that grass was benefitted by association with inoculated 

legumes, Further, yield of grass with several legumes either 

inoculated or uninoculated varied markedly in all the cutt­

ings. The differences in the yields of grass in grass- 

legume mixtures were marked under inoculated condition than 

under uninoculated condition.

Total yield; Under inoculated condition, grass with C. 

muconoides gave higher total yield (162.05 t/ha/year), 

followed by grass with M.invisa (156.96 t/ha/year), C.pube- 

soens (150.38 t/ha/year) P .phaseoloides (144.53 t/ha/year), 

P .biflorus (137*06 t/ha/year) and G.javanica (136.62 t/ha/ 

year), while it was comparatively lower in grass with L. 

purpureus (124.18 t/ha/year).

Under uninoculated condition, the grass was benefitted 

considerably due to the association of legumes like M.invisa 

and P .biflorus  ̂ while with other legumes the benefit was 

marginal. Under uninoculated conditions, legumes were also 

nodulated but nonspecifically by: native rhizobia. Modulation 

appeared to be poor. Increased yield upto the fourth cutting 

was recorded in mixtures namely, grass with G.muconoides. C .  

pubescens, P.biflorus, G.,javanica and M.invisa, while in 

others it was only upto the third cutting.





Table 5(d)

Monthly average temperature in the field at 
Hebbal for 1970-72

Months Temperature in °0

January 1970 21.50

February 1970 22.50

March 1970 25.90

April 1970 27.30

May 1970 26.50

June 1970 25.45

July 1970 24.90

August 1970 23.65

September 1970 24.05

October 1970 22.85

November 1970 21.60

December 1970 18.80

January 1971 21.10

February 1971 22.30

March 1971 24.15

April 1971 26.75

May 1971 26.25

June 1971 23.60

July 1971 23.80

Auguat 1971 23.25



Table 5(d) - Contd

Months Temperature in °C

September 1971 . 23.10

October 1971 24.55

November 1971 20.35

December 1971 18.95

January 1972 19.00

February 1972 22,55

March 1972 23.55

April 1972 26.55

May • 1972 25.70

June 1972 25.35

July 1972 23.75

August 1972 23.55

September 1972 23.85

October 1972 23.05

November 1972 21.55

December 1972 20.20
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Inclusion of legumes either Inoculated or uninocu­

lated, increased the green weight of associated grass.

This increase varied markedly among the different legumes 

and also between inoculated and uninoculated legumes.

Inclusion of legumes in various mixtures increased the green 

weight of the grass by 72 per cent as compared to pure grass 

stand (55.28 t/ha/year). This increase in green weight of 

the associated grass was further increased by 52 per cent 

by inoculating the legumes with Rhizobium as compared to 

grass with uninooulated legumes (95.12 t/ha/year). The 

highest increase in green weight of the associated grass as 

compared to pure grass stand was in mixtures with M.invisa 

(140 per cent), followed by C.muconoides, G.pubescens. P. 

phaseoloides and D.biflorus. In mixtures with G.javanlca 

and L .purpureus» the per cent increase in green weight over 

pure grass stand ranged from 94 to 99 (table 5a).

Dry matter production: Five random grass samples were

taken after each cutting and dried. The moisture per cent 

with grass samples ranged from 74 to 86. The mean moisture 

per cent of 80 was considered for the estimation of dry matter 

production. Pattern of dry matter production in different 

cuttings as well as inoculated and uninoculated legumes 

followed the same trend of green grass yield.
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Nitrogen yield: The effect of all the seven forage legumes

namely, C.muconoides, C.pubespens, P .biflorus. G..javanica,

L ,purpureus, M.invisa and P,phaseoloides both under inoculated 

and uninoculated conditions on the nitrogen yield of the 

DH-2 grass wa,s studied. The results are1 presented In tables 

6a and 6b.

Nitrogen yield of the grass grown with different 

legumes varied markedly depending upon the age of the mix­

tures. In general* as a mean over legumes, N-yield of the 

grass increased from 33.32 kg/ha in the first cutting to 

125.35 kg/ha in the fifth cutting. These differences among 

the different cuttings were highly marked.

Highest N-yield of the grass was recorded with G, 

.javanica(39.77 kg/ha) in the first cutting, with C.pubescens 

in the second cutting, with M.invisa in, the third cutting, 

with C.muconoides in the fourth cutting and with P.phaseoloides 

in the fifth cutting (table 6a). Nitrogen yield of the grass 

with P.phaseoloides (173.08 kg/ha) at the fifth cutting was 

markedly higher than other cuttings, The N-yield of the pure 

grass stand did not differ much between cuttings and it was

comparatively lower than grass grown with legumes in all the
/ •

cuttings.

Total N-yield (total per year) of the grass with C.muco- 

poides was the highest, while that of grass with P .biflorus
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was the lowest. The N-yield of grass with different 

legumes was higher than that of the pure grass stand.

Nitrogen yield of the grass grown with different 

legumes differed markedly with kind of legume in the 

mixtures. As a mean over inoculation, grass grown in 

association with C .muconoides gave the highest N-yield 

(531.28 kg/ha/year)# followed "by grass with M .invisa 

(489.70 kg/ha/year), P .phaseoloides (451.99 kg/ha/year) 

and G ..javanica (437.59 kg/ha/year) while, it was the lowest 

in grass with C .pubescens (398.98 kg/ha/year), L . purpureus 

(377 .80 kg/ha/year) and P .biflorus (368*67 kg/ha/year)

(table 6a).

Nevertheless, inclusion of legumes with grass had 

increased markedly the H-yield of the grass as compared to 

the pure grass stand. Similarly. Rhizobium inoculation of 

the associated legumes of the grass further increased the 

N-yield markedly. As a mean over legumes, grass with 

inoculated legumes (580.91 kg/ha/yr) gave more H than grass 

with uninoculated legumes (292.24 kg/ha/yr) (table 6a)., 

Hitrogen yield of grass grown with inoculated as well as 

uninoculated legumes varied over a wide range. Among 

inoculated legumes, the nitrogen yield was maximum in grass 

with 0 .muconoides (776.14 kg/ha/year) as compared to grass 

with P .biflorus (449.41 kg/ha/year) in which it was the 

lowest. Uitrogen yield varied slightly among uninoculated
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legume mixtures (251.65 in G. javanica to 299.51 kg/ha/year 

in P.phaseoloides) (table 6b). The increase in N-yield 

due to inoculation of the associated legume was more 

pronounced in grass with C.muconoides as compared to other 

grass-legume mixtures. The lowest increase was observed 

in grass with P.biflorus.

Nitrogen yield of grass grown with inoculated as well 

as uninoculated legumes was higher over ihat of pure grass 

stand in all the cuttings. Nitrogen yield of the grass 

varied in different cuttings from Rhizobium inoculated legumes. 

As a mean over legumes, there was marked increase in the 

N-yield of the grass grown with inoculated legumes in all 

the cuttings. Highest increase of nitrogen was with the 

inoculated legumes in fifth cutting followed by the third, 

fourth and Second cutting. Crude protein was estimated from 

the grass samples grown in pot culture. The trend logically 

with crude protein was similar to the N-yield as crude protein 

was nothing but total N multiplied by 6.25. The statis­

tical analysis of data would be similar. '

Nitrogen fixation due to inoculation and native rhizobia 

varied markedly between different grass-legume associations. 

However, inoculation of legumes increased the nitrogen fixa­

tion in all the grass-legume combinations. Nitrogen fixing 

capacity varied with different legumes. C.muconoides fixed 

more nitrogen (489.72 kg/ha/year), followed by G-..javanica 

(371.89 kg/ha/year) and the lowest fixation was observed 

in P.biflorus (161.48 kg/ha/year (table 6b).
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Phosphorus content of grass grown with different 
forage legumes;

Phosphorus content of the grass samples grown with 

inoculated as well as uninoculated forage legumes and pure 

grass stand under pot culture conditions was estimated 

periodically as mentioned under Material and Methods. The 

results are presented in table 7.

