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A b s t r a c t  

The n a t u r a l  and m o d i f i e d  environments encountered  
b y  Rhizobium a r e  d iscussed w i t h  p a r t i c u l a r  a t t e n t i o n  t o  
the concept o f  c o m p e t i t i v e  a b i l i t y  and r e c o g n i t i o n  methods. 
D e f i n i t i o n  o f  t h e  need f o r  i n o c u l a t i o n  i s  d iscussed,  
some pertinent q u e s t i o n s  p u t ,  and t h e  r e l e v a n c e  o f  
l n o c u l a n t  q u a l i t y  emphasised. 



I h e  n a t u r a l  o n v i  ronment  -- 
Rhizobium is  a  s a p r o p h y t e  and  a f a c u l t a t i v e  aymbion t ,  

90 t h a t  t h e  r a n g e - o f  e n v i r o n m e ~ t s  e n c o u n t e r e d  i s  wide.  

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

i n t o  ( a )  t h e  s o i l  which i s  s u b j e c t  t o  a d e c l i n i n g  i n f l u e n c e  

c f  t h e  h o s t  c r o p  w i t h  time, a n d  c h a n g e s  i n  a s s o c i a t e d  micro- 

f l o r z ,  ( b )  t h e  r h i z o s p h e r e ,  where  t h e  q u a l i t a t i v e  d i v e r -  

s i t y  o f  t h e  m i c r o b i a l  p o p u l a t i o n  may b e  r e d u c e d  b u t  popu la -  

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

more d i r e c t  c o m p e t i t i o n  f o r  t h e  same m e t a b o l i t O 8  e x c r e t e d  

b y  t h e  r o o t  and  ( c )  t h e  s y m b i o t i c  e n v i r o n m e n t  which c o v e r s  

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

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

i n f l u e n c e s .  

The m o d i f i e d  e n v i r o n m e n t  

Rhizobium ae g s a p r o p h y t e  

Man can a f f e c t  t h e  e n v i r o n m e n t  i n  many ways e v e n  w i t h  

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

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

e t c .  wh ich  d i r e c t l y  i n f l u e n c e  t h e  p e r s i s t e n c e  o f  t h e  e x i a t -  

i n g  r h i z o b i a  a n d  t h e  associated s a p r o p h y t i c  e o i l  m ic ro -  

f l c r a .  I n  r e n y  r o i l 8  i t  i s  r e a e o n a b l e  t o  e x p e c t  s u r v i v a l  

and  p e r s i r r t a n c e  e x c e p t  i n ' d o l l s  s u b j e c t  t o  f l o o d i n g  where  

i t  may become a c r i t i c a l  i s e q e  (8 .9 .  paddy ,  Toomsan et el 1 

t h i 8  c o n f e r e n c e ) .  



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

r h i r o b i e  among t h e  v a r i o u s  s o i l  f r a c t i o n s  ( P a r k e r  - e t  
2 

a l ,  1 9 7 7 1 ,  We a r e  n o t  i n  a p o s i t i o n  t o  e x p l a i n  t h e  

r e o e o n e l  v a r i a t i o n s  f o u n d  i n  R h i z o b i u m  p o p u l a t i o n s  
3 

( 0 . 9 .  B r o c k w e l l ,  1963)  n o r  t h e  v a r i a b l e  v e r t i c a l  d i s t r i -  

b u t i o n s  found  w i t h  p i g e o n p e a  a n d  c h i c k p e a  a t  ICRISAT 

mar Rao a n d  R u p e l a  p e r s o n a l  c o m m u n i c a t i o n ) .  N o d u l e s  

con a l s o  be a b s e n t  a t  d e p t h s  w h e r e  r h i z o b i a  a r e  known 

t o  b e  p r e s e n t .  

