
Fertilizer Responsiveness of 
Chickpeas in India 

An ~na l~ t iccr i  Review 

S. Rajwadrm, 0,  Jhs and J,Gt Ryan 

International Crops Rewatch Institute for t ha Semi-Arid Tropics 
ICRISAT Pazanchsro P.O. 

Andhra Prsdorh 802 324, India 



I ;  S rrrw i n f c ~ r m a l  c o m u n i e ~ ~ t l o w  about ongoing 
rc?..j~?~rsi:L~, or.  t h o u ~ t ~ t s  o f  ICHISAT star f members, which aro 
ciesignc?ci tc) s t  lmul ntt? t h i n k i n g  and comm~nts; of professional 
c c 3 l l t ~ ~ g u t ~ s  w i t h i  11 outtriido t h e  In~tltute. These  reparts 
uxw not t o  bri c.unsjclerc.d o*li formal publications beerring t;hs 
e t l d ~ r ~ c r n e ~ l  t r ,  f t l lr '  111s t f t utt? . 13rctgr@sti rOpor'ts war€+ ior 
re  f c,nrroci t r >  a:.; (.)L:C:MM ior~al Pspers/b)iscussion Papers  . 



Fer t i  l Ezer R h s p t # l r I ~ l n ~ s s  of ChSckpms i n  Sndir: 
&t A f ? d y t ? c d  ~ V I W  

5 ,  b j r n d r s n ,  D o  Jhr and J.G. Ryan 

Chickpea i s  one o f  ths major pulse crops i n  India, occupyin over 7 
m i l l i o n  hectares, India grows nearly 73$of  tha world and b % o f  the 
to ta l  SAT chickpeas, Tha four s ta t r s  o f  Ut tar  Predssh, hdhya Pradesh, 
Rajasttian and Hsrysna ilccoont for almost 82% of  net ionr l  production, 

An important consequence of th6 recant rdvbncss i n  ceraal producm 
t lon  i n  the country has bean e declina i n  the r a l e t l v r  productton o f  
pulses i n  general, and o f  chickpao I n  par t i cu la r  (Ryon end Aaokan 1977). 
The nu t r i t i ona l  imp1 i c r t i o n r  o f  t h l s  s h i f t  r r s  cruslng concern, rnd 
serious e f f o r t s  arc now being made to  lncrerrsa put%@ product lv l ty ,  I t  
f r  i n  t h i s  context that osoarswnt o f  rsrponsivenass to, and p r o f i  t r b i -  
l i t y  o f ,  f e r t i l i z e r  appl icat ion orrumas conolderabls slgnif lcanco. % I s  
analy t ica l  review focussos r t t e n t  Ion on the 1st t c r  aspect and rxrmlnss 
whether f e r t i l i z e r  application to th is  crop I s  p ro f i tab le  under p r r s rn t  
technology and p r i ce  reg ims.  

Three major nut r ients  are examined - -  n l  trogan, phosphorus, rnd potasslun, 
and wherever possible, the fn terect  Ion af fects have &lso bean btudiad. 
The general methodology fol lowed and the data used ars doscribed bolow. 

Data from 1965 wcre compi led from agronomic exper l m n t s  pub1 Ibhed i n  
research journal s , annual rapor ts and theses, These wcre supplernunted 
by  data i n  the National lndsx of Agrlcul tural  f lc ld  expcr~ments over the 
period 1950-55. These are wnta incd i n  the l i s t  o f  rafrrrences. From 
these studies we extracted data on responses s t  d i f f e ren t  levels o f  
nu t r ien t  appl icat ion,  Sinca the levels were d i f fe ren t  i n  the varlous 
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r tudlar; ,  wa rwanurized thr data by grouping thwm into d i f f e r e n t  fa r t i -  
l l zer  r p p l t c r t l o n  clasclrs. In almost 411 cases we had only t rsa tnant  
means to work w i t h  I n  the pub! {shed mrtraf!aI. I t  w.!, mat pobslble t o  
determine the level o f  crop protect i len gfvsn i n  the erperinwsnts as t h i s  
war no t  men t loned i n  any o f  th raferences used i n  chi 5 r tudy . Wo 
r t t e - t  was wda t o  c l r s ~ l f y  rsepmrer  by cul t i v r r  or other nenags- 
m n t  p r r c t l c s s .  

The y l a l d  a t  d i f f e r e n t  l ave l s  o f  f a r t f l l z a r s  raa c o w r e d  with 
that  o f  the con t ro l  p l o t  rnd, urlng the c r i t i c a l  d i f fe rence valuco, 
thora anper lmsnts having responses which wsrs s ignl f i c a n t l y  d i  f f a r e n t  
to ths cont ro l  wefa tabulated 8 9  the nvnbsr o f  significant t r i a l s  a t  
each l a w 1  o f  f e r t i l i z e r .  The t o t a l  nunbar o f  t r i a l s  i n  which arch 
f e r t i l i z e r  l eve l% wrs used 8s a  t rar tmsnt  Is a lso  included i n  the 
anal yr; i cr .  

To examine the p r o f i t a b i l i t y  o f  f a r t i l ~ t e r s ,  the not r e t u t n r  per 
rupss o f  expendl tu rc  on the nu t r i en t s  f o r  d i f f e r e n t  ~ e v s l t s  of  f e r t i -  
1 Imrs w r e  ca lcu la ted f o r  each t r i a l .  Data from a l l  t r i a l s  *re put  
togather as fruqukncier (nunbsr o f  t r i a l s )  i n  d i f f e r e n t  net r e tu rn  
classas for cornpar ism. Ihese & t a  were dubrequcn t 1 y r ec l  ass l f i s d  
rccord lng t o  ne jo r  s o i l  types, to  determine the i n f l w n c a  o f  this 
fac tor ,  Average prices fo r  the three years (1974175 to 1976-77) wore 
used to value chickpea g ra in  and the nu t r i en t s .  These p r i c e s  were 
R 5 .  3.98 per kg o f  N, Rs. 4.09 par kg o f  P2O5 and R s .  1.56 pep kg o f  
chickpsr. Currant r a t i o s  o f  t h  pr i ces  o f  f e r t i l i z e r s  to  chickpeas 
may be about 50% lower than t h i s .  Hence the cur rent  prof  i tab10 doses 
of f e t t l  l l r e r  would tend to be higher than those presented i n  t h i s  
paper, The varlous ne t  r e tu rn  measures used wore ca lcu la ted as 
f o l  l w s  : 

the average gross r s t u r n  par ha ( G )  
at  r p a r t i c u l a r  lave1 o f  n u t r i e n t  G - VrtP 
application was deflned as:  Y 

*ere Y I s  the addi t l o n r l  chickpea y i e l d  per hs over the 
cont ro l  a t  that  f e r t i l  i z e ~  l e v e l ,  and PY i s  the 
chickpea p r i c e  

fhrs net  r e tu rn  per ha (N) was N - YxP - FhP 
ca lcu la ted as: Y f 

Where F i s  the quant i ty o f  f s r t l l l z a r  and Pf i s  the p r i c e  

Than the rvdrage net r e tu rn  ( R )  per YxP 
h i  par Rupee of  f e r t i l i z e r  cost  was R %d - 1 o r  WF.Pf 
c r l c u l r t s d  as: f 

It i s  assumed that  Incrar$ed f e r t i l  lw r  &us not require a change i n  
other costs such as labor. 



Ue also c a l c u l a t e d  marginal n e t  ra tu rna  per rupra of I n v w r t m n t  
i n  f e r t I 1  i zars .  R70 c a l c u l a t i m  I s  r o s e n t i a l l y  s l m l l r r  to tha t  rbova, 
o n l y  the Y and F var iab les  are wsarured as Incraments over  the pracrd- 
Ing  l e v e l s  o f  f e r t i l i z e r  usad i ns tead o f  increments over md irbovm 
the c o n t r o l .  This a m r c i s e  a l lows us t o  &tsrmlns the I e w l  up to 
which one cou ld  increase f e r t i  I I r a r  use p r o f  l tab1 y .  Figure 1 rmprmrmnts 
the schQmatic y i e l d  response o f  chlckpea to var lous I r w l s  o f  nltrogan 
appl l c a t  ion. 

A t  low leve l s  o f  n f  t rog rn  appl l c r t l o n  ( N 1 )  the y i e l d  responsrs (OE) 
over the con t ro l  y i e l d  a t  zero f e r t i l i z e r  feve ls  may inc lude r number 
which are  not s t a t l s t i c ~ l l y  s i g n l f l c a n t  ( I  .a.  the CD I s  less than DE), 
A t  h igher  n u t r i e n t  l e w l s  (U2 and N3) the number o f  r l g n l  f I c 8 n t  responses 
over and above the con t ro l  may be g rad ta r ,  However, because rca8ponse 
c u r w s  genera l l y  begin t o  f l a t t e n  a t  h igher  f ~ r t l l i t a r  l eve l s ,  those 
h ighe r  doses, even though they generate s t a t l r t l c r ~  l y  s l g n i  f i c r n t  y i e l d  
rasponses over the c o n t r o l ,  may no t  be economicr l ly  s l g n i f l c 8 n t .  The 
l a m 1  N l  may be a p r o f  1 t ab la  dose, and maybe N2 a lso  adds more t o  prof1 ts  
compared t o  N1. Howover, i t may no t  be p ro f  i tab1 a t a  increase the dosa 
from Nf t o  N a.s the e x t r a  y i e l d  (AB)  may not  ba worth more than the 
e x t r a  cost  o# apply ing (N3 - H2)  f s r t l l l r s r .  

