


Abstract

Jha, D., and Sarin, R. 1984. Fertilizer use in semi-arid 

tropical India. Research Bulletin no.9. Patancheru, A.P.

502 324, India: International Crops Research Institute for

the Semi-Arid Tropics.

Research over the last decade has shown that fertilizer

can increase productivity of most dryland crops in India's

semi-arid tropics (SAT). District and farm data were

employed to analyze levels and determinants of fertilizer

use within and across regions in this area.

Profitability of fertilizer application and assurance of

response were the major forces motivating fertilizer use in

the Indian SAT. Average fertilizer consumption was 57

kg/ha in the irrigated and 18 kg/ha in the nonirrigated SAT

districts. Farmers owning irrigated and dryland plots

accorded priority to higher-response crops in allocating

their scarce irrigation and cash resources. A majority of

farmers used fertilizer on nonirrigated cereal high-

yielding varieties, and more than 80% of them growing

sorghum and pearl millet hybrids under dryland condi­

tions in the major producing districts applied fertilizer to

these crops. This suggests that it is unresponsiveness of

traditional crop varieties to fertilizer application—not

their low value—that inhibits fertilizer adoption.

Knowledge, represented by farmers' experience with

fertilizer and education, was the most significant determi­

nant in explaining the variation in fertilizer use among

farmers within the same region. Relatively few farmers

knew about specific fertilizer recommendations for dry­

land crops. Research and extension efforts are crucial for

generating and diffusing more and better-quality infor­

mation on fertilizer use on dryland crops in India's SAT.
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Introduction

F e r t i l i z e r use i n I n d i a n a g r i c u l t u r e i s r e l a t i v e l y r e c e n t . P r i o r t o t h e 1940s,
i t was n e g l i g i b l e and c o n f i n e d to commerc ia l c r o p s . The i m p e r a t i v e need to
i n c r e a s e food p r o d u c t i o n r a p i d l y , f i r s t r e a l i z e d i n t h e Grow More Pood Campaign
days (1942) and p e r s i s t i n g t h r o u g h the f o l l o w i n g y e a r s , l e d t o a c t i v e s t a t e
i n t e r v e n t i o n and gave a boost to programs f o r e x t e n s i o n o f f e r t i l i z e r use on
food c r o p s . However, i n 1965-66 , d e s p i t e n e a r l y two decades ' e f f o r t , t h e
average l e v e l o f f e r t i l i z e r ( t o t a l p l a n t n u t r i e n t s ) use s tood w e l l below 5 kg /ha
o f cropped a r e a .

The "new s t r a t e g y f o r a g r i c u l t u r a l deve lopmen t , " i n i t i a t e d i n t he
mid -1960s , had h i g h - y i e l d i n g v a r i e t i e s (HYV)* and f e r t i l i z e r s as i t s key
components. I t env isaged massive i m p o r t s as w e l l as expans ion o f domest ic
f e r t i l i z e r - p r o d u c t i o n c a p a c i t y . I n t h e yea rs t h a t f o l l o w e d , d e s p i t e a s p e l l o f
s t a g n a t i o n i n t he e a r l y 1970s and the p r i c e h i k e i n 1974, t he average
consumpt ion o f f e r t i l i z e r s (NPK) per h e c t a r e o f cropped area rose s u b s t a n t i a l l y ,
and c u r r e n t l y (1978-79) s tands at about 30 k g / h a . Moreover , food c rops now
c l a i m a s i g n i f i c a n t share o f t o t a l f e r t i l i z e r s used i n t h e c o u n t r y .

The green r e v o l u t i o n and i t s e q u a l i z i n g impact focused a t t e n t i o n on the
s p a t i a l and c rop base o f f e r t i l i z e r use i n t he c o u n t r y . An a n a l y s i s c o v e r i n g
286 d i s t r i c t s (Desai and S ingh 1973) showed t h a t more t h a n 80% of n i t r o g e n and
phosphorus was consumed i n l e s s than o n e - t h i r d o f those d i s t r i c t s i n 1968-69 ,
most o f which had w e l l - d e v e l o p e d i r r i g a t i o n r e s o u r c e s . A t t he o t h e r ex t r eme ,
over 50% o f t he d i s t r i c t s consumed o n l y 10% o f t he t o t a l f e r t i l i z e r u s e d .

A number o f s t u d i e s (Desai and Singh 1973, Desai e t a l . 1973, Desai 1969,
and NCAER 1974) showed t h a t i r r i g a t e d c rops ove rwhe lm ing l y dominated f e r t i l i z e r
consumpt ion . There was a l s o ev idence t h a t , among n o n i r r i g a t e d c r o p s , o n l y some
commerc ia l c rops such as c o t t o n , t o b a c c o , c h i l l i e s , and groundnut r e c e i v e some
f e r t i l i z e r . The recen t NCAER ( N a t i o n a l C o u n c i l o f A p p l i e d Economic Research)
survey (NCAER 1978) r e v e a l e d t h a t among n o n i r r i g a t e d food c r o p s , o n l y t he HYV of
sorghum and m i l l e t s — i n areas where they have adapted w e l l — a r e f e r t i l i z e d , but
t he major f r a c t i o n o f r a i n f e d f o o d - c r o p area goes l a r g e l y u n f e r t i l i z e d .

These f a c t s and o t h e r ev idence on g row ing d i s p a r i t i e s between i r r i g a t e d and
n o n i r r i g a t e d areas h i g h l i g h t e d t h e u rgen t need t o d i r e c t deve lopmenta l and
resea rch e f f o r t s t o d r y areas and n o n i r r i g a t e d c r o p p i n g sys tems. A c c o r d i n g l y ,
t he e a r l y 1970s w i t n e s s e d a s u b s t a n t i a l s t r e n g t h e n i n g o f r esea rch on d r y l a n d
a g r i c u l t u r e , i n i t i a t i o n o f s p e c i a l programs f o r d r o u g h t - p r o n e a r e a s , and l a r g e r
a l l o c a t i o n o f deve lopmenta l resources f o r such a r e a s .

Nea r l y t w o - t h i r d s o f I n d i a ' s cropped l a n d f a l l s i n t h e s e m i - a r i d zone, o f
wh ich l e s s than o n e - t h i r d has w e l l - d e v e l o p e d i r r i g a t i o n r e s o u r c e s .

1
 The l a t t e r ,

spread over t he n o r t h e r n I ndo -Gange t i c p l a i n s and t h e c o a s t a l areas o f Tami l
Nadu and Andhra P radesh , fo rm t h e h e a r t l a n d o f t he green r e v o l u t i o n , w i t h h i g h
i n t e n s i t i e s o f f e r t i l i z e r use (Desai and Singh 1973 ) . The n o n i r r i g a t e d
s e m i - a r i d t r o p i c s (SAT) cover n e a r l y 42% of I n d i a ' s cropped area and 65% of t h a t
in t he I n d i a n SAT. These a re spread m a i n l y over Madhya Pradesh , Maha rash t ra ,
G u j a r a t , e a s t e r n R a j a s t h a n , c e n t r a l Andhra Pradesh , and Ka rna taka . T h i s v a s t
r e g i o n , c h a r a c t e r i z e d by low o u t p u t and h i g h l y u n s t a b l e a g r i c u l t u r a l systems
s u p p o r t i n g f a i r l y h i g h p o p u l a t i o n d e n s i t i e s (Bapna e t a l . 1 9 7 9 ) , poses the

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

i n c l u d e b o t h h y b r i d s and v a r i e t i e s o f s e l f - and c r o s s - p o l l i n a t e d c r o p s ,

d e v e l o p e d a s i m p r o v e d c u l t i v a r s f o r f a r m e r s
1
 u s e i n t h e s e m i - a r i d t r o p i c s .

1 . See C h a p t e r I .

1



g r e a t e s t c h a l l e n g e . U n t i l r e c e n t l y , these were l ooked upon as p rob lem areas
r e q u i r i n g r e l i e f and p r o t e c t i o n r a t h e r t h a n as a reas capab le o f making a 
p o s i t i v e c o n t r i b u t i o n t o I n d i a ' s a g r i c u l t u r a l g r o w t h .

Research over t he l a s t decade has r e v e a l e d t h a t t h e p r o d u c t i v i t y o f most
d r y l a n d c rops c o u l d b e r a i s e d s i g n i f i c a n t l y t h r o u g h improved s o i l and water
management, a p p r o p r i a t e f e r t i l i z a t i o n and agronomic a d j u s t m e n t s , and s u p e r i o r
v a r i e t i e s .

2
 E f f i c i e n t s o i l f e r t i l i t y and m o i s t u r e management, coup led w i t h

a p p r o p r i a t e v a r i e t a l c h o i c e have been i d e n t i f i e d a s t he key f a c t o r s . S u c c e s s f u l
t r a n s f e r o f these improved t e c h n o l o g i e s r e q u i r e s a c l e a r u n d e r s t a n d i n g o f
e x i s t i n g d r y l a n d f a r m i n g sys tems , f a rme rs ' response t o i n n o v a t i o n s , and
t e c h n o l o g i c a l and soc ioeconomic f a c t o r s i n h i b i t i n g t h e a d o p t i o n and d i f f u s i o n
p r o c e s s .

T h i s monograph r e p o r t s t h e r e s u l t s o f a p r o j e c t on f e r t i l i z e r use i n
s e m i - a r i d t r o p i c a l I n d i a . A s i n d i c a t e d above , f e r t i l i z e r c o n s t i t u t e s a n
i m p o r t a n t component o f t h e p r o s p e c t i v e t e c h n o l o g i e s f o r development o f SAT
a g r i c u l t u r e . Most pas t s t u d i e s on f e r t i l i z e r use have focused on i r r i g a t e d
areas and c rops perhaps because, t r a d i t i o n a l l y , f e r t i l i z e r s have been used v e r y
l i t t l e f o r n o n i r r i g a t e d c r o p s . There i s some ev idence t o show t h a t t h i s p a t t e r n
i s chang ing and t h a t some f e r t i l i z e r s a re be ing used f o r n o n i r r i g a t e d c rops
(o the r t han h i g h - v a l u e commerc ia l c r o p s ) . I t i s i m p o r t a n t t o e v a l u a t e these
changes t o assess t he t e c h n o l o g i c a l p o s s i b i l i t i e s i n s e m i - a r i d a g r i c u l t u r e . We
a l s o need to unde rs tand what f a c t o r s de te rm ine SAT f a rme rs ' d e c i s i o n s on
f e r t i l i z e r use . These i s s u e s a re i n v e s t i g a t e d i n t h i s r e p o r t .

A t t e n t i o n i s a l s o focused o n t h e use o f f e r t i l i z e r s f o r h i g h - y i e l d i n g
v a r i e t i e s o f sorghum and p e a r l m i l l e t — t h e major c e r e a l s grown on d r y l a n d s i n
SAT I n d i a . H i g h - y i e l d i n g v a r i e t i e s f o rm t h e most i m p o r t a n t component o f t h e
s t r a t e g y t o improve food p r o d u c t i o n i n these a r e a s . The spread o f these
v a r i e t i e s has been low and s e l e c t i v e because o f s e v e r a l t e c h n o l o g i c a l and
soc ioeconomic f a c t o r s . However, these a re o u t s i d e t he scope o f t h i s e n q u i r y
wh ich seeks t o p r o v i d e i n f o r m a t i o n o n t h e e x t e n t and l e v e l o f f e r t i l i z e r use
observed o n f a r m e r s ' f i e l d s . T h i s i n f o r m a t i o n i s v a l u a b l e i n sorghum and p e a r l
m i l l e t c r o p improvement and management r e s e a r c h .

Two b a s i c hypotheses run t h r o u g h t h e r e p o r t : f i r s t , t h a t f a r m e r s '
d e c i s i o n s o n f e r t i l i z e r a l l o c a t i o n a re based m a i n l y o n t h e s i z e and c e r t a i n t y o f
r e t u r n s f rom f e r t i l i z e r u s e , i n d i c a t e d i n t h e h i s t o r i c a l emphasis o n i r r i g a t e d
and h i g h - v a l u e commerc ia l c r o p s ; second , t h a t SAT fa rmers a r e no t t r a d i t i o n a l l y
averse t o a d o p t i o n o f f e r t i l i z e r s . The p a t t e r n o f low f e r t i l i z e r use i s seen t o
b e r e l a t e d more t o t h e r e t u r n s expec ted t h a n t o a g r o c l i m a t i c , t e c h n o l o g i c a l , o r
o t h e r c o n s t r a i n t s .

T h i s r e p o r t f ocuses s p e c i f i c a l l y o n t h e f o l l o w i n g i s s u e s :

1 . How much f e r t i l i z e r i s c u r r e n t l y consumed in i r r i g a t e d and n o n i r r i g a t e d SAT
r e g i o n s o f t h e c o u n t r y .

2 . What has been t h e g row th p a t t e r n i n consumpt ion o f f e r t i l i z e r s i n these
a r e a s .

3 . How SAT fa rmers a l l o c a t e f e r t i l i z e r s between c r o p s .

4 . What a re t h e f e r t i l i z a t i o n p r a c t i c e s o f f a rmers i n te rms o f r a t e o f
a p p l i c a t i o n , e x t e n t o f a rea f e r t i l i z e d , use o f o r g a n i c manures, t i m i n g o f
a p p l i c a t i o n , use o f d i f f e r e n t n u t r i e n t s , awareness, e t c .

2
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5. What are the major determinants of f e r t i l i z e r use in SAT a g r i c u l t u r e .

Chapter I p r o v i d e s an ove rv iew o f f e r t i l i z e r consumpt ion in SAT I n d i a ,
based o n a n a l y s i s o f d i s t r i c t - l e v e l d a t a . Chapter I I — t h e main p a r t o f t h i s
r e p o r t — f o c u s e s on f e r t i l i z e r - u s e p a t t e r n s on farms i n t h r e e a g r o c l i m a t i c zones
i n p e n i n s u l a r I n d i a ; i t i s based o n da ta c o l l e c t e d f rom s i x v i l l a g e s under the
V i l l a g e - L e v e l S t u d i e s be ing conducted by ICRISAT s i n c e 1975. Chapter I I I
p r e s e n t s a n a n a l y s i s o f da ta o n f e r t i l i z e r use f o r h i g h - y i e l d i n g v a r i e t i e s o f
sorghum and p e a r l m i l l e t . T h i s i s based on f a r m - l e v e l da ta f rom 47 s e l e c t e d
d i s t r i c t s c o l l e c t e d b y t he I n d i a n A g r i c u l t u r a l S t a t i s t i c s Research I n s t i t u t e ,
New D e l h i . Chapter IV p r e s e n t s t he r e s u l t s o f r e g r e s s i o n - b a s e d models on
d e t e r m i n a n t s o f f e r t i l i z e r use based on those two da ta s e t s . The main
i m p l i c a t i o n s f o r a g r i c u l t u r a l r e s e a r c h , e x t e n s i o n , and development programs
a r i s i n g f rom these ana lyses a re d i scussed i n t he f i n a l c h a p t e r .

1. Fertilizer Consumption in Semi-Arid Tropical India: District-Level Analysis

T h i s chap te r p r o v i d e s a n ove rv iew o f f e r t i l i z e r consumpt ion i n s e m i - a r i d
t r o p i c a l (SAT) I n d i a , w i t h s p e c i f i c emphasis o n :

1 . How much f e r t i l i z e r i s a c t u a l l y used i n t he i r r i g a t e d and n o n i r r i g a t e d
areas of SAT I n d i a .

2 . Whether f e r t i l i z e r use i s u n i f o r m l y spread over t h e e n t i r e SAT r e g i o n .

3 . What has been t he p a t t e r n o f g rowth i n f e r t i l i z e r consumpt ion over t he l a s t
decade: 1969-70 to 1978-79 .

4 . Whether t he da ta f o r t he 1970s i n d i c a t e any s l a c k e n i n g o f demand f o r
f e r t i l i z e r s i n t he i r r i g a t e d SAT a r e a s .

Data and Methodology

T h i s a n a l y s i s is based on d i s t r i c t - l e v e l d a t a . The I n d i a n SAT is spread over 10
s t a t e s : Madhya Pradesh , Maha rash t ra , K a r n a t a k a , Andhra Pradesh , Tami l Nadu,
U t t a r P radesh , Pun jab , Haryana, R a j a s t h a n , and G u j a r a t . Based on normal annual
r a i n f a l l , 192 d i s t r i c t s b e l o n g i n g to these 10 s t a t e s have been c l a s s i f i e d as SAT
d i s t r i c t s .

3
 O f t h e s e , 78 have w e l l - d e v e l o p e d i r r i g a t i o n and t h e r e s t a re

p r i m a r i l y n o n i r r i g a t e d .

Data o n f e r t i l i z e r consumpt ion i n these d i s t r i c t s were taken f rom
F e r t i l i z e r S t a t i s t i c s 1978-79 , a n annua l p u b l i c a t i o n o f t h e F e r t i l i z e r
A s s o c i a t i o n o f I n d i a , New D e l h i . Cu r ren t f e r t i l i z e r consumpt ion e s t i m a t e s were
worked ou t by t a k i n g t h e average consumpt ion of n i t r o g e n (N) , phosphorus ( P 2 O 5 ) ,
and po tash (K2O) per h e c t a r e o f cropped area in each o f these d i s t r i c t s d u r i n g
1977-78 and 1 9 7 8 - 7 9 .

4
 The e s t i m a t e s a re g i v e n in k i l o g r a m s . For t he a n a l y s i s o f

3 . See Bapna e t a l . 1979 f o r d e t a i l s o f t h i s c l a s s i f i c a t i o n .

4 . The u s e o f o x i d e u n i t s was p r e f e r r e d b e c a u s e d i s t r i c t w i s e c o n s u m p t i o n d a t a

w e r e a v a i l a b l e c o n s i s t e n t l y i n t h e s e u n i t s . The t e r m " f e r t i l i z e r " h a s b e e n

u s e d i n i t s n u t r i e n t c o n n o t a t i o n .
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growth i n f e r t i l i z e r use, consumpt ion l e v e l s i n t he i n i t i a l p e r i o d (average o f
1969-70 and 1970-71) and t he c u r r e n t p e r i o d (average of 1977-78 and 1978-79)
were compared, and the increment (or change) expressed in annua l te rms as the
l i n e a r g rowth r a t e .

Fertilizer Consumption

Tab le 1 shows the average l e v e l o f f e r t i l i z e r ( n u t r i e n t ) consumpt ion i n kg /ha o f
g ross cropped area in t he SAT as a w h o l e , and in i r r i g a t e d and n o n i r r i g a t e d
zones. The average f e r t i l i z e r - c o n s u m p t i o n l e v e l s in t h e SAT d i s t r i c t s a re a 
l i t t l e h i g h e r than t h e c o r r e s p o n d i n g n a t i o n a l ave rages , bu t t he f i g u r e s f o r t he
i r r i g a t e d and n o n i r r i g a t e d zones r e v e a l t h e wide v a r i a t i o n i n f e r t i l i z e r
consumpt ion w i t h i n t he SAT. The average l e v e l o f consumpt ion o f N+P2O5+K2O in
the i r r i g a t e d SAT d i s t r i c t s i s over t h r e e t imes as h i g h as i n t h e . n o n i r r i g a t e d
d i s t r i c t s . Among i n d i v i d u a l n u t r i e n t s , t h e gap i s more pronounced i n n i t r o g e n
consumpt ion . As Tab le 1 shows, t he average consumpt ion r a t i o of N, P2O5 ,and
K2O i s l e s s h e a v i l y b i ased towards n i t r o g e n i n t he n o n i r r i g a t e d SAT d i s t r i c t s .

Table 1. Average l e v e l of f e r t i l i z e r consumption in kg/ha of gross cropped area
( 1 9 7 7 - 7 9 ) .

F e r t i l i z e r
I r r i g a t e d SAT

(78 d i s t s )
N o n i r r i g a t e d SAT

(114 d i s t s )
T o t a l SAT
(192 d i s t s ) A l l - I n d i a

N i t r o g e n (N) 40.0
(6 .8 )

11.6
(4 .8 )

21.5 18.9

Phosphorus (P2O5) 11.6
(2 .0 )

4 .5
(1 .9 )

7.0 5.9

Potash (K2O) 5.9
(1 .0 )

2.4
(1 .0 )

3.6 3.2

(N+P2O5+K2O) 57.5 18.5 32 .1 28.0

F i g u r e s i n p a r e n t h e s e s i n d i c a t e c o n s u m p t i o n r a t i o o f N a n d P 2 O 5 i n r e l a t i o n t o

K 2 O .

The t a b l e a l s o shows t h a t i r r i g a t e d d i s t r i c t s a re major consumers o f
chemica l f e r t i l i z e r s i n SAT I n d i a . The p a t t e r n i s more c l e a r l y b rough t out i n
Tab le 2 wh ich shows t h e p r o p o r t i o n o f aggrega te f e r t i l i z e r consumpt ion accounted
f o r by i r r i g a t e d and n o n i r r i g a t e d SAT zones over two d i f f e r e n t p e r i o d s — 1 9 6 9 - 7 0
to 1 9 7 0 - 7 1 , and 1977-78 to 1978-79 .

The i r r i g a t e d SAT d i s t r i c t s cover o n l y 23% of t he n a t i o n a l and about 35% of
t he SAT g ross cropped a r e a , bu t t h e y have a 45% share in t h e n a t i o n a l f e r t i l i z e r
consumpt ion and 62% in t h e SAT. The n o n i r r i g a t e d d i s t r i c t s , spread ac ross 42%
of t he n a t i o n a l and 65% of t he SAT cropped a r e a , account f o r a mere 27% of t h e
n a t i o n a l and 38% of t h e SAT f e r t i l i z e r consump t i on .

Cor respond ing f i g u r e s f o r 1969-71 show t h a t t h e share o f t he i r r i g a t e d
areas in t o t a l SAT consumpt ion o f t h e t h r e e n u t r i e n t s was even h i g h e r . T h i s
i m p l i e s t h a t f e r t i l i z e r consumpt ion i n t h e n o n i r r i g a t e d SAT areas has improved
over t h e decade. Both t he t a b l e s show t h a t f e r t i l i z e r consumpt ion i n
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n o n i r r i g a t e d SAT areas i s p o o r . T h i s t r e n d i s r e l a t e d t o t h e e x t r e m e l y low
f e r t i l i z a t i o n observed in most n o n i r r i g a t e d c rops (NCAER 1 9 7 8 ) . The t a b l e s
e s t a b l i s h t h a t i r r i g a t e d areas dominate f e r t i l i z e r consumpt ion . T h i s i s why SAT
r e g i o n s l e a d i n aggrega te f e r t i l i z e r consumpt ion i n t h e c o u n t r y , a s shown i n t he
l a s t column o f Tab le 2 .

Table 2. Cont r ibu t ion of i r r i g a t e d and n o n i r r i g a t e d SAT zones to aggregate
f e r t i l i z e r consumption (1977-79 and 1969-71)

P a r t i c u l a r s P e r i o d
I r r i g a t e d

SAT
N o n i r r i g a t e d

SAT
T o t a l

SAT

1 . Number o f d i s t r i c t s
2 . % o f a l l - I n d i a cropped area

% of SAT cropped area
3 . % o f a l l - I n d i a consumpt i on :

N i t r o g e n (N) 1977-79
1969-71

78
23
35

47
51

114
42
65

26
24

192
65

73
75

Phosphorus (P2O5) 1977-79
1969-71

43
47

32
31

75
78

Potash (K2O) 1977-79
1969-71

40
43

30
26

70
69

T o t a l f e r t i l i z e r (N+P2O5+K2O) 1977-79
1969-71

45
49

27
26

72
75

4. % of t o t a l SAT consumpt ion :
N i t r o g e n (N) 1977-79

1969-71
65
68

35
32

na

Phosphorus (P2O5) 1977-79
1969-71

58
61

42
39

na

Potash (K2O) 1977-79
1969-71

57
62

43
38

na

T o t a l f e r t i l i z e r (N+P2O5+K2O) 1977-79
1969-71

62
66

38
34

na

n a = n o t a p p l i c a b l e .

The p a t t e r n o f c o n c e n t r a t i o n i n f e r t i l i z e r consumpt ion i n SAT d i s t r i c t s i s
p resen ted i n Tab le 3 . S e c t i o n A o f t h i s t a b l e shows t he d i s t r i b u t i o n o f
d i s t r i c t s i n terms o f l e v e l o f consumpt ion o f t o t a l p l a n t n u t r i e n t s per h e c t a r e
o f g ross cropped a r e a . The wide v a r i a t i o n i n f e r t i l i z e r consumpt ion ac ross
d i s t r i c t s i s o b v i o u s : n e a r l y 42% o f t h e t o t a l f e r t i l i z e r s consumed i n t h e 192
d i s t r i c t s i s accounted f o r by 35 d i s t r i c t s i n t he "above 60 k g " c l a s s . A t t h e
o t h e r ex t reme , 49 d i s t r i c t s consume l e s s t han 10 k g / h a , and t h e i r share in t h e
t o t a l f e r t i l i z e r consumpt ion i s o n l y 4.7%. F i g u r e s f o r i r r i g a t e d and
n o n i r r i g a t e d d i s t r i c t s b r i n g out t h i s d i s p a r i t y more c l e a r l y . I n 3 2 ou t o f t h e
78 d i s t r i c t s i n t he i r r i g a t e d c a t e g o r y , t he average consumpt ion l e v e l exceeds 60
k g / h a , and these d i s t r i c t s account f o r 38.6% o f t h e t o t a l f e r t i l i z e r consumed i n
t h e SAT; i n o n l y one d i s t r i c t i s f e r t i l i z e r consumpt ion l e s s t han 10 k g / h a . On

5
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t he o the r hand, i n o n l y t h r e e n o n i r r i g a t e d d i s t r i c t s d o consumpt ion l e v e l s
exceed 60 k g / h a , w h i l e in as many as 48 , they a re l e s s than 10 k g . Thus, w h i l e
i n n e a r l y 68% o f t he i r r i g a t e d d i s t r i c t s f e r t i l i z e r consumpt ion i s more than
40 k g / h a , in over 89% o f the n o n i r r i g a t e d d i s t r i c t s , consumpt ion l e v e l s a re
below 40 k g / h a .

To f a c i l i t a t e compar ison w i t h o the r a n a l y s e s , S e c t i o n B of Table 3 shows
the d i s t r i b u t i o n i n terms o f f e r t i l i z e r consumpt ion per d i s t r i c t . S t a t i s t i c s
f o r t he c o u n t r y as a whole (FAI 1979) i n d i c a t e t h a t t o t a l f e r t i l i z e r
(N+P2O5+K2O) consumpt ion in n e a r l y 12% o f t he d i s t r i c t s in t he c o u n t r y exceeds
30 000 tonnes , and these d i s t r i c t s account f o r over 42% of t h e n a t i o n a l
consumpt ion . At t he o the r ex t reme, 45% of t he d i s t r i c t s consume l e s s than 5000
tonnes , and t h e i r share i n the n a t i o n a l comsumption i s b a r e l y 8%. Data f o r a l l
t he SAT d i s t r i c t s , p resen ted in Table 3 , r e v e a l a s i m i l a r v a r i a t i o n among
d i s t r i c t s . F i gu res f o r i r r i g a t e d and n o n i r r i g a t e d SAT d i s t r i c t s r e i n f o r c e the
e a r l i e r c o n c l u s i o n s . Most o f t he h i g h f e r t i l i z e r - c o n s u m i n g d i s t r i c t s be long t o
the i r r i g a t e d c a t e g o r y , w h i l e low f e r t i l i z e r - c o n s u m i n g d i s t r i c t s come under the
n o n i r r i g a t e d c a t e g o r y . The d i s t r i b u t i o n o f a l l SAT d i s t r i c t s conveys a more
f a v o r a b l e impress ion when compared to t he c o u n t r y as a whole because of the
b l e n d i n g o f these two c o n t r a s t i n g d i s t r i b u t i o n s . Desp i t e t h i s apparent
c l u s t e r i n g , i t would b e i n c o r r e c t t o i n f e r t h a t t h e r e i s n o v a r i a t i o n among
d i s t r i c t s w i t h i n each c a t e g o r y . For example, w i t h i n t he n o n i r r i g a t e d SAT t h e r e
are 12 d i s t r i c t s where t he consumpt ion l e v e l exceeds 40 k g / h a , and these
d i s t r i c t s account f o r 27.5% o f t he f e r t i l i z e r consumpt ion i n t he n o n i r r i g a t e d
SAT; a s l i g h t l y h i ghe r share is c la imed by 72 d i s t r i c t s consuming l e s s than 20
k g / h a . Thus, even w i t h i n the n o n i r r i g a t e d c a t e g o r y , f e r t i l i z e r consumpt ion
v a r i e s s i g n i f i c a n t l y and c o n c e n t r a t i o n tendenc ies p e r s i s t . We hypo thes i ze t h a t
t h i s i s l a r g e l y de te rmined by t he e x t e n t o f area under n o n i r r i g a t e d commercial
c rops ( c o t t o n , g roundnu t , t o b a c c o , c h i l l i e s , e t c . ) .

F i g u r e 1 shows t h a t t he d i s t r i c t s where f e r t i l i z e r consumpt ion i s low are
concen t ra ted in Madhya Pradesh, Maharash t ra , R a j a s t h a n , and G u j a r a t . As
expec ted , d i s t r i c t s where f e r t i l i z e r consumpt ion i s h i g h a re concen t ra ted i n
c o a s t a l Andhra Pradesh and Tami l Nadu, and in t he i r r i g a t e d p l a i n s o f n o r t h e r n
I n d i a . The map a l s o shows t h a t f e r t i l i z e r consumpt ion i s r e l a t i v e l y low in the
i r r i g a t e d d i s t r i c t s o f sou the rn U t t a r Pradesh, Madhya Pradesh, and R a j a s t h a n .

Growth in Fertilizer Use

A d i s t r i c t w i s e a n a l y s i s spanning the 1960s (Desai and Singh 1973) , revea led
t h a t , b y and l a r g e , t he r a i n f e d areas d i d not c o n t r i b u t e s i g n i f i c a n t l y t o growth
in f e r t i l i z e r consumpt ion . The i nc rease in consumpt ion was a r e s u l t o f t he
spread o f f e r t i l i z e r use to (1) a lmost a l l c rops grown under i r r i g a t e d
c o n d i t i o n s ; (2) h i g h - y i e l d i n g v a r i e t i e s , p a r t i c u l a r l y wheat ; and (3) a few
commercia l c rops l i k e c o t t o n , g roundnu t , and tobacco grown under n o n i r r i g a t e d
c o n d i t i o n s . I t was a l s o found t h a t growth i n f e r t i l i z e r consumpt ion was
concen t ra ted in a few d i s t r i c t s o f t he c o u n t r y . A recen t r e s u r v e y , based on
da ta t i l l 1977, showed t h a t , by and l a r g e , the same f o r c e s s t i l l con t i nued t o be
impo r tan t (Desai 1978) . Th i s s e c t i o n examines these f i n d i n g s i n the con tex t o f
SAT I n d i a w i t h s p e c i a l r e f e r e n c e to t he 1970s ( u n t i l 1979) .

Table 4 shows t he d i s t r i b u t i o n o f SAT d i s t r i c t s acco rd ing to the annual
r a t e o f change in f e r t i l i z e r (N+P2O5+K2O) consumpt ion per hec ta re o f cropped
area between 1970 (average of 1969-70 and 1970-71) and 1978 (average of 1977-78
and 1978 -79 ) . The t a b l e shows t h a t the annual increments in f e r t i l i z e r
consumpt ion v a r i e d w i d e l y among d i s t r i c t s , i m p l y i n g l a r g e d i v e r s i t y i n t he
growth per formance o f SAT d i s t r i c t s . I t a l s o b r i n g s out t he s u p e r i o r
per formance o f i r r i g a t e d SAT d i s t r i c t s . I n 8 3 d i s t r i c t s , f e r t i l i z e r consumpt ion
grew at more than 2 kg /ha per annum; 58 of those d i s t r i c t s were in the
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Less than 20 kg /ha

21-40 kg/ha

Above 40 kg/ha

I r r i g a t e d d i s t r i c t s

Figure 1. Average level of fertilizer (N+P2O5+K2O) consumption (kg/ha of gross 
cropped area) in semi-arid tropical India (1976-77). 
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i r r i g a t e d SAT. At t he o the r ex t reme, the increment r a t e was l e s s than 1 kg/ha
in 71 d i s t r i c t s , 65 o f wh ich were n o n i r r i g a t e d . T h i s p a t t e r n ho lds f o r
n i t r o g e n , but f o r phospha t i c and p o t a s s i c f e r t i l i z e r s , t h e i r r i g a t e d d i s t r i c t s
a l s o f i g u r e d p r o m i n e n t l y i n t he l ow-g row th c a t e g o r i e s ,

5

The i r r i g a t e d d i s t r i c t s have con t i nued t o pe r fo rm w e l l i n terms o f l e v e l o f
consumpt ion (Table 3) as w e l l as growth in consumpt ion of f e r t i l i z e r s . The
n o n i r r i g a t e d d i s t r i c t s , w i t h some e x c e p t i o n s , p resen t a d i sma l p i c t u r e w i t h over
o n e - t h i r d o f them showing l e s s than 0.5 kg /ha per annum growth in f e r t i l i z e r
consumpt ion . I t was a l s o noted (data not p resen ted here) t h a t i n t he i r r i g a t e d
c a t e g o r y , o n l y 3 out o f 78 d i s t r i c t s showed l e s s than 0.5 kg /ha growth in
n i t r o g e n consumpt ion ; 41 d i s t r i c t s showed l e s s than 0.5 kg /ha growth i n
consumpt ion o f phospha t i c f e r t i l i z e r s ; and 64 d i s t r i c t s showed l e s s than 0.5 kg/ha
growth i n p o t a s s i c f e r t i l i z e r consumpt ion . Th i s suggests t h a t g rowth i n
n i t r o g e n consumpt ion i s more s t r o n g l y a s s o c i a t e d w i t h i r r i g a t i o n (Jha 1980 ) .

Table 4. D i s t r i b u t i o n of SAT d i s t r i c t s according to ra te of increase in
f e r t i l i z e r (N+P2O5+K2O) consumption (kg/ha per annum) during 1970-78.

Rate of i nc rease per
annum (kg/ha

of cropped area)
I r r i g a t e d

SAT
N o n i r r i g a t e d

SAT
T o t a l

SAT

< 0.10
0.11 - 0.50
0.51 - 1.00
1.01 - 2.00
2 .01 - 3.00
3.01 - 4.00
4 .01 - 5.00

> 5.00

2
1
3

14
19
14
13
12

7
33
25
24
14

6
3
2

9
34
28
38
33
20
16
14

T o t a l 78 114 192

The r a t e o f g rowth exceeded 4 kg /ha per annum in o n l y f i v e n o n i r r i g a t e d
d i s t r i c t s . I n a lmost a l l these d i s t r i c t s , c rops l i k e c o t t o n , g roundnu t ,
t o b a c c o , and c h i l l i e s were found to be i m p o r t a n t . Thus, d e s p i t e data
i nadequac ies , the r e s u l t s b r o a d l y c o n f i r m the p a t t e r n observed i n t he 1960s:
(a) dominance of i r r i g a t e d crops and a reas ; and (b) impor tance of h i g h - v a l u e
crops in n o n i r r i g a t e d areas (Desai and Singh 1973) .

