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FERTILIZER USE IN 1SEhl.II-ARID TROPICAL INDIA: THE CASE 
OF HIGH YILLDING VARIETIES OF 

SORGHUM AND PEARL MILLET 

D. Jha*, S . K .  Rahejaw, R ,  Sab.irz* nnd P.C. hi~/~tatu' 

Sorghum and p e a r l  m i l l e t  Are t h e  two most important  c e r e a l s  grown on dry- 

lands i n  semi-'arid t r o p i c a l  (SAT) a r e a s  of  i n d i a .  These have t r a d i t i o n a l l y  

formed p a r t  of a  h igh ly  uns tab le ,  low-cost, low-output farminq system and 

a r e  eva lua ted  i n  t h e  market a s  r e l a t i v e l y  i n f e r i o r  foodgrains (Jodha 1973).  

Unremunerative response (Kanwar e t  a l .  19731 and high l e v e l  of weather 

induced i n s t a b i l i t y  i n  y i e l d s  (Bapna e t  a l .  1979) have been hypothesized 

a s  t h e  two main f a c t o r s  respons ib le  f o r  poor performance of these  crops 

i n  regard t o  use of modern i n p u t s  l i k e  f e r t i l i z e r s  which, in  these  a r e a s ,  

has been confined t o  ( a )  r e l a t i v e l y  h igher  valued,  i r r i g a t e d  c e r e a l s  l i k e  

r i c e  and wheat where t h e  responses a r e  h igher  and more s t a b l e ,  and (b)un-  

irrigated c o m e r c i a l  crops l i k e  c o t t o n ,  c h i l l i e s ,  tobacco,  qroundnut, e t c .  

where t h e  high va lue  of  ou tput  provides t h e  needed incent ives  t o  take  r i s k s  

(Desai e t  a l .  1973, Desai and Singh 1973) .  On both these  scores  t h e  m i l l e t s  

compare unfavorably with these  crops.  
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This t r a d l t i u r ~ d l  pa t t e rn  appears t o  be changing i n  t h e  wake of 

introduction of high y ie ld ing v a r i e t i e s  (HYV) and, desp i t e  t h e  r a t h e r  

ta rdy performance of t h e  HYV of sorghum and m i l l e t s ,  farmers do seem t o  

have s t a r t e d  11r:inq f e r t i l i z e r s ' o n  these  crops a l s o  (NCAER 1974, 1978). 

This i s  a  t rend which needs ca re fu l  monitoring not only because of i t s  

impact on t h r  y i e l d  l eve l s  of these  crops but a l s o  because t h i s  may mark 

the  Leqirlri~nn of  ~ i : te .ns ive  f e r t i l i z e r  use under dryland conditions -- a  

phenomenon of c ruc i a l  importance in terms of p o t e n t i a l  growth in  produc- 

t i v l t y  and  i n  l r r t l l  l z e r  demand in  India (Desai 1978).  

The prehcric. invr,wtigation i s  an attempt in t h i s  d i r ec t ion .  I t  

provides infornst-lcrr on l eve l s  of f e r t i l i z e r  use on HW of sorghum and 

pea r l  ml l l e t  i r l  rlll!crr'nt a r eas ,  tho pa t t e rn  of fertilizer adoptlon and 

d i f fus ion  a n d ,  ! ' i ~ ~ i i !  l y ,  on f ac to r s  inf luencing f e r t i l i z e r  use on these  

crops.  Ttlrsc .. 11 - a re  Important f o r  deslgnlng appropr la te  technological  

and developmmcnt - t  dteqleb .  Tor example, evldence on ex ten t  of f e r t i l i z e r  

use has a  bear i r i q  ,111 Lhc ' lc,ss prefer red  crop'  hypothesis r e fe r r ed  t o  

above (Jodha 117 ! < ~ n d  f o r  decldlnq on fertility leve l s  re levant  f o r  

breedlnq and ~ I I I J  I L P  r m c ~ ~ t  work on these crops.  Information on t rend In 

fertilizer u%c c w r r  Llme would be helpful  i n  understanding the  nature 

of the  cliffusjon process i n  an environment where the  gains  from adoption 

a r e  u n s t c ~ k ~ l e .  S imi lar ly ,  analys is  of important determinants of f e r t i l i -  

zer use would help iden t l fy  forces  which can be manipulated t:o promote 

i t s  productive u:.e. T h u s ,  t.he s p e c i f i c  objec t ives  of t h i s  paper a r e :  

t o  dctelmlne t!lr cxt rn l  and l cvc l  of f e r t l l l z e r  
urc or1 FfW of sorqhum and pea r l  n u l l e t  In  d l f -  
f c r c n t  nre~as ,  

t o  com)urc fert~lizrr use on these  crops wlth 
tha t  on ' supe r lo r '  r r r l q a t e d  ce rea l s  ( r l c e  o r  
wheat) In t h e  same a reas ,  

t o  cxnmine the trend in f e r t i l i z e r  use and i t s  
d i f fu s ion  over t ime, 

t o  i den t i fy  and evaluate  t he  impact of f a c t o r s  
a f f ec t ing  fer t . i l  i z e r  use decis ions  of farmers. 

De ta i l s  of da ta  sources and procedures used a r e  provided i n  t h e  

following sec t ion  which a l s o  conta ins  a  b r i e f  descr ip t ion  of t h e  se lec ted  

d i s t r i c t s .  The r e s u l t s  per ta in ing t o  t h e  f i r s t  t h r ee  ob jec t ives  a r e  



presented  and discussed i n  t h e  t h i r d  s ec t ion .  Analysis of determinants 

of f e r t i l i z e r  use is  mnta ined  i n  t he  next sec?.!.cr. and the  f i f t h  auwnari- 

ze s  t h e  main f indings  and conclusions.  

11. DATA SOLlRCES AND METFIODOLOGY 

The data  used f o r  t h i s  s tudy have been taken from the  r e s u l t s  of the  

p r o j e c t  e n t i t l e d  "Sample Surveys f o r  Assessment of High Yielding Varie- 

t i e s  Programme" undertaken by the  Indian Agr icul tura l  S t a t i s t i c s  Wsearch 

I n s t i t u t e  (IASRI) , New Delhi i n  88 d i s t r i c t s  spread over 15 s t a t e s  during 

t h e  period 1969-70 t o  1973-74. Five major c e r e a l s  -- r i c e ,  wheat, maize, 

sorghun and pea r l  m i l l e t ,  were covered i n  t h e  Survey. In each s t a t e ,  t h e  

top-ranking d i s t r i c t s  with respect  t o  t h e  t a rge t ed  a rea  of HYV of t he  

crops s tudied  were s e l ec t ed .  

Two types of enqu i r i e s  were conducted under t h e  Survey -- one, known 

a s  t he  Agronomic and Agro-economic Enquiry ( M E ) ,  f o r  estimating t h e  area  

under HYV of t he  crop s tudied  and the  ex t en t  of adoption of improved prac- 

t i c e s  on se l ec t ed  farmers '  holdings,  and t h e  o t h e r ,  known as the  Yield 

Estimation Survey (YES), f o r  es t imat ing the  y i e l d  r a t e s  of high y ie ld ing 

and indigenous v a r i e t i e s  of se lcc ted  crops .  Under t h e  l a t t e r  (YES), crop 

c u t t i n g  technique was adopted f o r  es t imat ing y i e lds  of important va r i e -  

t i e s .  For t h i s  purpose, 80 crop c u t t i n g  experiments were conducted on 

HYV ahd an equal number on loca l  v a r i e t i e s  f o r  each crop i n  a d i s t r i c t .  

The design adopted f o r  s e l e c t i o n  of f i e l d s  under IIYV was s t r a t i f i e d  multi  

-stage random sampling while t h e  f i e l d s  under t he  l o c a l  v a r i e t i e s  were 

s e l ec t ed  i n  t h e  neighborhood of t he  corresponding HYV f i e l d s  and under 

s imi l a r  condi t ions  of s o i l  and management t o  t he  ex t en t  poss ib le .  Tnfor- 

mation on important i npu t s  used and c o s t s  were co l l ec t ed  f o r  each f i e l d .  

