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S U M M A R Y  

I. C l  imte and sofl: 

Thls  y e a r ' s  r a i n f a l l  a t  ICRISAT was h igher  (1155 mn) than t he  l ong  
term average o f  800 mn (1901 -1970) and f a i r l y  we1 1 d i s t r i b u t e d  du r i ng  
t he  r a i n y  season. 

11. E f f ec t  of p l an t i ng  date on pigeonpea growth: 

The growth o f  f o u r  cu l  t i v a r s ,  UPAS-1 20, T-21, C-11 and NP(WR)-15 
was compared under i r r i g a t e d  cond i t i ons  i n  monthly p l an t i ngs  f rom A p r i l  
to February. 

The d r y  weights o f  t he  p lan ts  a t  50 and 80 days a f t e r  sowing were 
markedly a f f e c t e d  by da te  o f  sowing. The p l an t s  grew most when sown i n  
A p r i l  and May when weather was warm, and l e a s t  i n  November and December 
when weather was cool,  i n d i c a t i n g  an impor tant  i n f l uence  o f  temperature. 
R e l a t i v e l y  poor growth occurred when mean minimum tempe~atu res  were 
below 22 "C, 

111. The y i e l d  po ten t i a l  o f  medium du ra t i on  piqeonpeas: 

Y ie lds  o f  medium m a t u r i t y  cul  t i v a r s  i n  var ious Pulse Physiology, 
Pulse Entomology, Pigeonpea Breeding and Farming Systems t r i a l  s  have 
r a r e l y  exceeded 2 tonneslha. Y ie lds  on A l f i s o l  s  a re  gene ra l l y  lower  
than V e r t i s o l  s. Mois ture a v a i l a b i l  i t y  and minera l  n u t r i e n t s  do n o t  
appear to be severe 1 i m i t i n g  factors ,  s ince w i t h  ample supp l ies  o f  these 
inputs,  a  maximum y i e l d  o f  o n l y  2300 kg/ha cou ld  be r e a l i z e d  from 
cv. ICP-1-6 i n  Ve r t i so l  . The low y i e l d s  o f  medium m a t u r i t y  genotypes 
may be p r i m a r i l y  r e l a t e d  t o  c l i m a t i c  f ac to r s ,  p a r t i c u l a r l y  t h e  low 
temperatures p r e v a i l  i ng  dur ing  t h e i r  reproduct ive phase. 

I V .  The y i e l d  po ten t i a l  o f  ex t r a -ea r l y  pigeonpeas a t  Hissar :  

Y ie lds  as h igh  as 3400 kg/ha were obta ined a t  Hissar  w i t h  the bes t  
c u l t i v a r ,  ICPL-87, i n  a  r e l a t i v e l y  sho r t  pe r iod ,  The crop growth r a t e  
and per  day g r a i n  p roduc t ion  were much h igher  a t  Hissar  f o r  the  ex t r a -  
e a r l y  genotypes than f o r  medium m a t u r i t y  genotypes a t  Hyderabad, probably  
because o f  the  warmer weather a t  Hissar  du r i ng  the growing per iod.  



V .  The y i e l d  o f  r a b i  pigeonpeas grown w i t h  f r equen t  i r r i g a t i o n :  

The mean y i e l d  o f  r a b i  pigeonpeas w i t h  f r e q u e n t  i r r i g a t i o n  and 
h i g h  i n p u t s  o f  n i t r o g e n  and phosphorus was o n l y  480 kg/ha, One 
p o s s i b l e  reason f o r  t h i s  low y i e l d  may have been w a t e r l o g g i n g  due 
to  excess ive  i r r i g a t i o n ,  

V I  Screening f o r  t o l e r a n c e  t o  s o i l  s a l i n i t y :  

The performance o f  79 pigeonpea 1  i n e s  was compared w i t h  to1 e r a n t  
and s u s c e p t i b l e  checks i n  a  n a t u r a l l y  sa l  ine-a1 k a l  i n e  s o i l ,  Twenty 
seven 1  i n e s  were i d e n t i f i e d  by v i s u a l  s c o r i n g  as  be ing  a t  l e a s t  as 
t o l e r a n t  as t h e  t o l e r a n t  check, c v .  C-11 . 