We have a l s o e v a l u a t e d the c o n t e n t i o n (Desai 1978) t h a t , by and l a r g e , the
d i s t r i c t - l e v e l base s u s t a i n i n g growth i n f e r t i l i z e r consumpt ion has remained
q u i t e narrow over t i m e , by comparing the per formance o f h i g h - g r o w t h d i s t r i c t s
d u r i n g the 1960s and the 1970s (Appendix I ) . Th i s compar ison p r o v i d e s c l e a r
ev idence o f a w iden ing o f the d i s t r i c t - l e v e l base s u p p o r t i n g growth in
f e r t i l i z e r consumpt ion . I t shows t h a t 44 i r r i g a t e d and 26 n o n i r r i g a t e d
d i s t r i c t s exper ienced h i g h growth i n n i t r o g e n consumpt ion d u r i n g the 1970s. The
inc rease in n i t r o g e n consumpt ion in 25 o f t he i r r i g a t e d d i s t r i c t s and 5 o f t he
n o n i r r i g a t e d d i s t r i c t s was h i g h i n the 1960s as w e l l . S i m i l a r l y , i n 29
i r r i g a t e d and 2 1 n o n i r r i g a t e d d i s t r i c t s , the growth i n consumpt ion o f phospha t i c
f e r t i l i z e r s was h i g h d u r i n g the 1970s; in 14 o f these i r r i g a t e d d i s t r i c t s and 8 
o f t he n o n i r r i g a t e d , g rowth in consumpt ion was h i g h d u r i n g the 1960s a l s o . T h i s
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c l e a r l y shows t h a t new f e r t i l i z e r - c o n s u m i n g d i s t r i c t s have come to the f o r e ,
p a r t i c u l a r l y i n t he n o n i r r i g a t e d SAT a r e a s .

Compared w i t h the 1960s, n i t r o g e n and phosphorus consumpt ion in the 1970s
improved in the SAT as a who le . The i r r i g a t e d d i s t r i c t s c o n t r i b u t e d
s u b s t a n t i a l l y t o t h i s development . I n n o n i r r i g a t e d areas a l s o , t he percentage
o f d i s t r i c t s i n the h i g h to v e r y - h i g h growth ca tego ry showed an i n c r e a s e , and
the percentage o f d i s t r i c t s i n the low t o v e r y - l o w growth ca tego ry recorded o n l y
a modest d e c l i n e . Th i s suggests t h a t i r r i g a t e d d i s t r i c t s c o n t i n u e t o p r o v i d e
the main base f o r growth in consumpt ion o f bo th n i t r o g e n o u s and phospha t i c
f e r t i l i z e r s . A g a i n , compared w i t h the 1960s, many i r r i g a t e d d i s t r i c t s s h i f t e d
f rom the l ow- to h i g h - g r o w t h ca tego ry in the 1970s. Th i s was t r u e o f some
n o n i r r i g a t e d d i s t r i c t s a s w e l l . However, n e a r l y h a l f o f these d i s t r i c t s
remained i n the l ow-g rowth c a t e g o r i e s d u r i n g the 1970s.

There was no ev idence o f d e c e l e r a t i o n o f g rowth in f e r t i l i z e r consumpt ion
in the i r r i g a t e d a r e a s . Appendix I , which shows the per formance o f h i g h - g r o w t h
d i s t r i c t s d u r i n g the 1960s and 1970s, b r i n g s t h i s out c l e a r l y . I f d i s t r i c t s
s h i f t i n g f rom h i g h - t o l ow-g row th c a t e g o r i e s i n t h a t p e r i o d are cons ide red a s
i n d i c a t o r s o f s l a c k e n i n g f e r t i l i z e r consumpt ion , n i t r o g e n consumpt ion d i d not
s lacken as no d i s t r i c t s s h i f t e d . However, w i t h regard t o phospha t i c
f e r t i l i z e r s , 4 d i s t r i c t s ( 2 each i n i r r i g a t e d and n o n i r r i g a t e d c a t e g o r i e s ) d i d
s h i f t t o lower consumpt ion l e v e l s .

The dominance o f t he i r r i g a t e d d i s t r i c t s i s c l e a r l y b rought out i n Table 5 ,
which shows the c o n t r i b u t i o n o f i r r i g a t e d and n o n i r r i g a t e d SAT d i s t r i c t s to t he
t o t a l growth in f e r t i l i z e r consumpt ion between 1970 and 1978.

Table 5. Contr ibut ion (%) of i r r i g a t e d and non i r r iga ted SAT d i s t r i c t s to growth
in f e r t i l i z e r consumption in SAT Ind ia (1970 -78 ) .

Percentage o f t o t a l g rowth

F e r t i l i z e r
I r r i g a t e d
d i s t r i c t s

N o n i r r i g a t e d
d i s t r i c t s

T o t a l f e r t i l i z e r (N+P2O5+K2O)
N i t r o g e n
Phosphorus
Potash

59
62
55
53

41
38
44
47

The t a b l e shows t h a t i r r i g a t e d areas c o n t r i b u t e d the most to growth in
aggregate f e r t i l i z e r consumpt ion i n the SAT. Th i s i s so because n i t r o g e n
accounts f o r a major p a r t o f t o t a l f e r t i l i z e r u s e , and most (62%) o f the g rowth
i n n i t r o g e n consumpt ion i s accounted f o r b y the i r r i g a t e d d i s t r i c t s . A s f o r
growth i n consumption o f phospha t i c and p o t a s s i c f e r t i l i z e r s , t he n o n i r r i g a t e d
d i s t r i c t s have c o n t r i b u t e d a r e l a t i v e l y l a r g e r share t o the pos t -1970 g r o w t h .

Conclusions

A s tudy of f e r t i l i z e r consumpt ion and growth in SAT I n d i a , based on
d i s t r i c t - l e v e l d a t a , r evea led t h a t 7 8 i r r i g a t e d d i s t r i c t s accounted f o r 62% o f
the t o t a l f e r t i l i z e r s consumed i n the SAT. These d i s t r i c t s ' share o f cropped
area in the SAT was o n l y 35%. The i r r i g a t e d areas t h a t show h i g h f e r t i l i z e r
consumpt ion were found to be l o c a t e d in the p l a i n s o f n o r t h e r n I n d i a , and
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c o a s t a l Andhra Pradesh and Tami l Nadu. On the o the r hand, n o n i r r i g a t e d
d i s t r i c t s w i t h low f e r t i l i z e r consumpt ion were spread across c e n t r a l and western
I n d i a . The average f e r t i l i z e r (N+P2O5+K2O) consumpt ion was 57 kg/ha of cropped
area i n the i r r i g a t e d d i s t r i c t s and 1 8 kg/ha i n t he n o n i r r i g a t e d .

The i r r i g a t e d SAT d i s t r i c t s a l s o showed improved growth i n t o t a l f e r t i l i z e r
consumpt ion d u r i n g 1970-78. The n o n i r r i g a t e d d i s t r i c t s which d i d pe r fo rm w e l l
were those i n wh ich n o n i r r i g a t e d commercia l c rops l i k e c o t t o n , g roundnu t ,
t o b a c c o , and c h i l l i e s were i m p o r t a n t .

A compar ison of t he growth per formance of SAT d i s t r i c t s between 1960-68 and
1970-78 revea led t h a t t he i r r i g a t e d d i s t r i c t s have con t i nued t o p r o v i d e the base
f o r g rowth i n f e r t i l i z e r consumpt ion d u r i n g the 1970s as w e l l . A l s o , t h e r e was
no i n d i c a t i o n of a d e c e l e r a t i o n in g r o w t h . We found no ev idence f o r the
c o n t e n t i o n t h a t the s p a t i a l base s u s t a i n i n g growth i n f e r t i l i z e r , consumpt ion
c o n t i n u e s to be na r row. On the c o n t r a r y , our a n a l y s i s shows t h a t f e r t i l i z e r s
were adopted i n new a r e a s , p a r t i c u l a r l y n i t r o g e n o u s f e r t i l i z e r s i n n o n i r r i g a t e d
d i s t r i c t s . Th i s f i n d i n g has t o b e v iewed a g a i n s t the f o l l o w i n g f a c t o r s :
(a) i nc rease i n i r r i g a t i o n i n these s o - c a l l e d n o n i r r i g a t e d d i s t r i c t s ( t h e l a t e s t
d i s t r i c t w i s e data on i r r i g a t i o n , which would h e l p t o know the exact p o s i t i o n ,
a re not a v a i l a b l e )

6
; (b) t he c ropwise base f o r growth i n f e r t i l i z e r consumpt ion

in n o n i r r i g a t e d areas i s s t i l l narrow and remains c o n f i n e d to a few commercial
c r o p s ; and (c) the a b s o l u t e l e v e l o f consumpt ion o f f e r t i l i z e r s con t i nues to be
below 10 kg/ha in n e a r l y 42% of the n o n i r r i g a t e d d i s t r i c t s . The
f e r t i l i z e r - c o n s u m p t i o n l e v e l s have , i n f a c t , remained s tagnant over t he l a s t
decade in 40 out of 114 d i s t r i c t s .

A rev iew o f pas t work and t h i s a n a l y s i s l e d to the f o l l o w i n g hypo theses :

1 . I r r i g a t e d areas w i t h i n SAT I n d i a c o n t i n u e t o c o n t r o l g rowth i n f e r t i l i z e r
consumpt ion . Even a s h i g h l y i r r i g a t e d areas reach t h e i r s a t u r a t i o n l e v e l ,
ongoing i r r i g a t i o n development e f f o r t s would l ead t o spread o f f e r t i l i z e r use
t o h i t h e r t o n o n i r r i g a t e d l a n d s .

2 . Farmers in the h i g h l y u n s t a b l e SAT s e t t i n g adopt f e r t i l i z e r s o n l y when
r e t u r n s are r e l a t i v e l y assured (as on i r r i g a t e d lands) and /o r h i g h enough (as
in the case o f h i g h - v a l u e commerc ia l c r o p s ) . But f o o d - g r a i n c r o p s , which
occupy a bu lk of t he n o n i r r i g a t e d SAT cropped a r e a , do no t respond
s i g n i f i c a n t l y t o f e r t i l i z a t i o n and b e s i d e s , r e t u r n s o n them are r e l a t i v e l y
l ow . Wh i le h i g h - y i e l d i n g v a r i e t i e s o f sorghum and p e a r l m i l l e t s have brought
about some change in the s i t u a t i o n , i r r i g a t i o n con t i nues to be the key f a c t o r
(NCAER 1978) .

The d i s t r i c t - l e v e l a n a l y s i s does not pe rm i t t e s t i n g o f these hypo theses ,
a l t h o u g h i t r e v e a l s the magnitude o f the problem and b r i n g s out the two bas i c
m o t i v a t i n g f o r c e s — i r r i g a t i o n and market i n c e n t i v e s . The e f f e c t s o f
t e c h n o l o g i c a l change as a f a c t o r a f f e c t i n g f e r t i l i z e r use can best be t e s t e d
w i t h data a t the farm l e v e l .
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6 . S t a t e - l e v e l d a t a o n t h e g r o w t h i n i r r i g a t e d a r e a o v e r t h i s p e r i o d s u g g e s t

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

m a j o r p a r t o f t h e f e r t i l i z e r s consumed c o u l d b e u s e d o n i r r i g a t e d c r o p s g r o w n

o n s m a l l a r e a s .



I I . Fertilizer Use on Farms

The broad tendenc ies revea led by the d i s t r i c t - l e v e l a n a l y s i s stem f rom d e c i s i o n s
taken by i n d i v i d u a l f a r m e r s . Hence, f o r a p roper unde rs tand ing o f t he p a t t e r n
o f f e r t i l i z e r • use , i t i s necessary t o s tudy i n d i v i d u a l farmer b e h a v i o r . T h i s i s
impo r tan t because i t i s a t t h i s l e v e l t h a t responses t o p o l i c y and o the r
investment and t e c h n o l o g i c a l i n t e r v e n t i o n s a c t u a l l y t ake p l a c e . T h i s chap te r
p r o v i d e s i n f o r m a t i o n on f e r t i l i z e r - u s e p a t t e r n s and p r a c t i c e s observed on farms
in s e l e c t e d reg ions o f SAT I n d i a .

Dec i s i ons gove rn ing f e r t i l i z e r use are complex. F i r s t , t he farmer has t o
dec ide whether t o use f e r t i l i z e r s o r n o t , and t h e r e a f t e r dec ide which c r o p ( s ) t o
f e r t i l i z e and a t what r a t e ( s ) . C a p i t a l r a t i o n i n g and o the r f a c t o r s o f t e n
n e c e s s i t a t e d e c i s i o n on how much cropped area to f e r t i l i z e . Then f o l l o w
d e c i s i o n s r ega rd i ng how to use f e r t i l i z e r s , cho ice o f f e r t i l i z e r , method o f
a p p l i c a t i o n , ba lanced use o f n u t r i e n t s , e t c . , a l l o f which have a b e a r i n g on the
t e c h n i c a l e f f i c i e n c y o f f e r t i l i z e r i n p u t . T h i s chap te r p r o v i d e s i n f o r m a t i o n o n
these a s p e c t s . A q u a n t i t a t i v e a n a l y s i s o f t he f a c t o r s which i n f l u e n c e these
d e c i s i o n s i s a t tempted i n Chapter I V , a l t h o u g h even a s imp le d e s c r i p t i o n o f
c u r r e n t p r a c t i c e s w i l l s u f f i c e t o p r o v i d e some u s e f u l i n s i g h t s . The s p e c i f i c
aspects d iscussed i n t h i s chap te r a r e :

1 . Adop t ion o f f e r t i l i z e r s .
2 . Average l e v e l s o f f e r t i l i z e r u s e .
3 . A l l o c a t i o n o f f e r t i l i z e r s between c r o p s .
4 . Rates o f a p p l i c a t i o n and e x t e n t o f f e r t i l i z e r u s e .
5 . Agronomic management o f f e r t i l i z e r i n p u t .
6. Use of o r g a n i c manures.

Data Source and Background of the Study Areas

Data f o r t h i s a n a l y s i s come f rom ICRISAT V i l l a g e - L e v e l S tud ies be ing conducted
s i n c e 1975 in 6 v i l l a g e s
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— 2 each in 3 major a g r o c l i m a t i c zones of p e n i n s u l a r

I n d i a .

In each of these v i l l a g e s , da ta f rom 40 households (10 each f rom l a n d l e s s
l a b o r , s m a l l - , medium-, and l a r g e - f a r m c a t e g o r i e s ) were mon i to red by r e s i d e n t
i n v e s t i g a t o r s . The s a l i e n t a g r o c l i m a t i c and f a rm- resou rce endowment f e a t u r e s o f
t he s e l e c t e d v i l l a g e s are p resen ted i n Appendix I I .

Region I (Sholapur) i s c h a r a c t e r i z e d by low and u n s t a b l e r a i n f a l l , and is
dominated by p o s t r a i n y - s e a s o n c ropp ing of m a i n l y coarse c e r e a l s and pu l ses on
medium-deep V e r t i s o l s . Region I I (Akola) has s i m i l a r s o i l s , s t a b l e and somewhat
h i ghe r r a i n f a l l , v e r y l i t t l e i r r i g a t i o n , and f a i r l y h i g h area under
n o n i r r i g a t e d , commercia l c r o p s . Region I I I (Mahbubnagar) has red s o i l s , h i g h
i r r i g a t i o n , low r a i n f a l l , and r e l a t i v e l y sma l l e r h o l d i n g s . The c ropp ing p a t t e r n
is dominated by paddy.

Data on c ropp ing p a t t e r n , f e r t i l i z e r use , and o the r r e l e v a n t aspects f o r
the sample househo lds

8
 f o r 3 years (1975-76 th rough 1977-78) were c o n s i d e r e d .

In a d d i t i o n , s p e c i a l surveys were conducted i n these v i l l a g e s d u r i n g 1979 and
1980 to o b t a i n a d d i t i o n a l d a t a . The r e s u l t s , f e a t u r e d in a subsequent s e c t i o n
o f t h i s paper , a re p resen ted f o r r eg i ons I and I I . For r e g i o n I I I , i n v iew o f
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For d e t a i l s see Binswanger e t a l . 1977.
The 146 sample ( fa rmer ) households used in t h i s s tudy were s e l e c t e d on t he
b a s i s t h a t da ta on them were a v a i l a b l e f o r 3 y e a r s .



t he s u b s t a n t i a l d i f f e r e n c e s i n i r r i g a t i o n a v a i l a b i l i t y between A u r e p a l l e and
Dokur v i l l a g e s , e s t i m a t e s f o r bo th the v i l l a g e s have been g i v e n s e p a r a t e l y . The
f o u r s i t u a t i o n s — S h o l a p u r , Ako la , A u r e p a l l e , and Doku r—rep resen t a spectrum o f
c o n t r a s t s w i t h i n t he SAT env i ronmen t , w i t h Sholapur and Dokur d e p i c t i n g extreme
s i t u a t i o n s . A l l e s t i m a t e s p resen ted i n t h i s chap te r a re based o n 3-year
ave rages . I n a l l t a b l e s , f e r t i l i z e r q u a n t i t i e s have been expressed i n terms o f
n u t r i e n t s — N , P 2 O 5 , and K 2 O—af te r a p p r o p r i a t e c o n v e r s i o n .

Adoption of Fertilizers

The f i r s t o v e r t i n d i c a t o r o f acceptance o f a n i n n o v a t i o n i s i t s a d o p t i o n . The
o v e r a l l l e v e l o f a d o p t i o n o f f e r t i l i z e r s w i l l , t h e r e f o r e , i n d i c a t e t he e x t e n t t o
which f e r t i l i z e r use has been i n t e g r a t e d in a g i v e n f a rm ing sys tem. Tab le 6 
p r o v i d e s da ta on t he average p r o p o r t i o n o f sample fa rmers u s i n g f e r t i l i z e r s
d u r i n g 1975-78 .

Table 6 . Proport ion of farmers using f e r t i l i z e r in d i f f e r e n t regions (1975 -78 ) .

Mahbubnagar

P a r t i c u l a r s Sholapur Ako la A u r e p a l l e Dokur

Percentage o f fa rmers 29 43 38 80

u s i n g f e r t i l i z e r
1

Percentage of users among:
Smal l f a rmers 14 17 0 79
Medium fa rmers
Large fa rmers

37
32

45
65

24
83

50
96

Percentage o f users i n :
1975-76
1976-77
1977-78

31
31
24

40
43
47

33
41
41

67
83
89

1 . C a l c u l a t e d b y a g g r e g a t i n g t o t a l number o f fa rmers us i ng f e r t i l i z e r over t he
p e r i o d of 3 years ( i r r e s p e c t i v e of whether they were the same fa rmers or
d i f f e r e n t ) , expressed as percentage o f the t o t a l number o f fa rmers in those 3 

y e a r s .

The f i r s t row o f t he t a b l e shows t h a t adop t i on o f f e r t i l i z e r s was lowes t i n
Sholapur and h i g h e s t i n Dokur , w i t h Ako la and A u r e p a l l e occupy ing i n t e r m e d i a t e
p o s i t i o n s . The t a b l e a l s o r e v e a l s t h a t adop t i on was h i g h e s t on l a r g e farms in
a l l t he t h r e e r e g i o n s . These f i n d i n g s i n d i c a t e t h a t s u p e r i o r p r o d u c t i o n
env i ronment ( i n t he r e g i o n a l c o n t e x t ) and h ighe r socioeconomic s t a t u s ( i n t he
i n t e r f a r m c o n t e x t ) a i ded h ighe r f e r t i l i z e r a d o p t i o n . I n Dokur , t he l e v e l o f
a d o p t i o n was q u i t e h i g h even on sma l l f a r m s . I n v i l l a g e s o the r than A u r e p a l l e ,
t he percentage o f i r r i g a b l e area was h ighe r on s m a l l f a r m s . D i f f e r e n c e s i n
i r r i g a t i o n a v a i l a b i l i t y thus d i d not appear t o b e impo r tan t i n e x p l a i n i n g
i n t e r f a r m s i z e d i f f e r e n c e s i n a d o p t i o n l e v e l s .

Over t i m e , more fa rmers used f e r t i l i z e r s in 2 of t he 3 r e g i o n s . The
e x c e p t i o n was Sholapur wh ich suggests i t s s p e c i a l n a t u r e .
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T o e x p l o r e t h e p a t t e r n o f a d o p t i o n f u r t h e r , a d d i t i o n a l da ta were c o l l e c t e d
on when and on wh ich c r o p t h e farmer s t a r t e d u s i n g f e r t i l i z e r s . The r e s u l t s ,
summarized in F i g u r e 2 , showed t h a t f e r t i l i z e r use was a r e l a t i v e l y r e c e n t
p r a c t i c e i n t he Sholapur and Ako la r e g i o n s ; none o f t h e fa rmers surveyed i n
these r e g i o n s had used f e r t i l i z e r b e f o r e 1964. I n A k o l a , a d o p t i o n o f
f e r t i l i z e r s r a p i d l y i n c r e a s e d f rom 1964, bu t i n Sho lapur t h e p rocess has no t
been so f a s t . I n Dokur i n Mahbubnagar, more t han h a l f t h e f a rmers had t aken to
f e r t i l i z e r s b e f o r e 1959, and by 1978 eve ry fa rmer i n t h e v i l l a g e was u s i n g them.
I n A u r e p a l l e , f e r t i l i z e r use s t a r t e d i n t h e e a r l y 1960s , but even b y 1978 t h e
c u m u l a t i v e pe rcen tage o f f e r t i l i z e r use rs d i d no t g o beyond 55 . F e r t i l i z e r use
i s t hus seen as an e s t a b l i s h e d p r a c t i c e i n Dokur and A k o l a , w h i l e i n t he
l o w - r a i n f a l l r e g i o n s w i t h l i t t l e i r r i g a t i o n (Sholapur and A u r e p a l l e ) , t he
o v e r a l l a d o p t i o n and r a t e o f d i f f u s i o n has been p o o r .

I n b o t h A u r e p a l l e and Dokur , f e r t i l i z e r use s t a r t e d w i t h p a d d y — w e l l b e f o r e
the advent o f t he h i g h - y i e l d i n g v a r i e t i e s i n t h e m id -1960s . I n t h e Ako la
r e g i o n , f e r t i l i z e r s were f i r s t used o n h y b r i d sorghum and c o t t o n c r o p s . Thus ,
i n these two r e g i o n s , a v a i l a b i l i t y o f i r r i g a t i o n and /o r h i g h - r e s p o n s e c rops
prompted a d o p t i o n o f f e r t i l i z e r s (Desai e t a l . 1 9 7 3 ) . I n S h o l a p u r , f a rmers
s t a r t e d u s i n g f e r t i l i z e r s o n a v a r i e t y o f c rops u n l i k e i n t h e o t h e r r e g i o n s
where a p p l i c a t i o n was i n i t i a l l y r e s t r i c t e d to one o r two c r o p s . Some fa rmers
s t a r t e d w i t h i r r i g a t e d c rops l i k e paddy, whea t , ma i ze , v e g e t a b l e s , o r sugarcane
and some o t h e r s chose h i g h - r e s p o n s e n o n i r r i g a t e d c rops l i k e h y b r i d sorghum or
g r o u n d n u t .

9
 Wh i l e t h e b a s i c f o r c e s ( i r r i g a t i o n and h i gh - response ) were

a p p a r e n t l y s i m i l a r , t h e Sholapur s i t u a t i o n suggested a l onger phase o f
e x p e r i m e n t a t i o n by f a r m e r s . T h i s phenomenon has a l s o been observed in ano the r
l o w - r a i n f a l l SAT d i s t r i c t , B e l l a r y i n K a r n a t a k a , where f e r t i l i z e r use i s a 
r ecen t p r a c t i c e (Krishnaswamy and P a t e l 1973) . 

The p i c t u r e , a s p r e s e n t e d above , r e f l e c t s t h e p a t t e r n o f f i r s t a d o p t i o n ,
bu t does no t p r o v i d e i n f o r m a t i o n o n c o n t i n u i t y i n f a r m e r s ' use o f f e r t i l i z e r s .
S c r u t i n y o f da ta c o l l e c t e d f rom each i n d i v i d u a l fa rmer r e v e a l e d t h a t a d o p t i o n
was no t a one - t ime d e c i s i o n f o r a l l f a r m e r s . Tab le 7 shows t h e d i s t r i b u t i o n o f
f e r t i l i z e r use rs over t h e 3-year p e r i o d

1 0
 i n d i f f e r e n t c a t e g o r i e s .

Table 7 . D i s t r i b u t i o n of f e r t i l i z e r users according to p a t t e r n of use ( 1 9 7 5 - 7 8 ) .

Percentage o f f e r t i l i z e r users

Mahbubnagar

User c a t e g o r y Sholapur Ako la A u r e p a l l e Dokur

1 . Users i n a l l 3 yea rs
2 . Users i n l a s t 2 yea rs
3 . Users i n t h e l a s t year
4 . O the rs

T o t a l

26
9

17
48

100

65
8

10
17

100

57
8

14
21

100

69
25

0
6

100

14

9 . Even f o r t h e s e n o n i r r i g a t e d c r o p s , p o s t r a i n y - s e a s o n c r o p p i n g i m p l i e s a s s u r e d

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

1 0 . T h r e e y e a r s a r e n o t e n o u g h f o r a n a n a l y s i s o f t h i s t y p e b u t t h e p o i n t w e

w a n t t o make comes o u t q u i t e c l e a r l y e v e n w i t h t h e s e d a t a .



Figure 2. Adoption of fertilizer, over time, in Sholapur, Akola, and Mahbubnagar 

(two locations) regions. 
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The f i r s t two rows of Tab le 7 show t h e pe rcen tage of c o n t i n u o u s u s e r s ; and
t h e t h i r d row, t h e new adop te rs i n 1977-78 . I n Doku r , 94% o f t h e f e r t i l i z e r
users be longed t o t he " c o n s i s t e n t u s e r s " c a t e g o r y ; o n l y 35% o f t h e use rs i n
Sholapur f e l l i n t h i s c l a s s . Farmers who used f e r t i l i z e r s o n l y i n some y e a r ( s )
have been c a t e g o r i z e d under t h e head " o t h e r s " i n t h e t a b l e . N e a r l y h a l f t h e
f e r t i l i z e r use rs i n Sholapur be longed t o t h i s g r o u p .

Lack o f i r r i g a t i o n and c a p i t a l — n o t l a c k o f awareness o r apprehens ions
about t he p r o f i t a b i l i t y o f f e r t i l i z e r use—were t h e main reasons f o r nonadop t i on
o f f e r t i l i z e r s . R isk was ano ther i m p o r t a n t f a c t o r .

The comprehensive NCAER su rvey on f e r t i l i z e r demand and a few o t h e r s t u d i e s
have a l s o i d e n t i f i e d i r r i g a t i o n and c r e d i t a s t h e most i m p o r t a n t c o n s t r a i n t s t o
wide a d o p t i o n o f f e r t i l i z e r s (Maharaja 1975, NCAER 1 9 7 8 ) .

F e r t i l i z e r use i s a w e l l - e s t a b l i s h e d p r a c t i c e i n t h e i r r i g a t e d SAT areas
(Desai and Singh 1973, Desai e t a l . 1973, and Jha 1 9 8 0 ) . In a reas w i t h
r e l a t i v e l y h i g h and s t a b l e r a i n f a l l and s u b s t a n t i a l a rea under h i g h - v a l u e ,
h i g h - r e s p o n s e c r o p s , f e r t i l i z e r use s t a r t e d i n t h e mid-1960s and has grown
r a t h e r r a p i d l y s i n c e . On t h e o t h e r hand , n o n i r r i g a t e d SAT r e g i o n s w i t h low
r a i n f a l l showed low a d o p t i o n l e v e l s , s low r a t e o f d i f f u s i o n , and f e r t i l i z e r use
was not c o n t i n u o u s f rom year to y e a r .

Levels and Variability of Fertilizer Use

Tab le 8 shows the average a p p l i c a t i o n r a t e s and e x t e n t o f area f e r t i l i z e d w i t h
d i f f e r e n t n u t r i e n t s .

Table 8. Average l e v e l of f e r t i l i z e r use on farms in d i f f e r e n t regiOns
( 1 9 7 5 - 7 8 ) .

Mahbubnagar

P a r t i c u l a r s Sholapur Ako la A u r e p a l l e Dokur

1 . Average l e v e l o f (N+P2O5+K2O)
use (kg /ha o f g ross cropped area)

2 7 12 391 . Average l e v e l o f (N+P2O5+K2O)
use (kg /ha o f g ross cropped area)

2 . Average r a t e o f a p p l i c a t i o n
(kg /ha f e r t i l i z e d ) :

N 28 25 53 62

P2O5
17 13 27 34

K2O 17 8 12 16

3. % of g ross cropped area
f e r t i l i z e d :

N 5 18 17 45
P2O5 2 13 10 23

K2O 2 12 3 21

O v e r a l l , t he i n t e n s i t y o f f e r t i l i z e r u s e — i n d i c a t e d b y t h e average l e v e l o f

f e r t i l i z e r (N+P2O5+K2O) consumpt ion—was found t o b e v e r y low i n a lmos t a l l
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r e g i o n s except Dokur , where i t was about 40 k g / h a . These f i g u r e s emphasize t he
low l e v e l o f and h i g h i n t e r r e g i o n a l v a r i a t i o n i n f e r t i l i z e r use i n SAT a r e a s .
Tab le 8 a l s o r e v e a l s t h a t consumpt ion was low because o f t he v e r y poor e x t e n t o f
f e r t i l i z a t i o n : o n l y a nomina l f r a c t i o n o f t h e cropped area was f e r t i l i z e d i n
Sholapur ; i n Ako la and A u r e p a l l e a l s o , t he percen tage o f area f e r t i l i z e d w i t h
n i t r o g e n d i d no t exceed o n e - f i f t h o f t he cropped a r e a . Even i n t h e h i g h l y
i r r i g a t e d Dokur v i l l a g e , no t a l l i r r i g a t e d l a n d r e c e i v e d f e r t i l i z e r .

I n a l l t h e r e g i o n s , a d o p t i o n l e v e l s (Tab le 6 ) were s i g n i f i c a n t l y h i g h e r
than t h e percen tage o f areas f e r t i l i z e d d e s p i t e t he f a c t t h a t fa rmers have been
u s i n g f e r t i l i z e r s f o r 1 0 years o r more. T h i s i n d i c a t e s low d i f f u s i o n o f
f e r t i l i z e r use (even i n h i g h l y i r r i g a t e d a r e a s ) ; s e c o n d l y , i t suggests t h a t
f rom the p o i n t o f v iew o f f e r t i l i z e r p r o m o t i o n , a l t e r n a t i v e s t r a t e g i e s may b e
r e q u i r e d t o r a i s e t he l e v e l s o f these two d e t e r m i n a n t s .

The a c t u a l r a t e s o f a p p l i c a t i o n (Table 8 ) were n e a r l y t w i c e as h i g h in
Mahbubnagar as in t h e Sholapur and Ako la r e g i o n s . Ako la and A u r e p a l l e p r o v i d e
an i n t e r e s t i n g compar i son : t he cropped area f e r t i l i z e d was n e a r l y t he same in
b o t h , bu t t he r a t e s o f f e r t i l i z e r ( f o r N and P2O5 p a r t i c u l a r l y ) a p p l i c a t i o n were
marked ly d i f f e r e n t .

The i n t e r r e g i o n a l v a r i a t i o n in t he average parameters needs to be
e x p l a i n e d . A d e t a i l e d a n a l y s i s f o l l o w s in Chapter I V . Tab le 9 p r o v i d e s da ta on
t h e i n f l u e n c e o f i r r i g a t i o n o n f e r t i l i z e r use .

Table 9. I r r i g a t i o n and f e r t i l i z e r use (1975-78).

% of t o t a l
f e r t i l i z e r

(N+P2O5+K2O)
% o f t o t a l
f e r t i l i z e d

Rate (kg /ha f e r t i l i z e d )

D i s t r i c t /
% of cropped used f o r

area i r r i g a t e d
area ( w i t h
N) i r r i g a ­

I r r i g a t e d N o n i r r i g a t e d

v i l l a g e i r r i g a t e d c rops t e d N P2O5 K2O N P2O5 K2O

Sholapur
Ako la
Hahbubnagar

A u r e p a l l e
Dokur

10-13 75
4-5 37

21 97
60 99

55
15

91
98

39 23 23
65 32 18

60 32 14
63 34 16

14 11 11
18 10 6 

14 10 2 
16 19 16

The t a b l e shows t h a t i r r i g a t i o n p l ayed a dominant r o l e in t he Sholapur and
Mahbubnagar r e g i o n s . I r r i g a t e d c rops accounted f o r 75 to 99% o f t h e t o t a l
f e r t i l i z e r used . The Ako la r e g i o n , wh ich had r e l a t i v e l y h i g h e r r a i n f a l l ,
p r o v i d e d a n i n t e r e s t i n g c o n t r a s t . T h i s r e g i o n had l i t t l e i r r i g a t e d area ( l e s s
than 5%), y e t more than o n e - t h i r d o f t h e t o t a l f e r t i l i z e r was used on i r r i g a t e d
c r o p s . The da ta i n d i c a t e t h a t f e r t i l i z e r use i n t he l o w - r a i n f a l l areas o f t he
SAT was c o n f i n e d to i r r i g a t e d l a n d s . In r e l a t i v e l y h i g h e r (and more s t a b l e )
r a i n f a l l a r e a s , on t he o t h e r hand , f e r t i l i z e r use was q u i t e common under r a i n f e d
c o n d i t i o n s .

The r a t e s o f f e r t i l i z a t i o n under i r r i g a t e d c o n d i t i o n s were remarkab ly
s i m i l a r in t he Ako la and Mahbubnagar r e g i o n s (60-65 kg N, 32-34 kg P2O5 , and
14-18 kg K2O per f e r t i l i z e d h e c t a r e ) . The r a t e s f o r n o n i r r i g a t e d c rops were
a l s o q u i t e comparable ac ross r e g i o n s . The e x c e p t i o n a l case o f Sholapur
( i r r i g a t e d r a t e s ) needs t o b e n o t e d . O v e r a l l , t he v a r i a t i o n i n t he r a t e s o f
f e r t i l i z e r a p p l i c a t i o n ac ross r e g i o n s was due s o l e l y t o i r r i g a t i o n .
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F u r t h e r a n a l y s i s r e v e a l e d t h a t , a l t h o u g h f e r t i l i z e r use was most on
i r r i g a t e d l a n d s , a s i g n i f i c a n t p r o p o r t i o n o f such l a n d r e c e i v e d n o f e r t i l i z e r a t
a l l .

1 1
 i n t h e Mahbubnagar v i l l a g e s , 20-30% o f t h e i r r i g a t e d area remained

u n f e r t i l i z e d ; i n t h e Maharasht ra d i s t r i c t s , i t was n e a r l y 60%. Wh i l e l a c k o f
c a p i t a l and /o r n o n a v a i l a b i l i t y o f f e r t i l i z e r c o u l d have been r e s p o n s i b l e f o r
t h i s s i t u a t i o n in Sholapur and Mahbubnagar, t h e Ako la case was p u z z l i n g because
n o n i r r i g a t e d c rops r e c e i v e d a l a r g e share o f t h e f e r t i l i z e r used i n t h i s a r e a .
The e x i s t e n c e o f a f a i r p r o p o r t i o n o f u n f e r t i l i z e d i r r i g a t e d l a n d was a l s o
i n d i c a t e d b y o t h e r d a t a sources (Jha 1 9 8 0 ) . E x p l o i t a t i o n o f t h i s s l a c k c o u l d
l e a d t o s i g n i f i c a n t p r o d u c t i v i t y ga ins i n SAT a g r i c u l t u r e .