For t h e  Agronomic and ~gro-economic Enquiry (AAE), a sample of 320 c u l t i -  

va to r  households growing the  crops s tudied  in  the  d i s t r i c t s  were s e l ec t ed  

by s t r a t i f i e d  multi-stage randon sampling des ign.  
1 

Beginning 1974-75, t he  coverage was reduced t o  38 d i s t r i c t s  spread 

over t h e  same 15 s t a t e s .  ?wo more crops namely cot ton  and groundnut 

were added to  the  f i v e  c e r e a l s  a l ready mentioned. Annual r epo r t s  g iv ing 

1. I f  two csops were s tudied  i n  t he  same season, 160 c u l t i v a t o r s  were 
s e l ec t ed  f o r  each crop. 



t h e  r e s u l t s  of t h e  p r o j e c t s  have been p u b l i s h e d  by t h e  U S R I  f o r  t h e  

y e a r s  1970-73 t o  1375-76. 

Data on f e r t i l i z e r  use on sorghum, p e a r l  mil.let and o t h e r  c r o p s  

( r i c e  o r  w t j e a t )  ~ r t  t h e  s e l e c t e d  ' d i s t r i c t s  were taken  from t h e  Annual 

Report of thc  p r o l e c t  (Raheja e t  a l .  1976) f o r  t h e  year  1973-74. 
2 

Sorghum crop was s t u d i e d  i n  20 d i s t r i c t s  i n  t h e  k h a r i f  and one d i s t r i c t  

i n  t h e  r a b i  :ie;t.ion. I'or p e a r l  m i l l e t ,  t h e  corresponding number of  d i s -  

t r i c t s  were 21 arid 5 ,  r e s p e c t i v e l y  (Raheja e t  a l .  1 9 7 6 ) .  A l m s t  a l l  

t h e s e  d i s t r i c t s  f < l l l  i n  t h e  semi-ar ld  t r o p i c a l  r e g i o n s  of t h e  count ry .  

For ana lyz l r~r i  t r e n d  i n  f e r t i l i z e r  use over  t ime ,  we have used 

d a t a  f o r  unly t1icrr;e districts which were ccvered cont inuous ly  f o r  6-7 

y e a r s ,  up t o  1 ' ~ 7 t , - 7 7 .  There were f o u r  such d i s t r i c t s  f o r  b o t h  sorghum 

and p e a r l  n~i  1 l e t .  

'I'he annly: ,~: .  ol' detezmlnilnts of f e r t i l i z e r  use  was a t tempted  a t  

two l e v e l s . '  Ln t.he f i r s t ,  p l o t  l e v e l  d a t a  on f e r t i l i z e r  use  and o t h e r  

v a r i a b l e s  from 1 1 1 ( ~  Yic!ld Es t imat ion  Survey (YES) f o r  1973-74 were used 

w i t h  a  view t o  exp1,iiriing i n t e r - p l o t  d i f f e r e n c e s  i n  f e r t i l i z e r  use ( i n  

each d ~ s t r ~ c t )  .in Lernis of f a c t o r s  such as s o l l ,  d r a i n a g e ,  sowing t ime,  

r a i n f a l l ,  11rcvi(>us c rop  grown on t h e  p l o t ,  f e r t i . l i z e r  p r i c e s  p a i d  by t h e  

f a n n e r ,  cti:. Thlk c x e r c i s e  was i.ntended t o  show t h e  e f f e c t  of  farm- and 

p l o t - s p r c l f i c  c h a r a c t e r s  on f e r t i l i z e r  use d e c i s i o n s .  This  was fo l lowed 

by an a g g r o g a t i v c ,  regress ion-based  a n a l y s i s  i n  which d i s t r i c t - l e v e l  

e s t i m a t e s  of  f c r t j l i z e r  use f o r  1973-74 from t h e  AAE survey  were used a s  

dependent v a r l d l d c s  and f a c t o r s  such as expec ted  and a c t u a l  s e a s o n a l  

conditions, so i l  type, irrigation, y i e l d  r i s k ,  c r e d i t ,  e t c .  were used a s  

explana tory  v a r i a b l e s .  Thls  analyslr ;  focrised attention on i n t e r d i s t r i c t  

v a r i a t i o n s  i n  f e r t i l i z e r  use.  

n e s c r l p t i o n  of  s e l e c t e d  d l s t r l c t s  and spread  of  HYV of 
sorglium and p e a r l  m l l l e t  

The survey on high y i e l d i n g  v a r i e t i e s  of  sorghum covered more t h a n  3900 

c u l t i v a t o r  households spread  over  21 d i s t r i c t s  i n  f o u r  s t a t e s .  A s  can be 

seen from Appendix I ,  t h e r e  was a  high c o n c e n t r a t i o n  i n  Maharashtra and 

2 .  The coverage was s u b s t a n t i a l l y  reduced from 1374-75 onwards which a l s o  
happened t o  be 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 .  These con- 
s i d e r a t i o n s  prompted t h e  s e l e c t i o n  of t h i s  p a r t i c u l a r  y e a r  for our s tudy .  

3 .  The models a r e  d e s c r i b e d  i n  d e t a i l  i n  S e c t i o n  I V .  



Karnatdka -- t h e  major sorghum producing s t a t e s .  In  a lmort  r l l ' t h e  d i s -  

t r l c t s  s e l ec t ed  (wlth t h e  exceptlon of Nandea, Wardha and SHCmoqa), 

sorghum was an lmportant crop. The sample f o r  pea r l  millet was more d l f -  

fused and covered about 4 700 cultivators In 26 d i s t r l c t s  spread over 

e i g h t  s t a t e s .  Pea r l  m l l l e t  was not  a very lmportant crop l f i  I f  ou t  of 

t h e  26 s e l e c t e d  d r s t r l c t s  of Andhra Pradesh,  Tam11 Nadu (except Tiru- 

n e l v e l l )  and some d i s t r l c t s  of Maharashtra. Thls has t o  be borne in  

mrnd while i n t e r p r e t i n g  t h e  r e s u l t s .  

Appendlx I a l s o  shows t h a t  t h e  s e l e c t e d  d i s t r l c t s  covered a wlde 

range of s o i l - r a l n f a l l  conditions. Most of t h e  sorghum d i s t r r c t s  had 

black o r  r ed  s o l l s  and, with t h e  exception of  Shlmogh, had l e s s  than 

1200  mrn annual (normal) r a i n f a l l .  I n t e r d l s t r l c t  v a r l a t l o n  In r a m f a l l  

and s o l 1  type  was h lgher  i n  t h e  p e a r l  m i l l e t  d l s t r l c t s .  The normal 

r a l h f a l l  ranged from 219 m In Rohtak t o  1211  nun In  Chlngleput and 

almost a l l  malor s o l 1  types  were represented .  

An o v e r a l l  zdea regarding spread of t h e  IIYV In these  d l s t r l c t s  

1 s  provlded by Table 1 whlch shows t h e  d l s t r l b u t l o n  of c l l s t r l c t s  

according t o  ex t en t  o f  coverage under IflV arid alga accordlrig t o  t h e  

e x t e n t  of HYV a r e a  l r r l g a t e d  (Appendlx I). 