A  p o t  sc reen ing  method u s i n g  a r t i f i c i a l l y  s a l  i n i z e d  s o i l  was 
developed i n  wh ich  t h e  to1 e r a n t  cv .  C-11 and the  s u s c e p t i b l e  c v .  HY-3C 
showed a  s a t i s f a c t o r y  d i f f e r e n t i a l  response a t  t h e  seed1 i n g  s tage.  

V I I  . Screen ing f o r  wa te r l ogg ing  t o l e r a n c e :  

F i f t y  two l i n e s  i n c l u d i n g  46 Phytopthora  b l i g h t  r e s i s t a n t  1 i nes  
were screened f o r  w a t e r l o g g i n g  t o l e r a n c e  i n  po ts  a l o n g  w i t h  two checks 
c v .  BDN-1 ( t o 1  e r a n t )  and HY-3C ( s u s c e p t i b l e )  d u r i n g  March. T h i r t e e n  
Phytopthora  b l i g h t  r e s i s t a n t  1 i nes  and one advanced b reed ing  1  i n e  
s u r v i v e d  b e t t e r  than the  t o l e r a n t  check,  

V I  I I. S e l e c t i o n  f o r  p h y s i o l o g i c a l l y  annual p igeonpeas:  

Dead p l a n t s  f r e e  o f  p a t h o l o g i c a l  symptoms were i d e n t i f i e d  a t  t he  
t ime o f  m a t u r i t y  o f  m a t e r i a l  d e r i v e d  f rom seeds o f  cvs ,  BDN-1 and ICP-1-6 
which had been t r e a t e d  w i t h  chemical  mutagens, Progen ies  from these 
p l a n t s  a r e  now be ing  t e s t e d  f o r  annual i t y ,  

I X  . Second h a r v e s t  y i e l d s  o f  i n te rc ropped  p igeonpeas:  

The second h a r v e s t  y i e l d  o f  i n t e r c r o p p e d  pigeonpeas o n  an A l f i s o l  
watershed was 322 and 211 kg/ha w i t h  and w i t h o u t  i r r i g a t i o n  r e s p e c t i v e l y ,  



k s 4  i ... , ;  ? r 1 ~ 6 :  :;I? t ~ " a c k i  11:; 1 . II , ,  :.er:i so: in?., reJuie piseori;~,?fi y ;  e1 Js 
wd- oLt,3ir:ed frorri c o m p a r i r ; ~  rob.;; ;!-,?~!n 0'1 :"I,z i i d e ;  and  i n  t h e  c e r i t r e  
o f  r,t-oa!:'.l;Ss r i i n n i n ?  t i o r c h - s c ~ ~ t : ; .  . ; r - : l f , L : i ~ ~ :  i r e d o r i : i n s n t l y  o c c i ~ r r e d  
; r ,  :tie f i r r o w s  and  d f f e c t ~ d  t h e  \.i+.,ri, 3 :  : h ~ i  j i d ~  rows  3 d j d c t i n t  t o  
the.11. ' h : '  c e n t r a l  rows ,  w h i c h  N e r -  f:jr,:r2r ?w?;d f rom t h e  furr:.,rls 
, / i e ldec  :,igr i : ' i car : t ly  rwore t h a r  : i d ?  r2w:. 

Y 4 ? l d  d i f f e r e n c e s  i n  t n e  ; i ce  rows  c n  t h ?  e a s t  a,,': w e s t  s i d e s  s f  
thi? tr-oa(?bed\ wer. obsevved ,  w?ii,rl c o i ~ l  d t ~ e s t  be ascr-? i;::c' t o  d i f f e r -  
r i ~ t i a ?  r o a t  i,.-l ininq by c r a c k s  I - C S , : ~  : i l ly f r o v  a n  a s y ~ s n i e i r i c  r o o t :  
d i s t r i b u t i o n  a s  t h e  ?:;+ arz W P ; ~  3 i d e s  o f  t h t ~  r ? l a n t s ,  

- R a b i  - ~ h ? r + " - r 3 t > ;  - . . -.,.~.,. . ~ i c i : : ~ n p e d ~ :  .. 3 ?e:"ennla l  ---._ c r o p p i n g  system: - 