PgO^ content (average of five cuttings) of the grass 

differed significantly at one per cent level “both with the 

inclusion of legumes and Bhizobium inoculation.. The inter­

action effect of legume and Bhizobium inoculation was highly 

significant. As a mean over Bhizobium inoculation» mean 

phosphorus content of the associated grass with M.invlsa 

(0.076 g/pot/cutting)s 0 .pubescens (0.074 g/pot/cutting) 

and P.phaseoloides (0.069 g/pot/cutting) was significantly 

more than the associated grass with G-..javanica (0.052 g/ 

pot/cutting) ( table 7). -̂ 2% c0n^en  ̂ grass asso­

ciated with P.biflorus, L .purpureus and C.muconoides was on 

par with the $ 2 ® $  GOn^erî  ° $  'fcJ:le grass associated with 

C.pubescens and P.phaseoloides and was significantly lower 

than the P^O  ̂ content of the grass with M. in vis a. Further, 

PgOej content of the grass increased significantly with the 

inclusion of legumes as compared to pure grass stand.

As a mean over legumes, PgO  ̂ content of the grass 

grown with inoculated legumes (0.076 g/pot/cutting) was
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significantly higher than that of the grass with uninocu­

lated legumes (0*055 g/pot/cutting) (table 7). The inter­

action effect of the legumes with Rhizobium inoculation was 

also highly significant.

Among the inoculated legumes, °f "W16

grass with P .phaseoloides was maximum (0.096 g/pot/cutting), 

while that of the grass with G .,javanica was the least (0.061 g/ 

pot/cutting).

Among the uninoeulated legumes, P2°5 o011̂ 611̂  the 

grass grown with G.pubescens was the highest (0.079 g/pot/ 

cutting), while that of the grass associated with L .purpureus 

was the lowest (0.036 g/pot/cutting).

In general, PgO  ̂ content of the grass with inoculated 

legumes was comparatively higher than the uninoculated 

legumes with the exception that ^2%  cori'i:e11̂  ° £  grass 

with uninoculated G.pubescens (0.079 g/pot/cutting) was 

significantly more than the' inoculated C.pubescens (0.069 g/ 

pot/cutting).

field Experiment 1*

The experiment was conducted on a plot of land hither 

to uncultivated and freshly opened up near the Agricultural 

College, Hebbal. Three forage legumes namely, G.muconoides,

G. .1 avanica and P .phaseoloides were included in the mixture
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with Dharwar hybrid-2 grass. After establishment of the 

grass, inoculated as well as uninoculated legume seeds were 

dibbled around the grass setts. Grass was cut every two 

months over a period of, one year. Pive random samples were 

taken after each cuttings and dried. The moisture per cent 

ranged f r o m  7 4  to 86 in grass samples at each cutting. The 

mean moisture per cent of 80 was considered for the estima­

tion of dry matter production. Other calculations were 

made as in pot culture experiment.

Grass yields The green weight of the grass grown in asso­

ciation with the three legumes under both inoculated and un­

inoculated conditions were recorded at each sampling and the 

results are presented below. Bhizobium inoculation of the 

legumes significantly increased the associated grass yield 

as compared to the uninoculated legumes. The grass yield 

differed significantly at one per cent level due to associa­

tion of legumes with grass. The. interaction effect of 

legume and Rhizobium inoculation caused no significant' differ 

ences in grass yield.

As a mean over inoculation, grass associated with C. 

muconoides yielded significantly higher green v/eight (172.11 

t/ha/year)} followed by grass with G ..javanica (157.08 t/ha/ 

year) and P.phaseoloides (150.57 t/ha/year). It was signi­

ficantly lower in pure grass stand (73.11 t/ha/year)

(table 8a). However, the yield of grass in association



with G-.,javanica and P.phaseoloides did not differ signi­

ficantly. Nevertheless, yield of grass grown in asso­

ciation with different legumes was significantly higher 

than that of the pure grass stand.

Yield per cutting; As a mean over legumes, grass yield 

increased linearly from the first cutting (1.55 t/ha) to 

the fourth cutting (47,18 t/ha) and then onwards yields 

declined considerably (table 8a). There were no signifi­

cant differences in yield of grass associated with different 

legumes. However, the yield of grass grown with G.muconoides 

was comparatively higher than those of other associated 

legumes in all the cuttings except in the second cutting.

No such trend in yield differences in cuttings was seen 

in other mixtures.

Effect of inoculation on associated legumes with grass 

was not significant in any of the cuttings. However, yields 

of grass grown with inoculated legumes were consistently more 

than those of grass grown with uninoculated legumes in all 

the cuttings. Yield of pure grass stand was significantly 

lower than the yield of grass in grass-legume mixture in all 

the six cuttings. The yield of pure grass stand increased 

rapidly upto the third cutting and then onwards, decreased 

gradually.

Green weight of the associated grass increased consi­

derably with the inclusion of legumes and this increase varied 

markedly with different mixtures. The increase in green
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weight of the associated grass over pure grass stand was 

maximum in grass with C.muconoides (135 per cent), followed 

by that with G.javanica (115 per cent) and it was compara­

tively lower in grass with P.phaseoloides (106 per cent). 

Similarly, with the inclusion of inoculated legumes in the 

mixtures, the grass yield increased by 140 per cent as 

compared to 97 per cent wi 1h uninoculated legumes over pure 

grass stand*

Grass yields due to different treatments differed 

significantly in the third, fourth and the fifth cuttings 

(table 8b). Yields increased generally upto the third 

cutting and then decreased (fig. 2). In the first cutting, 

grass yield was higher in grass with inoculated C.muconoides 

(2.10 t/ha) as compared to that in other mixtures and it was 

the lowest in pure grass stand (0.82 t/ha). In second 

cutting the grass yield ranged from 6.50 t/ha in pure grass 

stand to 14.46 t/ha in grass with inoculated P.phaseoloides 

and this difference was not significant. Further, in the 

third cutting grass yield of pure grass stand was signifi­

cantly lower than the mixtures except that with uninoculated 

P .phaseoloides. In the fourth cutting, the yield of grass 

grown with inoculated as well as un inoculated legumes was 

significantly more than that of pure grass stand. With others, 

there were no significant differences. Highest yield of 

54.36 t/ha/cutting was obtained in grass grown with inoculated
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G-.,javanica and C.muconoides. Again, in the fifth cutting, 

a similar trend was observed. Grass yield due to inclusion 

of legumes were higher as compared to pure grass stand.

The yields varied from 14.29 t/ha in pure grass stand to • 

39.67 t/ha per cutting in grass with inoculated G..iavanioa. 

There v/ere no significant differences among treatments with 

respect to yield in the sixth cutting.

Total yield: As a mean over associated legumes, grass yield

of DH-2 grass grown with inoculated legumeswas significantly 

more than grass with uninoculated legumes (table 8c). The 

increase in yield was significant and it was to the extent 

of 22 per cent as compared to “the yield of grass grown with 

uninoculated legumes.

Among the inoculated legumes, grass yield was the 

highest when grown in association with 0 .muconoides (184.84 

t/ha/year), while it was the lowest with P. phase oloides 

(166.06 t/ha/year). A similar trend wa3 observed in yield 

of grass with uninoculated legumes. Grass yield with un­

inoculated C.muconoides was 159.38 t/ha/year* while in grass 

with P .phaseoloides it was 135.08 t/ha/year. The yields 

were higher in case of all the grass legume mixtures than 

the pure grass stand.

Nitrogen yield* The effect of three forage legumes namely, 

C .muconoides , G.,javanica and P. phase ololdes, both under
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inoculated and uninoculated conditions on the nitrogen 

yield of the associated grass was studied.

There were considerable differences between cuttings 

in the nitrogen yield of grass in grass-legume mixtures.

As a mean over legumes, N-yield of grass increased 

from 5.33 kg/ha in the first cutting to 161.98 kg/ha in the 

fourth cutting and then declined to 75.98 kg/ha in the sixth 

cutting (table 9a). The. increment in N-yield was rapid 

upto the third cutting and was marginal in the fourth cutting 

and declined sharply in the subsequent cuttings. Nitrogen 

yield of the grass varied considerably among the legumes in 

different cuttings. Nitrogen yield obtained from the grass 

associated with C.muconoides was higher in all the cuttings 

except in the second cutting as compared to that from the 

grass with other two legumes. Between the two grass-legume 

mixtures, grass with P.phaseoloides yielded more nitrogen 

in all the cuttings except in the fourth and the fifth 

cutting. However, H-yield of grass associated with legumes 

was considerably higher' than the N-yield of pure grass stand
1 N

in all the cuttings.