I n  the subsequent a n a l y r l s  m show the percents* o f  explacriments 
where s t a t i s t i c a l l y  s i g n l f i c o n t  y i e l d  reopon$cs over the con t ro l s  wars 
obtalned.1 I n  c a l c u l a t i n g  net  re turns par rupee of  n u t t l e n t  w s t  f o r  
the var ious l e v e l s  o f  f e r t i l l z c r  usad I n  the experlmanto, n a n - s l g n i f l -  
cant responses were t rea ted  as generating s y l e l d  response o f  zero over 
the c o n t r o l ,  Hence i n  such cases n e t  re tu rns  are always - 1 .  Where 
s t a t  i s  t i c a l  ly s i gn l  f i can t  responses occurred (PO$ i t i va  o r  nega t l  ve) , 
the ac tua l  y i e l d  d i f f e rences  batween the treatments were valued t o  
generate net re tu rns  per rupee o f  nutrient. The percantage o f  axpar l -  
ments generat ing losses a t  each f e r t i l i z e r  l eve l  i s  used as a masura  
o f  the r e l a t i v e  r i sk iness  o f  f e r t i l i z e r  appl / c a t i o n .  T h i s  i r  compared 
w i t h  the average leve l  o f  p ro f1  t s  per rupee o f  n u t r i e n t  over a l l  axps r l -  
ments, i nc lud ing  those generat ing losses. 

i t  might be argued t h a t  one should no t  g ive  much welght t o  r t a t l s m  
t i c a l  s ign i f i cance  o f  t r e a t m n t  d i f fe rences ,  as non -s lgn i f l can t  t r l a l s  
a l s o  y i e l d  some response over  c o n t r o l .  Though t h i s  view queatfons the 
v a l i d i t y  o f  s t a t i s t i c a l  ana lys is ,  we a l s o  ca l cu la ted  the ne t  r e t u r n  
per  rupee o f  n u t r i e n t  cos t  us ing the actual  y i e l d  response o f  a l l  
t r l a l s  i nc lud ing  bo th  s i g n i f i c a n t  and non-s ign i f i can t  ones, 

As a  general ru le ,  i n  the subsequent d l rcuss ion  we regard a  net  
r e t u r n  / cos t  r a t i o  o f  2 as a mlnirnun f i g u r e  t o  gauge the a t t rac t lvsnr rss  
o f  f e r t i l i z e r  a p p l i c a t i o n  on chlckpea, 

1 .  V i  r tw l  l y  a l l  o f  t he  experlnrents revlswcsd used 5% 6% the  c r i t i c a l  
l e v e l  f o r  s t a t i s t i c a l  s lgn i  flcance. 





I n  a l l ,  123 enperimants wrrra revlswad fo r  the nrponso o f  chlckpe8 t o  
nf t r q e n p  ou t  of whlch 7610 -re unndrr ra in fad  condl t ions.  In arch 
t r i a l  which war anrrlysed tha level  of nutrients b s s i h r  N war held 
constant.  Howewer, about h a l f  of tha N t r l r l s  had basal doses o f  
P205 sppl led,  wh i la  others had n l l .  Tables 1 to 6 sumnurizr the 
resu l t s  o f  a l l  r a i n fed  and i r r i g a t e d  t r l r l s  r ov iwed .  I t  rppmar) 
from the tables that  the  returns t o  n i  trogQn are qui  tls pro f1  tabla 
under ra in fad  condi t ions, and t o  somr extent  under i r r l g r t a d  condl- 
t i m s .  

1 )  b i n f e d  Chickpea: 

When y i e l d  o f  mn -s ign l  f i c a n t  t r i a l s  was kept  the r a m  8s the m t r o ) ,  
awraqe y i e l d  respanse o w r  con t ro l  l ncreased from 67 kg/hr a t  r 
n i  trogen leve l  o f  5-14 kg/ha t o  248 kg/ha a t  the 30-34 kg/hr I o w l  o f  
N. Thereafter average y i o l d  k c 1  lnsd (Figure 2) .  Tha m a n  rerponso 
per kg o f  n l  ~ r o g e n  was highest  s t  tha 30-34 kg/hr leve l  o f  N r t  7 kg/kg 
o f  N. Mext h ighest  was the  5-14 kg/hs Iaval  o f  N, where the m a n  
response was 5.8 kg/kg o f  N. Beyond 34 kg N both the rverr$yr y i e l  d 
and the m e n  response fa1 I s  (Table 1 ) .  h a  t rend r ~ m a l n s  more o r  lass 
the same a f t e r  inc lud ing the actual  y i e l d  response o f  non-r lgnl  f l c r n t  
t r i a l s  (Figure 3 ) .  On tha o ther  hand the percentage o f  economic 
losses tends t o  increase w i t h  inc rc rs  lng leve ls  o f  n i  t rogsn beyond 
5-14 kg/ha and up t o  25-29 kg N/ha and chon fa1 I s  t o  a considerable 
extent  a t  doses 30-34 kg o f  Wha (Table 2) . 2  The l a t t e r  l eve l  a l so  
generates the greates t net  benef i t/coo t r a t  l o ,  I rresper;t I vs o f  tho 
~ t h o d  o f  computation. The c o e f f l c l a n t  o f  v a r i a t i o n  o f  y l s l d s  w r S  @loo 
lowest a t  the 30-34 kg leve l  o f  N (Table 1 ) .  

From the frequency d i s t r i b u t i o n  o f  ne t  re turns per rupee o f  
n i t rogen  i n  d i r ferent  cxpe r lmn ts ,  11; i s  evident that  the r p p l , l c r t l o n  
o f  low doses o f  n i t rogen  i s  wore advantageous than in tennrd la ts  l s w l s  
(Table 1 ) .  Nearly 43% o f  tho t o t a l  t r i a l s  gave an average net  r e tu rn  
ra te  exceeding 2.0 a t  the 5-14 kg N/he Isve!. For the 20-24 kg N/hr 
and 30-34 kg N/ha leve ls ,  the propor t ion o f  such t r i a l s  were 29% and 
44%. respect ive ly ,  % s t  previous studies (Bajpal c t  a)., Chowdhury 
e t  a l  ., Rathi and Slngh, R.S,  Singh, and Raju and ~amurrl)  8180 
estab l  i rhed  the response o f  chickpea t o  n i t rogen.  They rdvocrtcrd 8 

s t a r t e r  dose o f  n i t rogen  o f  20-30 kg/ha, whlch no t  on ly  gives a 
p o s i t i v e  y i e l d  response, bu t  a l so  favorably inf luences the absorpt ion 
and u t i l  izat iorr  o f  phosphorus and o ther  elemants. Expar fmnt r  on cu l -  
t i v a t o r ' s  f i e l d s  conducted by the A1 l lnd la  Coordinated Agronmlc 

2. Percentage o f  ecmomic looses re fe rs -  the percentage of t r i a l s  
where costs of f e r t l l  lrers were no t  exceeded by the e x t r r  vrlur, 
of chickpeas. 



fab le  I .  Wan response and f r a q w n ~ y  J is t r lbu t  ion of net returns par 
rupee of n l t r - ~ n  appl i ed  to r r ln fad  ch ickpa  a t  V I ~ ~ O U I  

levels of nitrogen 

Levels of  Nitrogen (4 N/M) 

5-14 15-11) 20-24 25-29 30-34 >fS 

Coaff lclent of varia- 
tlon of  rasponsaa ( 8 )  

Lars than 0.00 
0 .no-o . gg 
1 .w-1 a99 
2.00-2.99 
3.00-4.99 
5.00 and above 

a On tha basis of slgnif icint  responses only 
b Brrad on a significant responses plus non-significant responses 

treated a t  r zero y l s l d  rasponre. 



kvrrlr of liitrogcrr, (Kg Whs) 

Wudor o f  t r l a l s  

Signif icant raspsari 
Amrage nett return 
( R s / R s  of W) w i t h :  

I) Signlf lcant 
responsas only 

11) Slgnif icant 
respmsds p I us 
actwi v a l w  o f  
non-s1gnIficant 
r~sponses 

I l l )  Signlf icant 
responses p l u s  
non-sfgnificant 
responses treated 
as zero 

Number o f  t r i a l s  

Signlf icant t r i a l s  

Average net  ra turn 
(RS/RS of I) with: 

i) Signif icant t r i a l s  
only 

I t )  Slgnif  icant t r i a l s  
plus actual v a l w  
o f  non-significant 
t r l a l s  

U l )  Signf f lc rn t  t r l a l s  
p lus mn-s ign i f i -  
cant response 
tre.md as u r n  

a See fwtmte b, Table t.  