!n 1 t r ja l  ~ond t i : t?d  3 t  5any;lreL'dy in  c o n j u n c t i o n  w i t h  Andrirz 
Pi 3des ' ;  q g r i c u l  tur-a1 J n l v e r s i  t i ,  ; v  ; L P - 1 - 6 ,  w h i c h  i s r e s i s t a n t  t o  
, I , , ;  ,, 8 t. dnb t o l e r a n t  t o  s t e t - i l i  t;. : ! iosd ic  d i s e a s e ,  S U C C ~ S S ~ ~ J ~ ~ ~  gave  a  
k h a r i f  and  a F u r t n e r  r j l t o o n  c r i ;  t'r.oi'1 a p r e v i o u s l y  estahl  i s h e d  r a b i  
croo, enat ; l i nq  t h r e e  h a r v e s t s  o f  ? r a i n  t o  be t a k e n  i n  sl :ccession f r o m  
9 n e  ~ l a n t i n ? .  ; k , i ~  3 ; t l ~ ) ~  ~p ti?? q s ~ i b i :  i t y  o f  t a k i n g  2 c r o p  o f  
p i ~ s ~ n p c d  ? I -  ' Y e r t i s o i s  wh ic i - I  a r c  .:urt.~?nt;y l e f t  f a l l o w  d u r i n g  t h e  
k h d r i t  sndson by p r e - e s t . d G i i s h i ; i g  a  rd) i  2 r o p  and c a r r y i n g  i t  t h r o u g h  
t o  t h e  n e x t  k h a r i t  i f t ? ~ .  r ? t . o c ~ ? i n q  or o o d p i c k i n g .  

1 I & ? ~ p n s ?  ?-L2jgeotipe! grr,wr: i n  : * 3 i n y  and p o s t r -  seasons t o  - --- 
i r r i r d t i v n .  2 

T h r e e  i r r i g a t i o n s  3l)iil i e d  d u r i n c ;  t h e  r i i id  v e g e t a t i v e ,  l a t e  v e g e t a -  
t i v e  a n d  e a r l y  r e p r o j u c t i v e  phases o f  r a b i  p igeonpeas  l e d  t o  a n  
i n c r e a s e  i n  g r o w t h  and  y i e l d .  Two i r r i g a t i o n s  a p p l i e d  d u r i n g  t h e  
r e p r o d u c t i v e  ?base o f  sc?lecr.ooped pigeonprla sown a t  t h e  b e g i n n i n g  o f  
t h e  r a i n y  seasor) l e d  to  a r  incre?\s i .  i n  y i e l d  w i t h o u t  i n c r e a s i n g  t o t a l  
d r y - m a t t e r .  By c o n t r a s t ,  i r r i c s  t i o n  had c_- b e n e f i c i a l  e f f e c t  o n  t h e  
y i e l  o o f  i n t e r c r o p p e d  p igeonpea .  

: i I I I .  P r e l i m i n a r y  o b s e r v a t i o n s  -- o n  t b e  s h o o t  w a t e r  p o t e n t i a l  o f  
p i g e o n p e a s :  

P igeonpeas  a p p e a r  t o  m a i n t a i n  a h i g n  s h o o t  w a t e r  p o t e n t i a l  even  when 
t h e y  a r e  e x p e c t e d  t o  be s u f f e r i n g  f r o m  w a t e r s t r e s s ,  u n l i k e  c h i c k p e a s  and  
o t h e r  c r o p  i n  w h i c h  s h o o t  w a t e r  p o t e n t i a l  r e a c h e s  a  minimum a r o u n d  soon  
a f t e r  m i d - d a y .  The s h o o t  w a t e r  p o t e n t i a l  o f  p igeonpeas  grown b o t h  i n  the 
normal  and  p o s t r a i  ny  season  c o n t i n u e d  t o  d e c l  i ne throughou. t  t h e  day. 



M e t e o r o l ~ i c a ?  and s o i l  d a t a :  -. - - -- --- -- 

I r  t h i s  r e p o r t ,  we p r e s e n t  t h e  r e s u l t s  from work c a r r i e d  o u t  between 
June 1981 and May ? 932. 

The m e t e o r o l o g i c a l  da ta  f o r  1981-82 c o l l e c t e d  a t  ICRISAT A g r o c l  ima- 
t o l o g i c a l  o b s e r v a t o r y  a r e  shown i n  F i g .  1 .  T h i s  y e a r  r a i n f a l l  (1155 m) 
was much g r e a t e r  than  l o n g  ter i l i  (1901-7G) average (800 mn)  and f a r i l y  
we1 1 d i s t r i b u t e d  d u r i n g  r a i n y  season ( T a b l e  1 1 ,  The c e s s a t i o n  o f  r a i n f a l l  
o c c u r r e d  i n  Oc tobcr  and t h e  p e r i o d  f o l l o w i n g  t b i s  u n t i l  A p r i i  was d r y ,  
e x c e p t  f o r  some scan ty  r a i n f a l l  i n  November. 