The nitrogen yield of grass in pure grass stand was 

the lowest as compared to grass-legume mixtures. N-yield 

of grass was further increased by inoculating the associated 

legumes in all the cuttings. The N-yield of the grass 

increased from the first cutting to the fourth cutting
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and subsequently declined considerably in both the inocu­

lated and the uninoculated grass-legume mixtures.

Total N-yield of the grass (total per year) differed 

considerably among the legumes and also between Rhizobium 

inoculation. As a mean over inoculation, grass with 

C.muconoides yielded the highest nitrogen (599.47 kg/ha/year), 

followed by grass with P.phaseoloides (533.15 kg/ha/year), 

while it was the lowest in grass with G.javsnica (516.97 kg/ 

ha/year (table 9a). N-yield was the lowest in pure grass 

stand as compared to grass-legume mixtures.

The legumes responded markedly to Rhizobium inoculation. 

Generally, the N-yield of grass was higher due to inoculation 

of legumes as compared to N-yield of grass with uninoculated 

legumes. Grass with C.muconoides yielded higher N-yield 

both under inoculated and uninoculated conditions, while it 

was moderate with P .phaseoloides and was comparatively lower 

in grass with G..1avanioa (table 9a).

Highest N was fixed by native rhizobia in grass with 

C.muconoides (269.03 kg/ha/year), followed by grass with 

P .phaseoloides (209.63 kg/ha/year), while this was the lowest 

in grass with G.^aEanioa (192.76 kg/ha/year). Similarly, 

this N fixation by different legumes was increased by 

•Rhtftoblum inoculation. Nitrogen fixation by inoculation was 

the highest (242.73 kg/ha/year) in grass with C.muconoides
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followed by grass with C-.javanica (230.26 kg/ha/year), 

while it was the lowest in grass with P.phaseoloides 

(228.89 kg/ha/year) (table 9b).

Field Experiment 2.

She experiment was conducted on a sandy loam soil of 

fairly high level of fertility (0.088 per cent nitrogen) 

at the Ifein Research Station, Hebbal, Bangalore. Pour 

forage legumes namely, 0 .muconoides. 0 .pubescens. G.javanica 

I .purpureus were included in the mixture with Dharwar 

hybrid-2 grass. After the establishment of grass, legume 

seeds inoculated as well as uninoculated were dibbled around 

the grass setts. Grass was cut every two months over a 

period, of two years. 5Five random samples were taken after 

each cutting and dried. She moisture per cent ranged from 

74 to 86. The mean moisture per cent of 80 was used for the 

estimation of .dry matter production. The effect of four 

legumes when inoculated and uninoculated with appropriate 

rhizobia over the DH-2 grass was studied.

Grass yield:  Green weight of the grass grown in association

with the four legumes under,both inoculated and uninoculated 

conditions were recorded at each samplings and the results 

are presented below*
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Yield per cutting: Yield of grass due to legumes

differed significantly in the fourth, fifth and the ninth 

cuttings orily. As a mean over associated legumes, yield 

of grass was maximum in the second cutting(44.07 t/ha), while 

it was the lowest in the first cutting(11.05 t/ha) (Table 10a). 

The yield varied in between these two ranges in other cuttings. 

The yield of grass grown with G.muconoides was higher than 

that with the other associated legumes in the first, second 

third and the sixth cuttings, while the yield of grass with 

L .purpureus was comparatively higher than that with the other 

legumes in rest of the cuttings (fig.3). Yield of grass 

grown with Rhizobium inoculated legumes was significantly 

superior over that with un inoculated legumes in majority of 

the cuttings. The yield of -ftie pure grass stand was the 

least when compared with the other treatmen te in all the 

cuttings. Maximum yield recorded was in the eleventh 

cutting (20.76 t/ha) and the lowest in the fifth outting

(4.26 t/ha) (table 10a). In the first cutting, there were
.1

not many differences in the grass yields between the treat- 

ments (table' 10b). The first cutting yield ranged from 

4.93 t/ha in the pure grass stand to 13,80 t/ha in the grass 

with inoculated C.muconoides. In the second cutting, the

yield ranged from 18*92 t/ha in pure grass stand to 56.68 t/ha
i

in the grass with inoculated 0 .muconoides. Grass yields

‘ with uninoculated 0 .muconoides were comparatively higher 

than in the other treatments, except those with inoculated

72
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Effect of legumes on yield of grass (Field experiment - 2)

(Weight of grass, t/ha)

Table 10(a)

Guttings

...
Total
yield

Per cent 
increase 
over pure 
grass 
stand

mixtures I II
Mar.1971 May

III
July

IV
Sep.

V
Nov.1971

VI 
Jan.1972

VII
Mar.

VIII
May

IX
July

X
Sep.

XI
Nov.

per
year

DH-2 /C .  mu c on oide a 11.54 51.41 36.71 23.73 14.04 25.27 17.28 19.08 32.60 44,55 43.06 3 1 9 . 2 7 174.15 148
r 1

DH-2/C.pubescens 11.52 40.07 29.24 16.12 7.04 17.77 15.34 16.87 28.05 34.45 3 8 . 6 6 2 5 5 . 1 3 139.16 98

DH-2 /Ii. purpureus 10.12 41.94 40.01 26.94 16.45 24.99 17.84 19.67 49.02 49.73 45.39 ■ 342.10 186.60 166

DH-2 /&. Javanica' 11.03 42.85 40.34 20.77 6.76 ■20.41 16.12 18.27 27.09 39.30 • 38.45 281.39 153.48 118

Mean 11.05 44.07 36.57 21.89 11.07 22.11 16.64 18.47 34.19 42.00 41.39 - •

• G .35. at' 55* N.S. . sr.s. N.S. *5.79 **2.64 N.S. N.S. N.S. **7.56 N.S.. N.S. ■

Treatment > ■

' •Xli. Inoculated 12.71 48.20 40.69 27.57 16.02 29.80 18.09 19.41 •36.91 1 4-5.35 45.08 • 339.83 • 185.36 164

JHninoculated- 9.39 39.95 32.46 16.20 6.12 ■ 14.43 15.20 17.53 31.47 • 38.66 37.70 259.11 141.33 101

. Mean 11.05 44.07 36.57 21.89 11.07 22.11 16.64 18.47 34.19 • 42.00 41.39 ‘‘ -

F-Test #* #■* N.S , ** ## N.S. N.S. * * N.S.

DH-2/DH-2 (pure grass 
stand) 4.93 18.92 17.64 9.58 4.26 10.07

-i

8.73 9.06 14.40 10.45 20.76 128.80 70.25 -

*# Significant at P = 0.01, * Significant at P = 0.05, N.S.= Not significant at P = 0.05
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fable 10(b)
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C u ttin g *
Total

* l r ? s r * » I  I I  

Xaur.1971 May

I I I

July
IV

Se p t .
V

Ko t .
VI

Jan .

1972

V I I  

Mar.

V I I I

May

n
July

X
Sej

----------

XI

'* •  Nov.

- Total yield  

P«r 
year

' t -\- 's-.s*r £ 1

I S - l  ;.*a r« s :c ic c s 13 . SC 56.68 *1 .1 0 33.06 23.00 3 *. 18 17.92 19.86
”£>-£ C ., K b *  5C*Xi 13.3C 47.92 3*.02 18.05 7.35 2 * .*5 16.10 17.36

IS -.; l . r u m w i 11.33 45.26 *6 .2 6 35.00 26.02 3 * .*6 19.58 20.15

~e-C :  irastLea 1^ .4 3 *2 .9 2 *1 .3 8 2 *.1 8 7.72 26.10 18.75 20.28

35-2 :  . * i r  a t *  as 9 .2 ” *6 .1 5 32.32 1* . *  0 5.06 16.35 16.65 18.30

IS -  :  r  ,  rab— c»a> 9 .7 3 32.22 2 * .* 5 1*.19 6 .73 11.10 U .5 3 16.38

35-S - . -gm r fm sm 8.9C 5S .6C 33.76 15.38 6.68 15.56 16.10 19.19

I.IST&IJ*. 9.67 A 2 /, S 39.30 17.55 5 .80 1 *.7 2 15 .*5 16.25

IB -2  IS —- ..jaara grs&s 
s-sazd A .93 IS .  92 17.64 9 .58 * .2 6 10.07 8 .73 9.06

T-Hamx 
z .Zm ~ 
J . I . i T  5 *

♦

2 .2 7
4.SC

* *

6 .2 8

13.32

1 .5 .
9 .62

*#  

3.88 
S .22

M

1.77

3.73

-»♦

* .0 *

8.57

1 .3 .