Table 1. Di s t r i bu t ion  of d i s t r i c t s  according t o  spread of HYV and 
ex ten t  of HYV a r ea  i r r i g a t e d ,  1973-74 

Class  i n t e r v a l  
( %  a rea )  

r 60 

41 - 60 

21 - 40 

11 - 20 

G 10 

Tota l  

Sorghum Pearl  M i l l e t  
c rop  a r e a  Crop a r e a  HYV area 

covered area 
by HYV l r r l g a t e d  

covered 
by WyV ~ r r l q a t e 4  

Number of d l s t r l c t s  In different c l a s s e s  

3 1 ~ ( 3 ) ~  16 (4)  

4 5 5(3) 2 ( 2 )  

4 5 8 (6) 2 (2 )  

7 3 l ( 0 )  0 (0) 

a. Frgures i n  p a r e n t h a s e s , i n d i c a t e  &strlb\ntlon o f  t h e  important, 
p e a r l  m i l l e t  growing d i s t r i c t s .  
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didac(y1a Willd., D. f r i c ~ i i  l'ilgrr, nnii I ) ,  IIO/O/PI~,T~J SIPIII., 11111 i ~ i c l ~ ~ ~ l ( ~ c l  i t1  tht. 
I964 collection. ' l 'wu []I' ll irsr s[)ri,irs, I ) .  ndtcu11111~11.r a ~ l t l  I ) ,  di1111f!l'/n, IJ(~IOII~ 
i n  tile Sanguinales scctii~n, nn ;idtlili<in 111 t l ~ r  I't(i.1 c-irl lr<,~il~lt. 'l'llr r\il.lll 
oI'v:~riatin~l ill ~ I i u  c ~ ~ l l c c t i o ~ i  is ~IL'I,~IIC<I I ; I~~I . I !  11) [\I(, 111ci1tii111 ;III~ r i t ~~q i ,  
oI'sp~~cirs, Sornc species i n  ~IIP ~ o l l r t  1 i 1 ~ i  ti~;iy I J ~  or clir,,(,t uhr i t 1  ; \~r i r i11111~t.  
af'tcr complrtion of  adaptation slid I'V;I~II;II~(III htudirs. (:rrt.lin hl)r.riv\ \ \ ~ I I .  

SO I~~~ I I  for i i s r  ill ~I;IIII ~III~>~~\,~IIIVIII ~I<I~I;IIII!II~,\, 0111r1, +l~~t,ir< I , , i v i t i~  
l itt lu or 1111 known ngrononlic v i ~ l l ~ l -  \vtsrt. I tt l lu 11.d i1.1 011 1.11i11.t 10 sit(ihl\ 
the reqilc~ls or individ~~;;ls CII~;~~IYI il l  ~~!IOI.IX,IIIIIIII~C r~tr~11(:11. J) I I I I~~~~:LI~~ 
I ~ r r l ~ n r i u ~ : ~  specim(*ns wt'r<* c o l l r c ~ i ~ l  Ii>l IIIC, X.~!iot~;tl lli-r11;~ri11111, l 'rt*t~~ri;t, 
So l l l l ~  Afr ic;~ i ~ r t c l  1111. Nat ic~ t~ ;~ l  I I r r l ) , ~ l . i ~ i l ~ ~ ,  i ; l t l i O ~ h i ~ ~ ~ i i ~ ~ ~  IIIYI~IIIIICII~. \2',1\11- 
i o i  1 . .  ):icltl collrrliolt ~ I ~ I I I I ~ H ~ ~ \  ])(.t.lllil (.r~)ss-illdrl;i~l~ li)r I ' tt lt~r~. 
rt:li-rrncc. 'I'lir s p r c i ~ ~ ~ r ~ ~ r  on dcposit i r ~  1111. N;II/OII;LI ITL'~IILII~LII~ ill W:t+llitlp 
ton have b w n  ;rssig~ird U.S.l).A. ~ ~ l i t l ~ !  i l t ~ r ~ ~ d l ~ r ~ i o t l  (I'.I.) t l t~t t i l~( .r \ .  

Ttlc incidrnce ol'sprcies i n  t l ~ r  ;lri:;~ nl' ci~llc.r.!iori ond t l ~ r i r  c t r ~ l ~ t ~ t t ~ i r .  
importance rusi~It~!d i n  111r c r~ l l c c l i o~~  I,~,III;I~II~II~ ;I ~)~~~I~III~~I,I~;III~~I~ (PI' SIIC,I i<,\ 
belonging i n  t l~r wrtion I:rinr~tIra<.. 'I'll,, $,;II~~:IIIIv, I I I I I~~, ~II~V,III;~~OII~ 
~xrcnnial ,  D, rrin~~tbo Stcild., i r  n,irlrl\ ~~ \ I I ~ I I I I I ~ I I  i l l  ~,II~IIII~~II Ali.iri~ HI:(.Ic, 
i t  is adapccd to a widc range {IS si~ilr ;111ll ~. ;~i t l l , l l l .  11 i'i 811 rxcr.l1r111 yri.r i n  
for the control ol' crmion and is ;I ~ x ~ l r ~ l i ; l l  \OIII<,I. ~~ '~ Iu I I I~~ I I -~~ \~ , : I~ I I  
germ plasm. 

The robust, rl~izolnatnus, tniic-d st~crit.~. I ) .  nr/rr.ra~:lo.~rn I I r r ~ r . .  i, IIIII.L 

common i n  the sandy coastal soils ol'hlr~/.;~ti; l~iqiw at111 N;lcirl. I t \  KIU\\III 
habit and tolerance ol'nalinc s11ilr ;III~ r;llt rl)r;~y contri1)iltr to 11lr viilllt. ( 1 1  
this species as a sand-binding and rrosior~-ctrthrt,I p la l~ t .  'I'llc s l r r l o r ~ i l ~ . ~ ~ ~ ~ ,  

'l'r<q>, ,A~r ic ,  ~ ' l ' r i r ~ i ~ l ; ~~ l )  \ ' a l l ,  511. So, 1 ,  O V I ~ ~ I ~ , , ~  lcti< 



The t a b l e  c l e a r l y  shows t h a t  t he  pea r l  m i l l e t  hybrids had higher 

coverage a s  ccmpared t o  t h e  sorghum ITv. In e igh t  d i s t r i c t s ,  m r e  than 

60% of the  crop a rea  was covered by hybrids (agains t  3 i n  sorghum) a d  

i n  only f i v e  d i s t r i c t s  (againat  10 in  sorghum) the  spread was l e a s  than 

201. Even i f  we exclude the  13 d i s t r i c t s  where the  crop was ~ n i U t p ~ r t a n t ,  

t h i s  supe r io r i ty  holds.  

Another important f ea tu re  brought ou t  by the  t a b l e  was t h a t  i n  

near ly  ha l f  t he  d i s t r i c t s  s tudied the  sorghum HYV wore grown pr imar i ly  

under un i r r iga t ed  ( l e s s  than 20% aroa i r r i g a t e d )  conditions; on the  other 

h n d ,  i n  16 out  of 26 d i s t r i c t s  more than 60% of the  a rea  under p e a r l  

m i l l e t  hybrids was i r r i g a t e d .  I t  was i n t e r e s t i n g  t o  note t h a t  i n  12 

(out  of 13) non- t radi t ional  d i s t r i c t s  spread over t h e  southern s t a t e s  the 

p e a r l  m i l l e t  hybrids were grown predminant ly  under i r r i g a t e d  conditions.  

The remaining 13 t r a d i t i o n a l  pea r l  mil let  producing d i s t r i c t s  ( i n  Gujarat 

Haryana, Rajasthan, Madhya Pradesh and Maharashtra) presented an in t e re s -  

t i n g  con t ra s t  -- i n  four d i s t r i c t s  more than 60% of t h e  hybrid area  was 

i r r i g a t e d ,  i n  f i v e  the  hybrids were grown pr imar i ly  imder r a in fed  condi- 

t iona  and both the  ca tegor ies  of . d i s t r i c t s  were spread over a wide range 

of so i l - c l ima t i c  conditions.  Thus, while the re  was an indicat ion t h a t  

i r r i g a t i o n  was more important f o r  p e a r l  m i l l e t  hybrids than f o r  sorghum, 

the  evidence from the  t r a d i t i o n a l  producing areas  was not a s  overwhelming 

a s  t h e  ove ra l l  d i s t r i b u t i o n  i n  Table 1 indicated.  

In  gene ra l ,  coverage under HYV of sorghum was lower; bu t  these  were 

grown t o  a l a r g e r  ex ten t  under rainfecl conditions.  The performance of t t  

p e a r l  m i l l e t  hybrids was more d ive r se  i n  t h i s  regard though the re  were 

ind ica t ions  t h a t  a v a i l a b i l i t y  of i r r i g a t i o n  was more important f o r  t h i s  

crop (Bapna and Murty 1976).  