1 2
 I t a l s o f o l l o w s

t h a t eas ing o f c o n s t r a i n t s wou ld r e s u l t — a t l e a s t i n t he Sho lapur and
Mahbubnagar s i t u a t i o n s — i n e x t e n s i o n o f f e r t i l i z e r u s e , i n i t i a l l y t o h i t h e r t o
u n f e r t i l i z e d i r r i g a t e d l a n d .

Allocation of Fertilizers to Crops

S e v e r a l s t u d i e s have r e v e a l e d t h a t f a r m e r s ' c h o i c e o f c rops t o b e f e r t i l i z e d i s
i n f l u e n c e d b y t he r e l a t i v e p r o f i t a b i l i t y o f responses t o f e r t i l i z e r a p p l i c a t i o n
(Desai 1969, Desai e t a l . 1973, and Mahara ja 1 9 7 5 ) . The dominance o f i r r i g a t e d
c rops ( i n a l o w - r a i n f a l l s i t u a t i o n ) , shown i n t h e p r e c e d i n g s e c t i o n , i s p a r t i a l
ev idence i n suppor t o f t h i s f i n d i n g . I n t h i s s e c t i o n , t h e s u b j e c t i s pursued
f u r t h e r and a t t e n t i o n i s f ocused o n a l l o c a t i o n o f f e r t i l i z e r s among d i f f e r e n t
c r o p s . The tendency no ted above would i m p l y t h a t r e l a t i v e l y more
f e r t i l i z e r - r e s p o n s i v e c rops would c l a i m a l a r g e r share o f t o t a l n u t r i e n t s .
Tab le 1 0 p r o v i d e s da ta o n c ropw ise a l l o c a t i o n o f f e r t i l i z e r (N+P2O5+K2O) i n
d i f f e r e n t r e g i o n s .

I n t he Mahbubnagar v i l l a g e s , h i g h - y i e l d i n g v a r i e t i e s o f paddy
ove rwhe lm ing l y dominated t h e f e r t i l i z e r scene . Other c rops t h a t r e c e i v e d some
f e r t i l i z e r were g r o u n d n u t , v e g e t a b l e s , and c a s t o r ( i n A u r e p a l l e ) . N o f e r t i l i z e r
was used f o r sorghum in e i t h e r A u r e p a l l e o r Dokur , a l t h o u g h t h i s c rop occup ied a 
s i g n i f i c a n t a r e a .

The p a t t e r n observed i n Sho lapu r—ano the r low r a i n f a l l r e g i o n — i s
i n t e r e s t i n g . The r e g i o n i s c h a r a c t e r i z e d by a h i g h l y s u b s i s t e n c e - o r i e n t e d
c r o p p i n g p a t t e r n : l o c a l v a r i e t i e s o f sorghum and p u l s e s account f o r n e a r l y 85%
o f t he g ross cropped a r e a . I n t h i s r e g i o n , c rops l i k e sugarcane , v e g e t a b l e s ,
and paddy—grown on o n l y about 5% of t h e cropped a rea—accoun ted f o r about 60%
o f t h e t o t a l f e r t i l i z e r u s e d . I n sharp c o n t r a s t t o o t h e r r e g i o n s , t r a d i t i o n a l
v a r i e t i e s o f sorghum a l s o c l a i m e d a s i g n i f i c a n t s h a r e ; i n d e e d , sorghum consumed
a lmost t h e e n t i r e f e r t i l i z e r used i n t h e p o s t r a i n y season .

The a l l o c a t i o n p a t t e r n was more d i v e r s e in t h e Ako la r e g i o n . A number o f
c rops were f e r t i l i z e d ; c o t t o n , whea t , sorghum, and groundnut t h e most i m p o r t a n t
among them. The h i g h - y i e l d i n g v a r i e t i e s o f wheat and sorghum were p r e f e r r e d .
Wh i l e wheat occup ied o n l y 2% o f t h e g ross cropped a r e a , i t accounted f o r n e a r l y
o n e - t h i r d o f t he t o t a l f e r t i l i z e r used .

The o v e r a l l p a t t e r n , p r e s e n t e d i n Tab le 1 0 , t hus suppor ted t h e v iew t h a t
h i g h - r e s p o n s e c rops c l a i m e d p r i o r i t y i n t h e f a r m e r s ' f e r t i l i z e r - a l l o c a t i o n
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1 1 . See J h a a n d S a r i n 1 9 8 1 , f o r d a t a .

1 2 . S u c h a n e f f o r t i s a l r e a d y u n d e r way a s p a r t o f t h e i n t e n s i v e f e r t i l i z e r

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

f e r t i l i z e r - c o n s u m p t i o n l e v e l s ( S o h b a t i 1 9 7 9 ) .
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d e c i s i o n s . I r r i g a t e d , h i g h - v a l u e c e r e a l s (paddy and wheat) , commerc ia l c rops
( c o t t o n and g r o u n d n u t ) , and h i g h - y i e l d i n g v a r i e t i e s o f sorghum f i g u r e d
p r o m i n e n t l y i n t h i s r e g a r d . Such o p t i o n s appeared l i m i t e d i n t h e Sho lapur
r e g i o n , a l t h o u g h fa rmers d i d use some f e r t i l i z e r f o r t h e l o c a l v a r i e t i e s . I t
shou ld be no ted t h a t i n t h i s case a l s o , f e r t i l i z e r use was c o n f i n e d t o t h e more
c e r t a i n p o s t r a i n y season and a p p l i c a t i o n was r e s t r i c t e d t o t h e improved v a r i e t y ,
M 3 5 - 1 , wh ich responds w e l l t o i t .

F i g u r e 3 shows t h e f e r t i l i z e r - a l l o c a t i o n p a t t e r n under i r r i g a t e d and
n o n i r r i g a t e d c o n d i t i o n s s e p a r a t e l y i n t h e Ako la and Sho lapur r e g i o n s .

1 3
 I t was

found t h a t c rops l i k e sugarcane , paddy , whea t , and v e g e t a b l e s accounted f o r more
than 80% o f t h e t o t a l f e r t i l i z e r used under i r r i g a t e d c o n d i t i o n s . Sorghum and
g r o u n d n u t , grown i n t h e p o s t r a i n y season , were t h e main n o n i r r i g a t e d c rops
f e r t i l i z e d i n t he Sholapur r e g i o n .

1 4
 C o t t o n , sorghum (HYV), and groundnut were

t h e i m p o r t a n t c rops i n t h e Ako la r e g i o n .

The f i n d i n g s t hus c o n f i r m e d t h a t b o t h under i r r i g a t e d and r a i n f e d
c o n d i t i o n s , f e r t i l i z e r use was c o n c e n t r a t e d o n r e l a t i v e l y h i g h - r e s p o n s e c r o p s .
Where such o p t i o n s were l i m i t e d (as in S h o l a p u r ) , some f e r t i l i z e r was used on
low- response c r o p s ; even in such c a s e s , f a rmers chose t h e more s t a b l e
p o s t r a i n y - s e a s o n c r o p .

The c rops consuming t h e most f e r t i l i z e r were found to be those on wh ich
f e r t i l i z e r was f i r s t u s e d . T h i s i m p l i e s t h a t i n s p i t e o f h a v i n g used
f e r t i l i z e r s f o r 10 yea rs o r more, f a rmers have no t ex tended f e r t i l i z e r use t o
o t h e r c r o p s , and t h a t t h e c r o p base f o r f e r t i l i z e r consumpt ion c o n t i n u e s t o b e
n a r r o w . Other n o n i r r i g a t e d (and a reawise i m p o r t a n t ) c rops such as m i l l e t s and
p u l s e s c o n t i n u e t o b e grown w i t h o u t any f e r t i l i z e r .

C o n s i d e r a b l e a t t e n t i o n was p a i d t o f e r t i l i z e r use under r a i n f e d c o n d i t i o n s
i n t h e supp lementary s u r v e y s . I n a l l t h e r e g i o n s , f a rmers were conv inced t h a t
under normal c i r c u m s t a n c e s , f e r t i l i z e r use on d r y c rops (even l o c a l v a r i e t i e s )
was p r o f i t a b l e . I t was t h e l a c k o f c a p i t a l and t h e u n c e r t a i n t y about
s o i l - m o i s t u r e c o n d i t i o n s t h a t ac ted a s a r e s t r a i n t o n f e r t i l i z e r use i n t he
l o w - r a i n f a l l r e g i o n (Sholapur and Mahbubnagar) . T h i s undersco res t h e impor tance
o f i n s t i t u t i o n a l c r e d i t and o f t e c h n o l o g i c a l i n n o v a t i o n s ( v a r i e t i e s ,
crop-management p r a c t i c e s ) , t h a t m i n i m i z e t h e impact o f adverse s o i l - m o i s t u r e
c o n d i t i o n s d u r i n g t he g rowth p e r i o d o f t h e c r o p .

Rates of Fertilizer Application

Choice o f c rops t o b e f e r t i l i z e d i s f o l l o w e d b y d e c i s i o n s r e g a r d i n g r a t e s o f
a p p l i c a t i o n and t h e e x t e n t o f c ropped area t o b e f e r t i l i z e d . Tab le 1 1 p r e s e n t s
da ta on these aspec ts f o r c rops t h a t consumed a s i g n i f i c a n t q u a n t i t y o f
f e r t i l i z e r i n d i f f e r e n t r e g i o n s .

In b o t h t he Mahbubnagar v i l l a g e s , more t h a n 80% of t h e a rea under paddy was
f e r t i l i z e d a t t h e r a t e o f about 60-70 kg /ha N . The areas f e r t i l i z e d w i t h P2O5

and K2O were lower a l t h o u g h t he r a t e s were s i m i l a r (33-35 kg /ha P2O5 and 15-17
kg /ha K2O) i n t h e two v i l l a g e s . The areas f e r t i l i z e d and r a t e s f o r o t h e r
f e r t i l i z e d c rops i n these v i l l a g e s ( c a s t o r i n A u r e p a l l e and groundnut i n Dokur)
were much l o w e r .
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1 3 . E s t i m a t e s h a v e n o t b e e n p r e s e n t e d f o r A u r e p a l l e a n d D o k u r b e c a u s e f e r t i l i z e r

u s e u n d e r n o n i r r i g a t e d c o n d i t i o n s was n o m i n a l i n t h e s e v i l l a g e s ( T a b l e 9 ) .

1 4 . The q u a n t i t y o f f e r t i l i z e r u s e d u n d e r n o n i r r i g a t e d c o n d i t i o n s was v e r y

s m a l l .
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I n S h o l a p u r , sugarcane and v e g e t a b l e s were f e r t i l i z e d a t r e l a t i v e l y h i g h e r
l e v e l s . For a l l o t h e r f e r t i l i z e d c r o p s , t h e r a t e s o f n i t r o g e n a p p l i c a t i o n were
in t h e range o f 17-28 k g / h a . N i t r o g e n was a p p l i e d on o n l y about 30% of cropped
area ( w i t h t h e m a r g i n a l e x c e p t i o n o f p a d d y ) . The e x t e n t o f areas f e r t i l i z e d
w i t h P2O5 and K2O was v e r y l o w . The t a b l e shows t h a t o n l y a nomina l f r a c t i o n o f
t h e area under l o c a l sorghum was f e r t i l i z e d . Tab le 10 shows a h i g h percen tage
a l l o c a t i o n o f f e r t i l i z e r t o t h i s c r o p o n l y because o f t h e h i g h area under i t ,
and t h e v e r y low a b s o l u t e l e v e l o f f e r t i l i z e r use i n t h i s r e g i o n . I t i s a l s o
i n t e r e s t i n g t o no te t h a t t h e r a t e s o f a p p l i c a t i o n f o r l o c a l and HYV o f sorghum
were q u i t e s i m i l a r ; w i t h r e s p e c t t o area f e r t i l i z e d , however , t h e HYV f a r e d
b e t t e r .

The f e r t i l i z e r - u s e v a l u e s were much h i g h e r i n t h e Ako la r e g i o n . I n t he
case of HYV of wheat and c o t t o n , more* t h a n t h r e e - f o u r t h s of t h e cropped area
r e c e i v e d n i t r o g e n and phosphorus , and more t han 60% of t h e area r e c e i v e d p o t a s h .
I n t h i s r e g i o n , s i g n i f i c a n t l y h i g h e r f e r t i l i z e r - u s e parameters were observed f o r
h i g h - y i e l d i n g v a r i e t i e s compared t o l o c a l v a r i e t i e s .

I n g e n e r a l , f e r t i l i z e r - u s e parameters f o r b o t h h i g h - y i e l d i n g and l o c a l
v a r i e t i e s were h i g h e r f o r i r r i g a t e d c r o p s . The n o n i r r i g a t e d - c r o p r a t e s ( f o r
n i t r o g e n ) were m o s t l y below 30 k g / h a ; t h e HYV of c o t t o n in Ako la was, however ,
an e x c e p t i o n .

O n compa r i son , t h e a c t u a l r a t e s o f f e r t i l i z e r a p p l i c a t i o n were
s i g n i f i c a n t l y lower t han t he recommended l e v e l s even i n t h e h i g h l y i r r i g a t e d
Dokur v i l l a g e . T h i s was t r u e o f a lmost a l l c rops i n o t h e r r e g i o n s , and o f t h e
c o u n t r y as a whole (NCAER 1 9 7 8 ) . Inadequacy of c a p i t a l and n o n a v a i l a b i l i t y o f
f e r t i l i z e r s m igh t b e t o blame f o r t h i s . 1 5 under t h e c i r c u m s t a n c e s , lower r a t e s
o f f e r t i l i z e r spread over a l a r g e r a rea appears a reasonab le s t r a t e g y . T h i s
f i n d i n g has an i m p o r t a n t i m p l i c a t i o n : i t has been argued (Desai 1978) t h a t t h e
h i g h f e r t i l i z e r - c o n s u m i n g i r r i g a t e d a reas may soon reach t h e i r agronomic
p o t e n t i a l f o r f e r t i l i z e r consumpt ion a n d , c o n s e q u e n t l y , cease t o gene ra te
f u r t h e r g row th i n e f f e c t i v e demand f o r f e r t i l i z e r . O n t h e c o n t r a r y our a n a l y s i s
sugges ts t h a t f e r t i l i z e r use can b e i nc reased c o n s i d e r a b l y i n i r r i g a t e d a r e a s .

The supp lementa ry su rvey i n d i c a t e d t h a t , even in Dokur , most f a rme rs were
unaware o f t h e recommended l e v e l s . I n o t h e r a r e a s , i gno rance was p e r v a s i v e .
T h i s was r e v e a l e d by t h e NCAER c o u n t r y w i d e su rvey (NCAER 1978) as w e l l .

I n t h e Mahbubnagar r e g i o n (and f o r n o n i r r i g a t e d l o c a l v a r i e t i e s i n o t h e r
r e g i o n s ) use o f p o t a s h was no t recommended; y e t i t was be ing u s e d . The
supp lementa ry su rvey r e v e a l e d t h a t t h i s was because o f problems o f a v a i l a b i l i t y :
i n most cases f a rme rs had to accept whatever f e r t i l i z e r ( m i x t u r e s ) was a v a i l a b l e
i n t he market a n d , i n s e v e r a l c a s e s , t hey had t o buy m i x t u r e s c o n t a i n i n g po tash
as w e l l (Umrani 1 9 7 9 ) . T h i s has i m p o r t a n t i m p l i c a t i o n s f rom t h e p o i n t o f v iew
o f f e r t i l i z e r - u s e e f f i c i e n c y and t h e w o r k i n g o f t h e f e r t i l i z e r d i s t r i b u t i o n
sys tem.

Going back t o Tab le 1 1 , i t i s apparen t t h a t even where f e r t i l i z e r use was
h i g h , t h e e n t i r e a rea under major f e r t i l i z e r - u s i n g c rops was n o t f e r t i l i z e d . We
had commented on t h i s e a r l i e r i n t he c o n t e x t o f t h e o v e r a l l d a t a . Tab le 12
shows t h e e x t e n t o f v a r i a t i o n i n t h e use o f n i t r o g e n over yea rs as w e l l as
ac ross f a rm s i z e s f o r t h e most i m p o r t a n t f e r t i l i z e r - u s i n g c rops i n d i f f e r e n t
r e g i o n s .
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1 5 . R i s k s a n d n o n p r o f i t a b i l i t y o f t h e recommended l e v e l s c o u l d a l s o b e i m p o r t a n t

r e a s o n s .
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The t a b l e shows t h a t i n bo th t he Mahbubnagar v i l l a g e s , a lmost t he e n t i r e
area under HYV of paddy was covered over t i m e . In t he Ako la and Sholapur
r e g i o n s , however, i n t e r y e a r and i n t e r s i z e v a r i a t i o n s i n r a t e s and area
f e r t i l i z e d were c o n s i d e r a b l e . The t a b l e suggests t h a t i n h i g h l y i r r i g a t e d
a r e a s , f u t u r e g rowth i n f e r t i l i z e r consumpt ion would b e th rough i nc reases i n t he
r a t e o f a p p l i c a t i o n on i r r i g a t e d c rops and th rough spread o f f e r t i l i z e r use t o
n o n i r r i g a t e d c r o p s . There was no i n d i c a t i o n t h a t t he l a t t e r would spontaneous ly
f o l l o w because, even a f t e r more than 20 years o f exper ience w i t h f e r t i l i z e r ,
f a rmers have no t shown any w i l l i n g n e s s to ex tend i t s use to n o n i r r i g a t e d c r o p s .
I t f o l l o w s t h a t t e c h n o l o g i c a l s t r a t e g i e s ( v a r i e t i e s and agronomic management
p r a c t i c e s ) t h a t genera te h i g h response under l o w - r a i n f a l l (mo is tu re ) c o n d i t i o n s
shou ld r e c e i v e t o p p r i o r i t y i n research f o r a c h i e v i n g r e a l g rowth i n the
p r o d u c t i v i t y o f n o n i r r i g a t e d c r o p s .

In Ako la (and Sho lapur ) t h e r e was no s y s t e m a t i c p a t t e r n in t he movement o f
r a t e s , o r area f e r t i l i z e d over years o r f a r m - s i z e g roups . I t i s i m p o r t a n t t o
s tudy what f a c t o r s cause these v a r i a t i o n s .

F e r t i l i z e r use under r a i n f e d c o n d i t i o n s was s i g n i f i c a n t o n l y i n the Ako la
r e g i o n . Tab le 13 p r e s e n t s da ta on r a t e s o f a p p l i c a t i o n o f d i f f e r e n t n u t r i e n t s
under i r r i g a t e d and r a i n f e d c o n d i t i o n s f o r sorghum (HYV), paddy, and c o t t o n
(HYV) . 

The t a b l e r e v e a l s one i n t e r e s t i n g f e a t u r e : except f o r paddy, t he i r r i g a t e d
r a t e s o f a p p l i c a t i o n o f n i t r o g e n were no t ve ry d i f f e r e n t f rom the co r respond ing
n o n i r r i g a t e d r a t e s . W i t h rega rd t o phosphorus and p o t a s h , however, t h e
i r r i g a t e d r a t e s were h i g h e r . I t shou ld b e noted t h a t t h i s d i s t r i c t has been
i d e n t i f i e d as an area o f r e l a t i v e l y assured r a i n f a l l , w i t h good scope f o r
f e r t i l i z e r use under r a i n f e d c o n d i t i o n s (Venkateswar lu 1979 ) .

One o t h e r a s p e c t — f e r t i l i z e r use under s o l e - and m ixed -c ropp ing
s i t u a t i o n s — n e e d s to be h i g h l i g h t e d . Mixed c ropp ing o r i n t e r c r o p p i n g i s an
impo r tan t p r a c t i c e i n s e m i - a r i d a g r i c u l t u r e (Jodha 1979) f o r s e v e r a l reasons .
The g ross cropped area devoted to mixed c ropp ing was 37% in Sho lapur , 78% in
A u r e p a l l e , and 20% in Dokur . Mixed c rops accounted f o r o n l y 16% of t he t o t a l
f e r t i l i z e r used i n Sho lapu r , and 31% i n A k o l a . I n A u r e p a l l e , t he f i g u r e was
n e g l i g i b l e and i n Dokur , f e r t i l i z e r was not used on mixed crops a t a l l . Thus,
i t appears t h a t f e r t i l i z e r use was l a r g e l y c o n f i n e d t o s o l e - c r o p s i t u a t i o n s ,
p a r t i c u l a r l y in t he low r a i n f a l l SAT r e g i o n s . I t has been shown (Jodha 1979)
t h a t mixed c ropp ing i s not f o l l o w e d o n i r r i g a t e d l a n d s . I f mixed c ropp ing i s
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Table 13 . Rate of f e r t i l i z e r a p p l i c a t i o n under i r r i g a t e d and n o n i r r i g a t ed
condit ions for selected crops in Akola reg ion .

Rate o f a p p l i c a t i o n (kg /ha f e r t i l i z e d )

Crops
i r r i g e t e d /

n o n i r r i g a t e d
N P2O5

K2O

Sorghum HYV

Paddy Loca l

Co t ton HYV

I r r i g a t e d
N o n i r r i g a t e d

I r r i g a t e d
N o n i r r i g a t e d

I r r i g a t e d
N o n i r r i g a t e d

28
29

59
33

41
45

28
15

33
21

29
21

16
9

18
15

27
12



viewed as a s t r a t e g y t o combat r i s k s , t h i s p a t t e r n i s l o g i c a l : f a rmers who are
concerned w i t h p r o t e c t i n g themselves a g a i n s t t o t a l c r o p f a i l u r e (by r e s o r t i n g t o
mixed c ropp ing ) would no t i n c rease the r i s k o f c a p i t a l l o s s b y u s i n g f e r t i l i z e r .

The Ako la s i t u a t i o n has been more c l o s e l y ana lyzed because of t he
r e l a t i v e l y l a r g e r e x t e n t o f i n t e r c r o p p i n g and h i g h e r use o f f e r t i l i z e r under
mixed c r o p p i n g i n t h i s r e g i o n . Tab le 14 p r e s e n t s da ta on f e r t i l i z e r use under
s o l e - c r o p p e d and m i x e d - c r o p p i n g s i t u a t i o n s f o r sorghum, g r o u n d n u t , and
c o t t o n — t h e t h r e e base c rops wh ich fo rm a p a r t o f n e a r l y a l l t h e i n t e r c r o p p i n g
schemes i n t he r e g i o n .

The t a b l e c l e a r l y shows t h a t f o r a l l t h e t h r e e c r o p s , t h e r a t e s o f
f e r t i l i z e r a p p l i c a t i o n were s i g n i f i c a n t l y lower under i n t e r c r o p p i n g s i t u a t i o n s .
There i s some ev idence (Sahrawat e t a l . 1979) t o show t h a t , a t h i g h e r l e v e l s o f
f e r t i l i z e r u s e , t he response i s lower under i n t e r c r o p p i n g when compared t o t h e
s o l e - c r o p s i t u a t i o n . Data o n the percen tage o f cropped area f e r t i l i z e d i n d i c a t e
t h a t i n t e r c r o p p i n g systems w i t h groundnut and HYV of c o t t o n as base c r o p s , were
more e x t e n s i v e l y f e r t i l i z e d t han those based on sorghum o r l o c a l v a r i e t i e s o f
c o t t o n . I n d e e d , t he e x t e n t o f a rea f e r t i l i z e d under i n t e r c r o p p i n g was h i g h e r
than under t h e c o r r e s p o n d i n g s o l e - c r o p s i t u a t i o n f o r these c r o p s . The da ta a l s o
revea led t h a t i n t e r c r o p s u s i n g h i g h - r e s p o n s e v a r i e t i e s (sorghum and c o t t o n HYV)
were more e x t e n s i v e l y f e r t i l i z e d .

These f i n d i n g s h i g h l i g h t two i ssues i m p o r t a n t f o r i n t e r c r o p p i n g r e s e a r c h :
f i r s t , t h a t new i n t e r c r o p p i n g systems f o r h i g h l y u n s t a b l e and l o w - r a i n f a l l a reas
must be based on the r e a l i z a t i o n t h a t f rom the f a r m e r s ' p o i n t o f v i e w , t h e two
s t r a t e g i e s ( f e r t i l i z e r use and i n t e r c r o p p i n g ) a re c o n t r a d i c t o r y — t h e l a t t e r
reduces r i s k , t he former i nc reases i t ; second, i n o t h e r ( b e t t e r endowed) a r e a s ,
a l t e r n a t i v e i n t e r c r o p p i n g systems need to be based on r e l a t i v e l y lower r a t e s o f
f e r t i l i z e r a p p l i c a t i o n .

Agronomic Management of Fertilizer

The ev idence p resen ted so f a r suggests t h a t fa rmers a re aware o f t he r e l a t i v e
response of a c rop to f e r t i l i z e r a p p l i c a t i o n and dec ide a c c o r d i n g l y . We now
presen t some f i n d i n g s t h a t i n d i c a t e how fa rmers manage t h e i r f e r t i l i z e r i n p u t i n
terms o f cho i ce o f f e r t i l i z e r m a t e r i a l , t i m i n g o f a p p l i c a t i o n , and use o f
d i f f e r e n t p l a n t n u t r i e n t s . These a re i m p o r t a n t d e t e r m i n a n t s o f t h e t e c h n i c a l
e f f i c i e n c y o f f e r t i l i z e r u s e . The i n f o r m a t i o n would h e l p i d e n t i f y aspec ts
r e q u i r i n g more emphasis i n e x t e n s i o n programs.

Sources o f p l a n t n u t r i e n t s . Data on f e r t i l i z e r m a t e r i a l s used by fa rmers
revea led t h a t i n a l l t he r e g i o n s , s t r a i g h t f e r t i l i z e r s — u r e a mos t l y—were the
main source o f n i t r o g e n , w h i l e f e r t i l i z e r m i x t u r e s p r o v i d e d phosphorus and
p o t a s h . I n A k o l a , f e r t i l i z e r m i x t u r e s p r o v i d e d a s i g n i f i c a n t l y h i ghe r f r a c t i o n
o f n i t r o g e n . Supplementary su rveys i n d i c a t e d t h a t s a l e o f f e r t i l i z e r m i x t u r e s
(p repared i n t he c o o p e r a t i v e s e c t o r ) was o f t e n t i e d t o c o o p e r a t i v e l o a n s . I n
a l l cases , t he s o l e use o f n i t r o g e n f e r t i l i z e r p r o v i d e d f l e x i b i l i t y i n
f e r t i l i z e r usage d u r i n g t h e c r o p - g r o w t h p e r i o d . Another i m p o r t a n t p o i n t
r e v e a l e d by t h e surveys was t h a t fa rmers were more or l e s s compel led to accept
whatever f e r t i l i z e r m a t e r i a l was a v a i l a b l e .

Balanced use o f p l a n t n u t r i e n t s . Balanced use o f p l a n t n u t r i e n t s i s an
i m p o r t a n t de te rm inan t of f e r t i l i z e r - u s e e f f i c i e n c y . We examined t he N:P2O5 use
r a t i o s i n d i f f e r e n t r e g i o n s o n t h e b a s i s o f aggrega te consumpt ion o f these
n u t r i e n t s . The r a t i o came t o 4 : 1 i n Sho lapu r , 2 . 6 : 1 i n A k o l a , 3 . 2 : 1 i n
A u r e p a l l e , and 3 . 6 : 1 i n Dokur . Thus , i n a l l t h e r e g i o n s , f e r t i l i z e r use was
h e a v i l y b i ased towards n i t r o g e n . The s i t u a t i o n i n Sholapur and Dokur r e f l e c t e d
a r e l a t i v e l y g r e a t e r imba lance .
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Tab le 15 l ooks a t t h i s prob lem f rom the p o i n t o f v iew o f area f e r t i l i z e d
w i t h d i f f e r e n t n u t r i e n t s . I t shows t h a t a l i t t l e more t han o n e - t h i r d o f t h e
t o t a l f e r t i l i z e d area r e c e i v e d a l l t he t h r e e major n u t r i e n t s i n t h e l o w - r a i n f a l l
r e g i o n s of Sholapur and Mahbubnagar. Use of po tash was no t recommended f o r most
c rops i n these r e g i o n s . I n A k o l a , where i t was recommended f o r c rops l i k e HYV
of sorghum, c o t t o n , and whea t , 70% o f t h e f e r t i l i z e d area r e c e i v e d p o t a s s i c
f e r t i l i z e r s . The imbalance i n t he use o f phosphorus was c l e a r . I n a l l t he
r e g i o n s except A k o l a , n e a r l y 60-65% o f t he f e r t i l i z e d area d i d no t r e c e i v e any
p h o s p h a t i c f e r t i l i z e r . I t may b e no ted aga in t h a t t h e f e r t i l i z e r c r e d i t p o l i c y
o f t he c o o p e r a t i v e s has p l a y e d an i m p o r t a n t p a r t i n a c h i e v i n g a r e l a t i v e l y more
ba lanced f e r t i l i z e r - u s e p a t t e r n i n A k o l a .

Table 15 . D i s t r i b u t i o n of f e r t i l i z e d area according to use of d i f f e r e n t
n u t r i e n t s ( 1 9 7 5 - 7 8 ) .

Percentage o f f e r t i l i z e d area r e c e i v i n g
T o t a l

f e r t i l i z e d
area

D i s t r i c t /
v i l l a g e

N i t r o g e n
o n l y

Phosphorus
o n l y N+P2O5 N+P2O5+K2O

T o t a l
f e r t i l i z e d

area

Sholapur 63 1 2 34 100

Ako la 26 4 0 70 100

Mahbubnagar

A u r e p a l l e 58 0 6 36 100

Dokur 65 0 0 35 100

The s o i l s o f t he r e g i o n s s t u d i e d a re g e n e r a l l y no t d e f i c i e n t i n p o t a s h ;
and w i t h respec t to phosphorus a l s o , the response under d r y l a n d c o n d i t i o n s has
been found to be low or n o n s i g n i f i c a n t (Venkateswar lu 1979, Umrani 1 9 7 9 ) . Th i s
may be one reason f o r t h e observed imba lance . But we have seen t h a t in Sholapur
and Mahbubnagar r e g i o n s , f e r t i l i z e r s were most used on i r r i g a t e d c r o p s . Th i s
e x p l a n a t i o n , t h e r e f o r e , would no t h o l d . The SAT r e f l e c t s t o an e x t e n t t he t r e n d
in t he c o u n t r y as a w h o l e . However, t h e adverse l o n g - t e r m e f f e c t s o f imbalance
i n f e r t i l i z e r use a re l i k e l y t o emerge more s t r o n g l y o n r e l a t i v e l y poorer s o i l s
t h a t p redominate t he I n d i a n SAT. T h i s aspect needs c a r e f u l m o n i t o r i n g i n v iew
o f t he e f f o r t s be ing made t o promote f e r t i l i z e r use i n such a r e a s .

A n imbalanced use p a t t e r n i s u s u a l l y t h e r u l e i n t he i n i t i a l phases o f
f e r t i l i z e r a d o p t i o n because fa rmers s t a r t w i t h n i t r o g e n o u s f e r t i l i z e r (Desai e t
a l . 1 9 7 3 ) . What causes concern i s t h e p e r s i s t e n c e o f t h i s tendency—even a f t e r
15-20 years o f e x p e r i e n c e — i n areas which consume s u b s t a n t i a l q u a n t i t i t e s o f
f e r t i l i z e r .

1 6

Timing o f f e r t i l i z e r a p p l i c a t i o n . Tab le 1 6 shows the f e r t i l i z a t i o n p r a c t i c e o f
fa rmers i n terms o f t i m i n g o f n i t r o g e n a p p l i c a t i o n . Use o f phosphorus and
po tash was c o n f i n e d t o basa l a p p l i c a t i o n .

28

1 6 . I n t h e i r s t u d y o f t h e G u n t u r r e g i o n — o n e o f t h e r o o s t p r o g r e s s i v e d i s t r i c t s
i n t h e c o u n t r y f r o m t h e p o i n t o f v i e w o f f e r t i l i z e r u s e — D e s a i a n d o t h e r s
f o u n d a s i m i l a r p a t t e r n ( D e s a i e t a l . 1 9 7 3 ) .



I n S h o l a p u r , A k o l a , and A u r e p a l l e s i n g l e a p p l i c a t i o n o f n i t r o g e n (as basa l
or a s i n g l e , pos tsow ing a p p l i c a t i o n ) was found to be the dominant p r a c t i c e . In
Dokur , a m a j o r i t y o f f e r t i l i z e r Users a p p l i e d n i t r o g e n more than once , as
a v a i l a b i l i t y o f i r r i g a t i o n p r o v i d e d f o r g r e a t e r f l e x i b i l i t y .

Postsowing a p p l i c a t i o n o f n i t r o g e n was cons ide red more impo r tan t i n
Sholapur than i n o the r r e g i o n s . Th i s suggests t h a t fa rmers were r e l u c t a n t t o
i n v e s t i n f e r t i l i z e r a t t he t ime o f sow ing , p r e f e r r i n g t o f o l l o w a f l e x i b l e
p a t t e r n which o f f e r e d some p r o t e c t i o n a g a i n s t u n c e r t a i n t y . That fa rmers
p r e f e r r e d t h i s s t r a t e g y i n s p i t e o f t h e i r us i ng f e r t i l i z e r mos t l y f o r i r r i g a t e d
c r o p s , i n d i c a t e s t he i n h i b i t i n g impact o f an u n s t a b l e env i ronmen t . Th i s aspect
has been recogn i zed by a g r o b i o l o g i c a l r esea rche rs w i t h r e f e r e n c e to n o n i r r i g a t e d
c r o p s , and t h e c u r r e n t t h i n k i n g i s t h a t use o f n i t r o g e n shou ld be f l e x i b l e and
r e l a t e d t o the a v a i l a b l e s o i l m o i s t u r e (Venkateshwar lu 1979, V i j a y a l a k s h m i 1979,
and Umrani 1979 ) .

Table 16 . Timing of n i t rogen a p p l i c a t i o n (1975 -76 ) .

Percentage o f n i t r o g e n users r e s o r t i n g t o

Basal Pos tbasa l a p p l i c a t i o n o n l y

D i s t r i c t /
v i l l a g e

a p p l i -
c a t i o n

(BA)
o n l y

BA + one
a p p l i ­
c a t i o n

BA + two
a p p l i ­

c a t i o n s

BA + t h r e e
a p p l i ­

c a t i o n s

One
a p p l i ­
c a t i o n

Two
a p p l i ­
c a t i o n s

Three
a p p l i ­
c a t i o n s

Sholapur 33 7 0 0 49 10 0

Ako la 65 9 a a 21 4 0

Mahbubnagar

A u r e p a l l e 45 21 4 0 27 3 0

Dokur 20 26 12 6 20 12 4

a = n e g l i g i b l e .
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F u r t h e r a n a l y s i s o f t i m i n g o f f e r t i l i z e r use . Data o n month ly p a t t e r n o f
f e x t i l i z e r consumpt ion i n d i f f e r e n t r eg ions revea led c o n s i d e r a b l e v a r i a t i o n i n
the seasona l p a t t e r n o f f e r t i l i z e r use . We hypo thes i zed t h a t these v a r i a t i o n s
(seasonal as w e l l as i n t e r y e a r ) were induced m a i n l y by v a r i a t i o n s in the
r a i n f a l l p a t t e r n . T h i s h y p o t h e s i s was t e s t e d w i t h respec t t o v a r i a t i o n i n
f o r t n i g h t l y consumpt ion o f n i t r o g e n o u s f e r t i l i z e r over June t o November—the
p e r i o d o f maximum r a i n f a l l . The s imp le model used i n v o l v e d r e g r e s s i o n o f
c u r r e n t and p r e v i o u s f o r t n i g h t ' s r a i n f a l l o n c u r r e n t f o r t n i g h t l y consumpt ion o f
n i t r o g e n o u s f e r t i l i z e r .

