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NITROGEN FIXATION BY GROUNDNUT 
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ROTATIONAL SYSTEMS 
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and R . W . Willey1 

Summary 

T h i s p a p e r e x a m i n e s t h e 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 o f 

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

mi l le t , ma i ze o r s o r g h u m . I n a l l ca ses , a s s o c i a t i o n o f g r o u n d n u t 

w i th a cerea l r e su l t ed in r e d u c e d 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 . 

T h i s w a s a sc r ibed t o s h a d i n g o f t h e g r o u n d n u t , l e a d i n g t o r e d u c e d 

p h o t o s y n t h e s i s . W h e n g r a i n mi l l e t w a s p l a n t e d i n r o t a t i o n w i t h 

g r o u n d n u t o r m a i z e s u p p l i e d 2 0 k g N / h a , y ie ld f o l l o w i n g 

g r o u n d n u t w e r e 5 2 4 k g / h a g r e a t e r t h a n o b t a i n e d i n t h e 

m i l l e t / m a i z e r o t a t i o n . 

INTRODUCTION 

L e g u m e s p l ay a key ro le in m a n y r o t a t i o n a l a n d i n t e r c r o p p i n g sys t ems . In 

r o t a t i ons p a r t o f t h e n i t r o g e n ( N 2 ) f ixed b y t h e l e g u m e c a n b e c o m e ava i l ab l e 

t o s u b s e q u e n t c rops ; i n i n t e r c r o p p i n g s y s t e m s , espec ia l ly u n d e r s m a l l f a r m 

c o n d i t i o n s , t h e abi l i ty o f t h e l e g u m e to g r o w w i t h o u t N fe r t i l i za t ion p e r m i t s 

be t te r a l loca t ion o f l imi ted r e sources , a n d l o w e r s r i sk o f t o t a l c r o p fa i lure . 

Surpr i s ing ly , t h e r e a r e few s tud ies o f t h e effects o f i n t e r c r o p p i n g on 

n o d u l a t i o n a n d N 2 f i xa t ion i n l e g u m e s . I n t e r p l a n t c o m p e t i t i o n h a s b e e n 

s h o w n to inf luence n o d u l e func t ion in Phaseolus vulgaris ( G r a h a m & R o s a s , 

1978a), Trifolium subterraneum (Ph i l l ips & B e n n e t t , 1978) a n d Vicia faba 

( S p r e n t & Brad fo rd , 1977). In te r spec ies c o m p e t i o n b e t w e e n m a i z e a n d b e a n s 

did n o t affect t h e n o d u l a t i o n a n d N 2 f ixa t ion o f a c l i m b i n g cu l t i va r o f 

Phaseolus vulgaris ( G r a h a m & R o s a s , 1978b) , wh i l e in a s o y b e a n / s o r g h u m 

i n t e r c r o p , N 2 f i xa t ion b y the s o y b e a n w a s m a r k e d l y affected b y a s s o c i a t i o n 

with tall, but not with dwarf, sorghum varieties (Wahua & Miller, 1978). 

___________ 
1 CP No. 61 , ICRISAT, Patancheru P.O., Andra Pradesh 502 324, India. 
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G r o u n d n u t ( A r a c h i s hypogaea L.) i s g r o w n in s e m i a r i d t r o p i c a l r eg i o n s , 

bo th a s an i n t e r c r o p a n d in r o t a t i o n s . In this p a p e r we e x a m i n e s o m e effects o f 

c r o p p i n g p a t t e r n o n N 2 f ixa t ion i n g r o u n d n u t a n d s u b s e q u e n t c r o p y ie ld . 

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

I n the t h r e e i n t e r c r o p p i n g e x p e r i m e n t s r e p o r t e d h e r e , w e c o m p a r e t h e 

n o d u l a t i o n a n d N 2 f i xa t ion o f g r o u n d n u t w h e n g r o w n i n m o n o c u l t u r e , a n d : 

W h e n assoc ia ted wi th ma ize a t f o u r d i f ferent levels o f a p p l i e d N; 

W h e n assoc ia ted w i t h s o r g h u m p a r t i a l l y de fo l i a t ed t o s i m u l a t e 

different degrees o f c o m p e t i t i o n f o r l ight ; a n d 

W h e n assoc ia ted wi th p e a r l mil let . 