Trblr 3. Frequency dirtrlbutlon of m r r g l ~ l  rrst return par rupee of 
ni trcqen un&r r r l n f a d  condl tlons 

-- - -  - - - -  

20-241 Ug Whr over 30-34 &g Wha ovor 
5-14 Q Whr 20124 4 Whs 

Less than 0.00 
0.00 - 0.99 
I .oo r e99 
2 .00  - 2.99 
3.00 - 4.99 
5.00 and rbova 

Slgnlf lcrnt trirlsa 

a Impliar that the Increase In y l e l d  between the two fcrtilizet levels 
war strtirtlcally slgnificrnt, 



Table 4. Hem r r r ~ r ~  and frrqumy d l r t r lbur lm of aumr.0. net nturnr 
por rup.. of n l  tr-n appf led t~ ralnfad chickper basad an sol 1 
class t f ication 

M I  JCJ I~  
R . d &  klcrr-  

k d  6 Red b il8ck nour 
I l r c k  Yellow m d  S l oma 

Rlrd 6 
Ye1 low 

)(cd l tm 
B l  rck 

Cocfficlsnt of  
v r r  irtlm of  
response& ( 8 )  

Less than 0.00 
0.00 - 0.99 
1 .oo - 1 .gg 
2.00 - 2.99 
3.00 - 4.99 
5.00 and above 

Average k t  Returnb 
(RS/RS OF N) 

Total t r i a l s  
Significant t r i a l s  

Coefficient o f  
variat ion o f  
responsea ( 8 )  

2.00 - 2.99 
3.00 - 4.99 
5.00 and above 

Average Net Returnb 
(RSIRS of N) 

Total t r i a ls  
Significant t r i a l s  

8 Bused on slgnificsnt responses m l y  
b 5as footnote b , Table 1 



Table 5 .  fraquerrcy d i r t r l b u t l m  of marglrwl net  returns per r u w  of 
nit-n on reinfad chlckpaa for  two ro i lsa  

20-2h Kg W/hr over 30-34 Kg Wha over 
5-14 ICp Wha 20-24 kg Wha, 

~ 1 u v l a 1  Madim Black Alluvlal *dl- tilack 

Less than 0.00 
0.00 - 0.99 
1.60 - 1.99 
2.00 - 2.99 
3.00 - 4-99 
5.00 and above 

Total t r i a l s  

Slgnl f i c m t  t r i a l s  

4 Other rol l  types d id  not have enough data far meaningful anrlynis. 

Tabla I s based on expar imrrnts w i  th s i gni f icant l mrsrrwsntrl rasponsas 
only.  

T a b l ~  6. Hean response and frequency dlstributiorr o f  ruerag, net 
returns per rupee of  n l  trogen appl lad to i rr lgstsd chickpa. 
a t  various levels of nl trogen 

Level r~ of  Ni  tmgen (Kg Wha) 

5-16 15-19 20-24 25-29 w-31 a35 

Cosfflclsnt of var i r -  130 264 SO 1 3 90 1 50 199 
t Ion of  respsnsea ( X )  

Net RQturn/Rr of Wb: 

2.00- 2.99 
3.00- 4.99 
5.00 and abva 







k r u r c h  Pmjoct  unLr r r ln fad mndl t ionr  feud 8 Qs* of 20 kq I/h. 
t o  bo qul t e  bormflclal i n  12 out o f  16 t r l a l r  whre  the b.n+flVewrt 
r a t i o  r~rto+drd 2. (Kulkarnl 19&0).3 

Tho n r l y r l s  o f  m r g l n r l  nat n t u n r  (T4bla 3) a l ro  e rub l I rh .6  
that on awrage It pays to  axtend tha tavol caf application from 5=1h 
kg to 20-24 kg Whr. Uhon th i s  1s done 73% of the t r l rh 8-d r 
nwlrglnal nst raturn/cort r a t i o  g n r t e r  than 2, and 27% o f b t t l a l a  -&tad 
mrgtna l  losses. A furthar I m r a r r e  In the rate of rppl  l u t l o n  to 
30-9 kg Whr i s  rlro ruson.bly a t t r r t t l w ,  wi th  64% of trlrlr 
giv lng a marginal net  retum/cost r r t l o  gmr ta r  than 2, only 14% o f  
t r i a l s  giv ing marginal net losses, and 36% glv lng mrtglnr l  n r t  returns 
less than 2. hb d id  not w r k  out tha nurglnr l  roturnm for thn hlghart 
I ev r l  (35 kg N) becrusa th l  r Iov r l  showad poor rwraga r r tu rnr .  

Tha man y i e l d  responrar to nitrogen on r i l u v l a l  8o l ls  war@ 6.0 kg 
and 11.3 kq wlth 20-24 kg M/ha rnd 30-34 kg Wha rorpmctlvaly, whonrr 
the corresponding rarponsaa on modlun, black sol IB wore 2.4 kg and 5.4 kg 
raspect lwly,  the l a t t e r  wl l  type showlng r vary high v r r l a t l m  I n  
response a t  tho 20-24 kg N/ha I a w l  (Trblr  4). l h r r l y  83 percent of 
tho trirlr I n  mdium blrek r o l l s  rnd a l l  tha t r i a l s  In  r l l u v l r l  r o l l #  
gave s lgn l f l c rn t  responses wl th  30-34 kg Whr, Thirty parcant of tM80 
t r i r l r  I n  md4unr b l rck  r o l l s  and 84 parcant of  the t r l a l r  I n  r l l u v l a l  
r o l l s  had r v r r a w  net n tu rn /co r t  r r t t o  excwdlng 2. Tha marglnrl 
r n r l y a l r  also suggestad that I t  Is  prof l tab la on bath a l l u v l r l  and 
madtun black ,011s to  rpply up to 36-34 kg Whr (Table 5 ) .  Hart of 
the rtudlas a t  ICRISAT Contrr cmcludsd that tharr wsr no y l r l d  
rmsponsa to n i  trogen, I n  A l f  l l lols and &ep Vartlsols, though t b ? o  
was marked lmprownwrnt I n  nrcdt lng growth ( ~ r r n t t  a t  a l e  1974). 

The n u n  y ie ld  rasponso of  chlckprr under I r r iga ted  wndl t ionr showod 
vr r la t lons from 1.7 to 15 kg por kg o f  N, tiornlngful rasponsas war0 
obtafned only a t  the 5-14 kg #nd 30-34 kg N/hr lavels (Tables 1 and 6, 
and FI  gure 4) . . 

On average 45% o f  t r i r l s  undor I r r i ~ r t e d  condl tlons g r w  rtrtlr- 
t l c g l l y  s lgnl f lcant rrrponses, Only nltrogan levels o f  5-14 kg/h8 ~ r v r  
r.rsonabIe avorage net re tu rm o f  R$. 4.92 per Ro. of N. humvrr, t h l r  vas 
achirwdwkth a 50% r i s k  o f  lor%rrs, A t  hfghar I e r r l r  o f  W the 
percentage o f  losses roams to be hlghar, I t  I s  thus doubtful from 
th? r rdml t t sd l  y 1 l m l  t r d  amount of ovlbrnco whather rpp l  I c r t l ep  of 
n i  tr-n to I r r iga ted  chlckprr Is  worthwhi la, 

b turns to  Phosphorus 

Tho respmsr to phosphorus war cmparablr I n  144 rxpclrlnrmts md most of 
thwn (71 porcmt) ware under ralnfed cmdltlocrr. A, wlth the H trlrls, 

3 .  b Append 1% Tab1 l 1 for btri 1 s o f  tham expar Imnts.  



@bout. half at  the phosphorus t r i a l s  had basal doses of W rrrd hlf did 
not*. though phosphorus has s fgn i f  l c m t  i n f l u m w  on chlclqw y l r l d ,  
the awrage ra5pcmse does not rt+m to be an high 4% for n i  t-n. 

The avarrgQI y i e ld  response of rainfed chlcLQIa Incra8red f rcwn 48 kg/ha 
w l  t h  5-19 kg PyOs/h. t o  378 kp/ha w i th  69-79 kg ?205/ha ( f  lpure 5).  
The l n c r e r s l n ~  trend was obsarwd w b n  the actual raspwrist of ncffr-sign! - 
flcant t r i a l s  ware &!so tnclukd ( f lgura  6 ) .  The percantaw of t r i a l s  
groerrt lng economic losses wr ,  i, moximun a t  40-59 kg P205/hr, kth.r+as 
wi th  other l ~ v s l s  i t  was Iess (Tabla 7 ) .  me var ia t ion i n  rstm response 
w a ~  mrr than 80 parcent wi th respsct t o  phosphorus and the awrage 
rerponse was 4.8 kg/kg of  P20 w t h  20-39 kg P~O5/ha and 5.5 kg w i  th f 60-73 kg PZOg/ha. A t  hlghmr a w l s  of phosphorus the variation : n  
y l r l d  reopcm%as was less than a t  l w r  levels (Table 8 ) .  thd: inf luewe 
of phosphorus on y i e l d  war supported by most of  the studres, which 
conc l u k d  th t s s D On l f  i can t response occurs w i th i n a rrnqa of 30-60 
kg P205/ha. 

the highest average net re turn  per rupm spent on phosphorus was 
a t  the >& kg P205/ha l e ve l ,  i rrespect ive of the methods umd. However. 
this i s  bared on so few observationr t h r i  more confidancc can be 
plrcad on r p c i f y i n g  the 60-79 kg P205/ha as g i v i n g  the be(t average 
net return. 

Thr dat; rugger tr that 64% of  the t r ! a l r  w i  th 20-39 kg P20 /ha 
I-d slgnif !cant  y i e l d  responses. The percantage for the 60-6 kg 
P205/hr leva! was 85. But i n  terms o f  p r o f i t a b i l i t y ,  only 209 of the 
r r f r l s  wl th  20-39 kg P Og/ha and 60-79 kg P20g/ha gab*@ a* merage net 
raturn over 2 (Tabla 8 f . 