3.62

*

2 .5 *
5 .38

+♦ a . Lrz^'iz&z~ IT  2~ c . c _ , *  = le e r  t a t  2 = .0 .0 5 , 1 .3 . = l o t  s i g s i i i

371.70 202.74

293-10 159.87

392.98 214.33

301.55 164.48



C.muconoides and C.pubescens. However, yield of grass 

grown with inoculated 0.pubescens was on par with the 

yield of pure grass stand. During the third cutting, 

grass yield due to treatments did not differ significantly. 

The yields ranged from 17.64 t/ha in pure grass stand to 

46.26 t/ha in grass with inoculated L .purpureus. In the 

fourth cutting, grass yield*ranged from 9.58 t/ha in pure 

grass stand to 35.00 t/ha in grass with inoculated 

L .purpureus and the differences in yield due to treatments 

were significant, while the yields of grass with uninoculated 

C .pubescens and grass with uninoculated C.muconoides were on 

par with the yield of pure grass stand. During the fifth 

cutting, grass yield with inoculated L.purpureus and that 

with inoculated 0 .muconoides was significantly more than 

the yields of other treatments. Yields in other treatments 

were on par with the pure grass stand (4.26 t/ha). In the 

sixth cutting, the grass yields due to different treatments 

were comparatively higher than the fifth, seventh and the 

eighth cuttings. The yields ranged from 10.07 t/ha in pure 

grass stand to 34.48 in grass with inoculated L .purpureus 

and this difference in yield dUe to treatments was highly 

significant. During the seventh cutting, grass yields did 

not differ significantly due to treatments. They ranged 

from 8.75 t/ha in pure grass stand to 19.58 t/ha in grass 

with Inoculated L .purpureus. In the eighth cutting, grass 

yield of pure grass stand was significantly lower as compared



to that in other treatments. The grass yields in other 

treatments ranged from 16.25 t/ha in grass with uninoculated 

G . Javanica to 20.28 t/ha in grass with inoculated G..javanica. 

In the ninth cutting, the grass yields ranged from 14.40 t/ha 

in pure grass stand to 50.42 t/ha in inoculated L.purpureus. 

During the tenth cutting, the yields ranged from 10.45 t/ha 

in pure grass stand to 54.74 t/ha in grass with inoculated 

L .purpureus and the differences among treatments were signi­

ficant. In the last cutting, the yields did not differ 

significantly. They ranged from 20.76 t/ha in pure grass 

stand to 49*77 t/ha in grass with inoculated L .purpureus.

Total Yield: Rhizobium inoculation of legumes signifi­

cantly Increased the associated grass yield as compared to 

the uninoeulated legumes. The grass yield differed signi­

ficantly at one per cent level due to associated legumes.

The interaction effect of legume and Bhizobium inoculation 

caused no significant differences in grass yield.

As a mean over Rhizobium inoculation, total grass 

yield (total per year) with L .purpureus was significantly 

more than the total grass yields of mixtures, namely with 

G . .javanica and C.pubescens t while it was on par with the 

yield Of grass in association with 0.roueonoides (table 10c). 

Total yield of grass with 0 .muconoides was on par with 

grass grown in association with G. ,1 avanica but was signi-



ficantly more than the yield of grass with C.pubescens. 

However, the yield of grass with legumes was significantly 

more than the yield of the pure grass stand. The increase 

in total (total per year) green weight of the associated 

grass over pure grass stand was maximum with L .purpureus 

(166 per .centX, followed "by that with C.muconoides (148 per 

cent) and it was comparatively lower in grass with 0 .pubescens 

(98 per cent). Similarly, with the inclusion of inoculated

legumes in the mixture the grass yield increased by 164
r

per cent as compared to 101 per cent in uninoculated legumes 

over pure grass stand.

As a mean over associated legumes, yield of grass 

grown with Rhizobium, inoculated legumes was significantly 

higher than that with uninoculated legumes and the increase 

was to the extent of 31 per cent (table 10c). Grass with 

legumes did not interact significantly with Rhizobium 

inoculation.

Among the Rhizobium inoculated legumes, yield of grass 

waB the highest in association with L .purpureus (2 1 4 . 3 5  t/ 

ha/year) and lowest with C.pubescens (159.87 t/ha/year).

A similar trend was observed in grass yield even when 

associated legumes were uninooulated. When legumes were 

uninoculated, grass yield was the highest with L .purpureus 

and the least with 0 .pubescens. Yield of pure grass stand

77
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was the lowest as compared to that grown with different 

legumes and this difference was highly significant (table 10c).

Pattern of dry matter production of grass in different 

cuttings in inoculated and uninoculated legume followed the 

same trend as in green grass yield.

Iltrogen yield; Effect of all the four forage legumes 

namely 0»mu con o id e s , C.pubescens. G.,iavanica and I».purpureus« 

both under inoculated and uninoculated conditions on the 1- 

yield of the DH-2 grass was studied.

There v/ere considerable differences in. nitrogen yields 

among the kind of legumes and "between cuttings and this varia­

tion was dependent on the age of the mixtures. Generally the 

trend of N-yield was inconsistent. As a mean over legumes,

M-yield increased from 39*06 kg/ha in the first.cutting to 

156.19 kg/ha in the second cutting and then onwards declined 

gradually upto, the fifth cutting (40.01 kg/ha). Prom the 

seventh cutting, yield increased gradually upto the tenth 

c u t t i n g  (148.45 kg/ha) and then declined in the eleventh 

cutting (table 11a). The legumes differed in their capacity

to contribute nitrogen to the associated grass. Bitrogen 

yield obtained from the grass associated with 0 .muconoides

Yiigdex in all the cuttings except the third, fourth, fifth, 

n i n t h  and the tenth cuttings as compared to other three grass- 

1  egume mixtures. Among the other three grass-legume mixtures,

79
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grass with L .purpureus yielded more nitrogen in all the 

cuttings except in the first cutting. Nitrogen yield of 

the grass with G.javanica was higher in all the cuttings 

except in the first, fifth, ninth and the eleventh cuttings. 

However, the nitrogen yield of grass associated with legumes 

was considerably higher than that of pure grass stand in 

all the cuttings,

Total N-yield of grass (total per year) differed 

considerably among the legumes as also between uninoculated 

and inoculated grass-legume mixtures. As a mean over 

inoculation, 1-yield of grass with C.muconoides and 1 .purpureus 

was highest, followed by that with G-.,javanica and lowest in 

grass with C.pubescens. Further, the N-yield was the lowest 

in pure grass stand as compared to the grass legume mixtures.

The. legumes responded markedly to Bhizobium inoculation. 

Generally the N-yield of grass was higher due to inoculation 

of legumes as compared to N-yield of grass with uninoculated 

legumes (table 11a), Due to inoculation of the associated 

legumes, the increase in N-yield was to the extent of 51 per 

cent. Nitrogen yield in grass with C.muconoides was higher 

both under inoculated and uninoculated conditions. It was 

moderately higher with L.purpureus, medium in grass with 

Cr. ,iavanica and comparatively low with G.pubescens.

.legumes differed in their-contribution of -E to the 

associated grass. Relatively higher nitrogen was fixed



Table 11 (a)

itffeot of 1* guinea on Nitrogan yield of graa* (irleld experiment - 2)

(N-ylald of grant, kg/ha)

C utting * *f-y le id
Graaa-legume 

mixture* I

Mar.1971
II

May
III

July

IV
Sep.

V
Nov.

VI 
Ja n .1972

VII
Mar.

V III
May

IX
July

X
Sep.