The m o d i f i c a t i o n s  i m p o s e d  by man a r e  g e n e r a l l y  d u e  

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

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

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

f o r  r h i z o b i a  t h e r e  i s  d i v e r s i t y  o f  o p i n i o n  a s  t o  

whether t h e  s t i m u l a t i o n  i s  g r e a t e s t  f o r  t h e  r h i z o b i a  

i n f e c t i v e  on t h a t  1egume .Moreove r  e x c e p t i o n s  o c c u r  

rn  o n e  c a s e ,  t h e  p o p u l a t i o n s  on - R ,  t r i f o l i i  f o u n d  

a f t e r  sowing  i n t o  a R h i z o b i u m - f r e e  f i e l d  w i t h  a  

e j e  o f  h o s t s  were g r e a t e s t  w h e r e  t h e  r h i z o b i a  were 

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

( u n p u b l i s h e d  d a t a ) ,  I n  some e x t r e m e  c i r c u m s t a n c e s  

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

because R h i z o b i u m  d o e s  n o t  s u r v i v e  o n c e  t h e  r h i z o s p h e r e  

had d i s a p p e a r e d  ( t h e  s e c o n d  y e a r  m o r t a l i t y  p r o b l e m  i n  . . . 
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p r o c e d u r e  works  - i n  f a c t  t h e  preronce o f  noduler high 

on t h e  crown o f  some p l a n t s  ( "c rownn  nodulet ion)  often 

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

inocu lum.  .. 

A l t e r n a t i v e  i n o c u l a t i o n  m e t h o d s  a r e  neces8ery when 
r 

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

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

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

l i q u i d  a d h e s i v e .  The n o r m a l  c a r r i e r - b a s e d  i n o c u l a  c a n  

b e  s u c c e s s f u l l y  a p p l i e d  s e p a r a t e l y  f rom t h e  s e e d  a s  

8 s u g g e s t e d  by B o n n i e r  1960 . L i q u i d  s u s p e n s i o n s  a p p l i e d  

t o  s o i l  a r e  f a v o u r e d  i n  s i t u a t i o n s  where l a b o u r  f o r  

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

t o  c a r r y  and  d i s p e n s e  t h e  l i q u i d .  Da ta  b y  B r o c k w e l l  
9 e t  a 1  (1980)  showed t h a t  w h i l e  a l l  me thods  were  

I- 

s u c c e s s f u l  u n d e r  f a v o u r a b l e  c o n d i t i o n s ,  " l i q u i d "  a n d  

" s o l i d v  metf lods were  s u p e r i o r  t o  s e e d  i n o c u l a t i o n  

under  a d v e r s e  c o n d i t i o n s .  A n o t h e r  m o d i f i c a t i o n  t o  

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

i n o c u l a n t  (E. 1 mm d i a m )  which  h a s  s u f f i c i e n t  f l o w  
, 

c h a r a c t e r i s t i c s  a n d  i s  a p p l i e d  i n  s u f f i c i e n t  q u a n t i t y  

t o  be d i s t r i b u t e d  f rom a  s e p a r a t e  box on sowing  

mach ine ry .  



I n  a d d i t l o n  t o  c u l t i v a t i o n  e f f e c t s ,  t h e  envi ron-  

ment f l a y  a l s o  t c  modif ied by f e r t i l i z e r s .  I n  A u s t r a l i a n  

l o w - P  soils, when p a s t u r e  legumes a r e  commonly sown, 

superphospha te  is used and c o n t a c t  w i t h  t h e  a c i d i c  

fertilizer car) c e r t a i n l y  be ha rmfu l .  Often t h e  sails 

t h e m s e l v e s  a r e  a c i d i c  and l i m e  c o a t i n g  o f  seed  h a s  

been a popular  measure f o r  a d d i t i o n a l  p r o t e c t i o n .  

W i t h  a l l  t e c h n i q u e s  we hope t o  p r o v i d e  t h e  r h i z o -  

b i a  wi th  a c o m p e t i t i v e  advantage  o v e r  t h e  s o i l  popula- 

t i o n  by s u i t a b l e  placement and h i g h  numbers. 

Rhizobium - -  a s  a symbiont 

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

t h e  h o s t  w i t h  the b e s t  symbiont .  The s u i t a b l e  r h i z o b i a  

have been v a r i o u s l y  d e s c r i b e d  a s  v i r u l e n t ,  i n c u r s i v e  
10 

and  e f f e c t i v e  ( t h e  VIE s t r a i n s  o f  H a r r i s ,  1954) syrnbio- 
11 

tically competent ( o r o m f i e l d  and Ayanaba, 1980)  and 

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

h o s t  from a mixed p o p u l a t i o n  a re  d e s c r i b e d  a s  competi-  

t i v e .  We a r e  ea y e t  unable  t o  a s c r i b e  any i n t r i n s i c  

" c o m p e t i t i v e N  c h a r a c t e r  t o  ~ h i z o b i u m  i t s e l f  a l t h o u g h  

such c h a r a c t e r s  a8 b a c t s r i o c i n  product ion cou ld  be 

i nvo lved .  



i n h e r e n t  c h a r a c t e r  o f  Rh izob ium even w i t h  s i n g l e  s t r a i n  

i n o c u l a n t s .  