The m e t e o r o l o q i c a l  J a t a  f r o m  June 1981 to December 1981 , c o l l  e c t e d  a t  
t i i s s a r  Agrocl i ; ; i d t o l o g i c a l  o b s e r v a b r y  a r e  shown i n  Table 2. 

Exper iments were conducted a t  ICRISAT Cente r  on V e r t i s o l  f i e l d s  BW-3, 
BW-5, B P - i 4 A ,  131.-ZB, BS-8C and on A l f i s o l  f i e l d s  RP-48 and RCE-18 and a t  
I C R I S A T  Sub-center  a t  H i s s a r .  The p l a n t i n g  da tes  and f e r t i l i z e r  used a r e  
i n d i c a t e d  i n  t h e  M a t e r i a l s  and methods s e c t i o n  o f  each e x p e r i m e n t .  

S o i l  samples f o r  ana lyses  o f  pH, e l e c t r i c a l  c o n d u c t i v i t y ,  a v a i l a b l e  
phosphorus were taken 6 t  the t i m e  o f  p l a n t i n g .  D e t a i l s  o f  a n a l y s e s  a r e  
g i v e n  i n  Table 3 .  

A l l  sowinqs were done by hand, Two seeds p e r  h i l l  were p l a n t e d  and t h e  
p l a n t s  were t h i n n e d  2 -3  weeks a f t e r  emergence, 

Hand weeding was c a r r i e d  o u t  as and when necessary  to keep t h e  p l o t s  
weed- f ree.  P l a n t  p r o t e c t i o n  measures were taken  as  necessary t o  ensure  good 
c o n t r o l  o v e r  i n s e c t  p e s t s  by t h e  P l a n t  P r o t e c t i o n  U n i t .  

I n  t h e  p r e v i o u s  y e a r  pigeonpea was grown i n  A l f i s o l  f i e l d  RCE-18, 
sorghum-pigeonpea i n t e r c r o p  i n  f i e l d  RP-4B, and g roundnu t  i n  f i e l d  BP-14A. 
I n  t h e  o t h e r  f i e l d s ,  pigeonpea f o l l o w e d  a sorghum c r o p .  The f i e l d s  i n  w h i c h  
a r a b i  c r o p  was sown were l e f t  f a l l o w  d u r i n g  t h e  k h a r i f  season. 

We have r e f e r r e d  t o  our  p r e v i o u s  Pigeonpea P h y s i o l o g y  R e p o r t s  as  
PPR 1975-76, PPR 1976-77 e t c ,  We have a l s o  r e f e r r e d  t o  ICRISAT Pigeonpea 
Breeding,  Pigeonpea Entomology, Farming Sys tems Research Program and Chickpea 
P h y s i o l o g y  R e p o r t s  i n  a s i m i l a r  manner, 
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T h i s  r e p o r t  i s  n o t  a formal  p u b l i c a t i o n  b u t  a summary o f  work i n  
p rog ress .  I t  i s  i n t ended  for 1 i m i t e d  c i r c u l a t i o n  and s h o u l d  n o t  be c i t e d .  

Tab le  1 . Sumnary of  r a i n f a l l  (mm) a t  ICRISAT Center  w i t h  d e p a r t u r e  f r om  t h e  
l o n g  te rm average (1  901 t o  1970)  f o r  Hyderabad. 

Mon th l y  r a i n f a l l  
Year - T o t a l  

Jun Ju l  Aug Sep O c t  Nov Dec Jan Feb Mar Apr  May 

D i f f e r -  
ence t 8 8  +38 +62 +I06 +88 -21 - 6  - 6  -11 -13 + I 0  +20 t 3 5 5  

Table 2 .  Me teo ro l og i ca l  o b s e r v a t i o n s  a t  H i s s a r  f r om  June 1 ,  1981 to  
December 31 , 1981 . 