I n  terms of  marginal  net returns, even t b u g h  95% of the trlirls 
with 60-79 kp P205/ha gaw s ign i f i can t  marginal net returns over 
24-39 kg P20 /ha only 21% o f  the trials gave profjtable marginal ! raturns (Tab a 9 ) .  Sn a l l u v i a l  soil6 the 60-79 kg P20 /ha level 1 alwlryr gavr 9igni  f i can t  marginal net  raturns over the 0-39 kg PzO5/h+ 
16val. I n  mediun black soi 1s the figure war almost 90%. I n  terms of 
prof1 tab! l ' t y  though oqly i n  a!  l u v i a l  sol 1 %  wsre the returns economical 
(31%of  the ~ I g n i f l c r n t  t r i a l s ) ,  whasrs8s On medium black s o i l s  a l l  the 
t r l a l r  rhowasd marginal returns of less than 1, 

On an average 87% o f  thr t r l a l r  I n  a1 l w v l r l  soi I s  and Sb$ of trials 
I n  mdfun  black sol l r  g a ~  lr slgni f icant rrsponse to phosphorus (Table 10) 
In both t o l l s  though the varlrt lon i n  response was high with 20-39 kg 
P&/ha, and the response war poor I n  n d i m  black soils. P n & y  (1969) 
suggested that  reduction i n  y i e l d  a t  h i g h s  Iswls of phOsphorus my fE8 
because rocrt nodule f o w t  ion may be checked a t  higher corrctntvat i o n s ,  
This could be 8 promf s lng arras. for further remarch, 
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Fig. 5. Yield msmsr of rafnfad ch lc tpr l  to  phOIphonrs o w  control. 



Mtr: IncSudes rcturl yield mpcI of non-slgntflunt t r l d l s  
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FJg. 6. 'Vleld response o f  rslnfed chickpes t o  phorphorur over cmtrol. 



Table 7. Arersgs net returns per rupee @t various Ievels of  
Phos pho rub 

Nurnb~r of t r i a l s  

S lgn l f  lcent t r i a l s  

Awraga net r e tu rn  
(RI/Rs of P20S) *I t h  : 

i )  S i g n i f i c a n t  rosponser on l y  6.02 1.75 0.34 1.40 4.80 

i t )  S l g n l f l c a n t  t r l a l r  p lus actual  
value of non-s ign i f i can t  t r i a l s  1.15 0.98 0.43 1 . 1 7  ' 4.80 

111) Significant t r i a l s  p l us  mn- 0.76 0.88 0*71 1.16 4.95 
s igni f i can t response treated 
as zero 

Parcentage o f  cconomic lo r rasa  75 4 3  82 23 0 

I R R I  GATED 

Number o f  t r i a l s  

S l g n i f i c s n t  t r i a l s  

Aw rage net  r e tu rn  
( Is l t ts  o f  P205) w i t h :  

I) S l g n i i l c a n t  responses on ly  - 1.8) 1 . 2  0.91 0.01 

1 1 )  Signi f icant  responses p lus  -1.30 0.44 0.45 0.17 -0.36 
rctual  v a l w  o f  m - s l g n l -  
f icant  t r i a l s  

El) S ign i f  icsnt responses p lus  -1.00 0.10 -0.06 0.06 -0.34 
nocr-s igni f lcsnt  response 
t rea ted  as zero 

Parcentage o f  economic lossesa 100 67 7 1 55 67 

a Sea footnote b, Table 1 



Table 8. wan response and fruqurncy dlutrlbutlocr of aueragr mt 
returns par N Q ~ W ~  of phphorum rppt lad #) rrlnfad 
chickpea s t  vrrloor Ievalr o f  phosphorus 

2.00 - 2.99 
3.00  - 4.99 
5.00 and abpvs 

a Based on significant responses only 
b See footnote b, Tabla 1 

Table 9. Frequency distribution of macglnial not returns o f  60-79 kg 
P20s/ha ouer 20-39 Kg P20g/ha on rainfed chickpea grown 
on various soils4 

* *  A I  IuvIaI rtcdlun Calcareous Red and 
of  Black Sisrotom6 Y ~ l l o w  

Less than 0.00 
0.00 - 0.99 
1 . 0 0  - 1.99 

2.00 - 2.99 
3.00 - 4.99 
5.00 and above 

Total t r i a l s  

Slgniflcant t r i a l s  

- -- - - - - - 

a. Based on axperlments wlth slgniffcant incremental responses only, 



Tabla 10. Man response and frmquoncy dlstribut icm of avcr&gr net mturns 
par rupcrs of  phosphorus on rainfed chickpea bared orr soil 
clarslffcrtfm. 

*dim Red b Rsd b Hircsd Cllunour Alluvlal black Yellow b & Y Slarol 

tban rrspcwrrclra 6 . 7  3.0 0.7 2.9 0 .O 6.3  
( ~ ( ~ l l ( p  of  P205) 

CoefftcIsnt of  varia- 90 179  283 173 
tton of  resgonsaa ( t )  
Net return/Rr of  p2oSb : 

Less than 0.00 10 19 7 4 2 .. - 
0.00-- 0.99 4 9 - 1 - .. 
1.00 - 1.99 12 6 1 1 - 3 
2.00 - 2.99 3 3 - - - 
3.00 - 4.99 8 3 - - - 9 

5 . 0 0  and above 2 1 - 
Awrrgs net return b 1.62 0.18 4.n 0.14 -1.00 1 . k 7  
( R S I R S  of P205) 

Total t r l r l r  39 3 9 8 6 2 - ' 3 
Slgnlflcant t r l r l s  34 2 1 1 3 3 

Coeff Eclent of  varia- 
tion of rssponoea (%) 

Net raturno/Rs o f  
p205b : 

Less than 0.00 
0.00 - 0.99 
1 .OO - 1.99 

2.00 - 2.99 
3.00 - 4.99 
5.00 and above 

Auc raga net return b 
(RsIRr of P205) 

Total t r i a l s  

Signl f  lcant t r l s l s  

- -- - 

r bred  on slgnlflcant farpon8as only 
b See foo-te b ,  Table 1 



ii) Irrlwthd Chickpea 

The var i a t  /OF of man response of i r r lgatad chfckpe~ to p b s p h O r ~ s  WQI 
vary high (more thrn 00%) u t a l l Isvr l r of phorphorur . The mrwl lnun 
rasponre of 2.8 kqlkg of Pz05 us obta I nad wl th 20-39 kg P205/hr 
( f r b l ~  1 1  and Figure 7 ) .  

Under i r r iga ted  cmdl tionr i t  apprrrs thrt ~ppltcrtlon of 20.39 
kg P205ihr a l o n  gave porltiva r r turnr .  A t  t h l r  lrvrl of fertlllxar 
app1 i c r t  ioct 39% 2f tha t r  l s l o  gave 4 s lgnl f icrnt raspc;snre, out of whlch 
37% gave prof i tub l c raturns . bwsvar ,  two- th i rdo of the t r l rl r grnr* 
rated ~osses a t  t h i s  level  of  ? 0 . Thaugh5St of Fr[r ls $8- s i g n b  
f icant responses w i t h  60-19 kg 2 /ha, on1 y 1 1 %  gave prof l table returns $7 and 55% gsva losses (Table 1 1 ) .  M xed red and blrck, and rad and yrllw 
sci 1s gave f a l r l  y good .verage returns a t  20-39 kg P2Og/hr (Trblr  12). 
Here too the probabif i t y  of iosss~ was high though, a t  more than 67%. 

Even though 67 expcrlmcnts ware coeductad to dstarrnlnrt tha lnteroctton 
effects omong ni trogar, phosphorus and potassium, the Icvels ware compar4 
ab le  only in 23 experiment,. I n  thmrc 23 axparlmntr  I t  wa5 not pos$l= 
ble t o  draw any c o ~ c l u s ~ v a  Infarencw. Also, most of rhs r tudias wars 
l i m l  tcd to a per Eod of 1 to 2 years and the s t r b i  l i t y  ovsr tlm and 
aver v4rictics was not clarr. 

Conc i us 1 ons 

The major corxlus ion% o f  th ir  review can be sumnrrisad 8 s  fo l  lows: 

There was enough evidence to suggest thrt  use of 30-34 
kg #/ha was p ro f i tab le  for rainfed chickpeas, prrtlcul~r- 
l y  on allvvial soil$, 

Nitrogen applications on irrigated chickpeas do not appear 
prof i table .  

Wi rh respect to phoopborus on rainfad chickpea, s t a t i s t l c r l l y  
significant y i e l d  responses were observed i n  a Isrge number 
of t r i a l s .  In v e r y  few cases was the net returns par rupee of 
i r , v c s t n e n t  greater than 2 ,  and loss p r o b a b i t i t l e $  Hers high 
surppisingly, the case for pho$phatlc fertilization of chickpra 
i s weaker tban that for the us@ o f  n i  trogenous f t r t  1 zarr 
a t  prices p reva i l ing  I n  the mid-1970's. 

Phosp)rorus applicatiorts on rrigrted chickpea do not apprrar 
pro f i tab le .  



Tabla 1 1 .  Muan response and frequency distrlbutiorr o f  aweraga wt  
returns per r u p s ~  of phorphorus appl l ed  to I rrigatsd 
chickpm a t  vrrlous levels o f  p)rosphorus *. 

Cwff lc ient  o f  var is t  Ion 
of respcwrosa ( % I  
Nst r turns (Rs/Rs of & p205) : 

k 9 s  then 0.00 
0.00 - 0.99 
1,oo - 1.99 

2,OO - 2.99 
3.00 - 4.99 
5.00 4nd above 

r Based on s ignl f i can t responses on1 y 
b Sea footnote b, Table 1 .  



Table 12. b a n  rasponm and treqrlncy dlrtr l luutlm of nrt return par rupm of 
phosphorus based on soi l  clrsrIficatlocr on irr1gat.d chlckpm 

Less than 0.00 7 
0.00 - 0.99 - 
1 .oo - 1.99 - 

Avorags net  re turn b 0.21 
(Rs/Rs of  p2b5) 

Total t r i a l s  9 

Signif icant  t r i a l s  4 

%an raspon sea 2.0 
( ~ g / k g  0 f P205) 

Cocfflcient o f  varia- - 
t ion of responsea ( 8 )  

Less than 0.00 2 
0.00 - 0.99 .. 
1.00 - 1.99 - 
2.00 - 2.99 o 

3.00 - 4.99 1 
5.00 and above o 

Average net  re turnb -0.22 
(RS/RS of  p205) 

Total t r i a l s  3 
Signlflcant t r l e l s  1 

a bsmd an s lgnif lcent t r l a l s  only 
b Sa footnote b , Table 1 





Mnrsd, W., rnd  Jha, K.K. 1977. Effect of l m c u l r t l o n  w l  th Phorphrte 
solubi l9s ingorganl r rmon tho y l e l d r n d P  takeo f  gram. Journal 
o f  the lnd l rn  Soclaty of Sol1 Sclrncs, 2 5 ( 6  'P :391-393. 