XI
Jfov.

i u VC.A
year

DH-2 / C , mu o on ol d* * 43 .66 196.73 140.40 90 .93 54.16 96.75 65 .84 72 .73 124.55 170.19 164 .40 1220 .54 665 .75

DH-2/G. pubesoen* 33 .93 136.01 98 .89 54 .28 23-49 61.36 51.34 56 .33 94 .87 115 .48 130.86 e61.86 470 .10

D K - S /G .J t o a ^ a 37 .59 143-55 135 .61 71 .07 23.07 70 .93 55.15 62 .07 90.76 131 .97 129.72 951 .49 518.99

DH- 2/L. puroureua 35 .87 148 .46 142 .01 96 .15 59 .31 89.46 63 .20 69 .43 173.24 176 .15 160.77 1214 .05 66 2 .21

Mean 39 .06 156 .19 129 .23 78 .11 40 .01 79 .62 58 .88 65 .14 120.65 148.45 146.44 -

Inooulated 4 7 .8 0 181 .29 152 .83 103.72 60 .27 111.98 67 .93 72 .90 138.29 170.33 169.09 1276 .43 6 9 3 .23

Unin oculated 30 .32 131 .09 105 .63 52 .50 19.75 47 .27 49.84 57 .37 105.42 126.56 123 .79 8 4 7 .54 4 6 2 .30

Mean 39 .06 156 .19 129 .23 78 .11 40 .01 79 .62 58 .88 65 .14 120.85 148.45 146.44 -

DH-2/DH-2 (purs gra3* 
ptand) 1 4 .1 1 5 4 .10 50 .43 27 .41 12 .20 28.79 24 .98 2 5 .88 41 .18 29 .84 59 .34 368.26 200 .87
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f l x m t l m  * y  « i f f r r » n  U r m m  » u  l A e r * u * d  fry  M i s t l a  

U H l l i t i t t .  I l t r « r » s  f I z c t  1 ae i ;  l a a e c U t l o e  wm# t h s  
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K lt ro g w  contribution of lagiMs to tho u io o lt t id  g r u i  (Fiold oxpariaont -2) (*-ylold of p M * .  k« /h »)

•3

Tablt 11(b)

Cuttiiic* 8-yioia
r*r t i «  vy i *  i r

■ixtur«« j

M ar,1971
I I

M«y
I I I  IV V VI 
July Sop Ho t . Jan . 1972

V II
Mar.

V II I
M«y

IX
July

X
Sop.

XI
I n .

" O H *
ymx nsttr*

rftlio-
bit

iioeti*.
t l *

Inoculatad

w - 2 /i^ ! .« A S » .v U l i 53 .82 2 2 1 .0 0 160 .29 128,89 8 9 .7 0  1 33 .25 69 .87 77 .41 146.25 193 .89  175.04 1449 .41 7 9 0 .59 - 24«.«6

4 8 .6 7 17 5 .38 1 2 4 .50 66^06 26 .84 89.42 58 .93 63-50 118.95 155.17 165.07 1072 .49 584 .99 -

W-Z/S'jSiyjUllSLM 4 7 .2 4 16 3 .0 6  1 5 7 .25 9 if83 29 .32 99 . ie 71.25 77 .01 103.42 152 .00 154.09 1 1 45 .67 624 .91 - 211.84

b*~2/k‘«Mlt}ULXM 4 1 .4 6 1 6 5 .6 8 169 .27 128il0 95 .22 126.06 71 .67 73 .69 184.53 200.26 182.15 1 4 38 .1 1 784 .42 2*4.41

3 3 .9 1 1 7 2 .47 1 2 0 .51 52,98 18 .63 60 .25 61 .81 68 .05 102.85 1 46 .48  155-76 9 9 1 .7 0 540 .93 340.06 -

m - 2A ;.put»M gfnt 2 9 .1 9 9 6 .6 5 7 3 .2 9 42 .50  20 .15 3 3 .30 43 .75 49 .15 7 0 .8 0 9 5 .80 96.65 6 5 1 .2 3 355.22 154.35 *

B*~2 /£ •  JtlZAflifiS 2 7 .9 3 1 2 4 .02 113 .97 50 .31  16 .82 4 2 .6 8 39.05 47.12 7 8 .1 0  111.94 105.36 7 5 7 .3 0 413.07 212.20 **

3 0 .2 6 1 3 1 .24 1 14 .75 64 .20  23-40 52 .«7 54 .74 65 .17 161.95 152.04 139.40 9 9 0 .02 540 .01 339.14

JM~2/W~? (jw r* « T »» »  
• t « » 4 ) 1 4 .1 1 5 4 .1 0 50 .4 3 27 .41  1 2 .2 0 28 .79 24 .9 8 25 .88 41 .18 29 .84 59.34 36 8 .26 200 .87
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V. DISCUSSION

The role of legumes in adding symbiotically fixed 

nitrogen to the soil/plant system is not easy to assess 

though much of the soil N might result from such fixation.
V

In the present studies,, attempts were made to assess the 

accrual of symbiotically fixed H to the grass in grass-legume 

association "by measuring the recovery of N in grass tops.

Both dry matter and green weight yields of grass 

grown in association with inoculated and uninoculated tropical 

species of legumes were determined over a period of time in 

cutting trials. Pure grass stand served as a control and 

N recovered in tops represented the soil N. Nitrogen 

recovered in grass tops in the grass-legume mixtures repre­

sented the symbiotically fixed N (inoculated and uninoculated) 

and soil N. The data on legume N fixation in these studies 

are only approximations because, non symbiotically fixed N,

K' accruing to -the soil through precipitation, irrigation 

water etc., are not easily measurable.

In the present study, the identity of the rhizobial 

isolates were made through series of biochemical, physio­

logical and cultural tests. Identification through serolo­

gical methods were attempted but they were not successful 

because of poor titres of antisera obtained. The identity 

of the organisms were however conclusively established in 

Leonard’s bottle jar assembly method on respective host 

legumes
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The Isolates were able to form nodules both on tap 

root and on lateral roots. Ho'dules formed in Mimosa invisa 

were finger like clusters and others were spherical with 

smooth or rough surface.

Cross-inoculation studies indicated that the isolate 

from CentrQBema pubescens alone was host specific. The 

other legumes could be easily nodulated by all the isolates. 

This is in agreemen t with the reports of Bowen (1958 and 

1959a) who also observed C.pubescens to be highly specific 

in its bacterial requirement.

Comparable estimates of N-fixation and transfer to 

hybrid grass of the type used in the present studies have 

not been made with tropical legumes. The grasses on which 

much of the work is reported, belong to short statured 

grasses like paragrass, pangola grass, thin napier and Sudan 

grass. For instance, Whitney and Green (1969a) have 

observed dry matter yields of 3.78 t/ha/year in pure 

grass stand, 5.08 t/ha/year in grass with uninoculated 

legume and 5.46 t/ha/year in grass with inoculated legumes 

in Pangola grass/Desmodium canum and S .intorturn mixtures. 

Likewise, Kretschmer (1970) has reported an average grass 

yield of 5.24 t/ha/year in pure pahgola grass stand,

9.49 and 9.44 t/ha/year in pangola grass with C.pubescens 

and Glycine .javanica, respectively. These yields of 

grass are not comparable to 70 to 214 t/ha/year yields
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■of hybrid grass obtained in the present studies with 

hybrid grass-legume mixtures.

Dharwar hybrid-2 grass used in this study was 

evolved in the year 1966 by effecting cross between 

elephant grass (Pennisetum purpureum) and cultivated 

bajra cultivar Golgeri-1 (Pennisetum typhoides). It is 

more nutritious. It tillers extensively and is easier 

to propagate. It is very vigorously growing type and 

responds to irrigation and mineral nitrogen application.

It is known for its heavy yields especially under adequate 

irrigation and fertilizer application. As much as 475 

t/ha/year of green matter can be expected with application 

of 180 kg N, 90 kg an^ ^0 kg K ^ O  per hectare (personal

communication, P.C.Hiremath, Agrostologist, Regional 

Research Station, Dharwar-5).

In the year of establishment, yields in the first 

cutting were uniformly low with all the grass-legume 

mixtures and the pure grass stand. Here again, the grass 

associated with Mimosa invisa reached a peak production 

during the third cutting and with other legumes during 

the fourth and subsequent cuttings. In all the mixtures 

there was a gradual decline after reaching peak production.