111. STATUS OF FERTILIZER USE ON IIYV OF SORGHUM AND PEARL MILLET 

Observed p a t t e r n s  of f e r t i l i z e r  use or1 a p a r t i c u l a r  crop a r i s e  f r a n  three 

r e l a t e d  decis ions:  (1) whether t o  use f e r t i l i z e r  o r  no t ,  ( 2 )  what r a t e  of 

app l i ca t ion  t o  use,  and (3)  how much area  t o  cover. These decis ions  a r e  

influonoed by a h o r t  of technologioal ,  aocioec?onom~.c and prychological 

vuirblar ,  We rhrll warnine therr influancer in Brction IV.  Harm we 
pre ren t  obaorvod es t imates  of theme parameters i n  order  to provide an 



ldea regarding the s t a t u s  of f e r t i l r z e r  use on HYV of sorghum and pea r l  

rml le t .  The average estimates have been taken fram the  publiohed 

repor t  of the Hrgh Yreldzng Varre t ies  Survey (Raheja e t  a l .  1976) for  

1973-74: d e t a l l s  r e g a r d i n g , f e r t r l i z e r  use under l r r l ga t ed  and unrrrigated 

conditions have been taken from unpublrshed tabulated r e s u l t s  of the  

Survey. 

1. Adoption of fertilizers 

Table 2  shows t h e  l eve l  of adoption of f e r t i l r z e r s  fo r  HYV of sorghum and 

pear l  ml l l e t  In different d r s t r ~ c t s . ~  Consrderable l n t e r d r s t r r c t  var ia-  

b r l i t y  rn t he  percentage of farmers usrng f e r t r l r z e r s  was noted even though, 

In  genera l ,  adoptlon l eve l s  appeared t o  be f a r r l y  hlgh -- rn 7 (out of 21) 

and 9 (out of 22) districts fo r  sorghum and pea r l  mr l l e t  respectively,  more 

than 802 of t he  farmers growing IIYV used f e r t z l l z e r s .  Correlations were 

worked out  between adoption of f e r t i l i z a r s  and var iables  l i ke  spread of HYV 

and r a i n f a l l .  A pos i t l ve  and s lgn i f l can t  correlation (t0.45) was obtarned 

between adoptlon and r a l n f a l l  f o r  sorghum; fo r  pear l  mrl le t  none of these 

var iables  were found t o  be s lgn r f l can t ly  associated. 

Data on proportron of f e r t l l l z e r  users resorting t o  fertilization of 

the  unlrrrgated (HYV) crop a r e  u t e r e s t r n g .  The table  showed thdt  f e r t r l r -  

zer use under unl r r lga ted  condrtlons was a  comon and extensrve p rac t r ce ,  

pa r t r cu l a r ly  f o r  HYV of sorghum. In 16 out  of 21 d r s t r r c t s ,  more than 801 

of t he  f e r t r l r z e r  adopters applied f e r t r l r z e r  t o  the unlrrrgated HYV crop 

of sorghum. For pea r l  ml l l e t  hybrids,  t h r s  was t rue  only f o r  5 out of 22 

d i s t r r c t s ;  rn as  many as  12 d l s t r l c t s ,  l e s s  than 10b of the  f e r t r l l z e r  

users resor ted  t o  t h r s  prac t rce .  I t  was a l so  noted t h a t  m a t  of the  l a t t e r  

were unrmportant pea r l  ml l l e t  producing d i s t r i c t s  where, as we have s t a t ed  

e a r l i e r ,  the  HYV were almost lnvarrably grown under ~ r r l g a t l o n .  The corxe- 

l a t ron  between adoptlon under unl r r iga ted  condltron and percentage area  

under t he  crop (pea r l  m ~ l l e t )  was t0 .44  and t h l s  a l so  indicated t h a t  i n  

t he  malor producrng districts, f e r t l l l z e r  use on the  unlrrrgated crops was 

cournon. 

4. These were o b t a l n d  frcm the  d r s t r l bu t lon  of l r r l ga t ed  and uni r r rgated  
p l o t s  f o r  each d i s t r i c t  rn  t h e  Yield Estimation Survey. Because the  data  
rourcro are d i f f e r e n t ,  one observes some lnconalstenciee while comparing 
f e r t i l i z e r  use under uni r r rgated  mndr t lons  (Table 2) and percentage HYV 
a r ea  i r r i g a t e d  (Appendix I ) .  The differences, however, a re  mlnor. 



Table 2.  Adoption of f e r t i l i z e r s  f o r  HYV of sorghum and p e a r l  m i l l e t  i n  se lec ted  
d i s t r i c t s  (1973-74) 

Sorghum districts Pear l  Mi l l e t  d i s t r i c t s  
8 i lYV 

growers 8 users  ' HW 8 users  growers 
f e r t i l i z i n g  f e r t i l i z i n g  

D i s t r i c t  ( S t a t e )  using D i s t r i c t  ( S t a t e )  using 
un i r r iga ted  un i r r iga ted  

f c r t i -  f e r t i -  
l i z o r s  

IiYV crop l i z e r s  
HYV crop 

Jalgaon (Mah) 
Ahmadnagar (Mah) 
Sangli  (Mah) 
Aurangabad (Mah) 
Parbhani (Mah) 
Bhir (Mah) 
Sa ta ra  (Mah) 
Osmanabad (Mah) 
Buldhana (Mah) 
Akola (Mah) 
Amravati (Mah) 
Nanded (Mah) 
Wardha (Mahi 
Nadpur (Mah) 
Mandsaur (MP) 
Belgam (Kar) 
Bel lary (Kar) 
Shimga (Kar) 
Mysore (Karl 
Anantapu (AP) 
Shimogaa (Karl 

~ u j a r a t ~  
I l issarc (Har) 
Rohtak (Har) 
Ja ipurC (Raj ) 
Jalgaonc (Mah) 
Ahmadnagarc (Mah) 
Sangli (Mah) 
AurangabadC (Mah) 
Parbhani (Mah) 
BhirC (Mah) 
Sholapur (Mah) 
Morenac (MP) 
Guntur (AP) 
Chit toor  (AP) 
Nellore (AP) 
Coimbatore (TN) 
Madurai (TN) 
Tirune lve l i c  (TNI 
Chingleput (TN) 
coimbatorea (TN) 
Maduraia (TN) 
chingleputa (TN) 
Bellarya (Kar) 

Source: Yleld Estimation Survey da ta .  There i s  a  minor d i f fe rence  with d a t a  on 
i r r i g a t e d  HYV rcported i n  Appendix I .  

a .  Post-rainy season crop.  

b. This information was not  ava i l ab le  f o r  Banaskanta, Kaira and Rajkot d i s t r i c t s  
i n  Gujarat ,  and Tirurlelvcl i  (post-rainy season) i n  Tamil Nadu. 

c. Trad i t iona l ly  important pear l  m i l l e t  producing d i s t r i c t s .  

NA - not a v a i l a b l e .  



Information on adoption of f e r t i l i z e r  thus revealed t h a t  f e r t i l r z e r  

use on HYV of these two crops was a corrunon p rac t i ce .  I t  a l so  emerged t h a t  

a r e l a t i v e l y  high proper t ion  of fanners used f e r t i l i z e r  on the  unl r r iga ted  

crop. 

2 .  Lavels of f e r t i l i z e r  use 

Two parameters -- r a t e  of app l i ca t ion  and ex ten t  of crop area  f e r t i l i z e d ,  

determine t h e  average l e v e l  of f e r t i l i z e r  use measured a s  t he  r a t e  of 

p l an t  nu t r i en t s  used pe r  hectare  of crop a rea .  In  Tables 3 and 4 ,  da ta  

a r e  provided on average r a t e  and i t s  two determinants f o r  HYV of sorghum 

and pea r l  m i l l e t ,  respect ive ly .  