F t = f ( R A I N t , R A I N t
2
, RAIN t - 1 , R A I N t - 1

2
) , where

F t = consumpt ion o f n i t r o g e n o u s f e r t i l i z e r d u r i n g f o r t n i g h t t expressed as
percentage o f t o t a l n i t r o g e n used d u r i n g the y e a r .

RAIN t = r a i n f a l l i n f o r t n i g h t t i n mm.



R A I N t - 1 = r a i n f a l l i n p r e v i o u s f o r t n i g h t i n mm.

RAIN t
2
, R A I N t - 1

2
 = square t e r m s .

Data f o r a l l t he 3 yea rs were p o o l e d , and l i n e a r r e g r e s s i o n f o r each r e g i o n
e s t i m a t e d s e p a r a t e l y . These a re p r e s e n t e d i n Tab le 1 7 .

Table 17 . Regressions showing the in f luence of r a i n f a l l on consumption of
nitrogenous f e r t i l i z e r s i n se lected v i l l a g e s ( 1 9 7 5 - 7 8 ) .

P a r t i c u l a r s /
v a r i a b l e s

Mahbubnagar
P a r t i c u l a r s /

v a r i a b l e s Sholapur Ako la A u r e p a l l e Dokur

No. o f o b s e r v a t i o n s 61 59 33 33

I n t e r c e p t 4.930 6.962 3.055 3 .221

RAIN t 0 . 8 E - 3
1

(0 .011)
0.0232

(0.227)
0 . 0 9 9 0 * * *

(3 .850)
-0 .0144
(0.404)

R A I N t
2 0.7E-5

(0.025)
- 0 . 9 E - 4
(0.220)

- 0 . 7 E - 3 * * *
(3 .904)

0.2E-4
(0.192)

R A I N t - 1 0.1179*
(1.761)

-0 .0150
(0.155)

-0 .0067
(0.244)

0 .0977* *
(2 .619)

R A I N t - 1
2 - 0 . 5 E - 3

(1.569)
- 0 . 1 E - 4
(0.038)

0.1E-3
(0.663)

- 0 . 3 E - 3 * *
(2.194)

R
2

0.055 0.021 0.081 0.208

1 . F i g u r e s i n p a r e n t h e s e s a r e t v a l u e s ; * , * * , and * * * i n d i c a t e s t a t i s t i c a l l y

s i g n i f i c a n t a t 10%, 5 % , a n d 1 % p r o b a b i l i t y l e v e l s , r e s p e c t i v e l y .

The e s t i m a t e d r e g r e s s i o n s e x p l a i n e d a v e r y s m a l l f r a c t i o n o f t he t o t a l
v a r i a t i o n i n t h e dependent v a r i a b l e , perhaps because o f t h e o m i s s i o n o f s e v e r a l
o t h e r v a r i a b l e s l i k e c r o p p i n g p a t t e r n , sowing d a t e s , a v a i l a b i l i t y o f i r r i g a t i o n ,
and a v a i l a b i l i t y o f f e r t i l i z e r o n t i m e . I t was d i f f i c u l t t o s p e c i f y these
v a r i a b l e s , and a p p r o p r i a t e da ta were not a v a i l a b l e .

However, t he r e g r e s s i o n s d i d i n d i c a t e t h a t v a r i a t i o n i n r a i n f a l l i n f l u e n c e d
t h e p a t t e r n o f f e r t i l i z e r use i n A l f i s o l s . The f a r m e r s ' d e c i s i o n s o n t h e t i m i n g
o f f e r t i l i z e r use were i n f l u e n c e d b y r a i n f a l l — t h e major d e t e r m i n a n t o f s o i l
m o i s t u r e i n t he r a i n y season . T h i s e f f e c t was d i s c e r n i b l e i n t he l o w - r a i n f a l l
r e g i o n s o f Mahbubnagar. The r e g r e s s i o n c o e f f i c i e n t s w i t h r ega rd t o V e r t i s o l s
were s t a t i s t i c a l l y n o n s i g n i f i c a n t e s p e c i a l l y f o r A k o l a , wh ich has a h i g h e r and
more s t a b l e p a t t e r n o f r a i n f a l l . Regard ing t he 2-week l a g e f f e c t o f r a i n f a l l ,
i t was found t h a t r a i n f a l l d u r i n g t he p r e v i o u s f o r t n i g h t tended t o i n f l u e n c e
f e r t i l i z e r use i n Dokur . I n A u r e p a l l e , where the s o i l i s o f a l i g h t e r t e x t u r e
and more s h a l l o w ( s i g n i f y i n g lower m o i s t u r e - h o l d i n g c a p a c i t y ) , f e r t i l i z e r use
f o l l o w e d r a i n s a f t e r a s h o r t e r t i m e l a g . I n bo th Mahbubnagar and Sholapur
r e g i o n s , t h e q u a d r a t i c te rms o f t he r a i n f a l l v a r i a b l e were n e g a t i v e . T h i s
i m p l i e d t h a t w i t h h i g h e r r a i n f a l l n i t r o g e n use i n c r e a s e s but a t a d e c r e a s i n g
r a t e .
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I t may b e r e c a l l e d t h a t i n t he Sholapur and Nahbubnagar r e g i o n s , f e r t i l i z e r
use was l a r g e l y c o n f i n e d t o i r r i g a t e d c r o p s . D e s p i t e t h i s , t h e e f f e c t s o f
r a i n f a l l were more c l e a r l y seen in these r e g i o n s when compared w i t h A k o l a , where
f e r t i l i z a t i o n o f r a i n f e d c rops was common. Farmers i n t h e l o w - r a i n f a l l A l f i s o l
r e g i o n s o f t he SAT thus appeared to be respons i ve to changes i n r a i n f a l l ,
r e g a r d l e s s o f t h e a v a i l a b i l i t y o f i r r i g a t i o n .

Use of Organic Manures

Use o f o r g a n i c manures as f e r t i l i z e r i s a t r a d i t i o n a l p r a c t i c e among f a r m e r s .
Farmyard manure, cakes and o t h e r o r g a n i c w a s t e s , and sheep penn ings were the
m a t e r i a l s used f o r manur ing i n t h e s e l e c t e d v i l l a g e s . The use o f f a rmya rd
manure—the most i m p o r t a n t among these manures—was s t u d i e d on t h e b a s i s o f da ta
f o r 1975-76 and 1976-77 . Tab le 18 i n d i c a t e s how use of o r g a n i c manures and
f e r t i l i z e r s was i n t e g r a t e d and t he percen tage o f cropped area t h a t b e n e f i t e d
f rom d i f f e r e n t manur ing s t r a t e g i e s .

Table 18 . Use of organic manures and chemical f e r t i l i z e r s on farms ( 1 9 7 5 - 7 7 ) .

Percentage o f cropped area r e c e i v i n g

D i s t r i c t /
v i l l a g e

Manur ing
f rom any

source

Organ ic
manure

o n l y

Chemical
f e r t i l i z e r s

o n l y

Organ ic
manure + 

f e r t i l i z e r s

Sholapur 1 2 . 1 6.8 4.6 0.7

Ako la 41.7 16 .8 19 .9 5.0

Mahbubnagar

A u r e p a l l e

Dokur

35.3

45.3

2 2 . 1

4 .8

7.4

28.6

5.8

11 .9

The f i r s t column o f t he t a b l e shows t h a t even i n a p r o g r e s s i v e v i l l a g e l i k e
Dokur , more t h a n h a l f t he cropped area d i d no t b e n e f i t f rom e i t h e r o r g a n i c o r
i n o r g a n i c f e r t i l i z a t i o n . N e a r l y 42-45% of t he cropped a rea came under some k i n d
o f manur ing i n Ako la and Dokur , w h i l e i n t he Sholapur r e g i o n , i t was o n l y 12%.
The f e r t i l i z e d area in t h e Sho lapur r e g i o n was s m a l l e r , perhaps because: (1) a 
h i g h e r pe rcen tage o f area was se t a s i d e f o r n i t r o g e n - f i x i n g p u l s e c r o p s ; and
(2) p o s t r a i n y - s e a s o n c u l t i v a t i o n was t aken up a f t e r monsoon f a l l o w i n g . R e s u l t s
a t ICRISAT Center have shown t h a t c o n s i d e r a b l e n i t r o g e n i s m i n e r a l i z e d d u r i n g
t h e f a l l o w i n g p e r i o d . T h i s source i s r e a d i l y a v a i l a b l e t o c rops g rowing i n
reced ing s o i l m o i s t u r e (Rego e t a l . 1 9 8 2 ) .

The area r e c e i v i n g bo th f e r t i l i z e r and manures c o n s t i t u t e d a r e l a t i v e l y
s m a l l p r o p o r t i o n o f t h e t o t a l area r e c e i v i n g f e r t i l i z e r (column 3 + column 4 ) i n
t he Sholapur and Ako la r e g i o n s . T h i s means t h a t bo th manures and f e r t i l i z e r s
were used a s a l t e r n a t i v e f e r t i l i z a t i o n s t r a t e g i e s i n these r e g i o n s , and t h a t
t h e i r i n t e g r a t e d use was no t common. The p r o p o r t i o n o f f e r t i l i z e d area a l s o
r e c e i v i n g o r g a n i c manures was n e a r l y 30% in Dokur and 44% in A u r e p a l l e .
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Dokur was a s p e c i a l case because , i n t h i s v i l l a g e , f e r t i l i z e d area
s u b s t a n t i a l l y exceeded manured a r e a , and o n l y about 30% of t h e manured area went
u n f e r t i l i z e d . There was t h u s some i n d i c a t i o n t h a t i n t h e Mahbubnagar r e g i o n
fa rmers were c o n s c i o u s l y a t t e m p t i n g to i n t e g r a t e use o f o r g a n i c manures and
f e r t i l i z e r s .

Tab le 1 9 , wh ich p r o v i d e s da ta on t h e use o f o r g a n i c manures on i r r i g a t e d
and n o n i r r i g a t e d l a n d , shows t h a t i n a l l t h e r e g i o n s except Doku r , o r g a n i c
manure was m o s t l y used on n o n i r r i g a t e d l a n d . I t may be r e c a l l e d t h a t f e r t i l i z e r
use was g e n e r a l l y c o n c e n t r a t e d on i r r i g a t e d l a n d i n S h o l a p u r , A u r e p a l l e , and
Dokur . We have a l s o shown (Tab le 18) t h a t in Sho lapur and A k o l a , f a rme rs used
f e r t i l i z e r and manure a s a l t e r n a t i v e s ( s u b s t i t u t e s ) • Tab le 1 9 e x p l a i n s t h a t
t h i s segmen ta t i on was l a r g e l y because o f a l t e r n a t i v e s t r a t e g i e s adopted o n
i r r i g a t e d and n o n i r r i g a t e d l a n d . The Dokur case i s i m p o r t a n t i n t h a t i t showed
t h a t f e r t i l i z a t i o n o f n o n i r r i g a t e d l a n d was t o t a l l y i g n o r e d . The use o f
f e r t i l i z e r s and manures i n c o m b i n a t i o n on i r r i g a t e d l a n d r e f l e c t e d a more
ba lanced l a n d management b u t , i n t h e p r o c e s s , more t h a n 40% o f t h e c ropped l a n d
went u n f e r t i l i z e d .

Table 1 9 . I r r i g a t i o n and use of organic manures ( 1 9 7 5 - 7 7 ) .

D i s t r i c t / Share o f i r r i g a t e d l a n d
Rate o f a p p l i c a t i o n / m a n u r e d ha ( t )

v i l l a g e in t o t a l manure used (%) I r r i g a t e d N o n i r r i g a t e d

Sho lapur 34 3.8 2 .8

Ako la 2 4.0 1.6

Mahbubnagar

A u r e p a l l e

Dokur

39

98

10.9

8.8

6 .8

2.0

Tab le 1 9 shows t h a t t h e r a t e s o f f e r t i l i z e r a p p l i c a t i o n were s i g n i f i c a n t l y -
h i g h e r o n i r r i g a t e d l a n d i n a l l t h e r e g i o n s . The r a t e s ranged f rom about 4 t / h a
i n t h e Sho lapur and Ako la r e g i o n s t o 9-11 t / h a i n Mahbubnagar. The r a t e s f o r
n o n i r r i g a t e d l a n d l a y i n t h e r e g i o n o f 2-3 t / h a except i n A u r e p a l l e , where i t
was n e a r l y 7 t / h a .

I t was d i f f i c u l t t o accept t h a t f a rmers would l eave a s i z a b l e f r a c t i o n o f
t h e i r c u l t i v a t e d l a n d unmanured year a f t e r y e a r . T o i n v e s t i g a t e t h i s , t h e
manur ing h i s t o r y o f p l o t s t h a t were manured d u r i n g any o f t h e 3 yea rs (1975-76
t h r o u g h 1977-78) was examined. The r e s u l t s a re summarized in Tab le 2 0 .

The t a b l e shows t h a t , g e n e r a l l y , p l o t s were no t manured eve ry y e a r . I n
most c a s e s , manur ing was done once in 3 yea rs or more . T h i s i m p l i e d t h a t in any
g i v e n y e a r , a maximum of o n e - t h i r d o f t he c ropped area wou ld be manured. But
d a t a , p r e s e n t e d i n Tab le 1 8 , showed lower v a l u e s , i n d i c a t i n g a n even g r e a t e r
t i m e l a g between m a n u r l n g s . Data c o v e r i n g more t h a n 3 yea rs would be necessary
t o a r r i v e a t t h e exac t p i c t u r e . However, t h e f r e q u e n c y o f use o f o r g a n i c manure
r e f l e c t s t h e approach o f f a r m e r s f aced w i t h inadequa te s u p p l i e s o f manure.
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Table 20 . Frequency of use of organic manures.

P r o p o r t i o n o f p l o t s manured

D i s t r i c t / v i l l a g e
Once in 3 

yea rs or more
Twice i n
3 yea rs

A l l 3 
yea rs

Sholapur 78 15 7

Ako la 69 27 4

Mahbubnagar

A u r e p a l l e
Dokur

62
52

26
26

12
22

There was some ev idence t o show t h a t i n v i l l a g e s w i t h h i g h e r i r r i g a t i o n
(and on s m a l l farms where t h e l i v e s t o c k : a r a b l e l a n d r a t i o s were h i g h e r ) , some
areas were f e r t i l i z e d more f r e q u e n t l y . I n Mahbubnagar v i l l a g e s , where two c rops
were o f t e n grown on i r r i g a t e d p l o t s , 38-48% o f t he p l o t s were manured eve ry year
o r every a l t e r n a t e y e a r .

I n f o r m a t i o n on t h e use o f o r g a n i c manures was a l s o c o l l e c t e d t h r o u g h
supp lementary s u r v e y s . The responses i n d i c a t e d t h a t a l l t h e f a rme rs used
o r g a n i c manure and n e a r l y eve ry one o f them f e l t t h a t t h e e x i s t i n g s u p p l i e s were
inadequate t o cover t h e e n t i r e cropped l a n d a t d e s i r a b l e r a t e s . The d e s i r a b l e
r a t e s f o r n o n i r r i g a t e d lands were expressed as 4-6 t / h a i n t h e Sholapur and
Ako la r e g i o n s , and 6-8 t / h a i n t h e Mahbubnagar a r e a . For i r r i g a t e d l a n d , t h e
c o r r e s p o n d i n g v a l u e s were 6-8 t / h a in t h e Sholapur and Ako la r e g i o n s , and 9-12
t / h a i n t h e Mahbubnagar a r e a .

These f i n d i n g s i n d i c a t e t h a t f a rmers were aware o f t h e v a l u e o f m a n u r i n g ,
bu t because o f inadequate s u p p l i e s had to reduce t he r a t e s o f a p p l i c a t i o n as
w e l l a s area f e r t i l i z e d and even f o r g o manur ing o f poo re r s o i l s . I n s p i t e o f
t h i s , a consc ious a t t e m p t was made to manure t h e more i n t e n s i v e l y c u l t i v a t e d
lands a t h i g h e r r a t e s and a t g r e a t e r f r e q u e n c y .

Conclusions

The main focus o f t h i s chap te r was on u n d e r s t a n d i n g t he f e r t i l i z a t i o n p r a c t i c e s
o f f a rmers i n d i f f e r e n t a g r o c l i m a t i c r e g i o n s o f SAT I n d i a . The i m p o r t a n t
c o n c l u s i o n s o f t he s tudy a re l i s t e d be low :

1 . The r e s u l t s c o n v i n c i n g l y demonst ra ted t h a t f a rmers took i n t o account t h e
r e l a t i v e p r o f i t a b i l i t y o f f e r t i l i z e r a p p l i c a t i o n w h i l e making t h e i r
f e r t i l i z e r - a l l o c a t i o n d e c i s i o n s . T h i s o b v i o u s l y f a v o r e d t he i r r i g a t e d c r o p s ,
t h e h i g h - v a l u e commerc ia l c r o p s , and t h e h i g h l y f e r t i l i z e r - r e s p o n s i v e and
h i g h - y i e l d i n g v a r i e t i e s o f c e r e a l c r o p s . When c a p i t a l was s c a r c e , t hese
c rops c l a imed a l l t he f e r t i l i z e r , and t he l o w - r e s p o n s e , t r a d i t i o n a l v a r i e t i e s
o f c r o p s , grown over a l a r g e a r e a , went u n f e r t i l i z e d .

2 . I n t he l o w - r a i n f a l l a r e a s , f e r t i l i z e r use was c o n f i n e d t o i r r i g a t e d c r o p s :
s o i l - m o i s t u r e c o n d i t i o n s o n n o n i r r i g a t e d l a n d were t o o u n r e l i a b l e t o p e r m i t
f e r t i l i z e r u s e . However, i n areas w i t h r e l a t i v e l y h i g h e r and more s t a b l e
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r a i n f a l l and h i g h m o i s t u r e - r e t e n t i v e s o i l s , n o n i r r i g a t e d c rops were a l s o
f e r t i l i z e d t o a s i g n i f i c a n t e x t e n t , bu t u s u a l l y a t low r a t e s o f f e r t i l i z e r
a p p l i c a t i o n .

3 . Even i n t h e r e l a t i v e l y h i g h f e r t i l i z e r - u s i n g areas ( i r r i g a t e d areas and those
r e c e i v i n g h i g h r a i n f a l l ) , t h e r e was s t i l l p o t e n t i a l f o r i n c r e a s i n g f e r t i l i z e r
u s e . The s l a c k was p a r t i c u l a r l y n o t i c e a b l e i n t h e f e r t i l i z e d a r e a s . Such
areas c o u l d c o n t i n u e t o suppo r t h i g h demand f o r f e r t i l i z e r i n t h e f u t u r e .

4. The c o n t r a s t between Sho lapur (or even A u r e p a l l e ) and Dokur can be used to
e x t r a p o l a t e t he l i k e l y impact o f development o f i r r i g a t i o n i n t h e
l o w - r a i n f a l l SAT. T h i s i n t e n s i f i c a t i o n has c r o p p i n g - p a t t e r n i m p l i c a t i o n s
which a re w e l l known (Jodha 1 9 7 9 ) . I n te rms o f f e r t i l i z e r u s e , our a n a l y s i s
suggests t h a t t h i s wou ld a l s o l e a d t o c o n c e n t r a t i o n o f f e r t i l i z e r (and
manure) use on i r r i g a t e d c r o p s . T h i s i s i n e v i t a b l e so l o n g as c a p i t a l
c o n s t r a i n t s r e m a i n . The o n l y f o r c e wh ich can a l t e r t h i s course o f
development i s r a p i d advancement i n t he p r o d u c t i o n t e c h n o l o g y o f d r y c r o p s .

5 . There were a number o f i n d i c a t i o n s s u p p o r t i n g t h e r a t i o n a l i t y o f t h e f a r m e r ' s
b e h a v i o u r : h i s d e c i s i o n s r e g a r d i n g c rops t o b e f e r t i l i z e d , r a t e s o f
f e r t i l i z e r a p p l i c a t i o n , and ad jus tmen ts t o seasona l c o n d i t i o n s r e f l e c t e d t h i s
phenomenon.

F i n a l l y , t h e enormous d i v e r s i t y o f a g r o c l i m a t i c c o n d i t i o n s i n t he I n d i a n
SAT i s e v i d e n t even f rom the s t u d y o f t h e t h r e e r e g i o n s p r e s e n t e d i n t h i s
c h a p t e r . T h i s makes any g e n e r a l i z a t i o n haza rdous . What comes out c l e a r l y i s
t h e need to unde r take a more d e t a i l e d c l a s s i f i c a t i o n of t h e SAT env i ronment and
t o d e s i g n t e c h n o l o g i c a l s t r a t e g i e s s u i t e d t o s p e c i f i c s i t u a t i o n s .
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III. Fertilizer Use on High-Yielding Varieties of Sorghum and Pearl Millet
17

Sorghum and p e a r l m i l l e t a re the two most impo r tan t c e r e a l s grown on d r y l a n d s in
SAT I n d i a . These two have t r a d i t i o n a l l y formed p a r t o f a h i g h l y u n s t a b l e ,
l o w - c o s t , and l o w - o u t p u t f a rm in g sys tem, and are cons ide red in t he market as
r e l a t i v e l y i n f e r i o r food g r a i n s (Jodha 1973 ) . Unremunerat ive response (Kanwar
e t a l . 1973) and h i g h l e v e l o f wea the r - i nduced i n s t a b i l i t y i n y i e l d (Bapna e t
a l . 1979) have been hypo thes i zed as the two main f a c t o r s r e s p o n s i b l e f o r poor
per formance o f these m i l l e t s so f a r as use o f modern i n p u t s l i k e f e r t i l i z e r i s
conce rned .

Th i s t r a d i t i o n a l p a t t e r n appears to be changing in the wake o f t he
i n t r o d u c t i o n o f h i g h - y i e l d i n g v a r i e t i e s and , d e s p i t e the r a t h e r modest
per formance of t h e HYV of sorghum and m i l l e t s , fa rmers have a p p a r e n t l y s t a r t e d
u s i n g f e r t i l i z e r on these c rops a l s o (NCAER 1974, 1978 ) . Th i s t r e n d needs
c a r e f u l m o n i t o r i n g not o n l y i n v iew o f i t s impact o n the y i e l d o f these crops
but a l s o because t h i s may mark the b e g i n n i n g o f i n t e n s i v e f e r t i l i z e r use under
d r y l a n d c o n d i t i o n s — a phenomenon c r u c i a l t o f u t u r e g rowth i n p r o d u c t i v i t y and
f e r t i l i z e r demand i n I n d i a (Desai 1978 ) .

T h i s chap te r p r o v i d e s i n f o r m a t i o n on l e v e l s o f f e r t i l i z e r use on HYV of
sorghum and p e a r l m i l l e t and the p a t t e r n o f f e r t i l i z e r a d o p t i o n and d i f f u s i o n i n
d i f f e r e n t a r e a s . The main o b j e c t i v e s a r e : (a) to de te rm ine t he e x t e n t and
l e v e l o f f e r t i l i z e r use on HYV o f sorghum and p e a r l m i l l e t i n d i f f e r e n t a r e a s ,
and (b) t o examine the t r e n d i n f e r t i l i z e r use and i t s d i f f u s i o n over t i m e .

Data Source and Methodology

The da ta f o r t h i s a n a l y s i s comes f rom "Sample Surveys f o r Assessment o f
H i g h - Y i e l d i n g V a r i e t i e s Programme." The surveys were c a r r i e d ou t by t he I n d i a n
A g r i c u l t u r a l S t a t i s t i c s Research I n s t i t u t e ( I A S R I ) , New D e l h i , f rom 1969-70 t o
1973-74 , and covered 88 d i s t r i c t s spread over 15 s t a t e s .

Two t ypes of e n q u i r i e s were conducted under t he p r o j e c t : Agronomic and
Agroeconomic E n q u i r y , and Y i e l d E s t i m a t i o n Su rveys . The Agronomic and
Agroeconomic Enqu i r y was based on a sample of 320 c u l t i v a t o r households in each
d i s t r i c t and e l i c i t e d i n f o r m a t i o n on t he area under t he HYV o f t he c r o p
concerned and the e x t e n t o f a d o p t i o n o f improved p r a c t i c e s . The Y i e l d
E s t i m a t i o n Surveys measured the y i e l d l e v e l s o f HYV and l o c a l v a r i e t i e s i n each
d i s t r i c t w i t h c r o p - c u t s o n 8 0 f i e l d s f o r each o f t he v a r i e t a l t y p e s .

Data on f e r t i l i z e r use on sorghum, p e a r l m i l l e t , and o the r c rops ( r i c e o r
wheat) i n the s e l e c t e d d i s t r i c t s were taken f rom the p r o j e c t ' s annual r e p o r t f o r
1973-74 (Raheja e t a l . 1 9 7 6 ) .

1 8
 Sorghum c rop was s t u d i e d i n 20 d i s t r i c t s d u r i n g

t h e r a i n y season , and i n one d i s t r i c t d u r i n g the p o s t r a i n y season. P e a r l m i l l e t
was s t u d i e d i n 21 d i s t r i c t s d u r i n g the r a i n y season, and i n 5 d i s t r i c t s d u r i n g
the p o s t r a i n y season. Almost a l l these d i s t r i c t s f a l l i n t he I n d i a n SAT.

To ana lyze the t r e n d in f e r t i l i z e r use over t i m e , da ta f o r o n l y those 8 
d i s t r i c t s (4 each f o r sorghum and p e a r l m i l l e t ) t h a t were covered c o n t i n u o u s l y
f o r 6-7 years up to 1976-77 were used .
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1 7 . T h i s s e c t i o n i s a c o n d e n s e d v e r s i o n o f J h a e t a l . 1 9 8 1 .

1 8 . The c o v e r a g e was s u b s t a n t i a l l y r e d u c e d f r o m 1 9 7 4 - 7 5 o n w a r d s w h i c h a l s o

h a p p e n e d t o b e t h e y e a r when f e r t i l i z e r p r i c e s r o s e s h a r p l y . T h e s e

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



D e s c r i p t i o n o f s e l e c t e d d i s t r i c t s and spread o f HYV o f sorghum and p e a r l m i l l e t .
The su rvey on h i g h - y i e l d i n g v a r i e t i e s of sorghum covered more t han 3900
c u l t i v a t o r households spread over 21 d i s t r i c t s in 4 s t a t e s . As can be seen f rom
Appendix I I I , t he c o n c e n t r a t i o n o f c u l t i v a t o r househo lds g row ing sorghum was
h i g h i n Maharasht ra and K a r n a t a k a — t h e major sorghum-produc ing s t a t e s . I n
a lmost a l l t h e d i s t r i c t s s e l e c t e d ( w i t h t he e x c e p t i o n o f Nanded, Wardha, and
Shimoga) , sorghum was an i m p o r t a n t c r o p . The sample f o r p e a r l m i l l e t was more
d i f f u s e d , c o v e r i n g about 4700 c u l t i v a t o r s i n 26 d i s t r i c t s over 8 s t a t e s . I t may
be no ted t h a t p e a r l m i l l e t was not a v e r y i m p o r t a n t c rop in 13 of the 26
s e l e c t e d d i s t r i c t s o f Andhra Pradesh/ Tam i l Nadu (except T i r u n e l v e l i ) , and some
d i s t r i c t s o f Maha rash t ra . Th i s has t o b e borne i n mind w h i l e i n t e r p r e t i n g t h e
r e s u l t s .

Appendix I I I a l s o shows t h a t t he s e l e c t e d d i s t r i c t s covered a w ide range o f
s o i l and r a i n f a l l c o n d i t i o n s . Most sorghum-growing d i s t r i c t s had b l a c k o r red
s o i l s a n d , w i t h t he e x c e p t i o n of Shimoga, had l e s s t han 1200 mm annua l (normal)
r a i n f a l l . I n t e r d i s t r i c t v a r i a t i o n i n r a i n f a l l and s o i l t ype was h i g h e r i n t h e
p e a r l m i l l e t p r o d u c i n g d i s t r i c t s . The normal r a i n f a l l ranged f rom 219 mm/yr i n
Rohtak t o 1211 mm/yr i n C h i n g l e p u t . A lmost a l l t h e major s o i l t ypes were
r e p r e s e n t e d .

The p e a r l m i l l e t h y b r i d s had h i g h e r coverage compared to sorghum HYV
(Appendix I I I ) . In 8 d i s t r i c t s , more t h a n 60% o f t h e cropped area was covered
by h y b r i d s ( a g a i n s t 3 f o r so rghum) , and in o n l y 5 d i s t r i c t s ( a g a i n s t 10 f o r
so rghum) , was t he spread l e s s t han 20%. Even i f t he 13 d i s t r i c t s where t he c rop
was u n i m p o r t a n t were e x c l u d e d , t h i s s u p e r i o r i t y h e l d .

I t was f u r t h e r observed t h a t i n n e a r l y h a l f t he d i s t r i c t s s t u d i e d , sorghum
HYV were grown p r i m a r i l y under n o n i r r i g a t e d ( l e s s t h a n 20% area i r r i g a t e d )
c o n d i t i o n s ; on t he o t h e r hand , in 16 ou t o f 26 d i s t r i c t s , more t h a n 60% of t he
area under p e a r l m i l l e t h y b r i d s was i r r i g a t e d . I n t e r e s t i n g l y , i n 12 (out o f 13)
n o n t r a d i t i o n a l d i s t r i c t s , spread over t he s o u t h e r n s t a t e s , t he p e a r l m i l l e t
h y b r i d s were grown p r e d o m i n a n t l y under i r r i g a t e d c o n d i t i o n s . The rema in ing 13
t r a d i t i o n a l p e a r l m i l l e t p r o d u c i n g d i s t r i c t s ( i n G u j a r a t , Haryana, R a j a s t h a n ,
Madhya Pradesh , and Maharasht ra) p r e s e n t e d an i n t e r e s t i n g c o n t r a s t : in 4 
d i s t r i c t s , more t han 60% o f t h e h y b r i d a rea was i r r i g a t e d , in 5 t h e h y b r i d s were
grown p r i m a r i l y under r a i n f e d c o n d i t i o n s . The d i s t r i c t s under bo th c a t e g o r i e s
were spread over a wide range o f s o i l and c l i m a t i c c o n d i t i o n s .

In g e n e r a l , a d o p t i o n o f sorghum h y b r i d s was lower but more e x t e n s i v e under
r a i n f e d c o n d i t i o n s . The per fo rmance o f t h e p e a r l m i l l e t h y b r i d s depended more
h e a v i l y on t he a v a i l a b i l i t y o f i r r i g a t i o n (Bapna and Mur ty 1 9 7 6 ) .

Adoption of Fertilizer for Sorghum and Pearl Millet

Observed p a t t e r n s o f f e r t i l i z e r use on a p a r t i c u l a r c r o p a r i s e f rom t h r e e
r e l a t e d d e c i s i o n s : (1) whether to use f e r t i l i z e r o r n o t ; (2) what shou ld be
the r a t e o f a p p l i c a t i o n ; and (3) how much area to c o v e r . These d e c i s i o n s a re
i n f l u e n c e d by a hos t o f t e c h n o l o g i c a l , soc i oeconomic , and p s y c h o l o g i c a l
v a r i a b l e s . These i n f l u e n c e s a re examined i n Chapter I V . Here , t he observed
e s t i m a t e s o f these parameters a re p r e s e n t e d t o p r o v i d e an idea r e g a r d i n g t h e
s t a t u s o f f e r t i l i z e r use on HYV o f sorghum and p e a r l m i l l e t .

A d o p t i o n o f f e r t i l i z e r . Tab le 2 1 shows the l e v e l o f a d o p t i o n o f f e r t i l i z e r f o r
HYV o f sorghum and p e a r l m i l l e t i n d i f f e r e n t d i s t r i c t s .

1 9
 C o n s i d e r a b l e
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1 9 . T h e s e w e r e o b t a i n e d f r o m t h e d i s t r i b u t i o n o f i r r i g a t e d and n o n i r r i g a t e d

p l o t s f o r e a c h d i s t r i c t i n t h e Y i e l d E s t i m a t i o n S u r v e y . B e c a u s e t h e d a t a

s o u r c e s a r e d i f f e r e n t , one o b s e r v e s some i n c o n s i s t e n c i e s when c o m p a r i n g

f e r t i l i z e r u s e u n d e r n o n i r r i g a t e d c o n d i t i o n s ( T a b l e 1 ) a n d p e r c e n t a g e o f HYV

a r e a u n d e r i r r i g a t i o n ( A p p e n d i x I I I ) . The d i f f e r e n c e s a r e , h o w e v e r , m i n o r .



i n t e r d i s t r i c t v a r i a t i o n i n t h e pe rcen tage o f f a rmers u s i n g f e r t i l i z e r was n o t e d .
I n g e n e r a l , a d o p t i o n l e v e l s appeared t o be f a i r l y h i g h : i n 7 (out o f 21)
d i s t r i c t s under sorghum, and 9 (out o f 22) d i s t r i c t s under p e a r l m i l l e t , more
t h a n 80% of t h e fa rmers g row ing HYV used f e r t i l i z e r .

Table 2 1 . Adoption of f e r t i l i z e r for HYV of sorghum and p e a r l m i l l e t in se lected
d i s t r i c t s ( 1 9 7 3 - 7 4 ) .

Sorghum d i s t r i c t s P e a r l m i l l e t d i s t r i c t s

% o f HYV % of use rs % o f HYV % of users
growers f e r t i l i z i n g growers f e r t i l i z i n g
u s i n g n o n - u s i n g n o n -
f e r t i l ­ i r r i g a t e d f e r t i l ­ i r r i g a t e d

D i s t r i c t (S ta te ) i z e r HYV c r o p D i s t r i c t (S ta te ) i z e r HYV c rop

Ja lgaon (Man) 97 98 H i s s a r
3
 (Har) 69 5

Ahmadnagar (Nah) 72 45 Rohtak
3
 (Har) 43 44

S a n g l i (Man) 72 81 J a i p u r
3
 (Raj) 50 75

Aurangabad (Mah) 24 88 J a l g a o n
1
 (Mah) 90 100

Parbhan i (Mah) 70 96 Ahmadnagar
3
 (Mah) 17 72

Bh i r (Mah) 14 100 S a n g l i (Mah) 18 0
Sa ta ra (Mah) 81 85 Aurangabad

3
 (Mah) 21 100

Osmanabad (Mah) 28 100 Parbhan i (Mah) 74 100
Buldhana (Mah) 74 98 B h i r

3
 (Mah) 12 88

Ako la (Mah) 73 98 Sholapur (Mah) 47 40
Amrava t i (Mah) 80 100 Morena

3
 (MP) 94 100

Nanded (Mah) 35 100 Guntur (AP) 41 2
Wardha (Mah) 83 100 C h i t t o r (AP) 84 1
Nagpur (Mah) 94 100 N e l l o r e (AP) 93 0
Mandsaur (MP) 47 100 Coimbatore (TN) 88 1
Belgaum (Kar) 88 77 Madurai (TN) 46 30
B e l l a r y (Kar) 78 90 T i r u n e l v e l i

3
 (TN) 94 0

Shimoga (Kar) 96 96 Ch ing lepu t (TN) 81 7
Mysore (Kar) 54 76 Co imba to re

1
 (TN) 81 2

Anantapur (AP) 76 12 M a d u r a i
1
 (TN) 50 0

Shimoga
1
 (Kar) 100 1 C h i n g l e p u t

1
 (TN)

B e l l a r y
1
 (Kar)

50 6
G u j a r a t

2
NA NA

C h i n g l e p u t
1
 (TN)

B e l l a r y
1
 (Kar) 100 2

S o u r c e : Y i e l d E s t i m a t i o n S u r v e y d a t a , R a h e j a e t a l . 1 9 7 6 .