R e c o g n i t i o n  bnd i d e n t i f i c a t i o n  o f  r h i z o b i a  

Se ro logy  has r e c e i v e d  most c o n s i s t e n t  a t t e n t i o n  s i n c  

i t  was p o p u l a r i z e d  by V i n c e n t  (1941 1''. The o r i g i n a l  t e  

n i q u e  i n v o l v e d  s i m p l e  a g g l u t i n a t i o n .  I n  r e l a t i o n  t o  

o t h e r  t echn iques  i t  i s  s low,  l e s s  s e n s i t i v e  and i s  most 

easily conduc ted  w i t h  p u r e  c u l t u r e s  a l t h o u g h  squashes o f  

l a r g e r  n o d u l e s  such as t hose  o f  soybean a r e  r e a d i l y  

16 t e s t e d  (Means, Johnson end Date,  1964)  

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

t e s t  t o  e e t  up (Schwinghamer and Dudman, 1 9 8 0 1 ~ '  and 

a l l o w s  d i r e c t  compar ison o f  v a r i o u s  a n t i g e n s .  Squashes 

o f  l a r g e r  nodu les  can a l s o  be used. 

The f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e  can be used f o r  

i d e n t i f i c a t i o n  o f  a  v e r y  few c e l l s  and d i r e c t  o b s e r v a t i o n  

b f  squashes o f  v e r y  s m e l l  n o d u l e s  i s  p r a c t i c a b l e .  The 

t e c h n i q u s  was p o p u l a r i z e d  by T r i n i c k  (1969)". Con juga ted  

a n t i b o d i e s  a r e  s t a b l e  and can be  used  e c o n o m i c a l l y  

(Schinghamor and ~udrnsn ,  I 9 8 0 ) " .  B o h l o o l  and Schmidt  

( 1 9 7 0 ) ' ~  have s u c c ~ m f u l l y  a p p l i e d  t h e  t e c h n i q u e  d i r e c t 1  y 
I . .  

t o  soil suspens ions f o r  e x ~ i n a t i o n  o f  p o p u l a t i o n s  l i v i n g  

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

a n t i a e r u n  i e  e o e i e r  r ince  c o n j u g a t i o n  o f  each s t r a i n  

a n t i r e r u m  i e  no t  nocersary. 



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

i n o c u l a n t a .  

R o c o q n i t i o n  a n d  i d e n t i f i c a t i o n  o f  r h i z o b i a  

S e r o l o g y  h a s  r e c e i v e d  mos t  c o n s i s t e n t  a t t e n t i o n  s i n c  

i t  was p o p u l a r i z e d  by V i n c e n t  ( 1 9 4 1  ) I 5 .  The o r i g i n a l  t e  

n i q u e  i n v o l v e d  s i m p l e  a g g l u t i n a t i o n .  I n  r e l a t i o n  t o  

o t h e r  t e c h n i q u e s  i t  i s  s l o w ,  l e s s  s e n s i t i v e  a n d  i s  most  

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

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

1 6  t e s t e d  (Means ,  J o h n s o n  a n d  D a t e ,  1 9 6 4 )  . 
The i m m u n o d i f f u s i o n  t e s t  i s  t h e  s i m p l e s t  s e r o l o g i c a l  

t e s t  t o  s e t  up (Schwinghamer  a n d  Dudman, 1980) ' '  a n d  

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

o f  l a r g e r  n o d u l e s  c a n  a l s o  b e  u s e d .  

The f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e  c a n  be u s e d  f o r  

i d e n t i f i c a t i o n  o f  a v e r y  few c e l l s  a n d  d i r e c t  o b s e r v a t i o n  

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

t e c h n i q u e  wa. p o p u l e r i z e d  by T r i n i c k  (1969)". C o n j u g a t e d  

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

( S c h i n g h a a i c r  a n d  ~ u d m s n ,  1980)". B o h l o o l  a n d  S c h m i d t  

( 1 9 7 0 ) ' ~  h a v e  s u c c r a r f u l l y  a p p l i e d  t h e  t e c h n i q u e  d i r e c t l y  . . .  
t o  s o i l  s u s p e n s i o n s  f o r  e x y i n a t i o n  o f  p o p u l a t i o n s  l i v i n g  

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

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

antirerum i a  not  n a c o a a r r y .  