- 

Jun J u l  Aug Sep O c t  Nov Dec 

R a i n f a l l  (mn) 

Average max. temp. ( O C )  42.8 34.2 35.5 36.2 33.7 25.9 22.6 

Average m in .  temp, ( " C )  26.5 26.7 2 5 , 7  23.1 15.2 1 0 , 8  4 . 7  

Average h u m i d i t y  0727 h 51 85  82 80 84 8 9 9 2 

Average humidi  t y  1427 h ( Y )  22 67 56 43 24 39 3 0 

Average wind v e l o c i t y  (kmlh)  9 .6  8.1 5 .7  4.7 3.2 3.5 1 .7  

Average sunshine ( h o u r s l d a y )  7.8 5 . 1  8.6 8 . 9  9 " 6  8 .0  8 .6  

Average d a i l y  e v a p o r a t i o n  
( m / d a y )  12.9 5.1 6.1 6.3 5.0 2.6 1.8 



Table 3,  So i l  a n a l y s i s  f o r  the  f i e l d s  used f o r  pigeonpea phys io logy  
experiments i n  1981-82. 

Depth o f  pH ( i n  l : 2  EC ( i n  l : 2  A v a i l a b l e  
So i l  and f i e l d  No, s o i l  (cm) s o i l  water s o i l  water P (ppm). 

e x t r a c t )  e x t r a c t )  
(mnhos/cm) 

Black ( V e r t l s o l )  

F i e l d  BP-14A 30 - 60 7.41 
( K h a r i f  T r i a l  ) 60 - 90 7.35 

Black ( V e r t l s o l  ) 

F i e l d  BP-14A 30 - 60 8,67 0,25 1.4 
(Rabi T r i a l )  60 - 90 8.72 0.28 1 .4 

Black ( V e r t i s o l )  0 - 30 8.36 0.39 3.1 

F i e l d  BW-5 30 - 60 8.33 0.48 3 .2  

60 - 90 8.95 0.52 1.7 

90 -120 8,82 0.70 2 .1 .................................................................... 
Black ( V e r t i s o l )  0 - 30 7.36 0,33 2.0 

F i e l d  BL-2B 30 - 60 7.45 0.32 0.8 

60 - 90 7.74 0,26 1 . O  
- - - - - 

Red (A1 f i so1 ) 0 - 30 7.47 0.36 7,9 

Fie1 d RP-4B 30 - 60 7.47 0,31 5 .I 
60 - 90 7.38 0.35 10.2 .................................................................... 

Red (A1 f i sol  ) 0 - 30 7.76 0.23 4.2 

F i e l d  RCE-18 30 - 60 7.30 0.28 1.5 

60. - 90 7.50 0,24 1 .O 



11. EFFECT OF PLANTING DATE ON GROWTH - 
We i n v e s t i g a t e d  t h e  e f f e c t  o  i n g  d a t e  o n  t h e  g rowth  o f  pigeonpea 

i n  o r d e r  t o  o b t a i n  a b e t t e r  idea  L , ' q u a n t i t a t i v e  responses t o  e n v i r o n -  
mental f a c t o r s ,  p a r t i c u l a r l y  tempe , , We compared 4 c u l t i v a r s ,  o f  
d i f f e r e n t  d u r a t i o n  groups, i n  mont. , ' a n t i n g s  f rom A p r i l  t o  February.  The 
p l a n t s  were grown w i t h  f r e q u e n t  i r r  "on, to m i n i m i z e  t h e  e f f e c t s  o f  
water  s t r e s s .  Our p r i m a r y  i n t e r e s t  i n  s t u d y i n g  t h e i r  v e g e t a t i v e  g r o w t h  
over  t h e  f i r s t  50 days, b e f o r e  f lowr  I began, 

M a t e r i a l s  and methods 

The exper iment  was conducted i n  A l f i s o l  f i e l d  RCE-18 a t  ICRISAT C e n t e r ,  
The t r i a l  was l a i d  o u t  i n  a s p l i t  p l o t  d e s i g n  w i t h  3 r e p l i c a t i o n s ,  w i t h  sowing 
da tes  as  ma in  p l o t s  and c u l t i v a r s  as s u b p l o t s  ( s i z e  5 x 5 , 2 5  m). The 
sowings were c a r r i e d  o k t  a t  m n t h l y  i n t e r v a l s  f r o m  15 A p r i l  1981 t o  1 5  February 
1982, 