These fluctuations in yields were related to seasonal 

changes in temperature. Green weight of the grass
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increased with the increase in mean temperature. Grass 

yield was higher during late summer and early monsoon and 

decreased during late monsoon and winter when the mean 

temperatures v/ere usually low (table 5d). In pot culture 

studies, the grass yield in association with the inoculated 

and uninoculated legumes as well as pure grass stand increa­

sed with increase in temperature* April and June cuttings 

gave the highest green weight of grass followed by August 

cutting. Green yields of December and February cuttings 

were lower (table 5b). Mean temperatures during April and 

June, 1972 were higher (25.35 and 26*55°C, respectively) 

than during December, 1971 (18.95°C), February (22*55°C) and 

August, 1972 (23.55°C) (table 5d). This relationship 

between grass yields and mean temperatures indicated seasonal 

effect on grass growth. In uncultivated field (Field experi­

ment - 1) trial, yields were higher in cuttings made during 

June and August followed by October and December, while they 

were lowest during February and April. This indicated that 

higher temperatures caused better forage production. Simi­

larly, in cultivated field trial (Field experiment - 2) the 

yield increased with the increase in temperature during first 

year. The yields were higher during May and July (Second 

and third cutting) as compared to September and January 

(fourth and sixth cuttings). The yields reached a maximum 

after four months of planting and thereafter they fluctuated
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depending upon the temperatures prevailing during that 

period. This observation is in conformity with the 

findings of Vincent-0handler et al. (1953), Whitney (1969) 

and Whitney and Green (1969a) who also observed an increase 

in yield with increase in mean temperatures.

This•relationship between increase in temperature and 

increase ia yield observed in the first year of the experi­

ment was absent during the second year. Such phenomenon 

was also noted by Whiteman and lulham (1969). However, 

fluctuations in per cutting yields of the grass during the 

second year were not correlated with seasonal changes. 

Compared with first year, second year per cutting yields 

were by and large higher with few exceptions. The reason 

for this is unknown at the moment. It was however, likely 

that there was build-up of fertility during the second year 

due to defoliation and decay of dead leaves, stems and roots 

of the legumes and this could have been responsible for 

fairly uniform higher yields during the second year.

In pot culture studies, grass associated with M.invisa 

gave the highest green yield (132.84 t/ha/year), while the- 

green weight of pure grass stand was the lowest (55.28 t/ha/ 

year). The yield of grass with other legumes was inter-' 

mediate (107.42 to 123.28 t/ha/year). Under uncultivated 

field condition Calopogonium muconoides yielded the highest
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green weight (172.11 t/ha/year) and the least with P. 

phaseoloides (150.57 t/ha/year). Grass yield was con­

siderably lower in pure grass stand (73.11 t/ha/year) as 

compared to grass-legume mixtures. However, grass with 

Lablab purpureus and G.muconoides yielded higher green 

weight (186.60 and 174.15 t/ha/year, respectively) than the 

pure grass stand (70.25 t/ha/year).

Grass yields in different grass-legume associations 

were comparatively lower in pot culture studies as compared 

to field trials (field experiments 1 and 2). This might be 

due to the restricted growth of roots and shorter duration 

of the experiment.

Green weight increased significantly to the extent\of 

72 per cent in pot culture studies and 97 to 101 per cent in 

field trials by mere inclusion of legumes in the grass mixture 

as compared to pure grass stand. Whitney and Green (1969a) 

have reported an increased grass yield Of 34 per cent when 

the Desmodium canum and D.intortum were grown with Pangola 

grass as compared to pure grass stand. Kretschmer (1970) 

have also reported an increased grass yield of 77 per cent 

in Pangola grass grown in association with twelve tropical 

legumes as compared to pure grass stand.

The inclusion of inoculated legumes increased green 

weight by 52 per cent in pot culture studies and 22 to 3 1
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per cent in field trials as compared to grass with un­

inoculated legumes. , This is in conformity with the results 

obtained by Whitney and Green (1969a) wherein they have also 

observed an increase in yield of the. associated grass with 

inoculated legumes referred above.

Again among the inoculated trials the response to 

inoculation was marked in field trials than in pot culture 

studies * However, in the uninoculated trials the yields 

in the uninoculated conditions were superior in the field 

conditions to the corresponding yields under pot culture 

conditions. This might be due to better nodulation in field 

grown legumes by native rhizobia.

Although grass grown with M.invisa gave the highest 

response in pot culture, it was not included in field experi­

ments hence response to inoculation or nodulation by native 

rhizobia could not be assessed for this legume under field 

condition. L.purpureus and grass mixture responded better 

to inoculation and was well nodulated by native rhizobia in 

field experiment as compared to pot culture studies.

Nitrogen fixation due to Bhizobium inoculation varied 

markedly in different grass-legume mixtures. Nitrogen 

fixation increased with Bhizobium inoculation. N fixation 

was higher in Bhizobium inoculated 0 .muc on oides-grass mixtures 

in all the three experiments as compared to other mixtures.
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In pot culture studies', C.muconoides fixed more
^

ritrogen (489*72 kg/ha/year) followed by G..javanica
\

(371.89 kg/ha/year) and the lowest was in grass with
; - x

P .biflorus (161.48 kg/ha/year). T h e  probable reason for 

the low fixation of U in case of P.biflorus may be due to
’ y "

• 'riie shorter period of growth and resowing.

/
/
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In field trials, G.muconoides fixed relatively higher 

/nitrogen (242.73 to. 249.66 kg/ha/year) than L .purpureus 
J  ”

(244.41 kg/ha/year) and C.pubescens (229.77 kg/ha/year) 

while £ .javanica fised the lowest among the legumes tried 

(211.84 to 230.26 kg/ha/year)j^^S3jnilar'^fariations -have jvSen 

observed in capacity " of leĝ Ktss to fix nitrogen (80-264 kg/ 

ha/year) by ¥hitney and Green (1969a) in'their studies "on 

inoculated and uninoculated D.canum.and D.intortum with 

Pangola grass.

Nitrogen yield and crude protein yield varied 

markedly among different grass-legume mixtures. N-yield 

increased with the inoculation of the associated legumes 

with respective strains of Bhizobium. Among the different 

mixtures, grass with 0 .muconoldes yielded more N  in all 

the three trials.

Nitrogen fixation due to native rhizobia varied 

markedly among the mixtures in all the three studies. In

pot culture studies, nitrogen fixation due to native rhizobia
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was maximum in grass with Mimosa invisa (238.59 kg/ha/ 

year) and was comparatively lower in G ..1avanica (113.97 

kg/ha/year). The N-fixation in other grass-legume 

mixtures varied in between. She N-fixation due to native 

rhizobia was less in pot culture studies as compared to 

field trials. This was perhaps due to low native rhizo­

bial population and restricted volume of the soil used in 

the experiment. The N-fixation due to native rhizobia 

in uncultivated land was maximum in C.muconoides (269.03 

kg/ha/year) as compared to grass grown with G .javanica or 

P,phaseoloides (192.76 to 209.63 kg/ha/year). Similarly, 

in cultivated field trial (field experiment-2), nitrogen 

fixation was,again more in grass grown with 0 .muconoides 

(340.06 kg/ha/year), closely followed by L.purpureus/grass 

mixture (339.14 kg/ha/year) and was the lowest in C. 

pubescens/grass mixture (154*35 kg/ha/year). Between two 

field trials, N-fixation was maximum in cultivated field.

This might be due to the presence of more native rhizobial 

population as a consequence of earlier leguminous crop 

particularly inoculated soybean. The probable reason for 

the low fixation of if due to native rhizobia in case of 

C»pubescens may be due to its specific bacterial require­

ment. In uncultivated land, no legumes were grown previous
t * N •

to the experiment and hence N-flxed was low probably due to 

the presence of inadequate and non-specific native rhizobia.



Nevertheless, the legumes exhibited wider range of 

fixing nitrogen through nodulation by native rhizobia.

Studies carried out in India have been on grasses 

with uninoculated legumes. • Por instance, Singh et al. 

(1968) have reported that grass grown alone gave an 

average yields of 63.9 to 97.7 kg/ha/year in unfertilized 

plots whereas, grass (Pennisetum polystachyon) grown with 

uninoculated Stylosanthes gracilis and Centrosema pubescens 

yielded 64.5 and 92.3 kg/ha/year, respectively. In the 

second year the grass/Centro mixture yielded more than the 

pure grass stand. Ghatterjjee et al. (1969) have also 

reported 1hat, when Heteropogon contortus/Stylosanthes 

humilis grown in mixture yielded 19.5 t/ha/year as compared 

to the-pure grass stand (15.6 t/ha/year). No published 

work in India is available on hybrid grasses grown as 

mixtures with legumes. The yield increases noted by these 

workers did not go beyond 20 t/ha/year. The results 

obtained in these studies indicated a large potential for 

increasing grass yields through growing them as mixtures 

with a variety of tropical forage'legumes and through 

inoculation of associated legume with efficient strains 

of rhizobia.