1 . P o s t r a i n y - s e a s o n c r o p .
2 . T h i s i n f o r m a t i o n was n o t a v a i l a b l e f o r B a n a s k a n t a , K a i r a , and R a j k o t

d i s t r i c t s i n G u j a r a t , a n d f o r T i r u n e l v e l i ( p o s t r a i n y ) i n T a m i l N a d u .

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

N A = n o t a v a i l a b l e .

Data o n t h e p r o p o r t i o n o f f e r t i l i z e r use rs who had t aken t o f e r t i l i z a t i o n
o f t h e n o n i r r i g a t e d (HYV) c r o p are i n t e r e s t i n g . The t a b l e shows t h a t f e r t i l i z e r
use under n o n i r r i g a t e d c o n d i t i o n s was a common and e x t e n s i v e p r a c t i c e ,
p a r t i c u l a r l y f o r HYV of sorghum. In 16 ou t o f 21 d i s t r i c t s , more t han 80% of
t h e f e r t i l i z e r adop te r s used f e r t i l i z e r f o r t he n o n i r r i g a t e d HYV c rop o f
sorghum. For p e a r l m i l l e t h y b r i d s , t h i s was t r u e o n l y o f 5 out o f 22 d i s t r i c t s ;

37



i n as many as 12 d i s t r i c t s , l e s s than 10% o f t he f e r t i l i z e r users r e s o r t e d to
t h i s p r a c t i c e . A m a j o r i t y o f these were un impo r tan t p e a r l m i l l e t p r o d u c i n g
d i s t r i c t s where , as shown e a r l i e r , t he HYV were a lmost i n v a r i a b l y grown under
i r r i g a t e d c o n d i t i o n s . I n t h e major p e a r l m i l l e t p r o d u c i n g d i s t r i c t s , f e r t i l i z e r
use on the n o n i r r i g a t e d c rops was common.

L e v e l s o f f e r t i l i z e r u s e . Tab le 2 2 shows the average l e v e l o f f e r t i l i z e r
use—measured as t he r a t e o f p l a n t n u t r i e n t s used per h e c t a r e o f cropped
a r e a — f o r h i g h - y i e l d i n g and t r a d i t i o n a l v a r i e t i e s o f t h e two c rops i n d i f f e r e n t
d i s t r i c t s . Appendix I V p r o v i d e s i n f o r m a t i o n o n r a t e s o f a p p l i c a t i o n o f
i n d i v i d u a l p l a n t n u t r i e n t s per f e r t i l i z e d h e c t a r e , and t h e e x t e n t o f c ropped
area f e r t i l i z e d w i t h these n u t r i e n t s .

Table 22 . Average l e v e l of f e r t i l i z e r (N+P2O5+K2O) a p p l i c a t i o n on h i g h - y i e l d i n g
and t r a d i t i o n a l v a r i e t i e s of sorghum and pear l m i l l e t in se lec ted
d i s t r i c t s .

Sorghum d i s t r i c t s P e a r l m i l l e t d i s t r i c t s

Average r a t e (kg /ha) Average ra t e (kg /ha)

D i s t r i c t (S ta te ) HYV Loca l D i s t r i c t (S ta te ) HYV L o c a l

Ja lgaon (Mah) 50 19 Banaskanta
2
 (Guj) 11 2

Ahmadnagar (Mah) 45 0 K a i r a
2
 (Guj) 32 16

S a n g l i (Mah) 30 0 R a j k o t
2
 (Guj) 39 16

Aurangabad (Mah) 18 0 H i s s a r
2
 (Har) 32 5

Parbhan i (Mah) 29 0 Rohtak
2
 (Har) 39 17

B h i r (Mah) 18 0 J a i p u r
2
 (Raj) 28 4

Sa ta ra (Mah) 48 0 J a l g a o n
2
 (Mah) 37 14

Osmanabad (Mah) 23 2 Ahmadnagar
2
 (Mah) 66 5

Budhana (Mah) 68 9 S a n g l i (Mah) 28 1
Ako la (Mah) 40 0 Aurangabad

2
 (Mah) 19 2

Amrava t i (Mah) 71 5 Parbhan i (Mah) 12 0
Nanded (Mah) 19 0 B h i r

2
 (Mah) 12 0

Wardha (Mah) 39 1 Sholapur (Mah) 8 0
Nagpur (Mah) 59 2 Morena

2
 (MP) 81 11

Mandsaur (MP) 84 22 Guntur (AP) 55 1
Belgaum (Kar) 117 19 C h i t t o o r (AP) 107 0
B e l l a r y (Kar) 28 8 N e l l o r e (AP) 59 0
Shimoga (Kar) 75 21 Coimbatore (TN) 141 5
Mysore (Kar) 27 0 Madura i (TN) 46 2
Anantapur (AP)
Shimoga

1
 (Kar)

11
113

0
0

T i r u n e l v e l i
2
 (TN)

C h i n g l e p u t
2
 (TN)

Coimbatore
1
 (TN)

M a d u r a i
1
 (TN)

82
82
79
19

8
0

20
1

T i r u n e l v e l i
1

'
2
 (TN) 10 1

C h i n g l e p u t
1
 (TN)

B e l l a r y
1
 (Kar)

71
108

0
0

S o u r c e : R a h e j a e t a l . 1 9 7 6 .

1 . P o s t r a i n y - s e a s o n c r o p .

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

The l e v e l o f t o t a l p l a n t n u t r i e n t s (N+P2O5+K2O) used per h e c t a r e o f cropped
area i n d i c a t e s t he average i n t e n s i t y o f f e r t i l i z e r u s e . Tab le 22 shows how
w i d e l y t h i s v a r i e s f rom d i s t r i c t t o d i s t r i c t . The average l e v e l was found t o b e
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l e s s than 20 kg /ha of cropped area in 4 d i s t r i c t s g rowing HYV of sorghum and 7 
d i s t r i c t s under p e a r l m i l l e t ; i n 6 d i s t r i c t s under sorghum and 9 g rowing p e a r l
m i l l e t , t he l e v e l s exceeded 6 0 k g / h a . I n g e n e r a l , d i s t r i c t s w i t h h i ghe r
a d o p t i o n o f f e r t i l i z e r f o r sorghum (Table 21) a l s o showed h i g h e r average l e v e l
o f f e r t i l i z e r use ( r = +0.563) a s d i d d i s t r i c t s w i t h h i g h e r r a i n f a l l
( r = + 0 . 4 9 0 ) . The c o r r e l a t i o n s of average r a t e s w i t h percen tage area under HYV
w i t h o r w i t h o u t i r r i g a t i o n were p o s i t i v e but no t s t a t i s t i c a l l y s i g n i f i c a n t . For
p e a r l m i l l e t h y b r i d s , t he average r a t e o f a p p l i c a t i o n was s i g n i f i c a n t l y
a s s o c i a t e d w i t h a d o p t i o n ( r = + 0 . 6 0 5 ) , and e x t e n t o f HYV area i r r i g a t e d
(r = + 0 . 4 4 8 ) . W i th r ega rd to the o t h e r v a r i a b l e s — c o v e r a g e under HYV and
r a i n f a l l — t h e c o r r e l a t i o n s were not s i g n i f i c a n t . The f i n d i n g s suggest t he
impor tance o f r a i n f a l l ( f o r sorghum) and i r r i g a t i o n ( f o r p e a r l m i l l e t ) a s
d e t e r m i n a n t s o f f e r t i l i z e r use on these c r o p s .

Tab le 22 a l s o shows t h a t t he l o c a l v a r i e t i e s o f these c rops were ,
g e n e r a l l y , e i t h e r not f e r t i l i z e d o r f e r t i l i z e d a t ve r y low r a t e s . I n 1 5
d i s t r i c t s g row ing sorghum and 19 p e a r l m i l l e t , t he average r a t e was e i t h e r zero
or nomina l ( l e s s than 5 k g / h a ) .

C o r r e l a t i o n s were worked out between a c t u a l r a t e s o f a p p l i c a t i o n , e x t e n t o f
area f e r t i l i z e d (Appendix V ) , and some o the r v a r i a b l e s . These i n d i c a t e t h a t :

1 . The a c t u a l r a t e s o f f e r t i l i z e r a p p l i c a t i o n (bo th N and P20 5 ) f o r sorghum were
not a s s o c i a t e d w i t h t he spread o f HYV, i r r i g a t e d area under HYV, a d o p t i o n o f
f e r t i l i z e r , o r r a i n f a l l . For p e a r l m i l l e t , i r r i g a t e d area under HYV was
p o s i t i v e l y a s s o c i a t e d w i t h N r a t e s , and a d o p t i o n w i t h P2O5 r a t e s .

2. The percen tage of area under sorghum f e r t i l i z e d w i t h N and P2O5 was
s i g n i f i c a n t l y c o r r e l a t e d w i t h a d o p t i o n and r a i n f a l l . For p e a r l m i l l e t ,
spread o f HYV, i r r i g a t e d area under HYV ( w i t h N ) , a d o p t i o n o f f e r t i l i z e r , and
r a i n f a l l ( w i t h P2O5) were p o s i t i v e l y c o r r e l a t e d w i t h t he a r e a - f e r t i l i z e d
v a r i a b l e s .

3 . The n i t r o g e n and phosphorus r a t e s were no t c o r r e l a t e d f o r sorghum, but t he
areas f e r t i l i z e d w i t h these n u t r i e n t s were p o s i t i v e l y c o r r e l a t e d . For p e a r l
m i l l e t , bo th r a t e s and areas f e r t i l i z e d w i t h n i t r o g e n and phosphorus were
c o r r e l a t e d , and the r a t e and area f e r t i l i z e d w i t h t he same n u t r i e n t was a l s o
p o s i t i v e l y c o r r e l a t e d .

These c o r r e l a t i o n s i n d i c a t e t h a t h i ghe r spread o f HYV d i d no t imp l y h i g h e r
r a t e s o f f e r t i l i z e r a p p l i c a t i o n . There was some i n d i c a t i o n t h a t t h e f e r t i l i z e d
area was h i g h e r in d i s t r i c t s w i t h a l a r g e r area under HYV. Second ly , h i ghe r
l e v e l o f f e r t i l i z e r a d o p t i o n was more s t r o n g l y a s s o c i a t e d w i t h e x t e n t o f area
f e r t i l i z e d . T h i r d l y , r a i n f a l l was s i g n i f i c a n t l y a s s o c i a t e d w i t h t he e x t e n t o f
area f e r t i l i z e d . A l l these p o i n t e d toward area f e r t i l i z e d be ing more v a r i a b l e
than r a t e o f a p p l i c a t i o n . F i n a l l y , t he s i g n i f i c a n t a s s o c i a t i o n between areas
f e r t i l i z e d w i t h n i t r o g e n and phosphorus suggested e f f o r t s toward more ba lanced
use o f f e r t i l i z e r . T h i s was more s t r o n g l y i n d i c a t e d i n t he case o f p e a r l m i l l e t
f o r wh ich bo th r a t e s o f a p p l i c a t i o n and area f e r t i l i z e d w i t h N and P2O5 tended
to move t o g e t h e r .

Pu rsu ing t h e r e s u l t s f u r t h e r , d i s t r i c t e s t i m a t e s p resen ted i n Appendix I I I
d i d no t r e v e a l any t r e n d i n broad s o i l t y p e s . A s f o r v a r i e t a l d i f f e r e n c e s i n
f e r t i l i z e r use , d i s t r i c t s g rowing p e a r l m i l l e t h y b r i d s showed some i n t e r e s t i n g
r e s u l t s .

2 0
 HB 1 was t he dominant h y b r i d in 5 d i s t r i c t s , HB 3 in 15 , and HB 4 in
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2 0 . CSH 1 was t h e d o m i n a n t s o r g h u m h y b r i d i n 1 9 o f t h e 2 1 d i s t r i c t s s t u d i e d

( A p p e n d i x I I I ) . T h e r e f o r e , i n t e r r e g i o n a l d i f f e r e n c e s i n c u l t i v a r a d o p t i o n

w e r e n o t a n a l y z e d .



6 (Appendix I I I ) . In g e n e r a l , t h e d i s t r i c t s where HB 4 was t h e dominant h y b r i d
showed h i g h e r f e r t i l i z e r - u s e v a l u e s ( i n terms o f r a t e s as w e l l as pe rcen tage o f
area f e r t i l i z e d ) compared w i t h d i s t r i c t s in wh ich HB 1 was t h e most w i d e l y grown
v a r i e t y . I n t e r e s t i n g l y , t h i s r a n k i n g agreed w i t h e x p e r i m e n t a l ev idence o n t he
response o f p e a r l m i l l e t h y b r i d s t o f e r t i l i z e r a p p l i c a t i o n (Bapna and Mur ty
1 9 7 6 ) . T h i s l ends suppo r t t o t h e h y p o t h e s i s t h a t fa rmers a re aware o f t he
r e l a t i v e responses o f d i f f e r e n t v a r i e t i e s and t h a t t h i s awareness a f f e c t s t h e i r
f e r t i l i z e r - u s e d e c i s i o n s .

F e r t i l i z e r use under i r r i g a t e d and r a i n f e d c o n d i t i o n s . Appendix I I I shows t h a t ,
i n s e v e r a l d i s t r i c t s t h e HYV were grown under i r r i g a t e d c o n d i t i o n s . From t h e
p o i n t o f v iew o f SAT a g r i c u l t u r e i n g e n e r a l , t h e r e i s g r e a t e r i n t e r e s t i n
m o n i t o r i n g t he s i t u a t i o n f o r t h e p r i m a r i l y n o n i r r i g a t e d c r o p which i s
q u a n t i t a t i v e l y so i m p o r t a n t . Tab les 23 and 24 g i v e e s t i m a t e s o f a c t u a l r a t e s o f
a p p l i c a t i o n and pe rcen tage o f a rea f e r t i l i z e d w i t h each n u t r i e n t under i r r i g a t e d
and n o n i r r i g a t e d c o n d i t i o n s .

C o n s i d e r i n g sorghum f i r s t , (Tab le 2 5 ) , t h e modal c l a s s e s f o r N , P 2 O 5 , and
K2O a p p l i c a t i o n were found to be 41-60 k g , 31-40 k g , and 11-20 kg per f e r t i l i z e d
h a , r e s p e c t i v e l y under i r r i g a t e d c o n d i t i o n s . Under n o n i r r i g a t e d c o n d i t i o n s ,
these were 21-40 k g / h a , 21-30 k g / h a , and 11-20 k g / h a , r e s p e c t i v e l y . The
d i f f e r e n c e s between i r r i g a t e d and n o n i r r i g a t e d d i s t r i b u t i o n s were no t as sharp
w i t h r e f e r e n c e t o N r a t e s , and more t han h a l f t h e number o f d i s t r i c t s f e l l i n
t he supramodal c l a s s e s . The areas f e r t i l i z e d w i t h N, P 2 O 5 , and K2O were c l e a r l y
lower under n o n i r r i g a t e d c o n d i t i o n s , a l t h o u g h w i t h r espec t t o t h i s parameter
a l s o t he d i s t i n c t i o n was not s o s h a r p l y d e f i n e d f o r n i t r o g e n o u s f e r t i l i z e r s ;
t he percen tage o f a rea f e r t i l i z e d w i t h n i t r o g e n exceeded 80% in a s i g n i f i c a n t
number o f d i s t r i c t s even under n o n i r r i g a t e d c o n d i t i o n s .

For p e a r l m i l l e t (Tab le 25) t h e modal c l a s s e s f o r N, P 2 O 5 , and K2O
a p p l i c a t i o n were 41-60 k g , 21-30 k g , and l e s s than 10 kg per f e r t i l i z e d ha under
i r r i g a t e d c o n d i t i o n s ; and 21-40 k g , l e s s than 20 k g , and l e s s than 10 kg per
f e r t i l i z e d ha r e s p e c t i v e l y under r a i n f e d c o n d i t i o n s . I t was a l s o no ted t h a t a 
s i g n i f i c a n t number o f d i s t r i c t s be longed to t he supramodal c l a s s e s f o r N and
P2O5 a p p l i c a t i o n r a t e s . W i t h respec t t o area f e r t i l i z e d , t h e n o n i r r i g a t e d
d i s t r i b u t i o n s c l e a r l y i n d i c a t e d r e l a t i v e l y lower v a l u e s .

The c o n c l u s i o n s , summarized i n Tab le 25 , c l e a r l y i n d i c a t e h i g h e r
f e r t i l i z e r - u s e parameters f o r n o n i r r i g a t e d sorghum when compared t o p e a r l
m i l l e t . Under i r r i g a t e d c o n d i t i o n s , a l t h o u g h t h e modal v a l u e s f o r t h e two
c r o p s — p r e s e n t e d i n Tab le 25—were s i m i l a r , t h e o v e r a l l d i s t r i b u t i o n i n d i c a t e d a 
somewhat h i g h e r l e v e l o f n i t r o g e n use f o r p e a r l m i l l e t h y b r i d s . Comparison o f
f e r t i l i z e d areas under i r r i g a t e d and n o n i r r i g a t e d c o n d i t i o n s r e v e a l e d t h a t t h e
areas f e r t i l i z e d w i t h P2O5 and K2O reco rded sharper d e c l i n e s when compared to
areas f e r t i l i z e d w i t h N . T h i s f o l l o w s f rom t h e f a c t t h a t t h e r e i s a n element o f
f l e x i b i l i t y where n i t r o g e n a p p l i c a t i o n i s concerned ( i t c o u l d b e a p p l i e d d u r i n g
pos tsow ing s tages a l s o ) , w h i l e i n t he case o f P2O5 and K2O a p p l i c a t i o n i t i s no t
s o .

The modal r a t e s p resen ted in Tab le 25 compared f a v o r a b l y w i t h those
r e p o r t e d f o r d i f f e r e n t s t a t e s f o r 1975-76 (NCAER 1 9 7 8 ) . The 1969-71 e s t i m a t e s
f o r sorghum ( a l l - I n d i a ) a l s o compared w i t h t he modal c l a s s e s o b t a i n e d i n a n
e a r l i e r s t u d y (NCAER 1 9 7 4 ) . Wh i le t h i s improves our c o n f i d e n c e i n these
e s t i m a t e s , t he compar ison a l s o suggests t h a t r a t e s o f f e r t i l i z e r a p p l i c a t i o n o n
these c rops d i d no t r e c o r d any s i g n i f i c a n t ga ins over 1969-70 to 1975-76 . We
s h a l l come back t o t h i s l a t e r .

S t r a t i f i c a t i o n o f these da ta a c c o r d i n g t o major s o i l t ypes r e v e a l e d t h a t ,
g e n e r a l l y , t he r a t e s o f f e r t i l i z e r a p p l i c a t i o n f o r n o n i r r i g a t e d sorghum were
h i g h e r o n b l a c k s o i l s t han o n red and l a t e r i t i c s o i l g r o u p s : medium b l a c k s o i l s
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f a r e d b e t t e r t han s h a l l o w b lack s o i l s . For p e a r l m i l l e t , t h e n o n i r r i g a t e d r a t e s
were h i g h e r on a l l u v i a l , g r a y - b r o w n , and b l ack s o i l s when compared to mixed red
and b l a c k , red and r e d , and l a t e r i t i c s o i l s . These t r e n d s a re i n l i n e w i t h t h e
m o i s t u r e - h o l d i n g c a p a c i t i e s o f d i f f e r e n t s o i l s .

Table 25 . Modal classes for r a t e of f e r t i l i z e r a p p l i c a t i o n and percentage of
area f e r t i l i z e d : HYV of sorghum and p e a r l m i l l e t ( 1 9 7 3 - 7 4 ) .

Modal c l a s s e s f o r r a t e
o f a p p l i c a t i o n

(kg /ha f e r t i l i z e d )
Modal c l a s s e s f o r

% of HYV area f e r t i l i z e d

Crop F e r t i l i z e r I r r i g a t e d N o n i r r i g a t e d I r r i g a t e d N o n i r r i g a t e d

Sorghum

P e a r l m i l l e t

N

P2O5
K2O

N
P2O5

K2O

41 - 60
31 - 40
11 - 20

41 - 60
21 - 30

< 10

21 - 40
21 - 30
11 - 20

21 - 40
< 20
< 10

> 80 > 60
> 80 < 40

6 1 - 8 0 < 40

> 80 61 - 80
6 1 - 8 0 < 10
4 1 - 8 0 < 10

Summing u p , t h e a n a l y s i s o f a d o p t i o n l e v e l s and a p p l i c a t i o n r a t e s r e v e a l e d
t h a t : (a) a s u b s t a n t i a l p r o p o r t i o n of fa rmers growing HYV of sorghum and p e a r l
m i l l e t used f e r t i l i z e r s o n these c r o p s . More i m p o r t a n t , t h e y used f e r t i l i z e r s
f o r t h e r a i n f e d c rops as w e l l ; (b) t h e r e was ev idence to show t h a t in some
d i s t r i c t s a t l e a s t , l o c a l v a r i e t i e s o f these c rops were a l s o f e r t i l i z e d ; (c)
h i g h spread o f t h e HYV d i d no t a lways l e a d t o h i g h e r r a t e s o f f e r t i l i z e r
a p p l i c a t i o n , bu t spread o f HYV and e x t e n t o f cropped area f e r t i l i z e d were
p o s i t i v e l y c o r r e l a t e d . T h i s i m p l i e s t h a t d e c i s i o n s o n use o f f e r t i l i z e r s and
s u p e r i o r v a r i e t i e s were r e l a t e d , but d e c i s i o n s r e g a r d i n g r a t e s o f a p p l i c a t i o n
were p r o b a b l y t aken w i t h o t h e r c o n s i d e r a t i o n s i n v i e w ; (d) t h e s t a t u s o f s o i l
m o i s t u r e appeared t o b e i m p o r t a n t i n f e r t i l i z e r - u s e d e c i s i o n s . A c c o r d i n g l y ,
bo th r a i n f a l l and i r r i g a t i o n appeared t o i n f l u e n c e f e r t i l i z e r use ; (e) t h e r e
was some ev idence to suggest t h a t f a rmers cons ide red the r e l a t i v e responses o f
d i f f e r e n t v a r i e t i e s i n making t h e i r f e r t i l i z e r - u s e d e c i s i o n s ; ( f ) t h e r a t e o f
a p p l i c a t i o n a s w e l l a s t he area f e r t i l i z e d w i t h d i f f e r e n t n u t r i e n t s was lower
under n o n i r r i g a t e d c o n d i t i o n s f o r bo th these c r o p s . The modal r a t e s o f
a p p l i c a t i o n f o r n i t r o g e n were 40-60 kg per f e r t i l i z e d ha under i r r i g a t e d , and
21-40 kg per f e r t i l i z e d ha under n o n i r r i g a t e d c o n d i t i o n s . The n o n i r r i g a t e d
r a t e s were somewhat h i g h e r f o r sorghum, and the i r r i g a t e d r a t e s were h i g h e r f o r
p e a r l m i l l e t . A p p l i c a t i o n o f phosphorus and po tash was more widespread f o r
sorghum. Under n o n i r r i g a t e d c o n d i t i o n s , however, the e x t e n t o f area f e r t i l i z e d
w i t h these n u t r i e n t s was s u b s t a n t i a l l y l o w e r , p a r t i c u l a r l y i n d i s t r i c t s g rowing
p e a r l m i l l e t ; and (g) wide i n t e r d i s t r i c t v a r i a t i o n was n o t i c e d i n t he
f e r t i l i z e r - u s e parameters f o r bo th these c r o p s , u n d e r s c o r i n g t he need f o r
d e t a i l e d s t u d y o f t h e d e t e r m i n a n t s o f t h i s v a r i a t i o n and the a d a p t a b i l i t y and
response behav io r o f d i f f e r e n t HYV.

Trend i n f e r t i l i z e r u s e . T o unders tand the p a t t e r n o f d i f f u s i o n o f f e r t i l i z e r
use and the f i r m n e s s o f t h e e s t i m a t e s p resen ted i n t h e e a r l i e r s e c t i o n s , t he
t r e n d i n f e r t i l i z e r use over t ime was s t u d i e d . Data on f e r t i l i z e r - u s e
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parameters f o r a con t i nuous p e r i o d o f 6-7 yea rs were a v a i l a b l e f o r o n l y 8 
d i s t r i c t s . Sorghum c rop was covered in Mandsaur, Ako la , Shimoga (bo th r a i n y and
p o s t r a i n y seasons ) ; and p e a r l m i l l e t i n J a i p u r , K a i r a , H i s s a r , and Aurangabad
d i s t r i c t s . F i g u r e 4 shows the changes, over t i m e , i n r a t e s o f a p p l i c a t i o n per
f e r t i l i z e d h e c t a r e and percentage o f areas f e r t i l i z e d w i t h n i t r o g e n o u s
f e r t i l i z e r i n these d i s t r i c t s w i t h r e f e r e n c e t o p e a r l m i l l e t , sorghum, and
i r r i g a t e d r i c e (or w h e a t ) .

2 1
 The f o l l o w i n g i m p o r t a n t t endenc ies are r e v e a l e d :

1 . I n g e n e r a l , F i g u r e 4 i n d i c a t e s n o s y s t e m a t i c t r e n d e i t h e r i n t he r a t e s o f
f e r t i l i z a t i o n o r i n t he percentage o f areas f e r t i l i z e d f o r HYV o f sorghum and
p e a r l m i l l e t . The HYV o f o the r i r r i g a t e d c e r e a l s , r i c e and whea t , i n t he
t r a d i t i o n a l areas o f p roduc t i on—Sh imoga , Mandsaur, and Hissar—showed
g r e a t e r s t a b i l i t y , p a r t i c u l a r l y w i t h rega rd t o area f e r t i l i z e d . Look ing a t
the p o s i t i o n in Shimoga, where HYV of sorghum are grown e i t h e r as i r r i g a t e d
c rop ( p o s t r a i n y season) o r under c o n d i t i o n s o f h i g h and s t a b l e r a i n f a l l
( r a i n y season ) , t he s t a b i l i z i n g i n f l u e n c e o f adequate m o i s t u r e a v a i l a b i l i t y
was c l e a r l y b rought o u t : t he r a t e s were h i ghe r and t he percen tage o f area
f e r t i l i z e d was h i g h and s t a b l e when compared w i t h t h e o the r two
sorghum-growing d i s t r i c t s . But f o r p e a r l m i l l e t , t h i s e x p l a n a t i o n d i d no t
seem to h o l d . H i s s a r , a p r e d o m i n a n t l y i r r i g a t e d d i s t r i c t g rowing HYV, d i d
not r e v e a l a h i g h o r s t a b l e p a t t e r n (F i gu re 4 ) . The number o f d i s t r i c t s a re
too few to draw c o n c l u s i o n s , but t he H issa r case does suggest t he need to
look f o r o the r v a r i a b l e s l i k e seasona l c o n d i t i o n s and pes t and d i sease
inc i dence f o r a f u l l e r unde rs tand ing o f t empora l v a r i a t i o n i n t he
f e r t i l i z e r - u s e pa rame te rs .

I n o the r d i s t r i c t s , f e r t i l i z e r use f o r bo th t he c a t e g o r i e s o f c r o p s —
m i l l e t s and s u p e r i o r ce rea l s—was f l u c t u a t i n g , a l t h o u g h a s t a b l e (area
f e r t i l i z e d i n K a i r a ) o r r i s i n g ( r a t e i n Ako la and J a i p u r ) t r e n d was observed
f o r wheat i n some d i s t r i c t s . The spread o f f e r t i l i z e r use t o c rops l i k e
sorghum and m i l l e t s o r even i r r i g a t e d c rops i n areas where the i r r i g a t i o n
source and t he env i ronment were u n s t a b l e ,

2 2
 d i d not seem to f o l l o w the

c l a s s i c a l s igmo id r o u t e . I t shou ld be no ted t h a t i n more t han 10 years
(beg inn ing 1 9 6 5 - 6 6 ) , t he coverage under f e r t i l i z e r has not reached 100% f o r
sorghum and p e a r l m i l l e t i n most o f t h e n o n i r r i g a t e d d i s t r i c t s p roduc ing
these c r o p s . I t was observed (da ta no t p resen ted here) t h a t t h e r e was
c o n s i d e r a b l e y e a r - t o - y e a r v a r i a t i o n i n t he p r o p o r t i o n o f f e r t i l i z e r users
a l s o . These f a c t o r s made f e r t i l i z e r - u s e parameters u n s t a b l e . I t i s

hypo thes i zed t h a t t h i s i n s t a b i l i t y was p r i m a r i l y caused b y v a r i a t i o n i n
seasonal c o n d i t i o n s conduc ive t o f e r t i l i z e r use . Th i s h y p o t h e s i s i s f u r t h e r
examined l a t e r i n t h i s s e c t i o n .

2 . F i g u r e 4 a l s o shows t h a t t he percen tage o f area f e r t i l i z e d v a r i e d r e l a t i v e l y
l e s s over t ime i n d i s t r i c t s where i t had a l r e a d y a t t a i n e d h i g h l e v e l s (as i n
Shimoga f o r r a i n y and p o s t r a i n y - s e a s o n sorghum; and i n K a i r a f o r p e a r l
m i l l e t ) . These seem to rep resen t areas where f e r t i l i z e r has been accepted as
an e s s e n t i a l component o f t he p r o d u c t i o n t echno logy f o r HYV. Seve ra l
f a c t o r s — a v a i l a b i l i t y o f adequate s o i l m o i s t u r e , b e t t e r a d a p t a b i l i t y ,

2 1 . T h e s e d a t a w e r e n o t a v a i l a b l e s e p a r a t e l y f o r i r r i g a t e d a n d n o n i r r i g a t e d

c r o p s . F i g u r e 4 i s t h u s b a s e d o n a v e r a g e v a l u e s . One needs t o n o t e ,
h o w e v e r , t h a t i n Mandsaur a n d A k o l a ( s o r g h u m ) a n d A u r a n g a b a d ( p e a r l m i l l e t ) ,

t h e HYV w e r e g r o w n p r i m a r i l y a s r a i n f e d c r o p . I n Sh imoga ( p o s t r a i n y - s e a s o n
so rghum) and H i s s a r ( p e a r l m i l l e t ) , o n t h e o t h e r h a n d , i r r i g a t e d HYV was

d o m i n a n t . T h i s d o e s p r o v i d e some s c o p e f o r a n a l y z i n g i r r i g a t e d and r a i n f e d

c r o p s .
2 2 . I t may b e n o t e d t h a t i n A k o l a , A u r a n g a b a d , a n d K a i r a w h e a t c u l t i v a t i o n has

o n l y r e c e n t l y assumed i m p o r t a n c e .
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Figure 4. Trend in use of nitrogenous fertilizers for HYV of sorghum, pearl millet, 

and wheat/rice in indicated districts (1970-71 to 1976-77). 
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s u p e r i o r response, and lower d i s e a s e / p e s t i n c i d e n c e — c o u l d be r e s p o n s i b l e f o r
t h i s . Other d i s t r i c t s w i t h lower coverage (Mandsaur, A k o l a , Aurangabad,
H i s s a r , and J a i p u r ) , rep resen ted r e l a t i v e l y u n c e r t a i n response s i t u a t i o n s i n
the sense t h a t bo th area f e r t i l i z e d and r a t e s o f f e r t i l i z a t i o n f l u c t u a t e d ,
o f t e n i n the same d i r e c t i o n ,

3 . The tendency f o r the area f e r t i l i z e d to become s t a b l e as i t reached a h i g h
l e v e l (as in most d i s t r i c t s f o r i r r i g a t e d r i c e / w h e a t HYV, and sorghum in
Shimoga; and f o r p e a r l m i l l e t i n K a i r a ) , suggested t he h y p o t h e s i s t h a t
d u r i n g i n i t i a l s tages o f a d o p t i o n , t he parameters o f t he area f e r t i l i z e d need
to be examined. L a t e r , w i t h a d o p t i o n becoming w idesp read , f l u c t u a t i o n s i n
f e r t i l i z e r use become r a t e - d o m i n a t e d ,

4 . A l t hough F i g u r e 4 shows s i g n i f i c a n t i n t e r y e a r v a r i a t i o n s , da ta f o r 1973-74
presen ted i n t he e a r l i e r s e c t i o n were t y p i c a l . Most o f t he r a t e va lues shown
in the f i g u r e ranged between 35 and 50 k g / h a , i r r i g a t e d p o s t r a i n y - s e a s o n
sorghum in Shimoga be ing an e x c e p t i o n . S ince 1973-74 , t he r a t e has f a l l e n
s i g n i f i c a n t l y o n l y i n Mandsaur; i n o the r d i s t r i c t s , t hey have remained more
or l e s s in the same modal c l a s s . The area f e r t i l i z e d h a s , however, shown a 
s i g n i f i c a n t d e c l i n e i n s e v e r a l d i s t r i c t s . Thus, w h i l e t he modal r a t e
es t ima tes p resen ted in Tab le 25 appear to be f a i r l y f i r m , the same cannot be
s a i d o f the a r e a - f e r t i l i z e d pa ramete r .

5 . The p o s i t i o n in 1974-75 was o f s p e c i a l i n t e r e s t because f e r t i l i z e r p r i c e s had
inc reased s h a r p l y t h a t y e a r . F i g u r e 4 shows t h a t t h e r a t e o f f e r t i l i z e r
a p p l i c a t i o n f o r sorghum and p e a r l m i l l e t went down in 4 d i s t r i c t s (Mandsaur,
A k o l a , Aurangabad, and H issa r ) and in 5 (Mandsaur, Aurangabad, H i s s a r , J a i p u r
and Shimoga d u r i n g the r a i n y season ) , t he area f e r t i l i z e d d e c l i n e d compared
t o the s i t u a t i o n i n 1973-74. I t f o l l o w s t h a t bo th the parameters shou ld b e
examined to a r r i v e a t a c o r r e c t p i c t u r e about the fa rmers ' response to p r i c e
changes. N e v e r t h e l e s s , Shimoga ( f o r bo th r a i n y - and p o s t r a i n y - s e a s o n
sorghum), Ako la (sorghum) , and K a i r a ( p e a r l m i l l e t ) s tood out as e x c e p t i o n a l
d i s t r i c t s , r e c o r d i n g i nc reases i n average l e v e l o f n i t r o g e n used per ha i n
1974-75. Fu r t he r a n a l y s i s revea led (data not p resen ted here) t h a t i n these
d i s t r i c t s , t h e r e was a s u b s t a n t i a l d e c l i n e i n area under h i g h - y i e l d i n g
v a r i e t i e s , i m p l y i n g r e d u c t i o n s i n t o t a l q u a n t i t y o f f e r t i l i z e r used . Thus,
ad jus tment to p r i c e and o the r changes seemed to have s e v e r a l d imens ions .

Some r e g r e s s i o n r e s u l t s . I t has been suggested e a r l i e r t h a t seasonal c o n d i t i o n s
( r a i n f a l l , occur rence o f p e s t s / d i s e a s e s , e t c ) c o u l d p l a y a r o l e i n f a r m e r s '
f e r t i l i z e r - u s e d e c i s i o n s f o r n o n i r r i g a t e d c r o p s . An a t tempt was made to s tudy
the r e l a t i o n s h i p between f e r t i l i z e r use on HYV of sorghum and p e a r l m i l l e t , and
seasonal (June to August) r a i n f a l l on the b a s i s o f 4 y e a r s ' da ta (1970-71 to
1973-74) f o r 17 d i s t r i c t s growing r a i n y - s e a s o n sorghum, and 10 d i s t r i c t s growing
ra i ny - season p e a r l m i l l e t .