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

Rhizobium i s  t h a t  o f  enzyme- l inked  immunosorbent  assay 

(ELISA) wh i ch  i n v o l v e s ,  i n  d i r e c t  ( K i s h i n e v s k y  and Ba r -  
20 

Joseph, 1978)  and i n d i r e c t  ( B e r g e r  -, e t  - 9  a 1  1979 3' a p p l i -  

ca t ions,  b i n d i n g  o f  s p e c i f i c  enzyme- l i nked  a n t i b o d y  t o  

I t h e  a n t i g e n  w i t h  subsequen t  a d d i t i o n  o f  a  s u i t a b l e  

c o l o u r l e s s  s u b s t r a t e  f o r  t h e  enzyme,which t h e n  c o n v e r t s  

i t  t o  a  c o l o u r e d  p r o d u c t .  The t e s t  i s  e x t r e m e l y  s e n s i -  

t i v e  and i t  can be t o t a l l y  au tomated  and 1500 samples 

can be t e s t e d  i n  a day.  

A n t i b i o t i c  r e s i s t a n c e  has been u t i l i z e d  i n  two ways. 
22 

Some w o r k e r s  ( e g .  Obaton, 1971; Jones and B r o m f i e l d ,  
23 

1978) have used m u t a n t s  s e l e c t e d  a g a i n s t  h i g h  c o n c e n t r a -  

t i o n s  o f  a n t i b i o t i c s  ( g e n e r a l l y  between 150-500 ?g/ml)  

end r e c o v e r a b l e  i n  a n t i b i o t i c  medium. V i d o r  and M i l l e r  
25 

(1980 f4and  Bushby (1981)  have used t h e  t e c h n i q u e  / o r  

I r e c o g n i t i o n  o f  c u l t u r e s  from s o i l s  and r h i z o s p h e r e .  
26 

S r i v a s t a v a  e t  a 1  (1980)  a l s o  used m u t a n t s  r e s i s t a n t  t o  
-7 

c h l o r a t e ,  a z i d e ,  e r y t h r o m y c i n  and phage s e n s i t i v i t y .  

R e c e n t l y  Beynon and Josey4 (1980 f7 have made use  o f  

i n h e r e n t  r e e i s t a n c e  t o  a n t i b i o t i c s  a t  l o w  l e v e l s  (0 .9.  

1 and 10 p g / m l ) .  A 8  w e l l  a8 d i f f e r e n t i a t i o n  o f  t h e  

i n o c u l a n t  s t r a i n s ,  t h e  t e c h n i q u e  a'lso separa  t e a  members 

o f  unknown p o p u l a t i o n .  They found  54 d i f f e r e n t  



r e s i s t a n c e  p a t t e r n s  i n  o n e  f i e l d  o f  P h a s e o l u a  v u l q a r i s .  

U n f o r t u n a t e l y  s u b s e q u e n t  u s e  o f  t h e  t e c h n i q u e  f o r  exami -  

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

l C R I S A T  I ~ d b c  n o t  b e e n  r e w a r d i n g  ( S t e i n  a n d  B r o m f i e l d ,  

p e r s o ~ ~ a l  cor t tn iun ica t ion) .  O t h e r  m e t h o d s  s u c h  a 8  e l e c t r o -  
28 

p h o r o s i s  ( N o e l  and B r i l l ,  1980) h a v e  a l s o  p r o v e d  s u c c e s s -  

f u l  a l t l , o u y t ~  t h e y  may  b e  l e s s  p r a c t i c a l  t h a n  a e r o l o g i -  

i:il t e s t s .  

file n e e d  t o r  i n o c u l a t i o n .  

To sow a legurr~e i n  a new e n v i r o n m e n t  we m u s t  ask: 

1 )  w i l l  t h e  l e g u m e s  n o d u l a t e  n a t u r a l l y  ? 

2 )  i s  t h e  n o d u l a t i o n  opt imum f o r  t h e  p a r t i c u l a r  

s i t u a t i o n  ? 

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

i n t r o d u c e d  s t r a i n s  ? 