The 4 cul t i v a r s  used i n  t h i s  s tudy  were chosen to  p r o v i d e  d i v e r s i t y  i n  
m a t u r i t y  t ype .  These were: UPAS-120 ( e x t r a  e a r l y ) ,  T-21 ( e a r l y ) ,  C - 1 1  
(medium) and NP(WR)-15 l a t e ,  

P l a n t i n g s  were done a t  3 7 . 5  x 20 cm spacing on  75 cm wide r i d g e s  and 
f ~ l r r o w s ,  I r r i g a t i o n  was a p p l i e d  a t  month ly  i n t e r v a l s  a t  t h e  t ime o f  each 
new p l a n t i n g ,  excep t  i n  August and September when i t  was unnecessary, due 
t o  r a i n s .  A d d i t i o n a l  i r r i g a t i o n s  were g i v e n  as and when necessary.  

To de te rmine  c r o p  g rowth  r a t e s  (CGR), a l l  the  p l a n t s  were h a r v e s t e d  
f r o m  a 3 , 7 5  m* a rea ,  a t  50 and 80 days a f t e r  sowing, Fresh we igh ts  o f  t h e  
shoo ts  o f  these p l a n t s  were recorded .  A random sample o f  f i v e  p l a n t s  was 
drawn f rom i t ,  and t h e i r  f r e s h  w i e h g t  recorded ,  Counts o f  p l a n t s  i n  t h e  
o r i g i n a l  sample was a1 so made be fo re  d i s c a r d i n g  i t ,  The 5 p l a n t  subsample was 
used f o r  o b s e r v a t i o n s  on  l e a f  number, p l a n t  h e i g h t  and branch number. The 
f r e s h  w e i g h t s  and oven d r y  we igh ts  o f  t h i s  subsample was used to c a l c u l a t e  
t h e  d r y  we igh ts  o f  t h e  e n t i r e  harves ted  samples f r o m  t h e i r  f r e s h  we igh ts .  

The da tes  o f  50% f l o w e r i n g  and m a t u r i t y  were recorded  f o r  each s u b p l o t ,  
and y i e l d  and y i e l d  components were recorded  a t  h a r v e s t ,  U n f o r t u n a t e l y  a 
h i g h  i n c i d e n c e  o f  Phytopthora b l i g h t  l e d  t o  t h e  dea th  o f  up t o  80% o f  t h e  
p l a n t s  i n  t h e  Apr i l -September p l a n t s ,  and so r e l i a b l e  y i e l d  da ta  c o u l d  not 
be o b t a i n e d .  For  t h e  same reason, i n s u f f i c i e n t  p l a n t s  c o u l d  be h a r v e s t e d  
from t h e  August  p l a n t i n g  f o r  c r o p  g rowth  r a t e  d e t e r m i n a t i o n s .  



Meteoro log ica l  observat ions  we ~ t a i  ned from ICRISAT Agrocl  imatology 
Sect ion ,  Hour ly temperature r e a d i n  ? r e  averaged to c a l c u l a t e  mean d a i l y  
temperatures. Fu r the r  c a l c u l  a t i o n s f i e l e  c a r r i e d  o u t  ta o b t a i n  the  mean 
values f o r  the 50-day sampling peri'c. 3f maximum, minimum and mean tempera- 
tures,  s o l a r  r a d i a t i o n  and open pan apora t ion .  

Resul t s  and d iscuss ion 

E f f e c t s  on f l ower ing :  

The e f f e c t s  o f  sowing da te  o n  f lower ing  were s i m i l a r  to those observed 
p rev ious l y  a t  ICRISAT Center (Pigeonpea Breeding Report  1974-75, p. 78; 
1975-76, p. 991, Cul t i v a r s  d i f f e r e d  most i n  the  number o f  days to f l o w e r i n g  
i n  the  A p r i l  sowing (F ig .  2) ,  and i n  a l l  c u l t l v a r s  f l ower ing  occur red sooner 
i n  the subsequent sowings, These responses r e f l e c t  bo th  t h e  e f f e c t s  o f  
decreasing day1 engths, and a1 so lower temperatures 