2 3
 The annual da ta f o r d i f f e r e n t years a l s o p r o v i d e d

i n f o r m a t i o n on bor row ings f o r a g r i c u l t u r a l pu rposes , and we have i n c l u d e d t h i s
v a r i a b l e a s a n i n d i c a t o r o f c r e d i t a v a i l a b i l i t y i n t he r e g r e s s i o n mode l . T h i s
model thus hypo thes i zed t h a t seasonal c o n d i t i o n s and c a p i t a l were t he main
de te rm inan t s o f f e r t i l i z e r use on these c rops .24
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23. The c h o i c e o f t h e s e d i s t r i c t s was e x c l u s i v e l y d e t e r m i n e d b y c o v e r a g e i n a l l

t h e 4 y e a r s . The s o r g h u m d i s t r i c t s w e r e B e l g a u m , B e l l a r y , M y s o r e , S h i m o g a ,

J a l g a o n , S a t a r a , S a n g l i , A u r a n g a b a d , P a r b h a n i , B i r , N a n d e d , Osmanabad ,

B u l d h a n a , A k o l a , A m r a v a t i , W a r d h a , and N a g p u r . The p e a r l m i l l e t d i s t r i c t s

w e r e G u n t u r , N e l l o r e , C h i t t o o r , J a l g a o n , A u r a n g a b a d , B h i r , H i s s a r , R o h t a k ,

C h i n g l e p u t , and C o i m b a t o r e .

2 4 . L a g g e d o u t p u t p r i c e was a l s o t r i e d i n i t i a l l y and t h e r e s u l t s t u r n e d o u t t o

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



S i x v a r i a b l e s were used t o i n d i c a t e the l e v e l o f f e r t i l i z e r use : (a)
percen tage o f fa rmers us i ng f e r t i l i z e r (ADOPTION); (b) average r a t e o f
a p p l i c a t i o n of N+P2O5+K2O in kg/ha of cropped area (AVNPK); (c) r a t e of
a p p l i c a t i o n o f n i t r o g e n in kg per f e r t i l i z e d ha (NRATE); (d) r a t e o f
a p p l i c a t i o n of phosphorus in kg per f e r t i l i z e d ha (PRATE); (e) percentage of
cropped area f e r t i l i z e d w i t h n i t r o g e n (NAREA); and ( f ) percentage o f cropped
area f e r t i l i z e d w i t h phosphorus (PAREA). The 2 independent v a r i a b l e s regressed
a g a i n s t each of these 6 dependent v a r i a b l e s were : r a i n f a l l ( i n mm) d u r i n g the
growth p e r i o d (June to August) (JUNAUGRF). For t he a d o p t i o n d e c i s i o n , r a i n f a l l
d u r i n g sowing and presowing p e r i o d is r e l e v a n t and , t h e r e f o r e , we o n l y
cons ide red r a i n f a l l ( i n mm) d u r i n g June -Ju l y i n t h i s e q u a t i o n . The o the r
v a r i a b l e used (CREDIT) was average bo r row ings ( i n rupees) per c u l t i v a t o r f o r
a g r i c u l t u r a l purposes d u r i n g the season.

Table 26. E f fec t of r a i n f a l l (during growing period) and c r e d i t on f e r t i l i z e r
use for HYV of sorghum and pear l m i l l e t .

1

No. o f
d i s t r i c t s

No. o f
years

Dependent
v a r i a b l e

Regress ion c o e f f i c i e n t s
No. o f

d i s t r i c t s
No. o f
years

Dependent
v a r i a b l e I n t e r c e p t JUNAUGRF CREDIT

Rainy-season sorghum

17 4 ADOPTION 26.140 0 .033* *
(2.180)

0 . 0 3 4 * * *
(4.403)

AVNPK 29.368 0 .023* *
(2.122)

0 . 0 2 1 * *
(2.230)

NRATE 39.967 0.003
(0.362)

-0 .005
(0.771)

PRATE 25.109 -0 .003
(0.641)

0 . 0 1 6 * * *
(3.612)

NAREA 42.334 0 .028* *
(2.450)

0 .025* *
(2.523)

PAREA 33.383 0 .023* *
(2.063)

0 .017*
(1.746)

Rainy-season p e a r l m i l l e t

10 4 ADOPTION 48.030 0.045*
(1.898)

0 . 0 3 3 * * *
(3.729)

AVNPK 45.816 0.025
(0.940)

-0 .005
(0.264)

NRATE 55.295 -0 .014
(0.677)

-0 .007
(0.513)

PRATE 31.393 -0 .017
(0.878)

0.003
(0.209)

NAREA 57.223 0.027
(1.383)

0.018
(1.370)

PAREA 28.561 0.039*
(1.934)

-0 .014
(0.954)

1 . R e s u l t s b a s e d o n p o o l e d t i m e - s e r i e s and c r o s s - s e c t i o n d a t a . E s t i m a t e s

o b t a i n e d b y COMTAC p a c k a g e a v a i l a b l e f r o m Compute r S e r v i c e s , I C R I S A T .

F i g u r e s i n p a r e n t h e s e s a r e t - v a l u e s ; * , * * , and * * * i n d i c a t e s t a t i s t i c a l l y

s i g n i f i c a n t a t 1 0 , 5 , a n d 1 % p r o b a b i l i t y l e v e l s , r e s p e c t i v e l y .

47



D i s t r i c t - l e v e l e s t i m a t e s o n these v a r i a b l e s were a v a i l a b l e . I n v iew o f t h e
l i m i t e d number o f yea rs a v a i l a b l e f o r each d i s t r i c t , d a t a f o r a l l sorghum and
p e a r l m i l l e t g row ing d i s t r i c t s were poo led and r e g r e s s i o n s e s t i m a t e d f o r each
c r o p , u s i n g t he e r r o r components model (Wal lace and Hussain 1969, Barah 1 9 7 6 ) .
These equa t i ons a re p resen ted i n Tab le 2 6 .

The r e s u l t s i n d i c a t e d t h a t f o r bo th t h e c r o p s , t he d e c i s i o n s o n f e r t i l i z e r
use (ADOPTION) were s i g n i f i c a n t l y i n f l u e n c e d by t h e c r e d i t f a c t o r and seasona l
c o n d i t i o n s d u r i n g the sowing p e r i o d . The average r a t e o f f e r t i l i z e r a p p l i c a t i o n
f o r sorghum was s i m i l a r l y i n f l u e n c e d . But t h e i n f l u e n c e o f these v a r i a b l e s was
found t o b e n o n s i g n i f i c a n t i n t h e p e a r l m i l l e t e q u a t i o n . I t was a l s o c l e a r t h a t
t h e percen tage o f area f e r t i l i z e d , p a r t i c u l a r l y w i t h n i t r o g e n , was t h e main
v a r i a b l e respond ing t o r a i n f a l l and c r e d i t . The a c t u a l r a t e s o f a p p l i c a t i o n
(NRATE, PRATE) were not found to be s i g n i f i c a n t l y a f f e c t e d by these v a r i a b l e s .
The r e s u l t s came ou t l e s s s t r o n g l y f o r p e a r l m i l l e t . I n 7 ou t o f 10 d i s t r i c t s
i n c l u d e d i n t h e a n a l y s i s o f t h i s c r o p , t h e h y b r i d s were grown under i r r i g a t e d
c o n d i t i o n s (Appendix I I I ) , and t h i s h i g h i n c i d e n c e o f i r r i g a t i o n may have
reduced the e f f e c t s o f r a i n f a l l . The r e s u l t s suggest t h a t f e r t i l i z e r e x t e n s i o n
programs f o r t hese c rops shou ld be backed w i t h adequate c r e d i t and be f l e x i b l e
enough t o enab le ad jus tmen t t o seasona l c o n d i t i o n s . I t i s a p p r o p r i a t e t h a t
resea rch recommendations on f e r t i l i z e r use shou ld now emphasize t he f l e x i b i l i t y
element ( V i j a y a l a k s h m i 1979, S ingh 1 9 7 9 ) .

The a n a l y s i s o f t r e n d i n f e r t i l i z e r use over t ime revea led t h a t , under
i r r i g a t e d c o n d i t i o n s , a lmost t he e n t i r e area under HYV was f e r t i l i z e d . Under
r a i n f e d c o n d i t i o n s , however , a s i g n i f i c a n t f r a c t i o n o f t he HYV c o n t i n u e d to
remain u n f e r t i l i z e d even a f t e r 10 y e a r s . A l s o , t h e r e was c o n s i d e r a b l e
f l u c t u a t i o n f rom year t o y e a r . A p p a r e n t l y , seasona l c o n d i t i o n s p layed a n
i m p o r t a n t r o l e i n f e r t i l i z e r - u s e d e c i s i o n s — p a r t i c u l a r l y d e c i s i o n s r e g a r d i n g
whether to use f e r t i l i z e r and what p r o p o r t i o n o f t he cropped area shou ld be
c o v e r e d .

Conclusions

T h i s a n a l y s i s a t t emp ted to show t h e s t a t u s o f f e r t i l i z e r use on HYV o f sorghum
and p e a r l m i l l e t , t h e two most i m p o r t a n t c e r e a l s grown on d r y l a n d s o f SAT I n d i a .
For sorghum, da ta p e r t a i n i n g to 21 p r e d o m i n a n t l y SAT d i s t r i c t s , and 26 d i s t r i c t s
f o r p e a r l m i l l e t were t aken f rom t h e s t u d y , Sample Surveys f o r Assessment o f
H i g h - Y i e l d i n g V a r i e t i e s Programme. The surveys were made by t h e IASRI , d u r i n g
1973-74 (Raheja e t a l . 1 9 7 6 ) .

Data o n a d o p t i o n o f f e r t i l i z e r , and t h e e x t e n t and r a t e s o f f e r t i l i z a t i o n
f o r t h e HYV o f t hese c rops negated two popu la r b e l i e f s : f i r s t , t h a t fa rmers i n
t h e SAT do no t use f e r t i l i z e r s f o r these l o w - v a l u e d , i n f e r i o r c e r e a l s . The da ta
c l e a r l y showed t h a t i n t h e m a j o r i t y o f d i s t r i c t s s t u d i e d , a s u b s t a n t i a l
p r o p o r t i o n o f f a rmers d i d use f e r t i l i z e r s f o r these c r o p s ; second, t h e da ta
a l s o c o n t r a d i c t e d t h e b e l i e f t h a t n o n i r r i g a t e d m i l l e t s d o no t r e c e i v e
f e r t i l i z e r . The r e s u l t s , p a r t i c u l a r l y f o r sorghum, showed t h a t a m a j o r i t y o f
fa rmers i n most o f t h e d i s t r i c t s used f e r t i l i z e r q u i t e e x t e n s i v e l y f o r t h e
n o n i r r i g a t e d HYV a s w e l l . F e r t i l i z a t i o n o f p e a r l m i l l e t h y b r i d s was found
l a g g i n g no t because fa rmers were u n w i l l i n g t o use f e r t i l i z e r b u t because t h e
a d o p t i o n o f these h y b r i d s was c o n f i n e d l a r g e l y t o i r r i g a t e d l a n d s . However, one
must q u a l i f y t h e above i n f l u e n c e s : t he spread of t h e HYV of these two c rops has
no t been v e r y h i g h , and t h e l o c a l v a r i e t i e s wh ich cover most o f t h e area a re
l a r g e l y u n f e r t i l i z e d . Hence, i t i s no t t h e low v a l u e bu t t h e l a c k o f f e r t i l i z e r
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respons iveness o f t he t r a d i t i o n a l v a r i e t i e s wh ich i s r e s p o n s i b l e f o r
n o n f e r t i l i z a t i o n o f these c r o p s .

2 5

As e x p e c t e d , f e r t i l i z e r use v a r i e d under i r r i g a t e d and n o n i r r i g a t e d
c o n d i t i o n s , and c o n s i d e r a b l e i n t e r d i s t r i c t v a r i a t i o n was n o t i c e d under bo th
s i t u a t i o n s . The modal va lues f o r r a t e s o f f e r t i l i z e r a p p l i c a t i o n (per
f e r t i l i z e d h e c t a r e ) were : 41-60 kg f o r N, 31-40 kg f o r P 2 O 5 , and 11-20 kg f o r
K2O. For i r r i g a t e d p e a r l m i l l e t h y b r i d s they were : 41-60 kg f o r N , 21-30 kg
f o r P 2 0 5 , and l e s s t han 10 kg f o r K2O. The co r respond ing n o n i r r i g a t e d r a t e s
were : 21-40 kg f o r N, 21-30 kg f o r P 2 O 5 , and 11-20 kg f o r K2O in the case of
sorghum, and 21-40 k g , l e s s than 20 k g , and l e s s than 10 kg r e s p e c t i v e l y , f o r
t he p e a r l m i l l e t h y b r i d s . These and the da ta on t he e x t e n t o f cropped area
f e r t i l i z e d showed b e t t e r va lues f o r sorghum under n o n i r r i g a t e d c o n d i t i o n s . But
under i r r i g a t e d c o n d i t i o n s , the p e a r l m i l l e t h y b r i d s had h i ghe r f e r t i l i z e r - u s e
i n d i c a t o r s . F u r t h e r a n a l y s i s o f da ta f o r e i g h t d i s t r i c t s over t he p e r i o d
1970-71 t o 1976-77 , and ev idence f rom o the r s t u d i e s i n d i c a t e t h a t a l t h o u g h t h e r e
were i n t e r y e a r f l u c t u a t i o n s , the modal r a t e s r e p o r t e d above were f a i r l y f i r m
over t i m e .

These f i n d i n g s have two impor tan t i m p l i c a t i o n s f o r research on these c r o p s .
F i r s t l y , these can be t r e a t e d as benchmark l e v e l s o f e x i s t i n g f e r t i l i z a t i o n
p r a c t i c e s o f f a r m e r s . A q u e s t i o n f r e q u e n t l y asked i s : what i s the f e r t i l i t y
l e v e l a g a i n s t wh ich new v a r i e t i e s , agronomic p r a c t i c e s , e t c . , shou ld be
eva lua ted? The q u e s t i o n i s impo r tan t because, i n a lmost a l l cases , s i g n i f i c a n t
i n t e r a c t i o n s t ake p l a c e between techn iques and f e r t i l i t y l e v e l s . The e s t i m a t e s
g i v e n above are a u s e f u l g u i d e . Second ly , our a n a l y s i s shows t h a t t h e r e a re
areas where f e r t i l i z e r use i s q u i t e h i g h even under n o n i r r i g a t e d c o n d i t i o n s .
T h i s i m p l i e s t h a t a d a p t a t i o n p a t t e r n s o f HYV d i f f e r , and underscores the need to
deve lop more l o c a t i o n - s p e c i f i c and f e r t i l i z e r - r e s p o n s i v e v a r i e t i e s . The
argument i s p a r t i c u l a r l y r e l e v a n t i n the case o f p e a r l m i l l e t , where l a c k o f
a d a p t a t i o n to n o n i r r i g a t e d c o n d i t i o n s appears to be a major c o n s t r a i n t .

The o the r impo r tan t f e a t u r e revea led by our a n a l y s i s i s t h a t t he modal
r a t e s ment ioned e a r l i e r were a t t a i n e d w i t h i n 4-5 years a f t e r the HYV were
i n t r o d u c e d . These have remained s t a b l e s i n c e . Whi le t h i s p r o v i d e s y e t another
ev idence o f t he r a p i d response o f SAT fa rmers to i n n o v a t i o n s , the reasons f o r
the l e v e l s not r i s i n g over t ime needs to be examined. Only a d e t a i l e d a n a l y s i s
o f t he da ta on f e r t i l i z e r respons iveness o f these crops w i l l p r o v i d e the answer.

A n a l y s i s o f t he t r e n d i n f e r t i l i z e r - u s e parameters showed t h a t these d i d
not f o l l o w any s y s t e m a t i c p a t t e r n . Comparison o f da ta f o r sorghum and m i l l e t s
w i t h those f o r r i c e / w h e a t p r o v i d e d some ev idence o f the s t a b i l i z i n g e f f e c t o f
i r r i g a t i o n , p a r t i c u l a r l y o n the a r e a - f e r t i l i z e d v a r i a b l e . T h i s a n a l y s i s a l s o
revea led t h a t i t was impo r t an t t o keep a l l t he f e r t i l i z e r - u s e
p a r a m e t e r s — a d o p t i o n , r a t e s , and area f e r t i l i z e d — i n p e r s p e c t i v e w h i l e s t u d y i n g
the f e r t i l i z e r - u s e p a t t e r n . T h i s i s a n impor tan t m e t h o d o l o g i c a l p o i n t t h a t pas t
s t u d i e s have o f t e n i g n o r e d . I t shou ld b e no ted t h a t , u n l i k e i n the case o f
i r r i g a t e d c rops where once a farmer i s conv inced o f the advantages o f f e r t i l i z e r
use u s u a l l y s t ays w i t h i t , t he d e c i s i o n whether t o use f e r t i l i z e r o r no t has t o
be made every t ime f o r r a i n f e d c r o p s . The da ta f o r i r r i g a t e d d i s t r i c t s growing
p e a r l m i l l e t showed w ider f l u c t u a t i o n s . We argued t h a t apa r t f rom o the r
f a c t o r s , one needs to examine the occur rence o f d iseases and pes t s in o rder to
unders tand t he f l u c t u a t i o n s f u l l y .

2 5 . F i e l d e x p e r i e n c e o f r e s e a r c h e r s (and o u r own d a t a ) s u g g e s t t h a t f a r m e r s d o
s o m e t i m e s a p p l y n i t r o g e n o u s f e r t i l i z e r s i n s m a l l q u a n t i t i e s ( i f t h e w e a t h e r

c o n d i t i o n s a r e f a v o r a b l e ) p r i m a r i l y t o b o o s t t h e i r s o r g h u m f o d d e r y i e l d s
( D r . N . K . S a n g h i , A l l I n d i a C o - o r d i n a t e d R e s e a r c h P r o j e c t f o r D r y l a n d A g r i ­
c u l t u r e [ A I C R P D A ] , H y d e r a b a d — p e r s o n a l c o m m u n i c a t i o n ) . W e n e e d t o t a k e a 

c r i t i c a l l o o k a t t h e f e r t i l i z e r - r e s p o n s e d a t a f r o m t h i s a n g l e .
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Data showing h i ghe r f e r t i l i z e r use o n i r r i g a t e d sorghum, p e a r l m i l l e t , and
o the r c e r e a l s i n these d i s t r i c t s suppor t t he h y p o t h e s i s t h a t f a rmers i n t h e SAT
(as e lsewhere) d o no t l a g beh ind i n f e r t i l i z e r a d o p t i o n i f t h e r e s u l t i n g g a i n s
were h i g h and s t a b l e . Raheja e t a l . (1976) r e v e a l e d t h a t , i n g e n e r a l ,
f e r t i l i z a t i o n l e v e l s were h i ghe r f o r t he i r r i g a t e d s u p e r i o r c e r e a l s ( r i c e o r
wheat) t han f o r m i l l e t s . T h i s i n d i c a t e s t h a t t he fa rmers accorded some p r i o r i t y
t o t he h i g h e r - v a l u e (and h i ghe r - r esponse ) c rops w h i l e a l l o c a t i n g t h e i r scarce
i r r i g a t i o n and l i q u i d c a p i t a l r e s o u r c e s . I n terms o f f e r t i l i z e r use , t h e r e f o r e ,
the SAT p resen ts a h i e r a r c h y o f c o e x i s t i n g s i t u a t i o n s . To s t a r t w i t h , t h e r e a re
i r r i g a t e d (or n o n i r r i g a t e d ) h i g h - v a l u e c rops wh ich c l a i m h i g h p r i o r i t y ; t hen
f o l l o w t he i r r i g a t e d and n o n i r r i g a t e d HYV o f c rops l i k e sorghum and p e a r l m i l l e t
wh ich respond b e t t e r t o f e r t i l i z e r a p p l i c a t i o n than t h e i r l o c a l c o u n t e r p a r t s ;
and , a t t he b o t t o m , a re t he l a r g e number o f n o n i r r i g a t e d food c rops wh ich r a r e l y
f i g u r e i n f e r t i l i z e r - u s e d e c i s i o n s (Jha 1 9 8 0 ) .

T h i s a n a l y s i s suggests t h a t b a r r i e r s t o f e r t i l i z e r use o n d r y c rops d o no t
a r i s e f rom i r r a t i o n a l i t y . The t r a d i t i o n a l " r e l u c t a n c e " can b e e a s i l y e x p l a i n e d
by t h e f a c t t h a t most l o c a l v a r i e t i e s o f n o n i r r i g a t e d ( food) c rops show u n s t a b l e
response t o f e r t i l i z e r a p p l i c a t i o n and t he r e t u r n s a re no t r e m u n e r a t i v e . Thus ,
development o f r e g i o n a l l y - a d a p t e d and f e r t i l i z e r - r e s p o n s i v e v a r i e t i e s shou ld
c o n t i n u e t o r e c e i v e the h i g h e s t p r i o r i t y . Second ly , f e r t i l i z e r use under
r a i n f e d c o n d i t i o n s i s c r u c i a l l y dependent o n seasona l ( r a i n f a l l ) c o n d i t i o n s . A s
s u c h , t he e x t e n s i o n system must change f rom t h e t r a d i t i o n a l " f i x e d package o f
p r a c t i c e s " t o a h i g h l y f l e x i b l e approach des igned to t a k e maximum advantage o f
random seasona l c o n d i t i o n s t h a t p l a y such a c r u c i a l r o l e in SAT a g r i c u l t u r e .
F i n a l l y , l a c k o f adequate wo rk i ng c a p i t a l a l s o hampers f e r t i l i z e r u s e . T h i s
emphasizes the impor tance o f c r e d i t .

IV. Determinants of Fertilizer Use

We have ga ined some unde rs tand ing of t he major f a c t o r s t h a t de te rm ine
f e r t i l i z e r - u s e d e c i s i o n s . I n t h i s c h a p t e r , t he i ssue i s ana lyzed more
r i g o r o u s l y . Drawing b a s i c a l l y f rom microeconomic f a c t o r demand t h e o r y , s e v e r a l
resea rche rs have p o s t u l a t e d t h a t p h y s i c a l response t o f e r t i l i z e r a p p l i c a t i o n and
p r i c e s (o f i n p u t s as w e l l as o u t p u t s ) a re t he major d e t e r m i n a n t s o f f e r t i l i z e r
demand (Desai 1969, Desai and M e l l o r 1969, and Desai e t a l . 1 9 7 3 ) . A g g r e g a t i v e
ana lyses based o n t i m e - s e r i e s da ta u s u a l l y cons ide r ( r e l a t i v e ) f e r t i l i z e r p r i c e
and i r r i g a t i o n as t he main d e t e r m i n a n t s , t he l a t t e r used as a p roxy f o r a s h i f t
i n response f u n c t i o n (Desai 1969, P a r i k h 1965, P a t i l 1978, and Rao 1 9 7 3 ) .
M i c r o l e v e l s t u d i e s o n i n t e r f a r m v a r i a t i o n i n f e r t i l i z e r u s e , o n t he o t h e r hand ,
emphasize the r o l e o f f a c t o r s wh ich i n f l u e n c e the response f u n c t i o n (because i t
i s no t p o s s i b l e t o s p e c i f y any s i n g l e v a r i a b l e b y d i r e c t l y measur ing f e r t i l i z e r
p r o d u c t i v i t y o n each f a r m ) , f a c t o r s wh ich i n f l u e n c e the a d o p t i o n and d i f f u s i o n
o f f e r t i l i z e r , and f a c t o r s wh ich ac t a s c o n s t r a i n t s o n the f a r m e r s ' c a p a c i t y t o
i n v e s t i n cash i n p u t s . P r i c e s a re u s u a l l y i gno red because c r o s s - s e c t i o n a l da ta
d o no t g e n e r a l l y p e r m i t e v a l u a t i o n o f p r i c e e f f e c t s .

We have hypo thes i zed t h a t f e r t i l i z e r - u s e d e c i s i o n s of fa rmers in a g i v e n
area and a t a g i v e n p o i n t i n t ime a re i n f l u e n c e d by t h r e e s e t s o f f o r c e s : (a)
t he p e r s o n a l a t t r i b u t e s o f t h e fa rmers i n f l u e n c e t h e i r a t t i t u d e s toward
f e r t i l i z e r s , t h e i r d e c i s i o n s r e g a r d i n g a d o p t i o n , and t h e i r awareness r e g a r d i n g
recommended l e v e l s o f a p p l i c a t i o n , e t c . V a r i a b l e s l i k e e d u c a t i o n , age , r i s k
a v e r s i o n , and socioeconomic s t a t u s a re i m p o r t a n t i n t h i s c o n t e x t ; (b) t h e
resource endowments o f t he farmer de te rm ine h i s c a p a c i t y t o buy and e f f e c t i v e l y
u t i l i z e t he f e r t i l i z e r i n p u t . Farm s i z e , l a b o r f o r c e a v a i l a b l e , c a p i t a l
inves tment i n f a r m , d i f f e r e n c e s i n access t o i n p u t and ou tpu t m a r k e t s , e t c . , a re
some r e l e v a n t v a r i a b l e s in t h i s g r o u p ; and (c) a number of agronomic and
economic v a r i a b l e s i n f l u e n c e t h e response t o (and p r o f i t a b i l i t y o f ) f e r t i l i z e r
a p p l i c a t i o n . Examples o f such response v a r i a b l e s a r e : cho i ce o f c rops and
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v a r i e t i e s , s o i l t y p e , m o i s t u r e c o n d i t i o n s , tenancy s t a t u s , and t i m e l i n e s s o f
s o w i n g .

I t i s obv ious t h a t t he a c t u a l e m p i r i c a l model used would depend on the
n a t u r e o f d a t a . For a c r o s s - s e c t i o n a l s tudy o f i n t e r f a r m d i f f e r e n c e s i n
f e r t i l i z e r use w i t h i n a g i v e n a r e a , o n l y the f i r s t t h r e e would b e r e l e v a n t .
Even h e r e , t h e completeness of t he model would depend on the comprehensiveness
o f t he da ta i n terms o f agronomic and p l o t - s p e c i f i c o b s e r v a t i o n s . Aggregate
t i m e - s e r i e s s t u d i e s , on the o the r hand, depend mos t l y on mac ro leve l v a r i a b l e s .

I n t he c o n t e x t o f s p a t i a l v a r i a t i o n and tempora l v a r i a b i l i t y , two more
f o r c e s become i m p o r t a n t : (d) the i n s t i t u t i o n a l s e t t i n g , i n c l u d i n g p r e v a i l i n g
p r i c e reg imes , market and c r e d i t ; and (e) a g r o c l i m a t i c f a c t o r s such as broad
s o i l t y p e , c r o p p i n g p a t t e r n s , r a i n f a l l , and o the r weather f a c t o r s .

Data Source and Models

Two da ta s e t s have been used f o r t h i s a n a l y s i s . The f i r s t comes f rom the
ICRISAT V i l l a g e - L e v e l S t u d i e s (Chapter I I ) .

The second da ta se t p e r t a i n s to the IASRI s tudy on assessment of
h i g h - y i e l d i n g v a r i e t i e s (Chapter I I I ) . The cho ice o f v a r i a b l e s used in t he two
ana lyses was d i c t a t e d by da ta a v a i l a b i l i t y . The model and v a r i a b l e s used in
these ana lyses a re d e s c r i b e d i n t he f o l l o w i n g pa rag raphs .

Comprehensive f a r m - and p l o t - l e v e l da ta f rom 180 sample fa rmers were
a v a i l a b l e f rom 1975 onwards. For t h i s a n a l y s i s , we have used da ta f rom 146
households over 3 years—1975-76 th rough 1977-78.

ICRISAT V i l l a g e - l e v e l S t u d i e s d a t a . Two approaches were employed f o r a n a l y z i n g
d e t e r m i n a n t s o f f e r t i l i z e r demand. The f i r s t used f a r m - l e v e l (aggregated over
p l o t s ) da ta and sought t o i d e n t i f y major i n f l u e n c e s o p e r a t i n g a t t h i s l e v e l .
The second made use of p l o t - l e v e l o b s e r v a t i o n s , and enabled i n c l u s i o n of some
p l o t - s p e c i f i c v a r i a b l e s a l s o i n the mode l . Tab le 2 7 p r o v i d e s the s p e c i f i c a t i o n
and h y p o t h e s i s p e r t a i n i n g to each v a r i a b l e used in the two a n a l y s e s .

The f a r m - l e v e l r e g r e s s i o n s were based on the f o l l o w i n g mode l :

AVNPK or = f (AGE, EDUCATION, EXPERNCE, RISKAVER,
NRATE or FARMSIZE, IRRIGATE, HHSIZE, COMCROPS,
NAREA NAREA, CREDIT, FRTPRICE, LUCK, RAIN,

RAINSQ, VDUMMY2, VDUMMY3, VDUMMY4,
VDUMMY5, YRDUMMY1, YRDUMMY2).

The p l o t - l e v e l a n a l y s i s c o n t a i n e d t he f o l l o w i n g v a r i a b l e s :

AVNPK or = f (AGE, EDUCATON, EXPERNCE, RISKAVER,
NRATE or NRATE, FARMSIZE, HHSIZE, SOILDMY1,
NAREA SOILDMY2, IRRGDMY, PURECROP, OWNPLOT,

HYDMY, COMCROPS, CREDIT, FRTPRICE, LUCK,
PRDPRICE, RAIN, RAINSQ, VDUMMYl,
VDUMMY2, VDUMMY3, VDUMMY4, VDUMMY5,
YRDUMMY1, YRDUMMY2).

I n t he f a r m - l e v e l a n a l y s i s , o n l y those fa rmers who used f e r t i l i z e r s were
i n c l u d e d . S i m i l a r l y , i n t h e p l o t - l e v e l a n a l y s i s , da ta f o r o n l y f e r t i l i z e d p l o t s
were c o n s i d e r e d . L i n e a r r e g r e s s i o n equa t i ons c o n t a i n i n g a l l t he v a r i a b l e s
ment ioned above were e s t i m a t e d us i ng poo led d a t a . Subsequen t l y , equa t i ons were
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a l s o e s t i m a t e d f o r each o f t he t h r e e r e g i o n s (Sho lapu r , A k o l a , and Mahbubnagar)
s e p a r a t e l y .
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Table 27 . D e f i n i t i o n of v a r i a b l e s used in regression models exp la in ing i n t e r f a r m
and i n t e r p l o t d i f fe rences in f e r t i l i z e r use.

Expected
r e l a t i o n -

A b b r e v i a t i o n s h i p A n a l y s i s V a r i a b l e s p e c i f i c a t i o n

Dependent v a r i a b l e s

1. AVNPK F a r m / p l o t T o t a l p l a n t n u t r i e n t s (N+P2O5+K2O) used
on t he fa rm o r p l o t ( k g / h a ) .

2. NRATE F a r m / p l o t Rate o f n i t r o g e n a p p l i c a t i o n (kg /ha
f e r t i l i z e d ) o n the fa rm o r p l o t .

3. NAREA Farm Percent o f cropped area f e r t i l i z e d w i t h
n i t r o g e n o u s f e r t i l i z e r s .

E x p l a n a t o r y v a r i a b l e s

I . Persona l c h a r a c t e r i s t i c s

1 . AGE b < o F a r m / p l o t Age, i n y e a r s , o f t he head o f t he fa rm
h o u s e h o l d .

2. EDUCATION b > 0 F a r m / p l o t Educa t i on o f t he head o f t he household
expressed as score based on years of
f o r m a l e d u c a t i o n .

3. EXPERNCE b > 0 F a r m / p l o t Number o f yea rs s i n c e i n i t i a l use o f
f e r t i l i z e r s .

4. RISKAVER b < o F a r m / p l o t Score measur ing e x t e n t o f r i s k - a v e r s i o n
o f t he farmer (Binswanger 1980) .

1

I I . Resource endowment and p l o t - r e l a t e d f a c t o r s

5. FARMSIZE b < o F a r m / p l o t Operated area o f t h e fa rm i n h e c t a r e s .

6. IRRIGATE b > o F a r m / p l o t Percent o f i r r i g a b l e a rea on t he f a r m .
Dummy v a r i a b l e w i t h v a l u e 1 f o r
i r r i g a t e d p l o t s .

7. HHSIZE b > o F a r m / p l o t Number of f a m i l y members.

8. SOILDMY1 b > o P l o t Dummy g i v e n v a l u e 1 f o r p l o t s on deep
b l a c k s o i l s .

2

9. SOILDMY2 b > o P l o t Dummy g i v e n va l ue 1 f o r p l o t s on
medium-deep b lack s o i l s .

Con t i nued .
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-

-



Table 27 cont inued.

Expected
r e l a t i o n ­

A b b r e v i a t i o n s h i p A n a l y s i s V a r i a b l e s p e c i f i c a t i o n

10 . PURECROP b > o P l o t Dummy g i ven va lue 1 if so le c rop was sown
on the p l o t and 0 i f mixed c rops were
sown.

1 1 . OWNPLOT b < o P l o t Dummy g i v e n va lue 1 f o r l e a s e d - i n p l o t s ,
and 0 f o r owned p l o t s .

1 2 . HYVDMY b > o P l o t Dummy g i ven va lue 1 f o r p l o t s sown w i t h
h i g h - y i e l d i n g v a r i e t i e s and 0 i f sown
w i t h t r a d i t i o n a l v a r i e t i e s .

I I I . I n s t i t u t i o n a l f a c t o r s

13 . COMCROPS b > o F a r m / p l o t Percent of area under commercia l c rops
i n t he f a r m .

3

14 . CREDIT b > o F a r m / p l o t T o t a l b o r r o w i n g s , i n rupees , o f t he
farmer d u r i n g the yea r .

4
T o t a l b o r r o w i n g s , i n rupees , o f t he
farmer d u r i n g the yea r .

4

15. FRTPRICE b < o Fa rm/p lo t P r i c e p a i d , i n rupees , per k g o f p l a n t
n u t r i e n t by the fa rmer .

5

16 . PROPRICE b > o P l o t Lagged average v i l l a g e p r i c e , i n rupees
per 100 k g , of t he c rop grown on the
p l o t .

I V . A g r o c l i m a t i c f a c t o r s

17 . RAIN b > o Fa rm /p lo t R a i n f a l l , in mm, d u r i n g June to November
(or June to August) i n t he v i l l a g e .

18 . RAINSQ b < 0 F a r m / p l o t Square o f the above r a i n f a l l v a r i a b l e .

19 . VDUMMY1 F a r m / p l o t Dummy v a r i a b l e f o r A u r e p a l l e v i l l a g e
(Nahbubnagar).

20 . VDUMMY2 F a r m / p l o t Dummy v a r i a b l e f o r Dokur v i l l a g e
(Nahbubnagar).

2 1 . VDUMMY3 F a r m / p l o t Dummy v a r i a b l e f o r Kinkheda v i l l a g e
( A k o l a ) .

22 . VDUMMY4 F a r m / p l o t Dummy v a r i a b l e f o r Kanzara v i l l a g e
( A k o l a ) .

23 . VDUMMY5 F a r m / p l o t Dummy v a r i a b l e f o r Kalman v i l l a g e
( S h o l a p u r ) .

Con t i nued .
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Tab le 27 c o n t i n u e d .

24 . YRDUMMY1 F a r m / p l o t Dummy v a r i a b l e f o r 1975-76 .