A f e w  a u t h o r s  h a v e  a d d r e s s e d  t h i s  q u e a t i o n ' b y  d e s i g n -  

i n g  s t a n d a r d  e x p e r i m e n t s  f o r  use i n  a r ange  o f  e n v i r o n -  
29 30 

l nen t s  ( e . 9 .  Nutmen, 1976;  D a t e ,  1977;  Date a n d  H a l l i d a y ,  
3 1 32 

1 9 8 0 ) .  The t r e a t m e n t s  i n  t h e  NifTAL P r o j e c t  (1979 )  

i n c l u d e  i n o c u l a t e d ,  u n i n o c u l a t e d  a n d  N t r e a t m e n t 8  w i t h  

" a d e q u a t e "  and  " f a r m e r e  l e v e l w  f e r t i l i z e r s .  S u c h  s t u d i e s  

o n l y  r e q u i r e  a Rh izob ium i n o c u l a n t - k n o w n  t o  b e  e f f e c t i v e  

on t h e  h o s t ,  

I t  i s  e u r p r i s i n g  how r a r e l y  such approaches a r e  adop-  

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



dea l rab ls  p rocedure  and t h e r e f o r e  i s  a lways  j u s t i f i e d .  

I n  advocat ing use o f  such s i m p l e  e x p e r i m e n t a t i o n  l e t  u s  

not over look  t h o  need f o r  a d d i t i o n a l  u s e f u l  t e s t a  e.g. 

m aclt imate o f  t h e  number o f  r h i z o b i a  i n  t h e  n a t u r a l  

r o i l  and s s r o l o g i c a l  i d e n t i f i c a t i o n .  

a Ahmad -- s t  a1  (1981?3examined 4 s i t e s  w i t h  l ow  s o i l  N 

lave18 i n  N i g e r i a  by  sowing a wide range o f  cowpea germ- 

plram w i t h o u t  i n o c u l a t i o n ,  i n  t h e  p resence  and absence o f  

IJ, Thei r  o b j e c t i v e  was t o  examine t h e  d i v e r s i t y  o f  

Rhizobium s t r a i n s  n a t u r a l l y  p r e s e n t .  The exper iment  p r o v i -  

dad o bae ic  c o l l e c t i o n  o f  Rhizobium f o r  exam ina t i on  b u t  

r h i l e  e l l o w i n g  some judgement o f  t h e  need f o r  i n o c u l a t i o n  

d id  no t  p r o v i d e  a s u i t a b l e  c o n t r o l  t r ea tmen t .  

The d i f f i c u l t y  o f  i n t e r p r e t a t i o n  o f  i n c o n ~ p l e t e  s t u d i e s  

i e  i l l u s t r a t e d  ,in some o f  ou r  own s t u d i e s  f rom I C R I S A T  i n  

(901. We p r o v i d e d  i n o c u l a t e d  and u n i n o c u l a t e d  seeds o f  

pigsonpea t o  farmers  who sowed them i n  a l t e r n a t i n g  

b e k ~ .  I n  one f i e l d  o f  6 we found a s i g n i f i c a n t  response 

i n  n o d u l a t i o n  a t  35 days. However g row th  o f  some c rops  

l r 8 r e l a t i v e l y  p o o r , o v e r a l l  - w i t h o u t  an N t r e a t m e n t  and 

without a f u l l  n u t r i e n t  t r ea tmen te  we cannot  s u c c e s s f u l l y  

,anewer t h e  q u e s t i o n s  r a i s e d .  Obse rva t i ons  w i t h o u t  e x p e r i -  

ran ta t ion  such a8 i n  f i e l d  su rveys  ' o r  ' n o d u l a t i o n  have 

l i r i t a t i ~ n s .  Lack o f  n o d u l e t i o n  does 'not n e c e s s a r i l y  

man t h a t  a response t o  i n o c u l a t i o n  w i l l  occur ,  b u t  we 

or0 tamptad t o  axpec t  t h a t  i t  w i l l .  



Conclusions 

There i a  a r i s k  of overemphasis on particular aspect8 of 

Rtrizobium studius, while so many ecological questions remain 

unanswered. Two aspects readily spring t o  mind, (a) s t ra in  colle- 

ction and (b) f ie ld strain testing. Both ac t iv i t ies ,  so esserr- 

t i a l  to  making a f u l l  use of our opportunities, c m  readily 

become end8 in themselves, and can t i e  up resources and time 

which can be used more effectively in  studying the f ie ld  situa- 

tion. Let u s  think seriously about informed selection of 

test  s i t e s ,  about the suitable reallocation of resources often 

available within other parts of our om insti tutions.  Finally 

many inportant questions remain unanswered. 