The l e v e l  of t o t a l  p l an t  n u t r i e n t s  (NtP205tK20) used per hectare  of 

crop a rea  provides an idea  regarding the  average in t ens i ty  of f e r t i l i z e r  

use and f igu re s  reported in  Tables 3 and 4 revealed wide i n t e r d i s t r r c t  

v a r i a b i l i t y  i n  t h i s  parameter. The average l e v e l  was found t o  be lean 

than 20 kg per hectare  of crop area  i n  4 and 7 d i s t r i c t s  respect iva ly  for 

?W of sorghum and pea r l  m i l l e t ;  i n  6 and 9 d i s t r i c t s  f o r  these  two cropr 

r e spec t ive ly ,  the  l e v e l s  exceeded 60 kg per  hectare .  In genera l ,  d i r -  

t r i c t s  with higher adoption of f e r t i l i z e r s  f o r  sorghum a l s o  had higher 

average l eve l  of f e r t i l i z e r  use ( r  = +0.56) a s  had d i a t r i c t r  with higher 

r a i n f a l l  ( r  = t 0 .49 ) .  Percentage a rea  under HYV and l iYV area i r r i g a t a d  

were pos i t i ve ly  corre la ted  with average l e v e l  of f e r t i l i z e r  ure but t ho l e  

were 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 .  The average r a t e  of appl ica t ion  f o r  

pea r l  m i l l e t  hybrids was a l s o  s i g n i f i c a n t l y  associa ted  with adoption 

(r = +0.61) and ex t an t  of HYV arna i r r i g a t e d  (r * t 0 . 4 5 ) .  With o ther  

va r i ab l e s  -- coverage under HYV and r a i n f a l l ,  t h e  co r r e l a t i on r  were not  

s i g n i f i c a n t .  These r e s u l t s  suggcsted the  importance of r a i n f a l l  (rorghum) 

and i r r i g a t i o n  (pea r l  mi l lo t )  a s  determinants of f e r t i l i z e r  use on these  

crops.  

The t a b l e s  a l s o  reveal  t h a t  the local  v a r i e t i e s  of these  crops were 

genera l ly  no t  f e r t i l i z e d  o r  were f e r t i l i z e d  a t  very low r a t e s .  In  15 

d i s t r i c t s  f o r  r o r g h w  and 19 f o r  pea r l  m i l l e t ,  the  average r a t e  was e i t h a r  

r e ro  o r  nominal ( l e e s  than 5 kg N ,  P205, K20 per hec t a re ) .  

Wa now look a t  t he  determinantr of average l eve l  of f e r t i l i r e r  ura -- 
t h e  ac tua l  ratsr of appl ica t ion  per f e r t i l i z e d  hectare  and t h e  ex t en t  of 



Table 3. Average r a t e  of f e r t i l i z e r  consumption, r a t e  of 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 e x t e n t  of a r e a  f e r t i l i z e d  f o r  HYV of e o r g h m  in 
s e l e c t e d  d i s t r i c t s  (1973-74) 

Average r a t e  (N+P,05+ Rate pe r  fertilized Percentage a r e a  
K 0 )  p e r  hectar; hec ta re  ( H W )  f e r t i l i z e d  (HW) 

D i s t r i c t  ( S t a t e )  IIYc Local N P205 K20 N P205 K20 
kg/hs kg/ha kg/ha kg/ha k g h a  8 8 k 

Jalgaon (blah) 50 19 40 27 1 2  78 63 18  
Ahmadnagar (Mah) 45 0 72 29 N i l  53 24 N i l  
Sang l i  (Mdh) 30 0 60 25 15 39 19 1 5  
Aurangabad (blah) lli 0 55 27 12 24 15 7 
Parbhanr (Mah) 29 0 47 19 18 43 25 25 
Bhlr (Mah) 18 0 23 19 21 24 41 25 
Sa ta ra  (Mah) 4 H 0 59 27 13 64 26 2 2 
Osmanabad (Mah) 2 ? 2 29 2 1  16 38 32 3 2 
Buldhana (Mah) 6 8 9 33 33 18  88 88 56 
Akola (Mah) 4 0 0 48 27 17 52 42 2 1 
Amravati (Mah) 7 1 5 42 29 22 90 72 56 
Nanded (Mah) 19  0 31 15 4 47 28 14 
wardha (Mah) 39 1 44 18  15 60 43 34 
Nagpur (Mah) 5'4 2 35 27 16 8 1  79 58 
Mandsaur (MP) 84 2 2  6 3  24 29 8 1  71 54 
Belgaum (Kar) 117 19 94 27 24 93 60 56 
Be l la ry  (Karl 28 8 13 11 11 72 7,2 7 0 
Shimoga (Karl 7 5 21 38 24 23 90 89 8 5 
Mysore (Kar) 2 7  0 49 36 32 31 17 17 
Anantapur (AP) 11 0 47 N i l  N i l  24 ti11 N 1 1  
Shlmoga"~ar) 11 3 0 57 35 33 97 95 7 4 

Dls t r ibu t lon  of d l s t r l c t s  In  different c l a s s e s  

6 10 0 17 0 1 3 0  1 3 
11 - 20 4 2 1 5 11 0 3 4 
21 - 30 5 2 2 12 5 3  4 4 
31 - 40 2 0 5 3 2 3  1 2 
41 - 60 4 0 10 0 0 5  4 5 
61 - 80 3 0 2 0 0 3  5 2 

> 80 3 0 1 0 0 7  3 1 

Source: Raheja e t  a l .  1976. Various t a b l e s .  

a .  Post-rainy season crop. 



Table 4. Average r a t e  of f e r t i l i z e r  consumption, r a t e  of app l ica t ion  p e r  f e r -  
t i l i z e d  hec ta re  and e x t a n t  of a r e a  f e r t i l i z e d  f o r  HW of p e a r l  m i l l e t  
i n  s e l e c t e d  d i s t r 4 c t s  (1973-74) 

Average r a t e  (N+P?O<+ Rate p e r  f e r t i l i z e d  Percentaoe a rea  
K ~ O ~  p e r  hectar ;  

D i s t r i c t  ( S t a t e )  
h e i t a r e  (HW) fe r t i l i ze ;  (HW) 

HW Local N P205 K20 N P205 K20 
kg/ha kg/ha kg/ha kg/ha kg/ha r r r 

Banaskantaa (Guj) 11 2 50 0 0 23 0 0 
u i r a a  ( ~ u j )  32 16 36 4 2 0 75 12 0 
-jk0ta (Guj) 39 16 30 32 0 77 51  0 
Hiseara (Har) 3 2 5 46 61 0 65 3 0 
~ o h t a k ~  (Har) 39 17 46 o o 84 o o 
Ja ipura  (Ra j ) 28 4 36 17 0 70 18 0 
Jalgaona (Mah) 37 14 32 21 8 74 54 2 0 
Ahmadnagara (Mah) 66 5 64 37 28 84 28 8 
Sang l i  (Mah) 28 1 60 0 0 47 0 0 
Aurangabada (Mah) 19 2 29 19 18 36 29 16 
Parbhani (Mah) 12 0 27 12 1 2  29 16 16 
a h i r b  (Mah) 12 0 24 18 16 22 21 21 
Sholapur (Mah) a ,  0 20 0 0 27 0 0 
tdorenaa (MP) 8 1 11 53 3 8 0 95 81 0 
Guntur (AP) 5 5 1 56 28 16 62 48 45 
Chi t toor  (AP) 107 0 75 34 33 98 54 46 
Nellore (AP) 59 0 41 22 18 91 67 4 1 
Coimbatore (TN) 141 5 99 42 33 90 74 66 
Madurai (TN) 46 2 35 18 1 8  74 57 57 
T i rune lve l i a  (TN) 82 8 74 28 28 80 40 40 
Chingleput (TN) 8 2 0 44 31 27 91 75 71 
~ o i m b a t o r e b  (TN) 79 20 52 31 30 86 56 56 
l4aduraib (TN) 19 1 18  6 6 78 42 42 
~ i r u n e l v e l i a r ~  (TN) 10 1 26 , 0 0 40 0 0 
~ h i n g l e p u t b  (TN) 71 0 48 26 24 86 63 5 7 
~ e l l a r y b  War) 108 0 64 30 26 98 83 79 

Dis t r ibu t ion  of districts i n  d i f f e r e n t  c l a s s e s  

6 10 2 20 0 6 1 2 0 6  11 
11 - 20 5 6 1 5 6 0  3 3 
21  - 30 2 0 6 6 6 4  3 1 
31 - 40 5 0 4 6 2 2  1 1 
41 - 60 3 0 10 2 0 1  7 7 
6 1  - 80 3 0 4 1 0 9  4 3 

' > 80 6 0 I 0 0 10 2 0 

Source: Raheja e t  a l .  1976. Various t a b l e s ,  

a ,  T r a d i t i o n a l l y  important  p e a r l  n i l l e t  producing d i s t r i c t s .  

b. Post-rainy season crop. 



crop a rea  f e r t ~ l i z r d . ~  The l a s t  S I X  columns of Tables 3 and 4 provide 

these  da t a .  Table 3 r evea l s  t h a t  the  modill c l a s s e s  f o r  n i t rogen ,  phos- 

phorus and potash appl ica t ion  were 41 kg t o  60 kg, 21 kg t o  30 kg and 

11 kg t o  20 kq per f e r t i l i z e d  hectare  respect ive ly .  I t  may be noted 

t h a t  the r a t e  f o r  n l t rogen was l e s s  than 30 kg per f e r t i l i z e d  hectare  i n  

only 3 d l s t r l c t s  (Bhlr,  Osmanabad and Be l l a ry ) .  I n  10, 8 and 3 d i s -  

t r l c t s  rehpect ivf l  i ,  t he  percentage a reas  f e r t l l l z e d  wlth nr t rogen,  

phosphatrc and po ta s s l c  fertilizers exceeded 60% of t he  a r ea  under HYV. 