Further, the results indicated the possibility of 

developing an integrated system of use of symbiotically

93
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flxed nitrogen and fertiliser nitrogen. Further studies 

on this line might lead to large reduction in the quantity 

of fertilizer nitrogen, yet keeping the same high yields 

obtainable wiih fertilizer nitrogen application alone.

Tropical soils are known to harbour a large variety 

of rhizobia with low symbiotic efficiency and this requires 

further studies on the symbiotic response of sown forage 

legumes to inoculation with highly efficient strains of 

rhizobia and the studies on saprophytic competence of 

inoeulant strains of rhizobia under a wide variety of 

ecological situations obtainable in the country.



SUMMARY



V I. SUMMARY

A b i l i t y  o f  legum e R h iz o b iu m  s y m b i o s i s  t o  ad d  N 

to "  t h e  s o i l / p l a n t  s y s t e m  i n  I n d i a n  A g r i c u l t u r e  h a s  b e e n  

made u s e  o f  t r a d i t i o n a l l y  b y  g r o w i n g  le g u m e s  i n  r o t a t i o n  

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

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

a n d  n i t r o g e n  f i x a t i o n  b y  n a t i v e  r h i z o b i a  w e re  a d e q u a t e  

t o  p r o v i d e  t h e  n e e d e d  n i t r o g e n .

I n  t h e  p r e s e n t  s t u d i e s ,  n i t r o g e n  c o n t r i b u t i o n  o f  

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

i n o c u l a t e d  a n d  u n i n o e u l a t e d  c o n d i t i o n  w as a s s e s s e d .  The 

n i t r o g e n  t r a n s f e r e n c e  f r o m  le g u m e s  t o  a s s o c i a t e d  g r a s s  

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

a n d  . f i e l d  t r i a l s .

Of t h e  s e v e n  le g u m e s  o n l y  C . p u b e s c e n s  a p p e a r e d  t o  

h a v e  s p e c i f i c  r h i z o b i a l  r e q u i r e m e n t  a n d  o t h e r s  c o u l d  be  

c r o s s  i n o c u l a t e d  b y  e a c h  o t h e r r ! r h i z o b i a l  i s o l a t e s .

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

a s s o c i a t i o n  w i t h  t h e  le g u m e s  w ere  s i g n i f i c a n t l y  h i g h e r  t h a n  

t h a t  o f  p u r e  g r a s s  s t a n d  a n d  t h o s e  o f  t h e  R h iz o b iu m  i n o c u ­

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

I n c l u s i o n  o f  le g u m e s  i n  v a r i o u s  m i x t u r e s  i n c r e a s e d  t h e  

g r e e n  w e i g h t  o f  t h e  g r a s s  b y  7 2  p e r  c e n t  a s  c o m p a re d  t o  

p u r e  g r a s s  s t a n d  ( 5 5 . 2 8  t / h a / y e a r ) .  G r e e n  w e i g h t  o f  g r a s s



i n c r e a s e d  b y  5 2  p e r  c e n t  i n  t h e  i n o c u l a t e d  g r a s s / l e g u m e  

m i x t u r e s  o v e r  -that i n  t h e  u n i n o c u l a t e d  g r a s s - l e g u m e  

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

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

l i k e  G .m u c o n o i d e s . G . p u b e s c e n s . P . b i f l o r u s  a n d  M .i n v i s a  

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

o f  g r a s s  w i t h  G-. ,j a v a n i c a , P .  p h a s e  o l o i d e s  o r  L . p u r p u r e u s .

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

i n  m a j o r i t y  o f  t h e  le g u m e s  a n d  t h e n  d e c l i n e d .

U n d e r  u n c u l t i v a t e d  f i e l d  c o n d i t i o n ,  t h e  g r a s s  w as 

s t u d i e d  i n  a s s o c i a t i o n  w i t h  t h r e e  le g u m e s  n a m e ly , G . 

m u c o n o i d e s , G . . j a v a n i c a  a n d  P .  p h a s e  o l o i d e s  u n d e r  i n o c u l a t e d  

a n d  u n i n o c u l a t e d  c o n d i t i o n s  o v e r  a  p e r i o d  o f  one y e a r .

The g r e e n  w e i g h t  o f  t h e  g r a s s  w as c o n s i s t e n t l y  h i g h e r  i n  

g r a s s  le g u m e  m i x t u r e s  o v e r  t h a t  o f  p u r e  g r a s s  s t a n d .  

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

B h i z  obium  i n o c u l a t e d  le g u m e s  a s  c o m p a re d  t o  t h o s e  w i t h  

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

m i x t u r e s  i n c r e a s e d  t h e  g r e e n  w e i g h t  o f  t h e  g r a s s  b y  .97  

p e r  c e n t  a s  c o m p a re d  t o  p u r e  g r a s s  s t a n d  ( 7 3 . 1 1  t / h a / y e a r ) .  

G r e e n  w e i g h t  o f  t h e  g r a s s  i n c r e a s e d  b y  2 2  p e r  c e n t  i n  t h e  

i n o c u l a t e d  g r a s s - l e g u m e  m i x t u r e s  a s  c o m p a re d  t'o g r a s s  w i t h  

u n i n o c u l a t e d  le g u m e s  ( 144.34  t / h a / y e a r ) .  Among t h e  l e g u m e s ,

G . . j a v a n i c a  a n d  G .m u c o n o id e s  w e r e  f o u n d  t o  b e  s u p e r i o r  t o  

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

i n  G. .1 a v a n i c a  a n d  0 . m u c o n o id e s  g r a s s  m i x t u r e s  w h i l e  i n  

P . p h a s e o l o i d e s / g r a s s  m i x t u r e  t h e  y i e l d  i n c r e a s e d  u p t o  t h i r d  

c u t t i n g  a n d  t h e r e - a f t e r  i t  d e c l i n e d .

U n d e r  c u l t i v a t e d ;f i e l d  t r i a l ,  t h e  g r a s s  was s t u d i e d  

i n  a s s o c i a t i o n  w i i h  f o u r  le g u m e s  n a m e ly  0 . m u c o n o i d e s .  G. 

p u b e s c e n s . G-. .1 a v a h ic a ,  a n d  L . p u r p u r e u s  w i t h  a n d  w i t h o u t  

i n o c u l a t i o n  ov£ r a  p e r i o d  o f  tw o y e a r s .  The g r a s s  p r o d u c t i o n  

w as s i g n i f i c a n t l y  h i g h e r  i n  g r a s s - l e g u m e  m i x t u r e s  t h a n  i n  

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

i n o c u l a t e d  l e g u m e - g r a s s  m i x t u r e s  a s  c o m p a re d  t o  u n i n o c u l a t e d  

le g u m e  -  g r a s s  m i x t u r e s .  The i n c l u s i o n  o f  le g u m e s  i n  

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

101 p e r  c e n t  a s  c o m p a re d  t o  p u r e  g r a s s  s t a n d  ( 7 0 . 2 5  t / h a /  

y e a r ) .  G-reen w e i g h t  o f  g r a s s  w as i n c r e a s e d  b y  3 1  p e r  c e n t  

b y  i n o c u l a t i n g  t h e  le g u m e s  w i t h  B h iz o b iu m  a s  c o m p a re d  t o  

g r a s s  w i t h  u n i n o c u l a t e d  le g u m e s  ( 1 4 1 . 3 8  t / h a / y e a r ) .  Among 

t h e  l e g u m e s ,  0 . m u c o n o id e s  a n d  L . p u r p u r e u s  w e r e  s u p e r i o r  t o  

o t h e r  g r a s s - 1 e g u m e  m i x t u r e s .  The g r a s s  y i e l d s  r e a c h e d  a  

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

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

The n i t r o g e n  c o n t e n t  an d  c r u d e  p r o t e i n  o f  t h e  g r a s s  

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

B - y i e l d  an d  c r u d e  p r o t e i n  o f  t h e  g r a s s  g ro w n  i n . a s s o -  

c i a t i o n  w i t h  ihe i n o c u l a t e d  le g u m e s  w e r e  s i g n i f i c a n t l y  

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

N i t r o g e n  f i x a t i o n  due t o  R h iz o b iu m  i n o c u l a t i o n  

v a r i e d  m a r k e d l y  i n  d i f f e r e n t  g r a s s - l e g u m e  m i x t u r e s .