I n  cv. C-11, p lan ted i n  A p r i l ,  50% f l ower ing  occur red by 25.8.81, almost 
a month before  the  equinox i n  September, which i s  s u r p r i s i n g l y  e a r l y  f o r  a 
medium c u l t i v a r  (Table 4 ) ,  I n  1974-75, cv .  ST-1 p lan ted  i n  A p r i l  d i d  n o t  
f lower u n t i l  20,9.81 and p lan ts  o f  the same c u l t i v a r  i n  January, February and 
March sowings a l l  f lowered on 14,9.81 (PPBR 1974-75, p. 81 ) .  Perhaps cv. C-11 
d i f f e r s  s i g n i f i c a n t l y  i n  i t s  photoper iod and temperature response from o t h e r  
medium c u l t i v a r s  such as c v .  ST-1; o r  perhaps the d i p  i n  temperature i n  l a t e  
J u l y  and e a r l y  August (F ig ,  1 ) favoured f l ower ing ,  I n  pigeonpeas, coo le r  
temperatures seem to overcome to some ex ten t  the  e f f e c t s  o f  l ong  days i n  
de lay ing  f l o w e r i n g  (PPBR 1975-76, p. 98).  

The minimum number o f  days t o  f l ower ing ,  i n  cv,  UPAS-1 20 p lan ted  i n  
January, was 54 (Tab1 e 4 ) .  Hence the sampl ings  taken a t  50 days rep resen t  
vege ta t i ve  growth i n  a l l  cases, 

Growth: 

The d r y  weights o f  the  p l a n t s  a t  50 days a f t e r  sowing, expressed o n  a 
u n i t  area basis, showed a s t r i k i n g  d i f f e rence  w i t h  p l a n t i n g  dates.  The 
p l a n t s  grew most i n  the A p r i l  and May p lan ts ,  and l e a s t  i n  t he  November and 
December p l a n t i n g s  (Table 5 ) .  The d r y  weights o f  the  l a t t e r  were o n l y  about 
a t e n t h  o f  the  former,  A s i m i l a r  p a t t e r n  can be seen i n  t he  d r y  we ights  a t  
80 days a f t e r  sowing (Table 6 ) .  Mean data f o r  p l a n t  he ight ,  branch number 
and LA1 a t  50 days a l s o  demonstrate the  s t r i k i n g l y  g r e a t e r  g rowth  i n  the  
e a r l  i e r  sowings, and the  much reduced growth i n  November and December sowings 
(Table 7) .  



- ---- UPAS- 120 
T-21 - C - 1 1  --- NP (WR) - 15 

Apr May Jun Jul  Aug Sep Oct Nov Dec Jan Feb 

Month of p l a n t i n g  

Figure 2 .  Days t o  50% flowering o f  4 c u l t i v a r s  a t  
d i f f e r e n t  dates o f  sowing. 



Table 4. Dates o f  50% f l o w e r i n g  o f  4 pigeonpea c u l t i v a r s  p lanted a t  monthly 
i n t e r v a l s  a t  ICRISAT Center (Days t o  50% f l ower ing  a r e  shown i n  
b racke ts ) ,  

P l a n t i n g  C u l  t l v a r  

d a t e  UPAS-1 20 1- 21 C-11 NP(WR)-15 

* F lower ing had n o t  occur red by 4.5.82 when t h e  exper iment was terminated:  



Table 5. Dry weight  a t  50 days a f t e r  sowing o f  4 pigeonpea 
c u l  t i v a r s  sown a t  monthly i n t e r v a l  s. 

Shoot d r y  weight  (g/m2) 
-- - - 

Sowi ng Cul t i v a r  Mea n 
da te  

UPAS-1 20 T-21 1 N P ( W R ) - 1 5  

A p r i l  

May 

June 

Ju ly  

September 

October 

November 

Dec ember 

January 

February 

S E 

Mean 

S E 

The standard e r r o r  f o r  comparing c u l  t i v a r s  a t  a g i ven  sowing 
date  i s  + 2.9 and f o r  comparing sowing da tes  i n  a cul t i v a r  
i s  + 4.0: 



Table 6 .  Dry weight  a t  80 days a f t e r  sowing of 4 pigeonpea 
c u l  t i v a r s  sown a t  month1 y i n t e r v a l  s . 

Shoot d r y  weight  (g/m2) 
Sow i ng 
da te  Cu l  t i v a r  Mean 

UPAS-1 20 T-21 C-11 NP(WR)-15 

A p r i l  

May 

June 

Ju l  y 

September 

October 

November 

December 

January 

February 

S E 

Mea n 

S E 

The standard e r r o r  f o r  conpar ing c u l  t i v a r s  a t  a g iven sowing 
date  i s  t14.3 and f o r  comparing sowing dates i n  a c u l  t i v a r  
i s  t18 .5 .  