The modal c l a s se s  f o r  n i t rogen,  phosphorus and potash app l i ca t ion  

t o  HYV of pea r l  m l l l e t  were 41 kg t o  60 kg, 2 1  kg t o  40 kg and l e s s  

than 10 kg per f e r t i l l z e d  hectare  respectively. No phosphatic f e r t i l i -  

zer was appl1r.d I ~ I  f l v e  d l s t r l c t s  and potash was not  used rn ten .  I t  

was noted t h a t  i n  >! out  of 13  major producing d i s t r i c t s ,  no po ta s s i c  

f e r t i l i z e r  was used on t h i s  crop. In 19,  6 and 3 d i s t r i c t s  r e spec t ive ly ,  

t h e  percentage a reas  f e r t i l i z e d  with nitrogenous,  phosphatic and p o t a s s i c  

f e r t i l i z e r s  r e spcc t lve ly ,  exceeded 60%. Thus, this crop had r e l a t ~ v e l y  

lower ~ n d l c a t o r  v ~ ~ l u e s  f o r  potash use,  hut the  number and proportLon of 

districts f a l l ~ r ~ g  l r l  t h e  above m d a l  c l a s s e s  f o r  N r a t e  a s  wel l  a s  

percent area  f e r t l l i z e d  with n i t rogen was higher f o r  pea r l  m i l l e t  a s  

compared t o  sorghum. 

In Table 5 below, some co r re l a t i ons  have bfen shown. These provide 

the  followincl l nd l ca t ions :  

( a )  U t e s  of  f e r t i l i z e r  appl ica t ion  (both N and P2O5) f o r  
sorqhum were not associa ted  with spread of HYV, HYV a r ea  
irrigated, adoption of f e r t i l i z e r  o r  r a i n f a l l .  For 
pea r l  mi l le t . ,  i r r i g a t e d  IiYV a r ea  was pos i t i ve ly  associa ted  
with N r a t e s  and adoption with P205 r a t e s .  

(b)  'I'he percentage sorghum areas  f e r t i l l z e d  with N and P205 
were significantly co r re l a t ed  with adoption and r a i n f a l l .  
For pea r l  millet, spread of IWV,  I P N  a r ea  irrigated (with 
N),  adoptlon of f e r t i l i z e r  and r a i n f a l l  (wlth P205) were 
co r r e l a t ed  pos l t l ve ly  with t he  area  f e r t i l i z e d  va r i ab l e s .  

( c )  The nitrogerl and phosphorus r a t e s  were not co r r e l a t ed  f o r  
sorghum but t he  a r ea  f e r t i l l z e d  with these  n u t r i e n t s  were 
positively co r re l a t ed .  For pea r l  m i l l e t ,  both r a t e s  and 
a reas  f e r t l l i z e d  with n l t rogen and phosphorus were corre-  
l a t e d  and the  r a t e  and area  f e r t i l i z e d  with t h e  same nu- 
t r l e n t  was a l s o  p o s i t i v e l y  co r r e l a t ed .  

5. The d i s t r i c t  es t imates  presented in  Tables 3 and 4 gene ra l ly  had high 
p rec i s ion .  The percentage standard e r r o r s  f o r  n i t rogen r a t e  es t imates  
were below 20 In 1 9  d i s t r i c t s  f o r  sorghum and 2 1  d i s t r i c t s  f o r  p e a r l  
m i l l e t .  





These indicated t h a t  higher spread of HYV does not imply higher 

r a t e s  of f e r t i l i z e r  appl ica t ion .  There was some indica t ion  t h a t  f e r t i -  

l i z ed  area was higher i n  d i s t r i c t s  with higher HYV area .  Secondly, ,  

higher level  of f e r t i l i z e r  adoption was more strongly associa ted  with 

extent  of area f e r t i l i z e d .  Thirdly,  r a i n f a l l  was s i g n i f i c a n t l y  associa- 

t ed  with area  f e r t i l i z e d .  A l l  these pointed towards area f e r t i l i z e d  

being more var iable  than r a t e  of appl ica t ion .  F inal ly ,  s i g n i f i c a n t  

associa t ion  between areas  f e r t i l i z e d  with nitrogen and phosphorus 

suggested e f f o r t s  towards more balanced use of f e r t i l i z e r s .  This was 

more strongly indicated f o r  pea r l  m i l l e t  f o r  which both r a t e s  of appl i -  

ca t ion  and areas  f e r t i l i z e d  with N and P205 tended t o  move together .  

Pursuing our r e s u l t s  fu r the r ,  d i s t r i c t  est imates presented i n  

Tables 3 and 4 d id  not reveal any trend with respect to broad s o i l  types 

(Appendix I ) .  With respect t o  v a r i e t a l  d i f ferences  i n  f e r t i l i z e r  use, 

t h e  hybrid pear l  mi l l e t  d i s t r i c t s  ehowed some in t e re s t i ng  r e s u l t s .  6 

Var ie t ies  HB 1, HB 3 and HB 4 were dominant i n  5, 15 and 6 d i s t r i c t s  

respect ive ly  (Appendix I). The HB 1 and HB 4 d i s t r i c t s  showed some 

di f ferences .  In none of t h e  5 d i s t r i c t s  where HB 1 was the  d o n I i n ~ t  

var ie ty7 d id  f e r t i l i z e r  adoption exceed 50%, nor did t he  r a t e s  of 

appl ica t ion  of nitrogen and potash exceed 60 kg and 30 kg respect ive ly .  

On the  o the r  hand, t he  adoption l eve l  was above 80% in  a l l  t h e  6 d i s -  

t r i c t s  where HB 4 was the  dominant var ie ty . '  In t h ree  of these  t h e  r a t e  

of appl ica t ion  of nitrogen exceeded 60 kg and t h a t  f o r  potash exceeded 

30 kg per  hectare.  In terms of percentage a rea  f e r t i l i z e d  a l s o  the  HB 4 

d i s t r i c t s  showed supe r io r i t y ,  a rea  f e r t i l i z e d  with nitrogen exceeding 

808 in  a l l  (only one HB 1 d i s t r i c t  belonged t o  t h i s  ca tegory) .  Thus, 

even the  aggregate d i s t r i c t  l eve l  da ta  revealed r e l a t i v e l y  higher f e r t i -  

l i z e r  use parameters f o r  HB 4.  I n t e r e s t i ng ly ,  , t h i s  ranking agrees with 

experimental evidence on the  response of pea r l  m i l l e t  hybrids t o  f e r t i l i z e r  

appl ica t ion  (Bapna and Murty 1976). This lends support t o  t he  hypothesis 

6. Variety CSH 1 was d d n a n t  i n  19 out  of 21 d i s t r i c t s  s tudied  (Appendix 
I). Therefore, no variety-based analys ie  was poss ib le  f o r  sorghm. 

7. Theae d i s t r i c t s  were J a i p w ,  Chingleput (post-rainy season) ,  Guntur, 
Sangli  and Bhir. 

8. These were Nellore,  Coimbatcre, Chi t toor ,  Chingleput, Morena and 
Bellary (post-rainy season) .  



t h a t  farmers a r e  aware of t he  r e l a t i v e  responses of 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  does a f f e c t  t h e i r  f e r t i l i z e r  use decisions.  