25. YRDUMMY2 F a r m / p l o t Dummy v a r i a b l e f o r 1976-77 .

Source : Based on ICRISAT VLS da ta f o r t h e years 1975-76 to 77 -78.

1 . The r i s k - a v e r s i o n score f o r each farmer was d e r i v e d f rom t h e r e s u l t s o f an
exper iment i n v o l v i n g a s e r i e s o f gambl ing games. The r i s k - a v e r s i o n .
c o e f f i c i e n t s so d e r i v e d were i n f l u e n c e d by t he outcome o f t h e p r e c e d i n g game.
In o rde r t o c o n t r o l t h i s , a var iab le—LUCK—was i n t r o d u c e d as an e x p l a n a t o r y
f a c t o r . T h i s v a r i a b l e has n o o t h e r s i g n i f i c a n c e .

2 . The s o i l t ypes cons ide red in t he VLS were : deep b l a c k , medium b l a c k , medium
t o sha l l ow b l a c k , deep r e d , s h a l l o w r e d , g r a v e l l y , s a l i n e o r o t h e r p rob lem
s o i l s , and o t h e r s .

3 . The c rops cons ide red were sugarcane , v e g e t a b l e s , c o t t o n , g r o u n d n u t , and
c a s t o r .

4 . T h i s v a r i a b l e was d e f i n e d t o i n c l u d e consumpt ion l o a n s . I t was no t p o s s i b l e
t o s o r t out a l l t he l o a n t r a n s a c t i o n s . I n o rde r t o m in im ize t he chances o f
consumpt ion loans e n t e r i n g i n t o t h i s v a r i a b l e , a l l c r e d i t t r a n s a c t i o n s below
Rs.50 were e x c l u d e d . S t i l l , t h i s v a r i a b l e i s weak ly s p e c i f i e d .

5 . Where o n l y s t r a i g h t f e r t i l i z e r s were u s e d , t h e c a l c u l a t i o n o f p r i c e per k g o f
n u t r i e n t was easy . But where m i x t u r e s o r complex f e r t i l i z e r s ( c o n t a i n i n g
more t han one n u t r i e n t ) were u s e d , t h e c a l c u l a t i o n s were more i n v o l v e d . In
such cases , p r i c e s o f i n d i v i d u a l n u t r i e n t s were o b t a i n e d b y a p p o r t i o n i n g the
t o t a l e x p e n d i t u r e o n f e r t i l i z e r s i n terms o f q u a n t i t i e s o f i n d i v i d u a l
n u t r i e n t s we igh ted b y t he p r i c e s o f these n u t r i e n t s i n s t r a i g h t f e r t i l i z e r s .
Average p r i c e per kg o f t o t a l p l a n t n u t r i e n t s (N+P2O5+K2O) was a l s o o b t a i n e d
by a s i m i l a r w e i g h t i n g p r o c e d u r e . The a p p r o p r i a t e p r i c e v a r i a b l e ( t o t a l
p l a n t n u t r i e n t o r n i t r o g e n ) was used f o r each dependent v a r i a b l e .

IASRI d a t a . The survey (see Chapter I I I f o r d e t a i l s ) covered 2 1 d i s t r i c t s f o r
sorghum, and 2 6 d i s t r i c t s f o r p e a r l m i l l e t . P l o t w i s e da ta f o r each d i s t r i c t
f rom t h e Y i e l d E s t i m a t i o n Survey f o r 1973-74 were used f o r t h i s a n a l y s i s . I n
each d i s t r i c t , 80 f i e l d s ( p l o t s ) g rowing HYV were chosen f o r t h e c r o p - c u t t i n g
e x p e r i m e n t s , and i n f o r m a t i o n was ga the red on t h e major i n p u t s used on each
p l o t .

2 6

The v a r i a b l e s used in t h i s a n a l y s i s a re g i v e n in Tab le 28 . As can be seen ,
the main s e t o f v a r i a b l e s r e l a t e d t o p l o t - s p e c i f i c c o n d i t i o n s , a l t h o u g h
f a r m - s i z e and f e r t i l i z e r p r i c e were f a j r m - s p e c i f i c . The f o l l o w i n g r e g r e s s i o n
model was e s t i m a t e d f o r each d i s t r i c t :

AVNPK or = f(SOILDMY, DRAINAGE, TIMLYSOWN, PREVCROP,
NRATE or RAINFALL, FRTPRICE, FARMSIZE)
PRATE

I t can be seen t h a t t h e two da ta s e t s w e r e , i n a sense , complementary . I t
was hoped t h a t by i n t e g r a t i n g t he r e s u l t s o f t h e two a n a l y s e s , i t wou ld be
p o s s i b l e t o o b t a i n a b e t t e r u n d e r s t a n d i n g o f t he d e c i s i o n s o f f a rmers r e g a r d i n g
f e r t i l i z e r u s e .
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2 6 . S c r u t i n y o f d a t a f o r e a c h d i s t r i c t r e v e a l e d t h a t i n f o r m a t i o n o n f e r t i l i z e r

p r i c e s was n o t c o l l e c t e d f o r p l o t s w h e r e n o f e r t i l i z e r s w e r e u s e d . S u c h

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

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

p l o t s was l e s s t h a n 2 0 .



Table 28 . D e f i n i t i o n of va r iab les used in regression models expla in ing i n t e r p l o t
d i f f e r e n c e s in f e r t i l i z e r use: IASRI d i s t r i c t w i s e da ta .

Expected
r e l a t i o n -

A b b r e v i a t i o n s h i p V a r i a b l e s p e c i f i c a t i o n

Dependent v a r i a b l e

1. AVNPK T o t a l p l a n t n u t r i e n t s (N+P2O5+K2O) used on p l o t
(kg /ha f e r t i l i z e d ) .

2. NRATE Rate o f a p p l i c a t i o n o f n i t r o g e n (N) used on p l o t
(kg /ha f e r t i l i z e d ) .

3. PRATE Rate of a p p l i c a t i o n of phosphorus (P2O5) used on
p l o t (kg /ha f e r t i l i z e d ) .

E x p l a n a t o r y v a r i a b l e s
1

1. SOILDMY b>o Dummy v a r i a b l e f o r h e a v i e r - t e x t u r e d s o i l .

2. DRAINAGE b<o Dummy v a r i a b l e f o r p o o r l y - d r a i n e d or wa te r logged
p l o t s .

3. TIMLYSON b>o Dummy v a r i a b l e f o r p l o t s sown at normal t i m e .

4. PREVCROP b<o Dummy v a r i a b l e f o r p l o t s sown w i t h commonly f e r t i l ­
i z e d o r legume crops in t he p reced ing season.2

5. RAINFALL b>o Dummy v a r i a b l e f o r adequacy o f r a i n f a l l d u r i n g
the c rop season.

6. FRTPRICE b<o P r i c e p a i d by t he f a r m e r , in rupees , per kg o f
p l a n t n u t r i e n t . 3

7. FARMSIZE b<o Size o f t he o p e r a t i o n a l h o l d i n g o f t he farmer i n
h e c t a r e s .

1 . V a r i a b l e s 1 , 2 , 3 , and 5 w e r e q u a l i t a t i v e l y m e a s u r e d i n t e r m s o f o p i n i o n o f

t h e f a r m e r c o n c e r n e d .

2 . T h i s dummy v a r i a b l e t o o k t h e v a l u e u n i t y i f s u g a r c a n e , t o b a c c o , c o t t o n ,

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

c r o p was g r o w n i n t h e p r e c e d i n g s e a s o n .

3 . See f o o t n o t e 5 , b e l o w T a b l e 2 7 .

Results

The r e s u l t s o b t a i n e d f rom f a r m - l e v e l ana lyses i n ICRISAT V i l l a g e - L e v e l S tud ies
a re summarized i n Tab le 29 , and p l o t - l e v e l ana lyses i n Table 3 0 . R e s u l t s o f
d i s t r i c t w i s e r e g r e s s i o n s , es t ima ted f rom IASRI data are summarized i n Table 3 1 .
The e s t i m a t e d r e g r e s s i o n equa t i ons have not been p resen ted h e r e .

2 7
 For b r e v i t y ,

t he r e s u l t s a re d i scussed i n terms o f v a r i a b l e s and o n l y gene ra l t endenc ies a re
i n d i c a t e d .

2 7 . See J h a and S a r i n 1 9 8 1 f o r V L S - b a s e d r e g r e s s i o n s and J h a e t a l . 1981 f o r

I A S R I r e s u l t s .
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Table 3 1 . Var iables expla ining i n t e r p l o t v a r i a t i o n in f e r t i l i z e r use on
h igh-y ie ld ing v a r i e t i e s of sorghum and pear l m i l l e t : IASRI, 1973-74
data.

1

Dependent SOIL- DRAIN­ TIMLY- RAIN- PREV- FRT- FARM
D i s t r i c t (S ta te) v a r i a b l e DMY AGE SON FALL CROP PRICE SIZE

A.Sorghum d i s t r i c t s

Ja lgaon (Mah) AVNPK (+) (+)
PRATE (+) (+) (-)

Ahmadnagar (Mah) AVNPK
NRATE

(+)
(+)

(+) (+)

Osmanabad (Mah) AVNPK
NRATE

(-)
(-)

(+)

Nagpur (Mah) AVNPK (+) (-)
NRATE
PRATE

(+)
(+)

(-) (+) (-)
(-)

(-)

Belgaum (Kar) AVNPK
NRATE

(+)
(+)

Akola (Mah) AVNPK
NRATE
PRATE

(+) (+)

(+)
(-)

(+)
Buldhana (Mah) AVNPK (+) (-)

NRATE
PRATE

(+) (+) (-)
(+)

Amaravat i (Mah) AVNPK
NRATE
PRATE (+) (+)

(-)
(-)

B e l l a r y (Kar) AVNPK
NRATE
PRATE

(+)
(+)
(+)

(-)
(-)
(-)

Satara (Mah) AVNPK (-) (-)
NRATE (-) (+) (+) (-) (-)
PRATE (-) (-) (-)

Nanded (Mah) AVNPK (-)
Parbhani (Mah) AVNPK (+) (+)

NRATE
PRATE

(+) (+)
(+)

(-) (-) (+)

Mandsaur (MP) AVNPK (+)
NRATE
PRATE

(+) (+) (+)
(+)

Anantapur (AP) AVNPK (-) (-) (-)
NRATE (-) (+) (-) (-) (-) (-)

S a n g l i (Mah) AVNPK (+)
NRATE
PRATE (+)

(-) (+) (-)
(-)

Shimoga (Kar) AVNPK (-) (+) (-)
NRATE
PRATE

(-) (+)
(+)

(-)
(-)

Shimoga ( K a r )
2

AVNPK (+) (-) (+)
NRATE (-) (+) (+) (-) (+)
PRATE (-) (+) (-)

Con t i nued .



Table 31 cont inued.

Dependent SOIL- DRAIN­ TIMLY-- RAIN- PREV- FRT- FARM
D i s t r i c t (S ta te ) v a r i a b l e DMY AGE SON PALL CROP PRICE SIZE

B.Pear l m i l l e t d i s t r i c t s

N e l l o r e (AP) AVNPK
NRATE
PRATE (-)

(+)
(+)

T i r u n e l v e l i (TN) AVNPK
NRATE
PRATE

(+)
(+)
(+)
(+)

Ja lgaon (Mah) AVNPK
NRATE
PRATE

(+)

(+)

(-)
(-) (-)

Co imbatore (TN) AVNPK
NRATE
PRATE

(+)
(+)
(+)

(-)
(-) ( - )

C h i n g l e p u t (TN) PRATE (-)
Rohtak (Har) AVNPK

NRATE
(+)
(+)

(-)
(-) ( - )

Morena (MP) AVNPK
NRATE
PRATE

(+) (+)

(+)
(-)

Parbhan i (Mah) AVNPK (+) (-) (+) (-)
NRATE
PRATE

(+)
(+)

(-) (+)
(+)

(+) (-) (-)

J a i p u r (Raj) AVNPK
NRATE

(+)
(+)

(+)

Guntur (AP) NRATE
PRATE

(+)
(+) (-) (-)

C h i t t o o r (AP) AVNPK
NRATE

(-)
(-) (-)

H i ssa r (Har) AVNPK (+) (-) (+)
B e l l a r y ( K a r )

2
AVNPK
NRATE

(-) (+)
(+) (+)

PRATE (-) (-) (+) (-)
Madura i (TN)

2
AVNPK
NRATE
PRATE

(+)
(+)

(-)
(-)
(-)

Coimbatore (TN)
2 AVNPK

NRATE
PRATE

(+)

(+)
(+)
(+)

(-)

1 . See Jha e t a l . 1 9 8 1 , f o r r e g r e s s i o n s .
2 . P o s t r a i n y - s e a s o n c r o p .
(+) i n d i c a t e s p o s i t i v e r e l a t i o n s h i p .
(-) i n d i c a t e s n e g a t i v e r e l a t i o n s h i p .

Pe rsona l c h a r a c t e r i s t i c s . Pe rsona l t r a i t s o f the fa rmer assume p a r t i c u l a r
s i g n i f i c a n c e i n t h e c o n t e x t o f use o f modern i n p u t s i n f a r m i n g . T h i s se t o f
v a r i a b l e s c o u l d be c o n s i d e r e d on t he VLS-based a n a l y s i s . The p l o t - l e v e l
r e g r e s s i o n s (Tab le 30) p r o v i d e d b e t t e r r e s u l t s i n t h i s r e g a r d . The r e s u l t s
i n d i c a t e d t h a t f a rmers w i t h h i g h e r e d u c a t i o n and longer e x p e r i e n c e used h i g h e r
l e v e l s o f f e r t i l i z e r . T h i s e f f e c t was d i s c e r n i b l e i n Ako la and Mahbubnagar
r e g i o n s . These v a r i a b l e s were no t s i g n i f i c a n t i n any o f t he Sholapur e q u a t i o n s .
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Risk a v e r s i o n was another p e r s o n a l c h a r a c t e r i s t i c c o n s i d e r e d . I n t h e
Sholapur r e g i o n , the hypo thes i zed e f f e c t was n o t e d , and f e r t i l i z e r r a t e s were
found t o be n e g a t i v e l y r e l a t e d t o t he degree o f r i s k a v e r s i o n (Tab le 3 0 ) . The
p l o t - l e v e l equa t i ons f o r Mahbubnagar appeared i n c o n s i s t e n t . I n t h e f a r m - l e v e l
r e g r e s s i o n s (Tab le 2 9 ) , t he e f f e c t o f t h i s v a r i a b l e showed up on t h e
f e r t i l i z e d - a r e a v a r i a b l e i n two out o f f o u r e q u a t i o n s and a l s o on t h e r a t e o f
a p p l i c a t i o n o f n i t r o g e n i n t he Sholapur r e g i o n . I t t h u s appears t h a t i n
r e l a t i v e l y u n s t a b l e areas ( l i k e S h o l a p u r ) , r i s k a v e r s i o n d i d d e t e r f e r t i l i z e r
use . I n o t h e r a r e a s , t h i s e f f e c t d i d no t seem s o i m p o r t a n t .

Resource endowment and p l o t - l e v e l f a c t o r s . The f a r m - l e v e l r e g r e s s i o n s (Tab le
29) showed t h a t t he average l e v e l o f f e r t i l i z e r a p p l i c a t i o n and t h e e x t e n t o f
cropped area f e r t i l i z e d were lower on l a r g e r f a r m s . T h i s e f f e c t was pronounced
in t he Ako la and Mahbubnagar r e g i o n s . The r e g r e s s i o n s in Tab le 30 showed a 
s i m i l a r i n f l u e n c e o n t he r a t e o f f e r t i l i z e r a p p l i c a t i o n o n poo led da ta b u t , i n
the r e g i o n a l equa t i ons f o r Mahbubnagar and A k o l a , t h i s v a r i a b l e was no t found to
be s i g n i f i c a n t . In t he Sholapur r e g i o n , t h e r e was some i n d i c a t i o n o f a p o s i t i v e
r e l a t i o n s h i p between fa rm s i z e and r a t e o f f e r t i l i z e r a p p l i c a t i o n .

I n t he equa t i ons f o r d i s t r i c t s g row ing sorghum and p e a r l m i l l e t (Tab le 3 1 ) ,
t he r e s u l t s were no t c o n s i s t e n t w i t h rega rd t o fa rm s i z e . I n 1 8 e q u a t i o n s , t h i s
v a r i a b l e was found to be s i g n i f i c a n t , and in 13 i t had a p o s i t i v e s i g n . The
h y p o t h e s i s t h a t fa rm s i z e has a n e g a t i v e i n f l u e n c e on f e r t i l i z e r use was based
on t he l o g i c t h a t due t o g r e a t e r p ressu re t o employ l and -augmen t ing p r a c t i c e s ,
sma l l e r farms would have more i n p u t - i n t e n s i v e c u l t i v a t i o n . One must n o t e ,
however, t h a t t h i s v a r i a b l e c o u l d a l s o be i n t e r p r e t e d as a p roxy f o r
soc ioeconomic s t a t u s and t he c a p i t a l p o s i t i o n o f t he f a r m e r , b o t h o f wh ich a re
l i k e l y t o b e p o s i t i v e l y r e l a t e d t o f e r t i l i z e r u s e . T h i s i n t e r p r e t a t i o n i s
perhaps more a p p r o p r i a t e w i t h rega rd t o t h e IASRI a n a l y s i s , because v a r i a b l e s
measur ing these a t t r i b u t e s (such as e d u c a t i o n and c r e d i t ) were no t e x p l i c i t l y
i n c l u d e d . One thus needs t o i n t e r p r e t the r e s u l t s p e r t a i n i n g t o t h i s v a r i a b l e
c a r e f u l l y . On t h e b a s i s o f t he more c o m p l e t e l y s p e c i f i e d model used on t h e
ICRISAT VLS d a t a , one can conc lude t h a t t he e f f e c t of f a rm s i z e was n e g a t i v e . A 
p o s i t i v e i n f l u e n c e c o u l d a l s o a r i s e i n areas l i k e Sholapur where f e r t i l i z e r use
was a r e l a t i v e l y r e c e n t l y - a d o p t e d p r a c t i c e . D u r i n g t he i n i t i a l phase o f
a d o p t i o n such a r e l a t i o n s h i p i s more l i k e l y .

The h o u s e h o l d - s i z e v a r i a b l e was c o n s i d e r e d in t he VLS r e g r e s s i o n s as an
i n d i c a t o r o f h i g h e r s u b s i s t e n c e p r e s s u r e , b e t t e r a v a i l a b i l i t y o f l a b o r , and
b e t t e r access to and exchange o f i n f o r m a t i o n — a l l h y p o t h e s i z e d to e x e r t a 
f a v o r a b l e i n f l u e n c e on f e r t i l i z e r u s e . The r e s u l t s (Tab les 29 and 3 0 ) , however ,
were not c l e a r . Both f a r m - and p l o t - l e v e l r e g r e s s i o n s r e v e a l e d a p o s i t i v e
i n f l u e n c e o n r a t e s o f f e r t i l i z e r a p p l i c a t i o n , bu t i n t he a r e a - f e r t i l i z e d
r e g r e s s i o n s , t h e c o e f f i c i e n t s t u r n e d out to be n e g a t i v e in 2 out o f 4 e q u a t i o n s
(Table 2 9 ) .

I r r i g a t i o n , as e x p e c t e d , was found to e x e r c i s e a s t r o n g p o s i t i v e i n f l u e n c e
o n f e r t i l i z e r u s e . I t s e f f e c t was more pronounced o n f e r t i l i z a t i o n r a t e s i n t h e
p l o t - l e v e l r e g r e s s i o n s (Tab le 30) because t h i s v a r i a b l e was s p e c i f i e d more
d i r e c t l y i n t h i s a n a l y s i s .

2 8
 The c o e f f i c i e n t s o f t h i s v a r i a b l e i n t he

Mahbubnagar r a t e equa t i ons (Tab les 29 and 30) were no t s i g n i f i c a n t , p r o b a b l y
because o f t h e l a c k o f v a r i a b i l i t y : a lmost a l l f e r t i l i z e d p l o t s were i r r i g a t e d
i n t h i s r e g i o n . Thus the r e s u l t s c l e a r l y i n d i c a t e d t h a t i r r i g a t i o n s t r o n g l y
i n f l u e n c e d d e c i s i o n s r e g a r d i n g a c t u a l r a t e s o f a p p l i c a t i o n , a l t h o u g h i t s e f f e c t
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2 8 . I n t h e f a r m - l e v e l a n a l y s i s , a v e r a g e i r r i g a t i o n a v a i l a b i l i t y o n t h e f a r m was

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

i n t h e p l o t a c t u a l l y f e r t i l i z e d was s p e c i f i e d .



o n f e r t i l i z e d area was a l s o s i g n i f i c a n t (Table 2 9 ) . I n t e r e s t i n g l y , t he
i r r i g a t e d r a t e s were found to be h i ghe r in Ako la a lso? Tab le 13 (Chapter I I )
had no t r e v e a l e d t h i s tendency c l e a r l y .

E q u a l l y i n t e r e s t i n g were the f i n d i n g s o n the i n f l u e n c e o f f a c t o r s d e p i c t i n g
the agronomic c o n d i t i o n s o f the p l o t s a c t u a l l y be ing f e r t i l i z e d . There was an
i n d i c a t i o n (Tab le 30) t h a t b l ack s o i l s were f e r t i l i z e d a t h i g h e r l e v e l s than
o t h e r s o i l t y p e s . T h i s t r e n d was no ted i n t he Ako la and Mahbubnagar r e g i o n s .
The n i t r o g e n - r a t e e q u a t i o n in Sho lapu r , perhaps because o f t h e preponderance o f
b l a c k s o i l s i n t h i s r e g i o n , c a r r i e d a n i n c o n s i s t e n t s i g n .

The IASRI a n a l y s i s l ooked a t t he impact o f t he t e x t u r a l s t a t u s o f t h e s o i l
on f e r t i l i z a t i o n r a t e s . T h i s v a r i a b l e was found to be s i g n i f i c a n t i n 26
e q u a t i o n s , and i n 1 9 , i t had the hypo thes i zed s i g n s . T h i s i n d i c a t e d t h a t ,
g e n e r a l l y , c rops grown o n h e a v i e r - t e x t u r e d p l o t s were f e r t i l i z e d a t h i ghe r
r a t e s . In some d i s t r i c t s ( S a t a r a , Anan tapur , and Shimoga) , a n e g a t i v e i n f l u e n c e
was o b s e r v e d . One would need more d e t a i l e d s p e c i f i c a t i o n s o f t he s o i l
c o n d i t i o n s t o e x p l a i n these apparent i n c o n s i s t e n c i e s . I n sum, t he r e s u l t s o f
b o t h t he ana l yses i n d i c a t e d t h a t s o i l s (and p l o t s ) w i t h h i ghe r
m o i s t u r e - r e t e n t i o n c a p a c i t y were f e r t i l i z e d a t h i ghe r r a t e s . T h i s h i g h l i g h t s
the c r u c i a l impor tance o f s o i l - m o i s t u r e c o n d i t i o n s i n t he c o n t e x t o f
f e r t i l i z e r - u s e d e c i s i o n s i n t he SAT.

An a t temp t was made to t e s t t he h y p o t h e s i s t h a t fa rmers ' d e c i s i o n s were
a l s o i n f l u e n c e d by t he d ra inage c o n d i t i o n o f the p l o t and t h a t p o o r l y - d r a i n e d
p l o t s were f e r t i l i z e d a t lower l e v e l s . Th i s v a r i a b l e was no t found t o be
s i g n i f i c a n t i n most o f t he d i s t r i c t s (Table 3 1 ) ; even i n t he e i g h t equa t i ons
where i t was found s i g n i f i c a n t , t he s i gns were e r r a t i c . I t may be no ted t h a t ,
g e n e r a l l y , n e i t h e r sorghum nor p e a r l m i l l e t was grown on p l o t s prone to
w a t e r l o g g i n g , and t h i s m igh t have been the reason f o r i n d i f f e r e n t response to
q u e s t i o n s on d r a i n a g e . The r e s u l t s do not p e r m i t any c o n c l u s i o n s r e g a r d i n g t he
i n f l u e n c e o f t h i s v a r i a b l e .

The VLS r e g r e s s i o n s (Table 30) d i d not show any i n f l u e n c e of p l o t ownersh ip
and h i g h - y i e l d i n g v a r i e t i e s on f e r t i l i z e r - u s e d e c i s i o n s . Wh i le the former can
b e e x p l a i n e d b y t he v e r y l i m i t e d number o f l e a s e d - i n f e r t i l i z e d p l o t s , t he
l a t t e r f i n d i n g was s u r p r i s i n g and went a g a i n s t the accepted v i e w . The
h i g h - y i e l d i n g v a r i e t i e s have been shown to be more f e r t i l i z e r consuming (NCAER
1978) i n a l l s t u d i e s . The da ta revea led t h a t t h i s dummy v a r i a b l e was h i g h l y
c o r r e l a t e d w i t h i r r i g a t i o n and p u r e - c r o p v a r i a b l e s . These appeared t o c a p t u r e
the i n f l u e n c e o f the v a r i e t y v a r i a b l e a l s o .

T i m e l i n e s s o f sowing was a l s o hypo thes i zed to i n f l u e n c e f e r t i l i z e r use
p o s i t i v e l y . Farmers were assumed to be aware t h a t l a t e sowing causes lower
y i e l d s and , t h e r e f o r e , l owers the e f f e c t i v e n e s s o f f e r t i l i z e r s . T h i s v a r i a b l e
was s t a t i s t i c a l l y s i g n i f i c a n t i n 9 equa t ions f o r sorghum and in 14 f o r p e a r l
m i l l e t (Table 3 1 ) , and seemed t o p o s i t i v e l y i n f l u e n c e f e r t i l i z a t i o n r a t e s . The
ev idence showed up r e l a t i v e l y more s t r o n g l y f o r p e a r l m i l l e t . I n t he case o f
sorghum, the s i g n s were i n c o n s i s t e n t in 4 out of 9 e q u a t i o n s .

P rev ious f e r t i l i z a t i o n h i s t o r y o f the p l o t was assumed to have been taken
i n t o account w h i l e making c u r r e n t f e r t i l i z e r - u s e d e c i s i o n s (IASRI a n a l y s i s ) . I t
was hypo thes i zed t h a t p l o t s f e r t i l i z e d i n t he p r e v i o u s season would r e c e i v e
r e l a t i v e l y lower impor tance i n the c u r r e n t season. T h i s v a r i a b l e a l s o f a r e d
r e l a t i v e l y b e t t e r i n t he d i s t r i c t s g rowing p e a r l m i l l e t (Table 3 1 ) . For
sorghum, t he r e s u l t s were m i x e d . O b v i o u s l y , t he r a t h e r w e a k l y - s p e c i f i e d n a t u r e
o f t h i s v a r i a b l e a f f e c t e d t h e r e s u l t s o b t a i n e d . N e v e r t h e l e s s , t h e r e was a n
i n d i c a t i o n t h a t t h i s v a r i a b l e en te red the fa rmers ' d e c i s i o n - m a k i n g p r o c e s s .
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We hypo thes i zed t h a t the n a t u r e of c rop grown ( s o l e or mixed) a l s o
i n f l u e n c e d f e r t i l i z e r - u s e d e c i s i o n s , and t h a t mixed c rops were f e r t i l i z e d a t
lower r a t e s as compared to s o l e c rops (Table 1 4 ) . The VLS r e g r e s s i o n r e s u l t s
suppor ted t h i s h y p o t h e s i s and i n t he poo led as w e l l as i n t h e Ako la e q u a t i o n s
(Table 2 9 ) , t h i s v a r i a b l e was found t o be s i g n i f i c a n t . I t may be r e c a l l e d t h a t
i t was o n l y i n Ako la t h a t mixed c rops c l a imed a s i g n i f i c a n t share o f t h e t o t a l
f e r t i l i z e r used .

I n s t i t u t i o n a l f a c t o r s . C r e d i t was h y p o t h e s i z e d as a major c o n s t r a i n t on
f e r t i l i z e r use . T h i s v a r i a b l e was c o n s i d e r e d in t h e VLS r e g r e s s i o n s (Tab les 29
and 3 0 ) . I t emerged s i g n i f i c a n t i n o n l y a few f a r m - l e v e l r e g r e s s i o n s (Tab le
2 9 ) ; t he p l o t - l e v e l a n a l y s i s (Tab le 30) d i d no t show t h i s v a r i a b l e t o be
s i g n i f i c a n t i n any case . The r e s u l t s t hus d i d no t r e v e a l t h i s v a r i a b l e t o b e
ove rwhe lm ing l y i m p o r t a n t . However, i t shou ld b e no ted t h a t t h i s v a r i a b l e was
s p e c i f i e d a s t he t o t a l bo r row ings o f t he f a r m e r , i r r e s p e c t i v e o f t he use they
have been put t o . T h i s s p e c i f i c a t i o n might have l e d t o t h e i n d i f f e r e n t r e s u l t s
o b t a i n e d f o r t h i s v a r i a b l e . I t may b e r e c a l l e d t h a t i n r e g r e s s i o n s e x p l a i n i n g
i n t e r r e g i o n a l v a r i a t i o n i n f e r t i l i z e r a d o p t i o n and use o n h i g h - y i e l d i n g
v a r i e t i e s o f sorghum and p e a r l m i l l e t (Chapter I I I , Tab le 2 6 ) , c r e d i t emerged a s
a n i m p o r t a n t v a r i a b l e . I n t h i s a n a l y s i s , c r e d i t was s p e c i f i e d a s t he a c t u a l
l e v e l o f bo r row ings f o r a g r i c u l t u r a l p u r p o s e s . A number o f s t u d i e s (NCAER 1978,
Maharaja 1975, and Jha and S a r i n 1981) have shown t h a t inadequacy of c a p i t a l
p l a y s a n i m p o r t a n t r e s t r i c t i v e r o l e i n a d o p t i o n and use o f f e r t i l i z e r s .

The e x t e n t o f c o m m e r c i a l i z a t i o n was a l s o h y p o t h e s i z e d to p o s i t i v e l y
i n f l u e n c e f e r t i l i z e r u s e . I n a lmost a l l t h e VLS e q u a t i o n s , t he v a r i a b l e had t h e
wrong s i g n (Tab les 29 and 3 0 ) . These r e s u l t s a l s o stemmed f rom poor
s p e c i f i c a t i o n . I t may be r e c a l l e d t h a t area under commerc ia l c rops such as
c o t t o n , g r o u n d n u t , c a s t o r , sugarcane , and v e g e t a b l e s was used t o d e p i c t t h i s
v a r i a b l e . Sugarcane and v e g e t a b l e s were q u a n t i t a t i v e l y n o n s i g n i f i c a n t , and the
r e s t were p r i m a r i l y r a i n f e d c rops w i t h lower f e r t i l i z e r - u s e v a l u e s . T h i s
v a r i a b l e thus appeared t o c a p t u r e the e f f e c t s o f i r r i g a t i o n (or l ack o f i t ) more
s t r o n g l y than c o m m e r c i a l i z a t i o n .

Of t he two p r i c e v a r i a b l e s c o n s i d e r e d , produce p r i c e d i d no t emerge as
s i g n i f i c a n t i n any p l o t - l e v e l VLS r e g r e s s i o n (Table 3 0 ) . S ince p l o t s g row ing
d i f f e r e n t c rops were poo led i n t h i s a n a l y s i s , we expec ted a p o s i t i v e c o e f f i c i e n t
f o r t h i s v a r i a b l e t o suppo r t t he h y p o t h e s i s t h a t h i g h - v a l u e c rops were
f e r t i l i z e d a t h i g h e r r a t e s . The r e s u l t s i n d i c a t e d t h a t i t was a poor p roxy f o r
p r o f i t a b i l i t y o f f e r t i l i z e r a p p l i c a t i o n .

F e r t i l i z e r p r i c e , on t he o t h e r hand , had the expected s i g n i n most
equa t i ons where i t was s i g n i f i c a n t (Tables 29 , 30 , and 3 1 ) . Excep t i ons were the
f a r m - l e v e l VLS r e g r e s s i o n s (Tab le 29) wh ich showed t h i s v a r i a b l e to be
p o s i t i v e l y r e l a t e d t o average r a t e o f f e r t i l i z e r a p p l i c a t i o n . But i n t h i s case
a l s o , t he s i g n s were as expec ted f o r t he n i t r o g e n r a t e e q u a t i o n s . I n t he IASRI
a n a l y s i s (Tab le 31) t h i s v a r i a b l e emerged s i g n i f i c a n t i n 40 equa t i ons and the
s i g n s were as expec ted in a l l but s i x o f these e q u a t i o n s . The f a c t t h a t we were
a b l e t o i d e n t i f y p r i c e e f f e c t s f rom c r o s s - s e c t i o n a l da ta s e t s suggested t h e
e x i s t e n c e o f i n t e r f a r m p r i c e d i f f e r e n t i a l s . We cons ide r i t a major c o n t r i b u t i o n
because a lmost a l l s t u d i e s based on c r o s s - s e c t i o n a l da ta assume t h a t such
v a r i a t i o n s do no t e x i s t a n d , a c c o r d i n g l y , do not i n c l u d e a p r i c e v a r i a b l e i n t he
mode l . I t shou ld b e no ted t h a t i n our s p e c i f i c a t i o n s , p r i c e v a r i a t i o n c o u l d
a r i s e f rom two sources (apa r t f rom a tempora l e lement in t he VLS d a t a ) :
i n t e r f a r m d i f f e r e n c e s i n p r i c e s p a i d f o r the same f e r t i l i z e r m a t e r i a l , and use
o f d i f f e r e n t f e r t i l i z e r m a t e r i a l s ( m i x t u r e s o r complex f e r t i l i z e r s ) wh ich l eads
t o d i f f e r e n t p r i c e s f o r i n d i v i d u a l n u t r i e n t s , depending o n t he w e i g h t s these
n u t r i e n t s c a r r y i n t he t o t a l f e r t i l i z e r m i x . S i g n i f i c a n t c o e f f i c i e n t s f o r t h i s
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v a r i a b l e i m p l i e d t h a t f a rmers were aware o f t h i s s u b t l e p r i c e d i f f e r e n t i a t i o n
phenomenon and responded r a t i o n a l l y t o changes i n r e a l p r i c e s o f f e r t i l i z e r
n u t r i e n t s . T h i s f i n d i n g has i m p l i c a t i o n s f o r r e t a i l t r a d e i n f e r t i l i z e r s . W e
s h a l l come back t o t h i s l a t e r .

A g r o c l i m a t i c f a c t o r s . The most i m p o r t a n t r e s u l t under t h i s se t o f v a r i a b l e s
p e r t a i n e d t o t he i n f l u e n c e o f r a i n f a l l o n f e r t i l i z e r - u s e d e c i s i o n s . The VLS
f a r m - l e v e l r e g r e s s i o n s (Tab le 29) r evea led t h a t r a i n f a l l was an impo r tan t
d e t e r m i n a n t o f d e c i s i o n s r e g a r d i n g r a t e s as w e l l as e x t e n t o f cropped area
f e r t i l i z e d . Because o f l i m i t e d v a r i a t i o n o f t he dependent v a r i a b l e , the
r e l a t i o n s h i p between a g r o c l i m a t i c changes and f e r t i l i z e r use was not
s t a t i s t i c a l l y s i g n i f i c a n t . These equa t i ons a l s o i n d i c a t e d t h a t ve r y h i g h
r a i n f a l l a d v e r s e l y a f f e c t e d n i t r o g e n use and t h a t the e f f e c t was more impo r t an t
i n t h e l o w - r a i n f a l l a reas (Sholapur and Mahbubnagar).