Aulakh, N.S. ,  Prsricha, N . S . ,  rnd  O w ,  G ,  1977. Rorportrrr of dtfferant 
crops ta Sulphur f a r t l t i z a t l o n  I n  Punjrb. F a r t i l t t o r  Wcws, 22(9): 
32-s* 

8ajpr i .  P . 8 . .  Lehri, L.U.. bnd T r r r l .  v.N*, 1971. Eflact o f  Mitropan 
and inocul r t ion on ylalda of  b n ~ a l  gram, Some I l ic roblo log lcr l  
studies on r r b i  pulsrrs. A l l  lndla Coardtnrtad Reaarrch ProJect 
on Pulsrrs. Proceedings of the 10th Varkshop:lIS. 

Bhandrrl , A . L . ,  b e l u ,  O.P., and bndhrwr, W.S. 1972. Response of 

Ii ram to d l  f ferent Phogphrtic f s r t i  l ! t a r s .  Prograrrlvs Frrmlng 
(12) :t8-19. 

Bisrn, C . R . ,  and bshyrp, H . L .  1974. Rssponsa of g r m  (JC-22) to 
i mcuIatJon and f e r t  i l Izat ton undar d l  f farant molsturs supply, 
A l l  India Coordinated Rerarrch Project on Pulras, Pracasdlngr 
o f  tha 12th Workshop:)06, 

Blren, C . R . ,  and Kashyap, M . L .  1974, Yleld po ten t l r l  of grim v r r f e t l s r  
under high input conditions. A l l  l nd i r  Coordlnrtad Research Project 
on Pulses. Proceedings o f  the 12th Uorkshop:jb8. 

Bisan, C.R., and Kashyrp, M.L. 1976. Studies on the r f f s c t  o f  r r b l  
pulses on the f e r t i l i z e r  requlrwmnts of khar l f  c t r s r l s .  Rssulto 
of  the coordinated t r i a l s  conductad during r r b i  1976-77. A l l  l nd l r  
Coordinated Pulse lmprovaffrant Project. ICAR:Nerw Palhi. 

Choudhary, B.,-Vem, V.K. 1974. A note on the af fect  o f  methods of  
Phosphate appl icat ion on the y l a l d  of rainfad g r m .  Proc, B lhrr  
Acad. Agri . Sciencos 22-23(  106). 

Chowdhury, S.L. 1969, Pulss crops more productive than you thlnk. 
Indian Farmlng: )9(6)  :23-26. 

Chawdhury, S.L., and Shrrma, 0.H. 1971. Effect of stage-bound I r r i g r -  
t ion,  Inter-raw spacing rnd f e r t i i f u t i o n  o f  the y i e l d  of  gram 
(var. C.235). Results of  the Agronanic lnvast lgr t ionr  on pulses 
conducted during 1969-70 a t  I A R I .  A11 fndtr Coordlnrted Research 
Project on Pulses. Procscrdingo o f  the 5th Uorkrhop:69-71. 

Chowdhury, S . L . ,  and S e w  Ram and Girl Gejsndrr. 1975. Effect of P 
and W end inoculun on root nodulatlon and y l e l d  of grm, Indian 
Journal of Agron:20(f) :290-291. 



C b d k u r y .  S.L., Wa t i a .  P C . ,  Sharu ,  B . H . ,  and Singh, K. 1971. Yield 
p o t e n t i a l s  o f  Lngal  pram ( t i c a r  a r l e t l n m ) .  Indian Journal o f  Agron. 

16(33 :2%-299. 

C M u r y ,  S . L . ,  D lv iar ,  R . G . ,  Bhatis, P.C., and Shsrma, B.M. 1968. F a r t i -  
1 f t y  cum lnoculun t r i a l  on gram. Hal f  year ly  &por t .  Divfsion o f  
Agron, lARI:New DaIhi :32. 

C k d h u r y ,  S . L . ,  Oaviec,  R . G . ,  Bhat la ,  P.C. ,  and Sharma, B.H. 1968. %s- 
ponsc o f  gram t o  leve ls  o f  N, P and K and methods of rppl l ca t l on .  Ha l f  
year l y  Reports. D i v i s i on  o f  Agron, I A R I :  Ncw k l h i  : f f .  

Chundawat, G . S . ,  Sharm, R . G . ,  and Shehawat, C.S. 1976. Ef fec t  o f  Nitrogen, 
Phosphorus, and b a c t e r i a l  f e r t i l i z a t ~ o n  on growth and y i e l d  o f  gram 
i n  Re ja~ than .  Indian Journal o f  Agron, 21 ( 2 )  :127-130. 

M.ril lon, D . S . ,  Klcr, D.S., Ua l ia ,  A . S . ,  Chahal, V .P .S . ,  md Cupta, R . P .  
'977.  Ef fec t  o f  Molybdenum i n  r e l a t i o n  t a  Rhizobuim c u l t u r e  on the 
y i e l d  o f  some pulse crop. Indian Journal o f  Agron, 2 2 ( 3 ) :  170-171. 

Directorate  o f  Extenbion and Training,  M i n i s t r y  of Ag r i cu l t u re .  1972. 
Proper lbnagemnt Pract;ces can Double Pulse y i e l d .  % r t l l i z s r  b w s .  
17(9) :49. 

kl i j tndrr  Girl and Rajat  Dt. 1974. Econmicr  of f e r r l  l izer use v n d c r  
r a i n fed  condi t ions.  F e r t i l i z e r  News 19(10) :20-21, 

I C A R .  1970. f e r t f  l i ze r  use i n  dry lend a g r i c u l t u r e  fo r  Iegumr. A l l  
lnd i  a Coordinated Research P r o j ~ c  t f o r  Dry land Agr icu l  ture .  Progress 
Report.20-21. 

ICAH. 1970. F e r t l l i x e r  use i n  dry land agriculture f o r  grm i n  Indore. 
A l  l lndl  a Coordinated Rosaarch Pro jec t  for Dry land Agrfcul  ture 
Progress Report :28-29, 

ICAR,  1970. F e r t i  l ire7 use I n  dry lsnd ag r l cu l  ture of gram in Rcwa 
A l l  i nd la  Coordinated Rasearch P ro jec t  for Dryland Ag r i cu l t u re  
Progress Report: 3 2 .  

ICAR. 1971 Simple F e r t i l i z e r  Trials;  - Dry Fanning P r o g r a m ,  Type. 
D t r i a l s ,  A l l  l nd ia  Coordinated Agronomic Experimernts Schtnrs 
Annual kpor t :  442-471 

ICAR, 1972, Simple f e r t i l  l z e r  t r l a l s  on c u l t i v a t o r s '  f i e l d s ,  Dry 
farming p rogr imm type-0 t r i a l s .  A l l  India Coordinated Agronomic 
Exper intents Schsm Annual Rsport:S 18-549. 

[CAR, 1973. fksponse of gram t o  f s r t i l  iwrs under d r y l r n d  crmdi t ions,  
A l l  ! nd i r  Coordinated Agrmomlc Experimnts S c k m  Annual bpor t  
49: 184-185. 



IUR. 1974. ~ S P Q ~ S ~ S  of 6 r ~  bnd Tur to f a r t l l  i zar r  under dryland 
condl tlons. A1 1 Indla Coordinated hrononic t r p w  i n n t r  S c h w  
Annul  Report :jlO-313. 

ICAR. 1975. The rasponre of d i f f e n n t  crops to  the f a r t i  l i  tar  ippll- 
cation under dryland condl tions. A l l  tndla Coordinated Agronanlc 
Expar lmants Sthams Annua I R a m : b l - 6 5 ,  328-33s. 

ICAR. 1975. Relatlve gross incon* from di f farant  crops In  dry lmdr  
I n  r e l a t i on  to  f s r t f  I l t a r  appl icat  Ion. A l  l lndir Coordinrtad 
Agronoml c Exper !men ts  Schrna Annual Rapor t : 65-68" 

ICAR.  1978. A1 1 l nd l r  Coordinated Soi l Test  Crop Rasponra Corr r l r -  
t ton Project .  Fert i 1 i zer  Mews 2 3 ( 8 )  :28. 

ICAR. 1974. Re9ponse of crops t o  va ry ing  lavsls of Nl  (togan and 
Phorphorus revJew of  rab l  crops y l c l d  data.  A!  l Indl4 Coordlnbted 
Research Project on Drylend Agr i c u l  t u r a ,  ~ ~ d ~ r a b a d : l S - l 8 .  

ICAR. 1974. Efficiency of  mathods o f  dpplying P205 to crops. Rav1.w 
of k h a r l f  y i e l d  data. A l l  l n d l a  Coordinrt~d Raocorch Project  on 
Dryland Agricul turs.  

lnot l  tu tc  o f  Agrlcul tu ra l  Rarearch Sts t i s t r cs .  1954. Nrt ionel  Index 
of  ag r f cu l t u r r f  f i e l d  axperiments, Andhra Prrdesh, Vol 1, Part 2, 
I C A R : b w  Dalhl, 

lnstY tu te o f  Agrrcul tural  Research S ta t i r t ; c% .  1954 N I .A.F E 
Cujarat vo1.4, Part 2. t C A R : b w  Dalhr. 