Fertilizer use under i r r i g a t e d  and r a in fed  conditions 

Appendix I shows t h a t  i n  s eve ra l  a reas ,  t he  HYV a r e  grown under i r r i g a t e d  

condi t ions .  From t h e  point  of view of SAT ag r i cu l tu re  i n  genera l ,  t he re  

i s  g rea t e r  i n t e r e s t  i n  monitoring t h e  s i t u a t i o n  fo r  the p r h r i l y  u n i r r i -  

gated crop which i s  quan t i t a t i ve ly  so  important.  

Tables 6 and 7 give es t imates  of ac tua l  r a t e s  of appl ica t ion  and 

percent area f e r t i l i z e d  with each nu t r i en t  under i r r i g a t e d  and un i r r iga t ed  

condi t ions .  The da t a  have been summarized in  t h e  Eorm of frequency d i r t r i -  

but ions  and these have been shown i n  Figure 1. 

Considering sorghum f i r s t ,  t h e  modal c l a s se s  f o r  N ,  P205 and K20 

appl ica t ion  were found t o  be 41-60 kg, 31-40 kg and 11-20 kg per f e r t i l i -  

zed hectare  respect ive ly  under i r r i g a t e d  condition.  Under un i r r iga t ed  

condi t ions ,  these  were 21-40 kg, 21-30 kg and 11-20 kg, respect ive ly .  The 

d i f f e r ences  between i r r i g a t e d  and un i r r iga t ed  d i s t r i b u t i o n s  (Fig 1) were 

not  so sharp with respect  t 0 . N  r a t e s  and more than half  t h e  number of d i r -  

t r i c t s  f e l l  i n  t h e  above modal c l a s se s .  The areas  f e r t i l i z e d  with N ,  

P205 and K2Owere c l e a r l y  lower under un i r r iga t ed  conditions though with 

respect  t o  t h i s  parameter a l s o ,  the  case of nitrogenous f e r t i l i z e r s  was 

not  so sharply defined and a  s i g n i f i c a n t  number of d i s t r i c t s  had more 

than 80% coverage under nitrogenous f e r t i l i z e r s  even under un i r r iga t ed  

condi t ions .  

For pea r l  m i l l e t  (Table 7 )  t h e  modal c l a s se s  fo r  N ,  P2O5 and K20 

app l i ca t ion  were 41-60 kg, 21-30 kg, and l e s s  than 10 kg pe r  f e r t i l i z e d  

hectare  under i r r i g a t e d  conditions and 21-40 kg, l e s s  than 20 kg and 

l e s s  than 10 kg per  f e r t i l i z e d  hectare  respect ive ly  under ra infed  condi- 

t i ons .  I t  was a l s o  noted t h a t  a  s i g n i f i c a n t  number of d i s t r i c t s  belonged 

t o  t he  above modal c l a s se s  f o r  N and P205 appl ica t ion  r a t e s .  With 

respect  t o  area  f e r t i l i z e d ,  t h e  uni r r iga ted  d i s t r i b u t i o n s  c l ea r ly  indi -  

cated r e l a t i v e l y  lower values.  

The conclusions a r e  summarized i n  Table 8. Figure 1 and Table 8 

c l e a r l y  i nd ica t e  higher f e r t i l i z e r  use parameters f o r  un i r r iga t ed  sorghrnn 

a s  compared to p e a r l  m i l l e t .  Under i r r i g a t e d  condi t ions ,  though t h e  

modal values f o r  t h e  two crops presented in  Table 8 a r e  s imi l a r ,  t h e  



Table 6. Fertilizer use on HYV of sorghum under-irrigated and unir r igated conditions i n  d i f f e r e n t  
d i s t r i c t s  (1973-74) 

Rate of appl ica t ion per  f e r t i l i z e d  Percent a rea  f e r t i l i z e d  with d i f f e r e n t  

D i s t r i c t  (S ta t e )  
hectare  (kg) nu t r i en t s  

I r r i g a t e d  crop Dnirrigated crop I r r iga t ed  crop Unirrigated crop 
N P205 K20 N P2O5 K20 N P205 K20 N P205 K20 

Jalgaon (Mah) 
Ahmadnagar (Mah) 
Sangli  (Mah) 
Aurangabad (Mah) 
Parbhani (Mah) 
Bhir (Mah) 
Satara (Mah) 
Osaanabad (Mah) 
Buldhana (Mah) 
Akola (Ma) 
Amravati (Mah) 
Nanded (Mah) 
Wardha (Mah) 
Nagpur (Mah) 
Mandsaur (MP) 
Belgaum (Kar ) 
Bellary (Kar) 
Shimoga (Kar) 
Shimogaa (Karl 
Mysore (Karl 
Anantapus (AP) 

Source: Unpublished tabula ted r e s u l t s  of IASRI assessment survey 1973-74 

a. Post-rainy season crop. 

b. Estimate no t  reported, based on very few observations.  

NA - not  appl icable .  



Table 7. F e r t i l i z e r  use on HYV oE p e a r l  m i l l e t  under i r r i g a t e d  and un i r r i ga t ed  condi t ions  i n  d i f -  
f e r en t  d i s t r i c t s  (1973-74) 

Rate of  application p e r  f e r t i l i z e d  Percent  a r e a  f e r t i l i z e d  with d i f f e r e n t  
hec t a r e  [kg) n u t r i e n t s  

D i s t r i c t  (S t a t e )  
I r r i g a t e d  crop  I in l r r iga ted  crop I r r i g a t e d  crop  Unirrigated crop 
N P205 K20 N P205 K20 N P205 K20 N P205 K20 

Exanaskantaa (Gu j) NA NA NA 49 0 O NA NA NA 23 0 0 
Kairaa (Guj) 37 45 0 35 38 0 69 19 0 80 8 0 

Rajkota (Guj) 38 42 0 22 23 0 87 53 0 73 50 0 

Aissara  (Har) 46 61 c c 0 0 6 7  3 c c 0 B- 
Rohtaka (Bar) 47 0 0 23 0 0 9 2  0 0 21 0 0 
Ja ipura  (Raj 37 0 o 34 16 0 7 2  0 0 70 60 0 

Aurangabada (Mah) c c c 30 19 18 c c c 35 26. 16  
Parbhani (Mah) NA NA NA ?7 12 12 NA NA NA 29 16 16 
Bh i r a  (Mah) c c c 25 17 1 6 c c  c 20 18 18  
Jalgaona (Mah) c c c 32 21 8 c c  c 77 56 2 1 
Ahmadnagara (Mah) 67 40 17  57 27 49 93 35 10 66 15 4 
Sang l i  (Mah) 60 c c NA NA NA 47 c c NA NA N A 

sholapur  (Mah) 28 c c c 0 0 31 c c c 0 0 
norenaa (MP) 71 25 0 48 38 0 100 100 0 91 76 0 
Guntur (AP) 65 28 16  c 0 0 64 64 45 c 0 0 
Ch i t t oo r  ( A P )  76 34 32 NA NA NA 99 54 46 NA NA NA 
Nellord (AP) 41 22 1 8  NA NA NA 91  67 41 NA NA N A 

Coimbatore (TN) 99 42 33 NA NA NA 91 74 66 NA NA NA 
coimbatoreb (m-I 49 26 21 NA NA NA 94 67 67 NA NA NA 
nadura i  (TN) 35 19 19 c c c 81 62 62 c c c 
uaduraib (TN) 18  6 6 0 0  0 91  50 50 0 0 0 
T i rune lve l i a  (TN) 77 30 30 20 13 13  87 38 38 48 48 48 
~ i r u n e l v e l i ~ ' ~  (TN) 32 0 0 28 c c 1 3  0 0 54 c c 
Chingleput (TN) 44 31  27 NA NA NA 94 77 74 NA NA NA 

4 9 2 6  21  c c c 94 67 67 C C , - chingleputb  (TN) 
~ e l l a r y ~  ( K a r )  64 30 26 NA NA NA 98 83 79 NA NA NA 

Source: Unpublished tabula ted  r e s u l t s  of  IASRI assessment survey 1973-74. 
a. Tradi t iona l ly . impor tan t  p e a r l  m i l l e t  producing d i s t r i c t s .  
b. Post-rainy season crop. 
c. E s t m a t e  not  repor ted ,  based on very few observations.  
NA - not appl icable .  