N - f i x a t i o n  was h i g h e r  i n  R h ig o b iu m  i n o c u l a t e d  0 .  m u c o n o i d e s -  

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

o t h e r  m i x t u r e s . .  I n  p o t  c u l t u r e  s t u d i e s ,  C . m u c o n o id e s  

f i x e d  m ore n i t r o g e n  ( 4 8 9 . 7 2  k g / h a / y e a r ) ,  f o l l o w e d  b y

G . .1 a v a n i c a  ( 371.89  k g / h a / y e a r )  a n d  “t h e  l o w e s t  w as i n  g r a s s  

w i t h  P . b i f l o r u s  ( 1 6 1 . 4 9  k g / h a / y e a r ) .  W h ile  i n  f i e l d  

t r i a l s ,  C. muc on o i d e s  f i x e d  r e l a t i v e l y  h i g h e r  3Ss ( 2 4 2 . 7 3  t o  

2 4 9 * 6 6  k g / h a / y e a r )  t h a n  L . p u r p u r e u s  ( 2 4 4 . 4 1  k g / h a / y e a r )  

a n d  G . p u b e s c e n s  ( 22*9.77  k g / h a / y e a r ) ,  a n d  t h e  l o w e s t  was 

w i t h  G . . j a v a n i c a  ( 2 1 1 . 8 4  t o  230.26  k g / h a / y e a r ) .

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

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

f e r t i l i z e r  a p p l i c a t i o n .  ' H o w e v e r ,  t h e s e  y i e l d s  w e re  n o t  

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

f e r t i l i z e r  a p p l i c a t i o n .

\



REFERENCES



V II. REFERENCES

A h l a w a t ,  M.r .  ,  S a i n j ,  S . S .  a n d  J i n d i a ,  J . R . ,  1 9 6 4 t
E f f e c t  o f  n i t r o g e n  on t h e  y i e l d s  o f  some e a r l y  
k h a r i f  f o d d e r s  g ro w n  a l o n e  o r  m ix e d  w i t h  l e g u m e s . 
J . R e a . P un.iab A g r i c . U n i v . , 1 :  1 0 6 - 1 1 0 .

A l l e n ,  O .N . a n d  A l l e n ,  E . K . , 1 9 3 9 »  R o o t  n o d u l e  b a c t e r i a  
o f  some t r o p i c a l  le g u m i n o u s  p l a n t s .  I I .  C r o s s  
i n o c u l a t i o n  t e s t s  w i t h i n  th e  c o w - p e a  g r  c u p .
S o i l  S o l . .  £ 7 ;  6 5 - 7 6 .

A l l e n *  G .H . a n d  C o w d ry ,  W .A .R . ,  1 9 6 1 ,  Y i e l d s  f r o m  i r r i g a t e d  
o p a s t u r e s  i n  t h e  B u r d e k i n .  M . A g r i c .  J . ,  8 7 :  2 0 7 - 2 1 3 ,

* A n a r a d e ,  J . M . S . ,  S o u z a ,  R .M . a n d  V i l l a c a ,  D . A . ,  1 9 7 0 ,
Some o b s e r v a t i o n s  on Q a lo p o g o n iu m  m u c o n o i d e s . 
S e i v a .  £ 0 :  1 0 3 - 1 0 7 .  |

A n d re w , C . S .  a n d  N o r r i s ,  D . O . ,  1 9 6 1 ,  C o m p a r a t i v e  r e s p o n s e  
t o  c a l c i u m  o f  f i v e  t r o p i c a l  a n d  f o u r  t e m p e r a t e  
p a s t u r e  le g u m e  s p e c i e s .  A u s t . J . A g r i c . R e s . . 1 2 :  
4 0 - 5 5 .  “

A n o n y m o u s 0 1 9 5 6 ,  B r i t i s h  G u i a n a .  A n n u a l  r e p o r t  o f  t h e  
D i r e c t o r  o f  A g r i c u l t u r e  f o r  t h e  y e a r ,  1 9 5 4 .
G e o r g e  to w n .

A n o n y m o u s , 1 9 5 7 »  M a n u a l o f  M i c r o b i o l o g i c a l  M e th o d s .
McGraw H i l l  Book C o . ,  New Y o r k ,  U . S . A .

B e r n a e r t s ,  M. a n d  d e L e y ,  J . ,  1 9 6 3 »  A b i o c h e m i c a l  t e s t  f o r  
c ro w n  g a l l  b a s t e r i a .  N a t u r e ,  1 9 7 :  4 0 6 - 4 0 7 .

B ew g , W . P . , K y n e v r ,  G.W. a n d  H a r t ,  I . B . ,  1 9 7 0 ,  B e e f
p r o d u c t i o n  f r o m  t r o p i c a l  l e g u m e - g r a s s  p a s t u r e s  
i n  t h e  c o a s t a l  r a n g e s  o f  S o u t h - E a s t e r n  Q u e e n s l a n d .  
P r o o .  A u s t . S o c . A n i m .  P r o d . ,  8 : 4 3 3 - 4 3 8 .



100

B i r c h ,

B i r c h ,

* B l e a k ,

B o w e n ,

B o w e n ,

B o w e n ,

B o w e n ,

B r u c e ,

*Bumpus

H . F . , 1 9 6 9 t E f f e c t  o f  le g u m e  on s o i l  n i t r o g e n  
m i n e r a l i s a t i o n  an d  p e r c e n t a g e  n i t r o g e n  i n  
g r a s s e s .  I n  " G l o b a l  i m p a c t s  o f  A p p l i e d  

' M i c r o b i o l o g y  I I  ( E d ) .  E . L .  G a r d e n ,  B i o t e c h n o l  
a n d  B i o e n g n g .  Sym p. H o . l .  I n t e r  S c i e n c e  P u b l .  
2 9 9 - 3 0 3 .

H . F ,  a n d  D o u g a l l ,  H .W .,  1 9 6 7 ,  E f f e c t  o f  a  le g u m e  
on s o i l  n i t r o g e n  m i n e r a l i z a t i o n  a n d  p e r c e n t a g e  
o f  n i t r o g e n  i n  g r a s s e s .  P l a n t  S o i l . .  2 7 : 2 9 2 - 2 9 6 .

A . J . , - 1 9 6 8 ,  G ro w th  a n d  y i e l d  o f  l e g u m e s  i n  m i x t u r e s  
w i t h  g r a s s e s  on a  m o u n t a i n  r a n e e .  J . R a n g e .M g m t . . 
21s- 2 5 9 - 6 1 .

G . D . , 1 9 5 6 ,  R e s p o n s e s  o f  t r o p i c a l  le g u m e s  t o  
i n o c u l a t i o n .  Q d . J . A g r i c . S o i . .  1 ^ :  6 1 - 6 2 .

G . D . , 1 9 5 P l a n t  b a c t e r i a l  f a c t o r s  i n  s y m b i o s i s  o f  
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5 7 3 - 5 7 8 .
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p a s t u r e  y i e l d s  o f  d r y  m a t t e r  a n d  n i t r o g e n  a t  
S a m f o r d ,  S o u t h  E a s t e r n '  A u s t r a l i a .  A u s t .  J . E x p t l . 
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pH on t h e  g r o w t h  a n d  p r o t e i n  c o n t e n t  o f  t r o p i c a l  
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c u t t i n g  on a  t r o p i c a l  g r a s s  le g u m e  p a s t u r e .
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n o d u l e  o f  l u c e r n e  ( M e d ic a g o  s a t i v a  L . ) A nn. B o t . , 

3 8 5 - 3 9 2 .
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S y d n e y , 1 9 5 8 .  p .  6 6 .

i



* W a l k e r ,  T 

W a l k e r ,  B

W a l s h ,  S .  

W a s h k o , J

W h i t e m a n ,

W h ite m a n , 

W h i t n e y ,

W h i t n e y , 

W h i t n e y ,

•W..» I 9 6 0 ,  Legumes a n d  h e r b a g e  p r o d u c t i o n  , 
’'C h e m i c a l  a s p e c t s ,  o f  t h e /  p r o d u c t i o n  a n d  u s e  
o f  g r a s s " . S o c . C h e m ,  I n d u s t r .  H o n o u r .  N o .9 .  
'89-97. "

107
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p e r f o r m a n c e  u n d e r - d i f f e r e n t  l e v e l s  o f  n i t r o g e n  
f e r t i l i z a t i o n  i n  H a w a i i .  A g r o n . J . ,  6 1 :  5 7 7 - 5 8 0 .
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