I n each case , the cereal a n d g r o u n d n u t were g r o w n i n s e p a r a t e r o w s , w i t h 

o p t i m u m sole c r o p p l a n t - t o - p l a n t spac ings , u s ing r a t i o s o f 1 r o w mil le t :3 r o w s 

g r o u n d n u t ; 1 r o w s o r g h u m : 2 rows g r o u n d n u t ; a n d 1 r o w m a i z e : 2 r o w s 

g r o u n d n u t . Bo th c rops were s o w n a t t h e s a m e t i m e , a n d received 

r e c o m m e n d e d fer t i l izat ion, save for N . T h e s o r g h u m / g r o u n d n u t ex -

p e r i m e n t s were c o n d u c t e d d u r i n g the pos t - r a iny s e a s o n ; the o t h e r s d u r i n g t h e 

ra iny season . 

In the e x p e r i m e n t wi th m a i z e , 0 , 50, 100, 150 kg N / h a w a s a p p l i e d to t h e 

m a i z e a t p l a n t i n g , while in t h e e x p e r i m e n t w i t h s o r g h u m , a r a n g e o f 

g r o u n d n u t cu l t iva r s w e r e tes ted a n d in hal f t h e t r e a t m e n t s a l t e r n a t e leaves o f 

t h e s o r g h u m were defo l ia ted t o e n h a n c e l igh t p e n e t r a t i o n . I n a l l e x p e r i m e n t s 

n o d u l a t i o n a n d N 2 f ixa t ion were m e a s u r e d t h r o u g h o u t the g r o w i n g s e a s o n . 

T w o e x p e r i m e n t s t o d e t e r m i n e t h e benefi t f r o m g r o u n d n u t t o s u b s e q u e n t 

c rops were a l so ca r r i ed o u t . T h e first c o m p a r e d t h e yie ld o f g r a i n mi l l e t g r o w n 

after g r o u n d n u t , unfer t i l ized maize , o r maize supp l i ed 2 0 k g N / h a ; t h e 

second , a l so wi th g ra in mil le t , c o m p a r e d yield a f te r g r o u n d n u t , mi l le t , o r 

fal low. 

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

I n all t h r e e c r o p c o m b i n a t i o n s s tud ied , i n t e r c r o p p i n g r e d u c e d n o d u l a t i o n 

a n d N 2 f i xa t ion b y t h e g r o u n d n u t . W i t h mil let t h i s i n h i b i t i o n o c c u r r e d b o t h 

wi th a n d w i t h o u t a p p l i e d fert i l izer N (see F i g u r e s 1 & 2) . In the m a i z e 

e x p e r i m e n t N fer t i l izat ion o f t h e ma ize fu r the r r e d u c e d n o d u l a t i o n a n d N 2 

f ixa t ion by t h e g r o u n d n u t (see T a b l e 1). H o w e v e r , n o d u l e f o r m a t i o n w a s less 

affected t h a n n o d u l e we igh t o r n i t r o g e n a s e ac t iv i ty , p r e s u m a b l y b e c a u s e 

mos t n o d u l e s were f o r m e d before the ce rea l p r o v i d e d a n y s u b s t a n t i a l 

c o m p e t i t i o n for light. T h e r e d u c t i o n in n i t r o g e n a s e ac t iv i ty w a s m o s t c lose ly 

re la ted t o the r e d u c t i o n i n n o d u l e weight , wi th a n 8 0 % r e d u c t i o n i n ac t iv i ty a t 

t h e h ighes t N ferti l izer level (150 kg N / h a ) . F i n a l yield p e r p l a n t w a s a l so 

d e c r e a s e d a t t h e h igh N levels. O u r resul t s sugges t t h a t N fer t i l izer effects a r e 



6 4 9 

F i g u r e 1. 

N i t r o g e n a s e ac t iv i ty o f 

g r o u n d n u t i n m o n o c u l t u r e 

a n d i n t e r c r o p p e d wi th 

mi l l e t . 

F i g u r e 2 . 

Effect o f i n t e r c r o p p i n g w i t h 

mi l l e t on n i t r o g e n a s e ac t iv i -

t y o f g r o u n d n u t . 

n o t di rect ly o n l e g u m e f ixat ion, bu t r a t h e r d u e t o t h e d e c r e a s e i n a v a i l a b l e 

l ight resu l t ing f rom m o r e v igo rous g r o w t h o f t h e ce rea l . 