A d i f f e r e n t approach was employed in the IASRI d i s t r i c t - l e v e l a n a l y s i s t h a t
used f a rme rs ' o p i n i o n s r e g a r d i n g adequacy o f r a i n f a l l as t he e x p l a n a t o r y
v a r i a b l e . The r e s u l t s (Tab le 31) i n d i c a t e d t h a t adequacy o f r a i n f a l l d u r i n g the
c r o p p i n g season p o s i t i v e l y i n f l u e n c e d f e r t i l i z e r use on sorghum. Out o f 19
e q u a t i o n s i n wh ich t h i s v a r i a b l e was found t o be s i g n i f i c a n t , 14 c a r r i e d the
h y p o t h e s i z e d s i g n . R e s u l t s were i n c o n c l u s i v e f o r p e a r l m i l l e t , perhaps because
p e a r l m i l l e t h y b r i d s were more f r e q u e n t l y grown under i r r i g a t e d c o n d i t i o n s . I t
may be r e c a l l e d t h a t a s i m i l a r phenomenon was observed (Table 26) in r e g r e s s i o n s
based on 4 yea rs ' d a t a .

The s i g n i f i c a n c e of v i l l a g e and year dummies in the VLS r e g r e s s i o n s (Tab les
29 and 30) emphasized t h e l o c a t i o n - and t i m e - i n d u c e d v a r i a b i l i t y i n f e r t i l i z e r
u s e . S e v e r a l f a c t o r s t h a t we c o u l d not s p e c i f y in our models c o u l d be
r e s p o n s i b l e f o r t h i s . For example, seasonal occur rence o f pes ts and d i s e a s e s ,
a v a i l a b i l i t y o f f e r t i l i z e r , access t o m a r k e t s , and the f e r t i l i z e r - d i s t r i b u t i o n
ne twork may a l l a f f e c t f e r t i l i z e r u s e . Some o f these cannot be adequa te l y
s p e c i f i e d i n m i c r o l e v e l mode ls .

We w i l l now look a t i n t e r r e g i o n a l v a r i a b i l i t y . Here , t he VLS a n a l y s i s i s
more r e l e v a n t s i n c e t he necessary background da ta on the areas s t u d i e d a re
a v a i l a b l e .

F e r t i l i z e r use was lowes t in the Sholapur r e g i o n . The r e g r e s s i o n s
i n d i c a t e d t h a t f e r t i l i z e r u s e i n t h i s r e g i o n was p r i m a r i l y de te rm ined b y s o i l
m o i s t u r e . I r r i g a t i o n and r a i n f a l l d u r i n g the growing p e r i o d were the p r i m a r y
d e t e r m i n a n t s . There was a l s o an i n d i c a t i o n t h a t t he v a r i a b l e s , r i s k a v e r s i o n
and e x p e r i e n c e , i n f l u e n c e d d e c i s i o n s r e g a r d i n g r a t e o f f e r t i l i z e r a p p l i c a t i o n .
T h e s e r e s u l t s a r e c o n s i s t e n t w i t h t h e h i g h - r i s k e n v i r o n m e n t t h a t c h a r a c t e r i z e
t h i s a r e a .

In A k o l a , f e r t i l i z e r use was h i g h e r , and n o n i r r i g a t e d crops were a l s o
f e r t i l i z e d . I r r i g a t i o n , household s i z e , e x p e r i e n c e , f e r t i l i z e r p r i c e , and
agronomic f a c t o r s l i k e s o i l t ype and c ropp ing were found t o b e i m p o r t a n t i n t h i s
r e g i o n . F e r t i l i z e r use was i n v e r s e l y r e l a t e d t o fa rm s i z e . I n t e r e s t i n g l y ,
r a i n f a l l d i d n o t appear t o b e a s i g n i f i c a n t v a r i a b l e i n any e q u a t i o n f o r t h i s
r e g i o n . I t may b e r e c a l l e d t h a t t h i s r e g i o n r e c e i v e d r e l a t i v e l y h i ghe r and more
s t a b l e r a i n f a l l t han the o the r r eg i ons s t u d i e d .

I n Mahbubnagar, f e r t i l i z e r use was c o n f i n e d t o i r r i g a t e d c r o p s . Farmers
who used more i r r i g a t i o n a l s o used more f e r t i l i z e r . Educa t i on and expe r ience
were t h e i m p o r t a n t p e r s o n a l f a c t o r s a f f e c t i n g f e r t i l i z e r use i n t h i s r e g i o n .
There were i n d i c a t i o n s t h a t f e r t i l i z e r p r i c e , household s i z e , and r a i n f a l l were
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a l s o i m p o r t a n t . The f a r m - and p l o t - l e v e l r e g r e s s i o n s gave c o n t r a d i c t o r y r e s u l t s
f o r t he r i s k - a v e r s i o n v a r i a b l e .

2 9

Conclusions

M u l t i p l e - r e g r e s s i o n a n a l y s i s was used on ICRISAT V i l l a g e - L e v e l S t u d i e s d a t a and
o n da ta o b t a i n e d f rom IASRI t o i d e n t i f y major f a c t o r s i n f l u e n c i n g f e r t i l i z e r - u s e
d e c i s i o n s . The b a s i c model employed h y p o t h e s i z e d t h a t p e r s o n a l c h a r a c t e r i s t i c s ,
resource endowments, a c t u a l c u l t i v a t i o n c o n d i t i o n s , and i n s t i t u t i o n a l and
a g r o c l i m a t i c f a c t o r s were t he broad i n f l u e n c e s o p e r a t i n g o n f a r m e r s ' d e c i s i o n s
r e g a r d i n g r a t e s o f a p p l i c a t i o n and e x t e n t o f c ropped a rea f e r t i l i z e d .

The r e s u l t s o f t hese ana lyses i n d i c a t e d t h a t s o i l m o i s t u r e was t h e most
i m p o r t a n t de te rm inan t o f f e r t i l i z e r use i n t h e s e m i - a r i d t r o p i c s . Areas and
farms w i t h w e l l - d e v e l o p e d i r r i g a t i o n showed h i g h e r f e r t i l i z e r u s e . I n t h e
l o w - r a i n f a l l a r e a s , f e r t i l i z e r use was i n f l u e n c e d b y r a i n f a l l . The impor tance
o f e x t e n s i o n o f i r r i g a t i o n i s o b v i o u s . Ev idence on ad jus tmen ts made by fa rmers
t o changes i n seasona l r a i n f a l l has a n i m p o r t a n t i m p l i c a t i o n f o r e x t e n s i o n
programs, p a r t i c u l a r l y i n areas hav ing low and u n s t a b l e r a i n f a l l . The g e n e r a l
p r a c t i c e o f making a f i x e d , s i n g l e - v a l u e d recommendation r e g a r d i n g f e r t i l i z e r
use i s c l e a r l y u n r e a l i s t i c . Farmers shou ld be p r e s e n t e d w i t h a more f l e x i b l e
package o f recommendations t h a t wou ld h e l p them m in im i ze t h e chances o f l a r g e
c a p i t a l l o s s i n t he event o f u n f a v o r a b l e weather and y e t p r o v i d e f o r s t r a t e g i e s
t h a t w i l l enab le them t o make t e c h n i c a l l y o p t i m a l d e c i s i o n s depending o n
seasona l c o n d i t i o n s as t hey u n f o l d . The r o l e o f an e f f e c t i v e e x t e n s i o n s e r v i c e
was a l s o emphasized by t h e s i g n i f i c a n c e o f t he knowledge v a r i a b l e s i n t h e
r e g r e s s i o n s .

R e s u l t s w i t h respec t t o p l o t - s p e c i f i c c h a r a c t e r i s t i c s c l e a r l y i n d i c a t e d
t h a t t he expected response t o f e r t i l i z e r a p p l i c a t i o n was a n e x t r e m e l y i m p o r t a n t
de te rm inan t o f f e r t i l i z e r u s e . The r a t e s were found to be h i g h e r on p l o t s
hav ing b e t t e r m o i s t u r e - r e t e n t i o n c a p a c i t y , p l o t s g row ing s o l e r a t h e r t han mixed
c r o p s , and o n p l o t s sown a t t he r i g h t t i m e . A l l these i n d i c a t e d t h a t fa rmers i n
t he SAT a re becoming consc ious o f t h e f i n e r p o i n t s o f f e r t i l i z e r - u s e t e c h n o l o g y .
The fa rmers were a l s o found to make ad jus tmen ts in response to changes in
seasonal r a i n f a l l c o n d i t i o n s . T h i s r e f l e c t s t h e i r e n t e r p r i s e and s i g n i f i e s a 
r a t i o n a l approach i n a s i t u a t i o n where t he s t a t u s o f t h e most c r i t i c a l
p r o d u c t i o n i n p u t — s o i l m o i s t u r e — i s u n c e r t a i n .

R isk a v e r s i o n was found to be an i m p o r t a n t d e t e r m i n a n t o f f e r t i l i z e r use in
t he l o w - r a i n f a l l , u n s t a b l e r e g i o n s . I n t he o t h e r r e g i o n s i t was no t i m p o r t a n t .
T h i s suggested t h a t t h i s v a r i a b l e was no t a u n i v e r s a l d e t e r r e n t t o f e r t i l i z e r
use i n t h e SAT. Where t h e env i ronment i t s e l f was h i g h l y r i s k y , t he v a r i a b l e
assumed s i g n i f i c a n c e . Exper ience w i t h f e r t i l i z e r s , and e d u c a t i o n — b o t h

2 9 . A s e p a r a t e a n a l y s i s was a l s o c a r r i e d o u t t o m o d e l t h e d e c i s i o n o n f e r t i l i z e r

a d o p t i o n f o r t h e 144 h o u s e h o l d s who w e r e i n t h e VLS s a m p l e f o r 3 c o n s e c u t i v e

c r o p p i n g y e a r s f r o m 1 9 7 5 - 7 6 ( B i n s w a n g e r e t a l . 1 9 8 2 ) . I r r i g a t i o n i n t e n s i t y

and h o u s e h o l d w e a l t h w e r e t h e m o s t i m p o r t a n t c o n s i d e r a t i o n s i n f e r t i l i z e r
a d o p t i o n . V i l l a g e dummies a l s o e x h i b i t e d a s t r o n g e f f e c t o n a d o p t i o n .

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

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

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

a b o u t h a l f o f t h e h o u s e h o l d s h a d a c c e s s t o i r r i g a t i o n ) . T h a t r i s k - a v e r s i o n

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

t h e d i f f e r e n t c o n s t i t u e n t s / e l e m e n t s u s e d a s f e r t i l i z e r . Even a f a r m e r who

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

p l o t f o r a m i n i m a l c o m m i t m e n t o f f u n d s .
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i n d i c a t o r s o f t h e l e v e l o f f a r m e r s ' knowledge—were the o t h e r p e r s o n a l
c h a r a c t e r i s t i c s wh ich i n f l u e n c e d f e r t i l i z e r u s e .

F e r t i l i z e r p r i c e s and c r e d i t emerged a s impo r t an t i n s t i t u t i o n a l f a c t o r s
i n f l u e n c i n g f e r t i l i z e r - u s e d e c i s i o n s . Seve ra l r esea rche rs have emphasized t h e
c o n s t r a i n t imposed b y c a p i t a l s c a r c i t y . I n s t i t u t i o n a l f i n a n c i n g i s now be ing
accorded a h i g h p r i o r i t y i n development programs. Evidence on the s i g n i f i c a n c e
o f t h e p r i c e v a r i a b l e suggested the presence o f c r o s s - s e c t i o n a l p r i c e v a r i a t i o n
d e s p i t e f e r t i l i z e r p r i c e s be ing s t a t u t o r i l y f i x e d . I t i s d o u b t f u l t h a t these
a r i s e f rom t r a n s p o r t a t i o n c o s t s a l o n e . We b e l i e v e t h a t i m p e r f e c t i o n s i n t he
r e t a i l t r a d e (wh ich r e s t r i c t access and l i m i t a v a i l a b i l i t y o f t he r i g h t k i n d o f
f e r t i l i z e r m a t e r i a l s a t t h e p roper t ime) compel fa rmers t o purchase f e r t i l i z e r
a t d i f f e r e n t p r i c e s depending o n the f e r t i l i z e r mix a v a i l a b l e i n t he m a r k e t .
Thus , f r om t h e p o i n t o f v iew o f p o l i c y , s i g n i f i c a n c e o f t he p r i c e v a r i a b l e
i n d i c a t e s t he need f o r improvement i n the r e t a i l t r a d e o f f e r t i l i z e r s b y
i n c r e a s i n g t he number o f r e t a i l p o i n t s , t i m e l y a v a i l a b i l i t y o f t h e r i g h t k i n d s
o f f e r t i l i z e r , f r e e access t o f e r t i l i z e r c r e d i t , e t c .

V . S u m m a r y and Impl icat ions

Summary

The s t r u c t u r a l p r o f i l e o f f e r t i l i z e r consumpt ion i n t he c o u n t r y i n d i c a t e s t h a t
t h e i r r i g a t e d l ands c l a i m most o f t he f e r t i l i z e r used i n the I n d i a n SAT. There
i s some use o f f e r t i l i z e r o n d r y l a n d crops i n areas r e c e i v i n g r e l a t i v e l y h i g h
r a i n f a l l , bu t i n t he l o w - r a i n f a l l r e g i o n s , f e r t i l i z e r use i s a lmost e n t i r e l y
c o n f i n e d t o i r r i g a t e d c r o p s . I r r i g a t e d fa rm ing has p r o v i d e d t he main source o f
g rowth i n f e r t i l i z e r consumpt ion th roughou t the 1960s and 1970s. T h i s t r e n d i s
l i k e l y t o c o n t i n u e because a c o n s i d e r a b l e f r a c t i o n o f t he i r r i g a t e d area i s
s t i l l u n f e r t i l i z e d , and f u t u r e e f f o r t s toward i n t e n s i f i c a t i o n o f a g r i c u l t u r e
w i l l o b v i o u s l y i n v o l v e e x p l o i t a t i o n o f t h i s s l a c k .

In areas where i r r i g a t i o n f a c i l i t i e s a re meagre and c r e a t i o n o f new
i r r i g a t i o n p o t e n t i a l c o s t l y — t h e s i t u a t i o n i n most o f p e n i n s u l a r I n d i a — u s e o f
f e r t i l i z e r s on n o n i r r i g a t e d lands depends on adequacy and s t a b i l i t y o f r a i n f a l l
and the r e s u l t a n t s t a b i l i t y o f responses and f e r t i l i z e r respons iveness o f
d i f f e r e n t c r o p s . Areas and c rops f a v o u r a b l y endowed i n t h i s rega rd a re l i k e l y
to show a c c e l e r a t e d g rowth i n f e r t i l i z e r consumpt ion . These t endenc ies can
c l e a r l y b e i n f e r r e d f rom the ana lyses p resen ted i n the p reced ing c h a p t e r s .

The d i s t i n c t i o n between i r r i g a t e d and n o n i r r i g a t e d s i t u a t i o n s i s c r u c i a l :
t he p r o d u c t i o n p a t t e r n s , i n t e n s i t y o f i n p u t u s e , and the problems a re a l l
d i f f e r e n t . I t i s perhaps more impo r tan t t o recogn ize t h a t t h i s d i s t i n c t i o n i s
not g e o g r a p h i c . I r r i g a t e d and n o n i r r i g a t e d p l o t s e x i s t s i d e by s i d e and each
farmer u s u a l l y possesses bo th k i n d s . Th i s i n t e g r a t i o n c a l l s f o r c h o i c e s , no t
o n l y w i t h rega rd t o f e r t i l i z e r bu t w i t h respec t t o a l l i n p u t s . Farmers accord
p r i o r i t y t o t he h i g h e r - v a l u e (and h ighe r response) c rops i n a l l o c a t i n g t h e i r
scarce i r r i g a t i o n and l i q u i d c a p i t a l r e s o u r c e s .

P r o f i t a b i l i t y o f f e r t i l i z e r a p p l i c a t i o n and assurance o f response have been
t h e major f o r c e s m o t i v a t i n g f e r t i l i z e r use i n t he I n d i a n SAT. T h i s leads t o
emphasis on i r r i g a t e d c r o p s , commerc ia l c r o p s , and h igh - response v a r i e t i e s o f
n o n i r r i g a t e d c r o p s . T r a d i t i o n a l , low-response v a r i e t i e s o f c e r e a l s and p u l s e s ,
wh ich occupy a b u l k o f t he cropped a r e a , are u s u a l l y no t f e r t i l i z e d . The
impor tance o f assured r e t u r n s can be a p p r e c i a t e d f rom the f a c t t h a t fa rmers do
no t use f e r t i l i z e r under n o n i r r i g a t e d c o n d i t i o n s i n l o w - r a i n f a l l areas (where
s o i l - m o i s t u r e s t a t u s i s low and u n c e r t a i n ) ; even i n r e l a t i v e l y h i g h - r a i n f a l l
a r e a s , f e r t i l i z e r use i s h i ghe r o n s o i l s hav ing r e l a t i v e l y h i g h
m o i s t u r e - r e t e n t i o n c a p a c i t y . Farmers show t h e i r awareness o f t he s t a t u s o f s o i l
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m o i s t u r e b y a d j u s t i n g t h e i r f e r t i l i z e r use a c c o r d i n g t o occu r rence o f r a i n f a l l .
Hence, i n t h e h i g h l y (monsoon) u n s t a b l e r e g i o n s l i k e S h o l a p u r , t h e y d o no t
u s u a l l y app l y f e r t i l i z e r t o r a i n f e d c rops i n t h e r a i n y season , bu t p r e f e r t o
w a i t t i l l t he s t a t u s o f s o i l m o i s t u r e i s known w i t h r e l a t i v e c e r t a i n t y i n t h e
p o s t r a i n y season.

These phenomena l a r g e l y e x p l a i n t h e observed a d o p t i o n and d i f f u s i o n p a t t e r n
o f f e r t i l i z e r use i n t he I n d i a n SAT. F e r t i l i z e r use i n t h e n o n i r r i g a t e d SAT
commenced i n ea rnes t o n l y a f t e r t h e m id -1960s , when f e r t i l i z e r - r e s p o n s i v e
v a r i e t i e s became a v a i l a b l e . The pace o f d i f f u s i o n has s i n c e been r a p i d i n a reas
where t he c e r t a i n t y c o n d i t i o n s have been f a v o u r a b l e ; i n o t h e r s , i t has been
t a r d y and u n c e r t a i n , c h a r a c t e r i z e d b y i n t e r m i t t e n t r a t h e r t h a n c o n t i n u o u s u s e .
Moreover , these a re t he areas t h a t pose t he most s e r i o u s c h a l l e n g e f o r
a g r i c u l t u r a l r e s e a r c h .

The impor tance o f f e r t i l i z e r respons iveness was c l e a r l y b rough t ou t by t h e
a n a l y s i s f o r h i g h - y i e l d i n g v a r i e t i e s o f sorghum and p e a r l m i l l e t — t h e two major
f o o d - g r a i n c rops grown on t h e d r y l a n d s o f SAT I n d i a . Farmers do use f e r t i l i z e r
o n these l o w - v a l u e , n o n i r r i g a t e d c rops a l s o , p r o v i d e d t h e responses a re
a t t r a c t i v e . I t i s l a c k o f f e r t i l i z e r - r e s p o n s i v e n e s s t h a t i s the major b a r r i e r
f rom the t e c h n o l o g i c a l p o i n t o f v i e w .

We have p resen ted c o n s i d e r a b l e ev idence to show t h a t f a rmers a re consc ious
o f t he t e c h n i c a l e f f i c i e n c y o f f e r t i l i z e r u s e . T h e i r f e r t i l i z e r use d e c i s i o n s
are i n f l u e n c e d b y f a c t o r s such a s r e l a t i v e response t o f e r t i l i z e r a p p l i c a t i o n ,
t i m e l i n e s s o f s o w i n g , s o i l t y p e , and seasona l r a i n f a l l c o n d i t i o n s — a l l o f wh ich
have a n i m p o r t a n t b e a r i n g o n the e f f i c i e n c y o f f e r t i l i z e r use . T h i s i n d i c a t e s
t h e growing m a t u r i t y o f SAT f a r m e r s . The ev idence a l s o shows t h a t t h e r e i s
scope f o r improvement i n t h i s r e g a r d , p a r t i c u l a r l y i n t h e c o n t e x t o f ba lanced
use o f p l a n t n u t r i e n t s and t i m i n g o f f e r t i l i z e r a p p l i c a t i o n . These p r a c t i c e s
shou ld b e emphasized i n t he e x t e n s i o n p rograms. I n t h i s c o n t e x t , i t i s a l s o
r e l e v a n t t o no te t h a t r e l a t i v e l y few f e r t i l i z e r use rs r e a l l y know about s p e c i f i c
recommendations r e g a r d i n g f e r t i l i z e r u s e , p a r t i c u l a r l y f o r n o n i r r i g a t e d c r o p s .
These weaknesses in t h e e x t e n s i o n programs need to be removed. Our r e s u l t s
revea led t h a t know ledge—represen ted b y f a r m e r s

1
 e xpe r i ence w i t h f e r t i l i z e r and

e d u c a t i o n — i s an i m p o r t a n t d e t e r m i n a n t o f f e r t i l i z e r u s e . E x t e n s i o n has a 
c r u c i a l r o l e t o p l a y i n t h i s r e g a r d .

R isk a v e r s i o n i s o f t e n b e l i e v e d to be a reason f o r nonadop t i on o r low l e v e l
o f f e r t i l i z e r u s e . Our a n a l y s i s i n d i c a t e s t h a t t h i s v a r i a b l e i s i m p o r t a n t o n l y
i n the r e l a t i v e l y l o w - and u n s t a b l e - r a i n f a l l a r e a s , t h a t i s , areas where the
i n h e r e n t e n v i r o n m e n t a l r i s k i s h i g h .

C r e d i t and f e r t i l i z e r p r i c e s were i d e n t i f i e d a s i m p o r t a n t i n s t i t u t i o n a l
f a c t o r s . C a p i t a l r a t i o n i n g (coup led w i t h prob lems o f a v a i l a b i l i t y ) r e s t r i c t s
o u t l a y o n f e r t i l i z e r s below optimum r e q u i r e m e n t s , and t h i s i s m a n i f e s t i n lower
spread o f f e r t i l i z e r s i n terms o f a rea and c rops covered (even on i r r i g a t e d
lands) and i n lower r a t e s o f a p p l i c a t i o n . I n our a n a l y s i s i n t e r f a r m v a r i a t i o n
i n f e r t i l i z e r p r i c e s were m a i n l y due t o i m p e r f e c t i o n s i n t h e
f e r t i l i z e r - d i s t r i b u t i o n sys tem. The r e s u l t s i n d i c a t e t h a t removal o f these
i m p e r f e c t i o n s w i l l r e s u l t i n h i g h e r f e r t i l i z e r u s e . These f i n d i n g s h i g h l i g h t
how i n s t i t u t i o n a l improvements can promote f e r t i l i z e r use and r a i s e c r o p
p r o d u c t i v i t y .

Implications for Agricultural Research

1 . Research on s o i l - m o i s t u r e management must be accorded h i g h p r i o r i t y .
A d o p t i o n and use of modern i n p u t s in SAT a g r i c u l t u r e depends on assurance of
r e t u r n s . Water i s t he most i m p o r t a n t de te rm inan t o f s t a b i l i t y i n c r o p
p r o d u c t i o n .
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2 . R e s u l t s f o r t he l o w - r a i n f a l l r eg ions r e v e a l t h a t fa rmers a d j u s t n i t r o g e n use
a c c o r d i n g t o chang ing s o i l - m o i s t u r e c o n d i t i o n s , b rough t about b y t he q u a n t i t y
and d i s t r i b u t i o n o f r a i n f a l l d u r i n g the c r o p - g r o w t h season. How most
e f f i c i e n t l y t o ach ieve t h i s i s another q u e s t i o n which needs c a r e f u l r e s e a r c h .

3 . Emphasis on f e r t i l i z e r respons iveness must c o n t i n u e in crop- improvement
r e s e a r c h . Pu lses and o i l s e e d s deserve s p e c i a l a t t e n t i o n i n t h i s r e g a r d .
T h i s a l s o appears r e l e v a n t f o r p e a r l m i l l e t h y b r i d s under r a i n f e d c o n d i t i o n s .

4 . I t would b e u s e f u l t o c l a s s i f y t he SAT acco rd ing t o adequacy o f r a i n f a l l f o r
r a i n f e d - f a r m i n g a r e a s , and i n i t i a t e r e l e v a n t programs o f research f o r each
c a t e g o r y . The Ako la and Sholapur s i t u a t i o n s i l l u s t r a t e t h i s c l e a r l y . I n t h e
l o w - and u n s t a b l e - r a i n f a l l r e g i o n s , crop- improvement and agronomic research
shou ld aim a t e v o l v i n g t e c h n o l o g i e s which p r o v i d e h i g h r e t u r n s under adverse
s o i l - m o i s t u r e c o n d i t i o n s . I n f a c t , research programs shou ld b e c o n f i n e d t o
such a r e a s . The SAT p r o d u c t i o n envi ronment i s h i g h l y d i v e r s e and t h i s
d i v e r s i t y must b e r e f l e c t e d i n the research s t r a t e g y .

5. Crop improvement and management research f o r n o n i r r i g a t e d c rops shou ld be
e v a l u a t e d a t r e l a t i v e l y lower f e r t i l i t y c o n d i t i o n s . I n d e e d , t h e r e i s a n
u rgen t need t o e v a l u a t e t he f e r t i l i z e r - r e s p o n s e da ta f o r r a i n f e d c rops t o
a s c e r t a i n whether t he recommended l e v e l s a re indeed o p t i m a l under a r i s k y
env i r onmen t .

Implications for Extension and Development Programs

1 . E x tens i on agenc ies have so f a r concen t ra ted on i r r i g a t e d c r o p s . Our r e s u l t s
i n d i c a t e t h a t p r o v i d i n g more i n f o r m a t i o n about improved d r y l a n d a g r i c u l t u r e
would have s i g n i f i c a n t p a y o f f s .

2 . N o d i s t i n c t i o n o the r t han l e v e l o f a p p l i c a t i o n i s u s u a l l y made i n
recommendations r e g a r d i n g f e r t i l i z e r use under i r r i g a t e d and n o n i r r i g a t e d
c o n d i t i o n s . The r e s u l t s i n d i c a t e the need f o r a f l e x i b l e recommendation
package f o r r a i n f e d c rops which would enable fa rmers t o a d j u s t o p t i m a l l y t o
chang ing seasona l c o n d i t i o n s . T h i s aspect i s w e l l accepted by resea rch
w o r k e r s , but t he e x t e n s i o n agenc ies have no t t aken i t u p i n e a r n e s t . T h i s
would a l s o c a l l f o r more dynamism in the e x t e n s i o n s e r v i c e s and use o f
r a p i d - s p r e a d e x t e n s i o n mass media t o o l s .

3 . C r e d i t was i d e n t i f i e d as a v e r y impo r tan t c o n s t r a i n t , u n d e r s c o r i n g t h e need
t o s t r e n g t h e n and expand t he i n s t i t u t i o n a l c r e d i t i n f r a s t r u c t u r e i n t h e SAT.

4 . Improvements i n t he f e r t i l i z e r - d i s t r i b u t i o n s t r u c t u r e and the
f e r t i l i z e r - c r e d i t p o l i c i e s have a n impo r t an t b e a r i n g o n f e r t i l i z e r - u s e
d e c i s i o n s o f t h e f a r m e r s . The need f o r an i nc rease in t he number o f r e t a i l
o u t l e t s and t i m e l y a v a i l a b i l i t y o f t he r i g h t k i nds o f f e r t i l i z e r i s
i n d i c a t e d . The f e r t i l i z e r - c r e d i t p o l i c y can p l a y a n impo r t an t r o l e i n
a c h i e v i n g ba lanced use o f f e r t i l i z e r s . T h i s aspect needs t o be s t u d i e d .
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Appendix I . Relat ive performance of d i s t r i c t s recording high* growth in f e r t i l ­
izer consumption in the 1960s and 1970s.

SAT
category

Growth i n :
SAT

category 1970s 1960s Name of the d i s t r i c t

NITROGEN

N o n i r r i g a t e d H H Nasik, Dhu l i a , Ja lgaon, Kurnool , and Ka i ra .
H M Ahmadnagar, Satara, Sang l i , Kolhapur, Mysore,

B e l l a r y , Belgaum, Raichur, Mahbubnagar, Nalgonda,
Baroda, Mehsana, Sura t , and Ra jko t .

H L Khammam, A l lahabad, Mirzapur, Sabarkanta, K h e r i ,
Bahra ich, and Hardoi .

M H Gonda and Buldhani .

I r r i g a t e d H H Guntur, Nizamabad, S. A rco t , N. A r c o t ,
Coimbatore, T i r u c h i r a p a l l i , Madurai, Moradabad,
Rae-Bare i ly , Thanjavur, E. Godavar i , W. Godavar i ,
Mandya, Gurdaspur, Amr i t sa r , Ju l l unde r , Ludhiana,
P a t i a l a , Ambala, Kurukshetra, Muzaffarnagar,
Meerut, Bulandshahr, Gorakpur, and Deor ia .

H M Warangal, Karimnagar, Ching leput , A l i g a r h ,
Ma inpur i , Budaun, Varanasi , Kapur tha la ,
Saharanpur, B i j n o r , and Jaunpur.

H L Agra, B a r e i l y , Shahjahanpur, Rampur, Ghazipur,
B a l l i a , Shimoga, and Karna l .

M H Cuddapah, Faizabad, B a s t i , Hoshiarpur, Kr ishna,
and Ropar.

PHOSPHORUS

Nonir r igated H H Dhu l i a , Ja lgaon, Ahmadnagar, Kolhapur,
Kurnoo l , Junagarh, Ra jko t , and Amre l i .

H M Ch i t r adu rg , B e l l a r y , Dharwar, Belgaum, Raichur,
Mahbubnagar, Nalgonda, Sura t , and Bhavnagar.

H L Mysore, Khammam, Sabarkanta, and Hassan.
M H Nasik, Buldhana, and Satara.
L H Poona and Sang l i .

I r r i g a t e d H H Kr ishna, Guntur, Nizamabad, N. A r c o t ,
Coimbatore, Thanjavur, E. Godavar i , W. Godavar i ,
Mandya, Amr i t sa r , Kapur tha la, Ju l l unde r , Ludhiana,
and Gorakhpur.

H M Warangal, Karimnagar, Madurai, A l i g a r h , Etah,
Farrukhabad, Varanasi , Shimoga, Gurdaspur,
Hoshiarpur, P a t i a l a , and Karna l .

H L Agra, Ma inpur i , and Ghazipur.
M H Bulandshahr, T i r u c h i r a p a l l i , Salem, S. A rco t ,

Ch ing leput , Muzaffarnagar, and Deor ia .
L H Bas t i and Meerut.

*The g r o w t h c a t e g o r i e s ( c l a s s i f i c a t i o n based o n annua l i nc remen t i n consump t i on

measured i n t ) w e r e :
H igh (H) N P2O5

>750 >300
Medium (M) 301-750 101-300

Low (L) <300 <100

N o t e : The p o s i t i o n f o r t h e 1960s was read f r o m maps 3 . 1 and 3 .2 i n Desa i and
S i n g h ( 1 9 7 3 ) . S i n c e t h e maps were n o t v e r y l e g i b l e / some m a r g i n a l e r r o r s
i n g r o w t h c a t e g o r i e s f o r t h e 1960s a r e l i k e l y .
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Appendix I V . Actua l ra tes o f a p p l i c a t i o n o f f e r t i l i z e r n u t r i e n t s (kg/ha
f e r t i l i z e d ) and extent of cropped areas f e r t i l i z e d for HYV of
sorghum and p e a r l m i l l e t in se lected d i s t r i c t s .

Rate per f e r t i l i z e d % of a rea
ha (HYV) f e r t i l i z e d (HYV)

N P2O5 K2O N P2O5
K2O

D i s t r i c t (S ta te ) kg /ha kg /ha kg /ha % % %

A. Sorghum d i s t r i c t s

Ja lgaon (Mah) 40 27 12 78 63 18
Ahmadnagar (Mah) 72 29 0 53 24 0
S a n g l i (Mah) 60 25 15 39 19 15
Aurangabad (Mah) 55 27 12 24 15 7
Parbhan i (Mah) 47 19 18 43 25 25
B h i r (Mah) 23 19 21 24 41 25
Sa ta ra (Mah) 59 27 13 64 26 22
Osmanabad (Mah) 29 21 16 38 32 32
Buldhana (Mah) 33 33 18 88 88 56
Ako la (Mah) 48 27 17 52 42 21
Amarava t i (Mah) 42 29 22 90 72 56
Nanded (Mah) 31 15 4 47 28 14
Wardha (Mah) 44 18 15 60 43 34
Nagpur (Mah) 35 27 16 81 79 58
Mandsaur (MP) 63 24 29 81 71 54
Belgaum (Kar) 94 27 24 93 60 56
B e l l a r y (Kar) 13 11 11 72 72 70
Shimoga (Kar) 38 24 23 90 89 85
Mysore (Kar) 49 36 32 31 17 17
Anantapur (AP)
Shimoga

2
 (Kar)

47 0 0 24 0 0Anantapur (AP)
Shimoga

2
 (Kar) 57 35 33 97 95 74

B . P e a r l m i l l e t d i s t r i c t s

Banaskanta
2
 (Guj) 50 0 0 23 0 0

K a i r a
2
 (Guj) 36 42 0 75 12 0

R a j k o t
2
 (Guj) 30 32 0 77 51 0

H i s s a r
2
 (Har) 46 61 0 65 3 0

Rohtak
2
 (Har) 46 0 0 84 0 0

J a i p u r
2
 (Raj) 36 17 0 70 18 0

J a l g a o n
2
 (Mah) 32 21 8 74 54 20

Ahmadnagar
2
 (Mah) 64 37 28 84 28 8

S a n g l i (Mah) 60 0 0 47 0 0
Aurangabad

2
 (Mah) 29 19 18 36 29 16

Parbhan i (Mah) 27 12 12 29 16 16
B h i r

1
 (Mah) 24 18 16 22 21 21

Sholapur (Mah) 28 0 0 27 0 0
Morena

2
 (MP) 53 38 0 95 81 0

Guntur (AP) 56 28 16 62 48 45
C h i t t o o r (AP) 75 34 33 98 54 46
N e l l o r e (AP) 41 22 18 91 67 41
Coimbatore (TN) 99 42 33 90 74 66
Madurai (TN) 35 18 18 74 57 57

C o n t i n u e d .
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Appendix IV cont inued.

Rate per f e r t i l i z e d % of a rea
ha (HYV) f e r t i l i z e d (HYV)

N P2O5
K2O N P2O5

K2O

D i s t r i c t (S ta te ) kg /ha kg/ha kg /ha % % %

T i r u n e l v e l i
2
 <TN) 74 28 28 80 40 40

C h i n g l e p u t (TN) 44 31 27 91 75 71
Co imba to re

1
 (TN) 52 31 30 86 56 56

M a d u r a i
1
 (TN) 18 6 6 78 42 42

T i r u n e l v e l i
1 , 2

 (TN) 26 0 0 40 0 0
C h i n g l e p u t

1
 (TN)

B e l l a r y
1
 (Kar)

48 26 24 86 63 57C h i n g l e p u t
1
 (TN)

B e l l a r y
1
 (Kar) 64 30 26 98 83 79

S o u r c e : R a h e j a e t a l . 1976.
1 . P o s t r a i n y - s e a s o n c r o p .

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