FIGURE 1 
DISTRIBUTION OF DISTRICTS ACCORDING TO RATE OF FERTILIZER APPLICA- 
TION AND PERCENTAGE AREA FERTILIZED UNDER IRRIGATED AND UNIRRI- 
GATED CONDITIONS FOR H Y V OF SORGHUM AND PEARL MILLET 
( 1973 - 74 ) 
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ove ra l l  distribution shown in  Fig 1 indica ted  somewhat h lgher  l eve l  of 

nitrogen use f o r  pea r l  m i l l e t  hybrids.  Comparison of f e r t i l i z e d  a reas  

under irrigated and un i r r iga t ed  condi t ions  revealed t h a t  t he  a r eas  f e r -  

t l l i z e d  with P205 and K20 iecorded sharper  dec l ines  a s  compared t o  t h e  

a r ea  f e r t i l i z e d  with N.  Thia follows from t h e  f a c t  t h a t  t he re  i s  an e l e -  

ment of f l e x i b i l i t y  f o r  n i t rogen appl ica t ion  (it can be applied during 

post-sowing s t ages  a l s o )  but f o r  t h e  o the r  two n u t r i e n t s  it i s  not eo. 

Table 8. Modal c l a s se s  f o r  r a t e  of f e r t i l i z e r  appl ica t ion  and percent-  
age area f e r t i l i z e d :  1WV of sorghum and pea r l  m i l l e t ,  1973-74 

Modal c l a s se s  f o r  r a t e  Modal c l a s se s  f o r  

C r o p  
F e r t i -  of appl ica t ion  (kg per percentage AYV a r ea  
l i z e r  f e r t i l i z e d  hec t a re )  f e r t i l i z e d  ( O )  

I r r i g a t e d  Unir r iga ted  I r r i g a t e d  Unir r iga ted  

Sorghum N 41 - 60 21 - 40 > 80 > 60 
P205 31 - 40 21 - 30 > 80 < 40 
K2 0  11 - 20 11 - 20 61 - 80 < 40 

Pear l  Mil le t  N 41 - 60 21 - 40 > 80 61 - 80 
P205 21 - 30 ': 20 61 - 80 < 10 
'(20 < 10 < 10 41 - 80 < 10 

The modal r a t e s  presented in  Table 8 compared favorably with those 

repor ted  f o r  d i f f e r e n t  s t a t e s  by t h e  National Council of Applied Economic 

Research (NCAER 1978) f o r  1975-76. The 1969-71 es t imates  f o r  sorghum 

(Al l - India)  a l s o  belonged t o  t h e  modal c l a s se s  obtained in t h i s  study 

(NCAER 1974).  Whlle t h i s  improves our  confidence in  these es t imates ,  

t h i s  comparison a l s o  sugges ts  t h a t  r a t e s  of fertilizer appl ica t ion  t o  

t hese  crops d id  no t  record any s i g n r f i c a n t  ga ins  over 1969-70 t o  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  of these  da t a  by major s o i l  types  revealed t h a t  

genera l ly  ;he r a t e s  of f e r t i l i z e r  appl ica t ion  t o  un i r r iga t ed  sorghum were 

h igher  on black s o i l s  a s  compared t o  red and l a t e r i t i c  s o i l  group6 -- 
medium black s o i l s  f a r i n g  b e t t e r  than shallow black s o i l s .  For p e a r l  

m i l l e t ,  t h e  un i r r iga t ed  r a t e s  were higher on a l l u v i a l ,  grey-brown and 

black s o i l s  a s  compared t o  mixed red and black,  red and red and l a t e r i t i c  

s o i l s .  These t r ends  are i n  l i n e  with t h e  moisture holding capac i t i ee  of 

d i f f e r e n t  s o i l s .  



Sumaning up,  t h e  a n a l y s i s  of  adoptlon l e v e l s  and a p p l i c a t i o n  r a t e s  

revealed t h e  fol lowing:  ( a )  A s u b s t a n t i a l  p ropor t ion  of farmers 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  on t h e s e  crops.  What is 

more impor tan t ,  they used f & t i l i z e r s  f o r  t h e  r a i n f e d  crops a l s o .  

(b) There was evidence t o  show t h a t  i n  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  of these  crops were a l s o  f e r t i l i z e d .  ( c )  High spread of  t h e  

HYV d i d  no t  always lead  t o  h igher  r a t e s  of f e r t i l i z e r  a p p l i c a t i o n  b u t  

spread of HYV and e x t e n t  of  crop a r e a  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 .  

This  implied t h a t  d e c i s i o n s  t o  use 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  regarding r a t e s  of a p p l i c a t i o n  were probably taken  

with o t h e r  cons idera t ions  i n  view. (d)  The s t a t u s  of s o i l  mois ture  

appeared t o  be important  i n  f e r t i l i z e r  use d e c i s i o n s .  Accordingly, r a i n -  

f a l l  and i r r i g a t i o n  both appeared t o  i n f l u e n c e  f e r t i l i z e r  use.  ( e )  There 

was some evldence t o  suggest  t h a t  farmers considered t h e  r e l a t i v e  responses 

of 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  use d e c i s i o n s .  ( f l  The 

r a t e  of application a s  wel l  a s  t h e  a r e a  f e r t i l i z e d  with d i f f e r e n t  n u t r i e n t s  

was lower under u n i r r i g a t e d  condi t ions  r e s p e c t i v e l y  f o r  bo th  t h e s e  crops.  

The modal r a t e s  of a p p l i c a t i o n  of n i t rogen  were 40-60 kg and 21-40 kg p e r  

f e r t i l i z e d  h e c t a r e  under i r r i g a t e d  and ur i i r r iga ted  c o n d i t i o n s .  The u n i r r i -  

ga ted  r a t e s  were somewhat h igher  f o r  sorghum whi le  t h e  i r r i g a t e d  r a t e s  were 

h iqher  f o r  p e a r l  m i l l e t .  Applicat ion of phosphorus and potash  was more 

widespread f o r  sorghum. Under u n i r r i g a t e d  c o n d i t i o n s ,  howevcr, t h e  e x t e n t  

of  a rea  f e r t i l i z e d  with t h e s e  n u t r i e n t s  was s u b s t a n t i a l l y  lower,  p a r t i c u -  

l a r l y  i n  pear l  m i l l e t  d i s t r i c t s .  ( 9 )  Wide i n t e r d i s t r i c t  v a r i a b i l i t y  was 

no t iced  i n  t h e  f e r t i l i z e r  use parameters  f o r  both t h e s e  c rops ,  under- 

scor ing  t h e  need t o  study t h e  detcrminants  of t h i s  v a r i a b i l i t y  and a l s o  

t h e  adaptability and response behavior of  d i f f e r e n t  HYV i n  g r e a t e r  d e t a i l .  

I n  t h e  fol lowing c h a r t ,  d i s t r i c t s  have been c l a s s i f i e d  i n t o  9 c a t e -  

g o r i e s  r e p r e s e n t i n g  combinations of h igh ,  medium and low r a t e  and a r e a  

fertilized v a r i a b l e s  ( f o r  n i t rogen  o n l y ) .  Four of t h e s e  a r e  of s p e c i a l  

i n t e r e s t  from a  d i a g n o s t i c  po in t  of view. We b e l i e v e  t h a t  t h i s  c l a s s i f i -  

c a t i o n  a r i s e s  from t h e  i n t e r a c t i o n  of  t echnologica l  and i n s t i t u t i o n a l  

f a c t o r s .  A v a i l a b i l i t y  of r e g i o n a l l y  adapted ,  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  determines r a t e s  of f e r t i l i z e r  a p p l i c a t i o n  and adequacy of  
i n s t i t u t i o n a l  i n f r a s t r u c t u r e  ( c r e d i t ,  f e r t i l i z e r  r e t a i l  t r a d e ,  e t c . )  

in f luences  t h e  e x t e n t  of crop a r e a  rece iv ing  f e r t i l i z e r s .  Based on t h i s  
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