I n s t i t u t e  o f  Agricol tu ra l  Research S t s t l n t r c ~ .  1954 N .  I . A . F . E  
Mdhya Pradesh vol -6, P o r t  2. 1 C A R : k w  Oa1b . 

I n s t i t u t e  of Agr icu l tura l  Reararch S ta t l a t i c%.  1954.  N I A . F * E  
Uhar rsh t ra  vol:8, Pert 2. 1CAR:Htw k l h t  

rn r t t  tu tc  o f  Agr tcu l tura l  Research S t a t  strcs. 1954 I . 1  .A.F.E 
Mysore vol:9, Part 2 .  G A R  NUW Delhi .  

tnst : tu te of  Agriculture1 Research Stltkbti~%. 1954 N. I . A , F . E  
Punjsb, Haryana vol.11, P e r t  2 .  ICAR.kw Dclhl  

i n s t i t u t e  o f  Agr icu l tura l  Resrarch Strtlrt:cs, 1954 N . i . A . F . E ,  
Rajasthiln vol:12, Part 2, ICAR:)(aw Dtlhl ,  

I n s t i t u t e o f  Agricultural Rerurch Statlrt!cr. 1954 M I.A.F.P 
Ut tar  Pradesh V O ! : ~ ) ,  Part 2. ICAR:WQw Dalh i .  



Ucl', 3 IJ 1974. S t d q a #  cr the r g r m ' c  1vmna9mw"it c f  9-rm I t .  211) 
mdcr  * & : * f a d  cor*d ' t 'onr t  A l l  Indb C~crc-d'natcd Resta~ch P ~ o ~ a c t  
on P t V % t r  Procedlqja cf the 1 2 t C  Ucrkrhag 307 

b ~ l ,  J ,M. ,  arid SaChw H 5 !9?4, Rd~pcnsc t f  g - a m  (6  I j O S  t o  w- 
cbS&t or and f e r t  ! r a t  or ~ n d ~ r  d l f f a v r r :  mc & t u r f  sbpplp, A ' ?  
InQ'u C w * d  +?ate4 R C ~ Q I - C ~  Proje-ct an P&'SCS. Pvoce+d ngs cf  the 
1 2 t h  bmfb$kOp 300, 

K b d k 8 ~  P , K ,  1 9 7 2 .  Rasponto c t  gram *o r c c c  m and n f C O g e P  appl c a -  
t or and . a t e %  r d  mcthOds of  phosphoru~ I )CP Lar on lrfidar -allrf.(! 
tomd 1 0 0 %  An~lgal R.4pc.t of  Rak Pbl tcs  Rcscie-rh ! r  C l g * t m t  a t  
kdnrpe;*  ' 'nd a Coc,ecnatad R e r o w c c  P e c , c c r  op PI, se,,  P r c -  
ceed .-gs 0' the 8 * h  ~ c , - k b b p :  ~ 7 6 - 1 8 0  

kvrntr 8 B - ,  )rJwcR rqd Shrr-mr, S .  K 1973.  F c  * t a t  3r and rnoc~lum 
s r ~ d  e l  cm chrckpcr. F . s t  Anqcal Rcqicrc c 4  * h e  C l ~ S d t  Rerea~cb 
P I C Q * I V  56 58-59.  

K - s * r ~  $ , A - ,  Uwcr (Ird Asroc & r e ? .  ' 9 1 L  E + f t c e  c"~c~1pburt.s and 
P t *  ogtq rpc c a t  on on c +  c k c o r  t k  rspC w ~ ~ Q ~ V G C L  rm, A*fiba' 
Rtpc-t o f  thr L C R ~ S A ~  Fa-rr ng S y s r ~ s  R e ~ t a r c k  9-ogrw 3 5 - 3 6 ,  

K e r r r z  0 A Kamgrq, and Ascoc st"&% 1 9 7 4 ,  T C +  ttScst C *  t c '  a *  
rpp '  c U f l v ' l  c > f  U ' C ~  uwn tht ). e ' d ~  ~f 2 IP c k ~ r d  rat' a !  t S  h p v + a i  
R e p c * t  c'  ? k c  I C R  S A T  Farming S v s t r m  Rcsca.c* p * c g . w  3 6 - 3 7 .  

k h e - - $ ,  K P '980, Sccpa t o *  ncveas FS F - c c  ' +  OP of p u * c e ~  t b r c ~ g b  

+ e l  ! 1 z c r G  under - a  mfcd cond t c.r a - d  * <  (bcoflcm c s  
F c - 7  j h r e r  Narc  15 3 - 1 1  

u k b d  vc ,  e A .  V d - 5 e  3 . e  1976 E t f e c r  c t  c s : tm~p of 4c.t z c e ?  
C" p t d 04 r - ~  Gwam F w d  Fawn RS and Pg ., t L a *  8 ( 5 \  22  

Mgt&ph'rp . C ,  B a g a t ,  S R  SaVdooa . ard  P k q . d r  u . L ,  1973 
C - 7  r e -  . c & p c * s t  0 4  wheat, g-am and P C  ceg:iim u C d e C  * B I F ~ ~  

tn< ).I, ~t t zer N ~ N S  t 8 ( 6 )  ,57963.  

F y b c ~ t  rs, . C . ,  Ra-c-dwa Plasad and B 9 P 8 t a  5 . @ .  1 9 7 3  F t w t '  , ze rs  p9v 
dt , .nd~* C I . ~ ~ Q W  cO"dit ! O P S ,  WI 8' F- ,  23r3)  15-20. 

Mr)*ss).wla- S . k  a * d  1axm;glr S ngh 1976, € + r ~ * *  c f  u r ry * r lg  ferts 1 :y 
' e v e s  8 - 0  p q d n t  $ P ~ C  ng on y ' a j d  of  twc d a r  e: es of Basgal gcam 
(C c e *  o t *  <nun* 1 1 JNKVV Rtsaarch ~ c , ~ ~ a  ?01'1 508 



M n J  I, Shrnkrr . 1968. Ikapmra o f  grvr to varying I e w l r  of phorphorur 
alone and in cewnblnrtlon wl t h  n l t r q r n  m d  potarsiun appl id  broad- 
cast rt plough ro l r .  U~publlrhd H.Sc. (Agrl.) thosir. Oivlrlorr 
of Agrorra~y, IM1 :HQw Dllhl  , 

m j h l  S b n b r  ,, and Chowdhury , S .L. 1971. kspanaa o f  Bangal g r m  
( t l ce r  ar lst inun) to  four Iwrlr of phorphotur rppl  lad atow and 
i n  combinmtfon with Nltrogrn and Potarrlum. lmllan 3ournrl of 
A Q ~ w .  16 (2) :247-249. 

Hathlu, O.P., Choudhdry, V.S,, m d  T w r ,  P.S. 1973. Ra~ponra of g~lsn 
t o  vary1 ng levels of i rr igatlcm and phorphotur i n  Uastrrn RaJrathm. 
Rrjasthrn Journal of Agrl l .  Sci .  4(1):45-69, 

M t i n ,  H.A., and Ram, A.  1974, Effect of d l f f e r r n t  level of phorpbta 
applied by di f ferent  mrthods on the rooting, nodul8tlon and y l r l d  
of grrm (Clcer r r le t inun) ,  ProcsadIngr of the Blhar Academy of Agrl- 
cu l tura l  Sciences, XXII-XXI1I:JS-39. 

Hishrr, S.S., and Ram, A. 1971, T i l  th, Nitrogen and nmthod of Phofiphrta 
application I n  re la t ion  to gram y l r l d ,  Fe r t l l l ze r  Newr 16(10):65-71, 

Moolani, H.K. 1966. Effect of N, P f a r t l l l z a t l o n  on growth and y l a l d  
of  gram. Ann. Arid tons 5(2):127-133. 

Hamr, V.P. 1973. Respon~e of imcu l r t ion ,  N l  trogcrn and Phoaphrtr frrt1- 
l lsrt ion on gram. Report o f  the Agronomic Expdrtmnt on b b l  Pulsar 
a t  Sub-centre JNKVV Canpus Sabra 1972-73, A l  l India Coordinated 
Rcsaarch Project on Pul re,. Proceedlngr of the 10th Murkshop; 158-159. 

h, V.P. 1974. Studies of  th8 Agronomic r(rnagment of gram under 
ra lnfed cond i t ions, A l  l I ndio toordl rated Reraarch Project on Pulser , 
Proceedings o f  the 12th Uorkrbp:310, 

Pandsy, S.N. 1969. Effect of n l  trogen, phosphorus, potasslum and molybdaa 
num on nodule formation. lndlan Journal of  Agronomy 14(2) :205*207, 

Pawar, K,S.  1974. bogonso  of gram v a r i e t y  1.3 to  inoculr t  ion and 
f s r t i l i z r t f o n  under d i f fe ren t  m i r t u r e  supply a t  hnpur, A l l  lndlr 
Coordinated Research Project$ on Pulsas. Procaadlngr of the 12th 
Workshop: f 03. 

Puar,  K.S., S l ~ h ,  Y.P., Singh, V . V . ,  and ~ l s r r ,  A.S. 1977. R.sponre 
o f  gram, lsnthsl and f irld pmr to  i n a u l r t l m  and llrvelr o f  
Nitrogen and Phosphorus. Indian Journal o f  Agron. 22(3):1'15-158. 