1) do f a m r s  really nsed to  inoculate ? 

2)  are soil populations of rhizobia adequate for new 
varieties ? 

3) cb we have rel iable  inocula when required 3 

4) are  the inoculent strains c h o m  for  desirable a t t r i -  

butso 8.g. nwaputi t ive ab i l i tyn  measured i n  relevant 

5) Q we really have Rhizobiwn host x s t r a in  interactions ? 

6 )  why do wa find yield ~ ~ B P O C ) ~  to s t r a ins  ierolated from 

local m v i n n m t a  ? Are t h y  inherently more suited to  
tho avironaent  3 . . .  

7) Are ~~#)cb~rch station data relwant ,to the famiera' f ie lds  3 

8) Mut a n  ttw, nlativa mt snd Rhizcbium rsqrrire#nts in  

r t m  oitwUan8 conm in India 6.9. maline. d l ,  Zn & 

Fo doticiamy 3 

9) *& &k **.LEY -8 r * & - - - A A - -  * -  . .. .- - - 



We need s c i e n t i f i c  answers t o  microbiological  questions. 

The qua l i ty  of inoculants:  I have lef t  t h e  d i scuss ion .of  t h e  bas ic  

l w u t  i n  inoculat ion u n t i l  last  - viz .  the inoculant  i tself .  Unless 

we use end e s t a b l i s h  an inoculant  with adequate rhizobia  of  t he  

r ight  type we a r e  wasting our time and resources. 

The d e f i n i t i o n  o f  Rhizobium is t h a t  it nodulates a re levant  

legume. In t h i s  e r a  of  microbial  gene t ics  we have many va r i an t s  

including non-infective mutants but f o r  t h e  appl ied worker nodu- 

letion is the  c r i t e r i o n .  There a r e  many gram negative rods i n  

nature and the re  a r e  many b a c t e r i a l  contaminants which look l i k e  

Rhizobium - a r e  they ? The h i s to ry  of inoculant  manufacture and 

o f  many s t r a i n  c o l l e c t i o n s  is f u l l  of  examples of organismewhich 

look l i k e  rhizobia  and a r e  not  ! They helped t o  cont r ibu te  t o  t he  

problems which placed the  inoculant  industry  of Austral ia  i n  p e r i l  

in  the  ear ly  50's. Many inocula of poor q u a l i t y  were being so ld  

and the l o s se s  of sowings of new legumes i n t o  poor s o i l s  were 

enormous. 

The subsequent recovery of the Austral ia  Inoculant industry  
34 

(see Date, 1969) and t h e  reason f o r  its high standing today, was 

due to appl ica t ion  of  sound microbiological  techniques fo r  evalu- 

ation of t h e  inocula  during and a f t e r  production, and the  accept- 

ance by manufacturers o f  r e j ec t ion  of poor batches. The cont ro l  
. . . 

measures remain time-consuming (p l an t  d i l u t i o n  counts requi re  a t  

l e a s t  3 weeks a f t e r  test f o r  a r e l i a b l e  answer) and requi re  some 

capital investment ( f o r  growth of  p l en t e  i n  cont ro l led  condi t ions)  

end euccer~s of the qual i ty  cont ro l  procesa requiree absolute  



t i jctu~ical or munetary cornrnitraent by an involved individual. 

The Indian inoculant industry is i n  many ways where the Austra- 

l i a n  industry was i n  the 50's. We have examined local Indian inocula 

Worn many sources. Irrespective o f  private or public inetitution , 
origin the majority f a i l  to pass the published standards of UM 

Indian Standards Institution (1977)~' when the t u b e r  of rhizobia are 

estimated by the plant dilution infection count. Can we ensure that . 
the Indian industry capitalizes on the bm raistaketa and recovers 

in time ? How many manufacturers have calculated the inoculm provi- 

ded per seed by lo6  rhizobia/gram when the IS1 (1977) standard 
0 requires 10 /gram carrier 7 

Let  us heed the t i t l e  of a recent paper by Scudder (1978) 
36 

"Dead bacteria f i x  no NN. 
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The data presented here confirm tho= af that N Wtt m y  rrocrorr: 
to a cereal by intercropping with a grain tegum. Thia phomsaon it 
significant to agricultural productivity only where levels of available W ue 
low-a condition that often affects farmers in the tropics. 
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