Dec rea s ing t h e c o m p e t i t i o n for l ight b y t h e s o r g h u m b y r e m o v i n g a l t e r n a t e 

leaves inc reased t h e N 2 f ixa t ion b y t h e i n t e r c r o p p e d g r o u n d n u t (see T a b l e 2 ) . 

T h e r e was little difference be tween g r o u n d n u t cu l t i va r s i n th i s r e s p o n s e . E v e n 

t h e s o r g h u m wi th 5 0 % of its leaves r e m o v e d p r o v i d e d a s u b s t a n t i a l 

c o m p e t i t i o n for t h e g r o u n d n u t , a n d n o d u l e n u m b e r a n d n i t r o g e n a s e ac t iv i ty 

p e r p l a n t were b o t h subs t an t i a l ly less t h a n for t h e sole c r o p . T o p w e i g h t p e r 

p l a n t was a l so d e c r e a s e d i n t h e i n t e r c r o p p e d g r o u n d n u t . 

In the r o t a t i o n e x p e r i m e n t s , g ra in mi l le t g r o w n in t h e i r r i g a t e d p o s t - r a i n y 

s e a s o n y ie lded 4 5 % m o r e fol lowing t h e g r o u n d n u t c u l t i v a r R o b u t 33-1 t h a n 

w h e n ma ize w a s t h e p r e c e d i n g c r o p (see T a b l e 3) . H o w e v e r , in a s e c o n d 

e x p e r i m e n t , w h e r e g r a i n millet was g r o w n fo l l owing g r o u n d n u t , mi l l e t , o r 

fa l low, t h e r e w a s n o a p p a r e n t yield benef i t . 

O n e of the ear l ies t recognized a d v a n t a g e s of a l e g u m e c r o p w a s t h e r e s idua l 

benefi t for a s u b s e q u e n t c r o p . I t ha s b e e n s u g g e s t e d t h a t s o m e l e g u m e s excre te 
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TABLE 1: Nodulat ion and N 2 fixation of g r o u n d n u t in sole cul ture and i n t e r -

cropped with maize. 

Trea tment 

Sole g roundnut 

Intercropped g r o u n d n u t 

N added to maize 

(kg/h) 

0 

5 0 

100 

150 

SEM ± 

Nodule 

number/ 

plant 

171 

165 

160 

1 5 0 . 

134 

6.3 

Nodule 

weight 

(mg/ 

p l a n t ) 

124 

117 

9 4 

78 

65 

11.0 

Nitrogenase 

activity 

(μmoles 

C 2 H 4 / p l a n t 

per h) 

21.3 

20.1 

9.4 

7.0 

3.5 

1.92 

Light 

reaching 

g r o u n d n u t 

c a n o p y 

( % ) 

100 

67 

5 4 

43 

46 

s o m e o f t h e N 2 f ixed i n t o t h e soi l d u r i n g t h e g r o w t h o f t h e c r o p , b u t p r e s e n t 

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

a n d likely to be of little benefit to an i n t e r c r o p ( H e n z e l l & Vallis, 1977). T h e 

m a i n r e s i d u a l effect of a l e g u m e will d e p e n d on t h e p r o p o r t i o n of N r e t a i n e d in 

n o n h a r v e s t e d res idues a n d t h e i r r a t e o f m i n e r a l i z a t i o n . C l e a r l y , t h e p l a n t i n g 

o f g r o u n d n u t s i n a s s o c i a t i o n w i t h cereals c o u l d l i m i t t h e r a t e o f N 2 f i x a t i o n b y 

t h e l e g u m e , a n d t h u s t h e benefits for s u b s e q u e n t c r o p s . I n a n a t t e m p t t o 

a l leviate this , w e a r e e x a m i n i n g dif ferent g r o u n d n u t a n d c e r e a l g e n o t y p e s for 

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

l ight intens i t ies , a n d s o a b l e t o m a i n t a i n h i g h levels o f N 2 f i x a t i o n i n t h e 

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

l ight p e n e t r a t i o n . A d j u s t i n g s e a s o n d u r a t i o n s a n d s o w i n g t i m e s o f t h e t w o 

c r o p s , re la t ive t o e a c h o t h e r , a l s o offers s o m e s c o p e for i n c r e a s i n g f i x a t i o n b y 

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

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