Ilrfkhcrllur, S.V., Qnudrt, 5 ,3 . ,  and Baqadr, D.H. 1977. I r r Igo t lon  and 
f e r t l l  izer r e q u i r w n t  o f  rm (titer a r l r t l n m  L.). J, Mharrshtra Z Agri. Universit ies 2(2):14 -146. 



Rmdhrwo, N , S . ,  and fakksr,  P N 1975. M;cro N u t r ; c n t  R c s a s ~ c h  cn 
India %t prcscpt status and Cuturc p v o a c c t ~ w s  fcrt  xcr 
News 20151 1 1 - 1 8 .  

Rm, P rrbhan J er , S . 0 . . Ranrnr t h , B , and Sam, M ,  3 19 7 3 .  Respcnsc 
o +  grew t o  f e c t  xer app1:cat ir the  b l a c k  cctton 5 ~ 4  b of  
B e l l r r y  undclc d - y ' e r , d  facm,nq Mysort ,bucnsl of  Agr 1 S C ~  
7 ( 3 )  : 360-364 

Rath : ,  S S , a r d  Singh, D 1976 E f f e c t  of N'trogen andPhosphate 
f e r t i l  nzat ion on the growth and y i e l d  of gram. Indtm Journal 
of Agron Zl(3) 305 

Ryan, J G , ar,d M .  Asokan 1 9 7 7  E f f e c t  a f  green rcv01ut~on 
wheat on prcduct icn  o f  pulses and ~ u t r l e r t s  i n  I n d i e ,  Econonaic~ 
Program Occas "or;&; paper 8 I C R i S A T ,  Hyde-abad. 

b y  S*-a~msl ,  R . P .  11974 Response o f  Gram (C. 235) to  inoculat on and 
+ c f t G ?  t l a t ; ~ ~  urdcr d f f ~ r e ~ t  m Eture rt'Fp!v a t  me!{ S \ \  1 'nd a 
C o o r d l ~ a t e d  Recearch Pro ject  on P ~ l s e s .  Proceed:ngs o f  the 12th 
Workshap 304. 

b y  Sparma, R , F ,  5974. S t u d  es on the agrcnomkc managenwt  of  g r m  
under r e  n f ~ d  cord t  t ons a t  b s l  a A 1 1  ' n d i a  Coord!nrtcd Rcsearch 
P r o j t c t  on Pu ses Pwaceed ~ g s  o f  the 12th U o r k s t ~ p : 3 ' ~  

Srpr*,  C.3 .  1974 Response of  gram ta lncrcuiat ;or end Phospbo~us 
urdev varying nr s tdcc  conditions a t  &w Dt! ) . . i ,  A l l  fndqa Coo.- 
dfnstcd Rtseawh project on PuJs ts  proceed ngs o f  the 12th 
Workshop: 299 

Seref, C S @ t h a t ,  I - P - S . ,  S'ngh, A , fu(.lrhede, 8 . 8 . ,  and Genga 
Saran, 1976* Studies on agronomic mwragtmnt on gram w d e r  
ra in fed  cord' t  ions Ha l f  y e a r l y  Report$ D i v : s  : c ~ :  of Ag~onomy 
i A R I  :Hbw k 1 b 3  :66 



k r n r l k ,  M.T. 1974. R e s p n s a  of  gram (Chaff&) to InocuSrtion rr\b 
f e r t i l  i ra t io r r  under dl f femnt  t r r iq~t ion  i n t a r v r l s  r t  Iadnapur. 
All India h r d l n r t e d  Research Pm)+ct on Pulses. Proeredlyls 
o f  the 12th Cbrksbp:306. 

f r rna ik ,  N.T. 1974. Studies on the agroncwnic: nunrgmmantr o f  gram 
under rr lnfed condi t ions. A 1  l l n d l r  Coardlna red Resa~rch Pre)ac t 
on Pulres, Proceedings o f  the 12th Udrkshop:jlZ. 

Samnr, H.C., and Singh, H.P. 1970. Rsrponsb o f  Grm v r r l a t l e r  to 
Nitrogen f e r t i l i z a t i o n  and Inoculation. C . B .  Pant Univarr l  t y  
o f  Agr i cu l  ture and Tachnofogy, Resmarch I n  Pro9r01~. Annual 
Report: \so-151. 

Saxena, H.C. ,  and Singh, H.P. 1974. Response o f  g r m  (C.235) to 
Inoculat ion and f a r t i  l i za t lon  wr&r d l  ffarrent m l s t u r r  rupply r t  
Pantnagar. A l l  lndia Coordinated k s s r r c h  Project on Pulrao, 
Proceedings o f  the 12th Workshop: 302 .  

Srmna, H . C . ,  and Singh, H.P.  1974.  Studies on the agronomic msnru 
gamnts o f  gram under ra in fed condi t ions a t  Pantnagar. A1 l lndla 
Coordinated Research Project  on Pul g a s .   proceeding^ of tha 12th 
Uorkshop :j08. 

Saxena, M.C. ,  and Singh, H . P .  1975. Response o f  gram to  inocu l r t lon  
and f e r t  i l i r e t i o n  under dl  f fe rant  mol sturc rupply .  Annual Report 
o f  Research. G.B. Pant Univers i ty  o f  Agr icul ture and Technology:25. 

Saxena, M . C . ,  Singh, H . P . ,  and Hlahra, O.P. 1975. Response o f  gram 
t o  l nocul a t  ion N i  trogen and Phosphorus appl i cn t ion.  Annual Report 
o f  Research C . 6 ,  Pant Univers i ty  o f  Agricul ture and 7echnology:24. 

Saxena, H . C . ,  Sinqh, H . P . ,  Yadav, 0.S ,, and Sharma, R . P .  1974. Response 
o f  gram (C, 130) t o  inoculat ion and f ~ r t i l i z e r t l c m  under d l f f s r a n t  
moisture condit ions. Annual Report o f  Research. C . 0 .  Pant Unl- 
vers i t y  o f  Agr i cu l  ture and Tachnology :22.  

Saxena, H.C . ,  and Yadav, 0 . 5 .  1973. Response o f  gram to  d i f f e ren t  
levels o f  Ni trogen and Phosphorus appl l ca t lon .  Report o f  tha Work 
done on the rabi  pulses agranomy a t  Pantnagar dur in9 1972-73. 
A l  l India Coordinated Research Project on Pulbeo. Proceadlngr o f  
the 10th Workshop: 132. 

Saxena, M.C., Yadav, D.S., and S h a m ,  R . P .  1972. REsponse o f  gram to 
Nitrogen, inocu\at lon and Phoophorus. G.0. Pant Unireroi t y  of 
Agr icu l ture  and Technology, Annual Report 1972-73 and 1973-74:75* 

Saxena, H.C., Ysdav, 0, t . , and Slngh, N.P. 1971, Respon%e of  grm 
v a r i e t i e s  to inoculat ion and Nitrogen application. Annual h p o r t  
of Research. G.0,  Pant Univers f t y  o f  Agricul ture and Technology: 153. 



Sarnrna, H C . ,  vadrv, O . C . ,  and Singh, W.P, 1972. Elcqpwst of g r m  
v r r i c t r c r  to ,noculetron and N l t r o w n  applrcat O F .  %ports of 
tho Agronomic Experiments on Ptlbi Pulreo a t  Partnsgai* durwng 
1971-72.  A l l  India Coardinatad b o e r r c h  Project  on ~U!SIB. 
P ~ o c e e d ~ n g k  o f  the 8th Uorkshop 1%-197, 

Srnsnr, f i t . ,  Vsdav, D .C . ,  and Singh, U . 4 ,  1971 R c ~ w n s c o f  gram 
~ a r v e t i e %  to inocu la t rm and Nitrogen. C . B .  Pmr Wrversity of 
Agr icul  ture  and Technology. Annual Repor t .  ' 53 .  * 

S o t b ,  G . R . ,  and Abvrhrsn , T.P. 1965, Crop response 10 f e r t  h 1 1  t a r s  and 
their cconomica. F c r t  Xl i t c r  WG, 10(12) 31-40. 

Shamr,  0 M ,  , Vadav, J.S P. 1974 Auallrb* 3 t y  o f  p h ~ q p h r u ~  to 
gram as intlucncad by phosphate f t r t i l  i z e t f w  epd r r i g a t ~ o n  
pegdm tndian Journal of  Agri .  Sc iences  46(5) 205 210. 

Shrrma, O C , and Shekhawat, C . S .  1972. E f f e c t  of  N'trogen, Phor- 
phcru% and Potash on gram var l a t i a s .  b j a ~ t h a n  Journa l  of 
Agr . Sciences f ( t ) :  1-10. 

S h o r m r ,  K . N . ,  B r e r ,  J . S . ,  Kapur, M . L . ,  Heelu, 0 .P , and RM., 0 . 5 .  
1978 Potasslum so; 1 test  valuer and response5 o f  whmt, b r j r a  
and gram t o  f c r t  i l i z c r  Indian Journal of Agvon. 2 3 ( 1 ) :  10-13 

Sharrra, P .P . ,  5 ngh, P . ,  end S ~ n g h ,  P P 1975 Response of  ~r-tro~en 
asrd Phosphorus I R  r e l a t i o n  to method o f  appl rcs? cn,  on the y i e l d  
o f  g'sm (Clccr s r i e t l n m )  JNKVV Research Journal 9 ( 1  snd 2 ) : 2 ) - 2 3  

Saqgb, B and Srrvastawa, S . K .  1978  Studre5 on aht e f f e c t  o f  
m c y o - n u t .  ent anions on the y i e l d  of  grartr. me Had-83 Agfi, 
J o u r ~ a r  , 6 5 (  3 )  159- 163. 

5 5 ~ ~ ~ ~  O,, Lrclavethr , C . P . ,  and Bepat, S . R .  1975 A ~ t u d v  c f  aberage 
O ~ t F h f  per un. t sppl r r a t  ton of  feet i I !zers OP 'avrwF s f aSd unckr 
dip fa-m,ng c o n d ~ t , o n s .  A g r l c u ~ t u r a l  S ' tba t  cw l n  n d e  ~ ( 4 )  
237-240. 

Slvgh, D . V . ,  Chauhan, R.P S . ,  Singh, K . ,  and P a l ,  8 ,  1978. N'trogen 
lopd Phosphor~s needs of  gram (Cicer a r ia t inun)  along w'th baciterral 
fert~lizatior?. rhe Mudras A g r 4 c u l t u r a l  Journal 6 5 ( 6 !  363-367 

S ngh, Kl lyan,  1969. Response of f ~ u r  bengal gram u e + j e t  es to d i f -  
yerent  f e r t  r l  ~ z c -  t r e a t m v t s .  Unpubl isbd M S c .  ( A g v  . )  thesis, 
D l v  $;on c f  Agronomy, I A R 1  ;Mew Dclhj. 

S ngh, K B I R W Q ~ ,  J.S., and Katyal, S . K  1966. Ef fect  o f  rnl-d cropping 
o f  wheat and gram w ' t b  varying l e v e l s  o f  n i  trogen and pbosphoros 
00 v ~ c ' d  h u r n a l  of  Rsssarch, Ludhirns 3 ( 4 ) .  364 367. 



Slngh, Umur, f r i p r th l ,  H.P., and h h r j r ,  H.R. 1972. krporrlrr of 
grm to t p p m ~  ~d PhOlphatlc f r r t l t i z a t l o n  whr  d l f t r r r n t  
c ~ o p  rotat  ions. 3ournrl of b n l r c h ,  H.A.u. 2 ( 1 )  : 19-21. 

Singh, R.G. 1971 . Rsrponr* of  grm ( C h r  r r l e t l nun  1,) to tha 
r pp l l c r t i on  of Nltr n md Phorphata. Indian k u m r l  of Agrl- 
cul tura l  Sciences 11 "r 2 ) :  101-106. 

Slngh, R.K., m d  Agrmal, M.C. 196s. Effect *of prrprratory cul t l v r -  
t ion  m d  N snd P f s r t l l l u t f m  on gram (Cicar r r i r t l n u n  I,), The 
Balwmt Vldyrpesth J. Agriculturr and Scientific Roaearch 7 ( 1  L 2):  
24-31. 

Slngh, R.N. 1976. To study tho af fect  of r g r o m l c  mirnagamont on 
growth and y i e l d  o f  grrm v r r l a t l a r  36, 221 (Cicrr r r la t lnun) ,  
unpublished H.Sc. (Agrl,) t k s i r .  bpartrmnt o f  Agronomy. Jm8hrr la l  
Hkhru Krishl Vishwa Vldyalrya Jabrlpur. Thr$ir Abatrrct 2 ( 2 ) :  92. 

Singh, R.P. 1975. Econmlcr of f a r t i l l x e r s  undsr drytrnd condt t lmr ,  
Indian Journal of  Agron. 20(2): 140-146, 

Singh, R.P., and Singh, 8, 1975. Studlem on tha levels md tlrnlngs o f  
Phosphorus appl i c r t  lor, i n  r l ce  md l tr rrr idurl e f fec t  o f  ruccrad- 
ing crop o f  Bengal gram. Journal o f  Sclsnti Fic Rasearch Banrrrs 
Hindu University 2 6 ( 1 ) :  55169. 

Singh, R.S. 1970, Effact of  nunbar of cu l t i v r t l on  and Incrercllng I rvo lc  
of N and P on y i e l d  and qua11 t y  of  grrm (Clcsr a r l ~ t l n w n  L . ) .  l bd r r r  
Agrl. Journal 5 7 ( 5 ) :  267-270, 

Singh Surlnder. 1973. Study on tha ef fect  o f  Zinc and Sulphur on thr 
y le ld  potential o f  gram vr r te ty  G - 1 3 0 .  Agronomic Inwst lgrt loncl  on 
rabl pulses a t  H.A .U .  Hissar durlng 1972-73. A l l  lnd i r  Coordinated 
Research Project on Pulses, Proceedings o f  the 10th Workshop: 144, 

Singh, Surinder. 1973, Effect o f  inoculr t lon m d  f e r t l l  izarr on tha 
performance o f  gram variety 6-1)O. Agronomic lnvar t lgr t lonr  w b b l  
pulses a t  H.A.U. Hissar durlng 1972-73. A l l  India Cmrdlnr t rd  
Rerearch Project on Pulses. Prowdlngs  o f  the 10th UDrkahopt 148- 
149. 

Slngh, U.B., Toiner, S.P., and Jrln,  M.K. 1971. Effect o f  spray frrti- 
ll ut ion o f  Phosphorus i n  grm. Ann Arid Zone 10 ( 2 ~ 3 )  : 199-202, 

Sinha, M.W. 1971. Effect of  den86 m d  nsthods of Phosphorus p lacrmnt  
on grcuth, y i e l d  m d  uptake o f  phosphorus by gran (Cicer r r l o t l n u  1.) 
under i r r iga tcd  conditions. Indlan Journal of Agron. 16(1) : 60-63. 



5 1 n h a  W.N. 1 9 7 2 -  Ef fec t  of doses +nd aratbdr of  Pheapbrur, pl&csr#snt 
on g r w t h  y t e i d  and uptake of Pharphrus by g r m  ICtcer a r H e t  hw 
1 ) mbr r a i n f a d  c o n d i s ~ m i .  Indian Journal of brm,  1 7 ( 1 )  1 -4 ,  

Srnhr, R . N . ,  and b y ,  R.W. 1965. Effect  of d t f f eacn t  t f  l t h ,  J Q W ~ S  o f  
N. trogtr and methods of Phosphate p l a c a m ~ t  on the growth er+d 
ydt ld  of g r m .  Proc. Blhar  Academy of Agr s . S c ~ e n c r s  14: 68-76 

r e m r  Re L ,  I 1974. Fer t i~ i t y - tm- imcu ! . t l on  t r i a l .  R.I;I~L o f  
thc Coardlnated t r  i a l o  on pulses a t  Rajandranagsc, Khar f (CAR.  
124. 

Settarema Raju, K . ,  and S a m u e l ,  A.V. 1976 Response of gem (Clcer 
ar:rt:nun L.) to d i f f e r e n t  r h i r o b i s l  nocu la r t s ,  h d r a s  Agre , 
Jourhs' b3(  11612)  : 582.586. 

Sam, D , Sinha, N.8. .  and Nardl ,  P. 1971 .  Fkctd t r i a ' e s p c r  ment wrth 
gram (Clcer er i s t#num)  seed i n o ~ u l a t ~ o n  wtth *.htzob~um and n u a m -  
tcnencc o f  sol l f e r t  i l l  t y .  A l l  I n d i a  Coordrnattd k s r r r c k  P v o j t c t  
on Pulses. Procecd~ngs o f  the 5th  Workshop: 100-$01 

Sr+vsstava~  O . P . ,  and Pathak, A . N .  1970. Or;! l z a t l o n  o f  f e r t A  l i z e r  
phosphorus by paddy and gram crops i n  rotat  on. Sv-iunn on 
Fcr t  1 r e r .  B u l l e t i n  B Ind ian Society of 5 0 ,  1 S c  \tncc, Wew Dtlhr : 
1 5 5 - ' 5 9  . 

Sr l vas t r va ,  S.P. ,  and Stngh, A.P.  1975 Phosphoru? f e r t i l  lzatbon i r  

gramundcr d ~ v l a n d c o ~ d r t ~ o n s  Sci c u l t .  41(11): 527-528 

SUbPown a r ,  A Mlthael Raj ,  S , and Venkatschalam, C 197h. A n o r e  
O* c f f c c t  o f  g r e k d  doses o f  Phosphate and spar ng on t h e  y e ' d  
of  B r n g r q r m .  Mad-as Agr i Journa l  61(9) 791.791. 

ffwer , A S .  , L a ~ m s v  Srngh and H l s h r s ,  P . K  1977. Response of Bengs' 
grar (rice* a v  ct inum 1 \ genotypas to f t * t t l l t y  l eve l s  Current 
Resea-cb 6 ( ' i  16 .17 

f lwgrV , B . P . ,  and B isen ,  C . R .  1967 Economics o f  '81 r f a  ( m r ~ e d )  sw qg 
of wheat and g f a n w i t h  and w i t b u t  f e * t i l i r t r  under Have! (Bufidedj 
c O ~ Q  t O ~ J  HBdhya Prsdcsb, JNKVV Reseevch Journal I ( 1  1 17-23, 

Uamenan, p ,P . ,  a r d  Do,, J.K, 1965 Ferti l izer s t u d i t 5  OF chtckpea 
(C ccr  a r t c t  FUF L . )  In Arsartr. 3burnal 06 P c s m  S c i ,  k c ,  8 .  
45-50. 

W~lnsnan F , P . ,  and H a l ,  P.N. 1968. Fertlllzcr r p p l  ication and p.acsmzot 
rn rbtskpca. Fert  l i t e r  WIIws 13(2):  39-42. 



- - -  - 

Yirld Amraga Ir(vrrrgo~t 
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s Source: Derived from Kulkarnl (1980). lhwie results wars: niot IncluQd In 
the main analysl s becaurr o f  the recent pub1 icotlon of tha 8rtlcle. 

b Except for the f int arrparlnrant nhlch had 15 kg Whs al l others had 20 kg 
W/ha appl led. 
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