T a b i e  7 .  Mean p l a n t  h e i g h t ,  branc i l  number :jer , : l a n t  and 
L A 1  a t  50 d a y s  a f t e r  sowing o f  4 Digeonpea  
c u l  t i v a r s  g l a n t e d  a t  nlontt;: y in te rva l  s .  

Sowing P l a n t  Era nc hes 
d a t e  heiq17t(cin' per p l a n t  LA i 

A p r i l  64 3 . b  0 .74  

MJ Y 6 7 3.1  0 .74  

June 6 1 2 . 3  0. 77 

3 u l  y 4Si 2 . 1  0 . 3 7  

September 3 3 0 .3  0 . h  

Oc t o  ber  3 3 2 . 7  0 . 1 4  

November I 5 i) 3 . 1 4  

Decernber 1 9  J 3 .36  

J a n u a r y  2 9 1 . 4  0 . 1  7 

F e b r u a r y  3 3 0 . 3  3.1 2 

S E - + 3 . 5  - +0,6 - +O .08 
-- - - -- 



There were c l e a r  d i f f e r e n c e s  between t h e  c u l t i v a r s  i n  t h e i r  p e r f o m a n c e ,  
as  i n d i c a t e d  by t h e  d r y  we igh t  d a t a ,  Taking the  means f o r  a l l  p l a n t i n g  dates,  
c v .  UPAS-120 grew s i g n i f i c a n t l y  l e s s  t h a n  t h e  o t h e r  c u l  t i v a r s ,  and t h i s  
d i f f e r e n c e  was a p p a r e n t  b o t h  50 and 80 days a f t e r  sowing (Tab les  5 and 6 ) ,  
I n  t h e  50 days samples, c v ,  NP(WR)-15 had a l s o ,  o n  average, grown s i g n i f i c a n t l y  
1 ess than  cvs .  T-21 and C-11 . 

The d i f f e r e n c e s  between cv ,  NP(WR)-15 and c v s ,  T-21 and C-11 were most 
pronounced i n  the e a r l i e r  sowings, when more g rowth  took  p lace ;  b u t  i n  a lmos t  
a1 1  sowings c v ,  UPAS-120 grew l e s s  than  t h e  o t h e r  c u l  t i v a r s  (Tab1 es 5  and 6 ) .  
A1 though i n  t h e  80 days sampl i n g ,  comparisons o f  t h e  c u l  t i v a r s  a r e  compl i c a t e d  
by t h e  f a c t  t h a t  some were i n  the p o d - f i l l i n g  phase and some were n o t ,  a t  
50 days t h e  d i f f e r e n c e s  were a lmos t  e n t i r e l y  due t o  v e g e t a t i v e  growth,  It i s  
p o s s i b l e  t h a t  i n  the  case o f  c v .  NP(WR)-15 the  i n f e r i o r  g rowth  to  cvs ,  T-21 
and C-11 i n  the  e a r l i e r  p l a n t i n g s  r e f l e c t s  a  c u l  t i v a r  d i f f e r e n c e  i n  response 
t o  temperature;  b u t  t h e  c o n s i s t e n t l y  poore r  per formance o f  c v ,  UPAS-1 20 
r e q u i r e s  a  d i f f e r e n t  k i n d  o f  e x p l a n a t i o n .  

One reason  c o u l d  be i n  terms o f  i t s  s m a l l e r  seeds, I t s  100-seed w e i g h t  
i n  t h e  J u l y  p l a n t i n g  was o n l y  5 . 4  g . ,  compared w i t h  6.9 g ,  i n  c v .  T-21, 
9.8 g ,  i n  c v ,  C-11 and 7 , 2  g .  i n  c v ,  NP(WR)-15 ( T a b l e  9 ) .  We have f o u n d  t h a t  
s m a l l e r  seeded c u l  t i v a r s  g e n e r a l l y  g i v e  r i s e  to s m a l l e r  seed1 ings ,  and even 
a t  56  days a f t e r  sowing, seed we igh t  and shoo t  w e i g h t  show a  s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n  (PPR 1975-76,  S e c t i o n  111.1) .  However, t h e  d i f f e r e n c e  
between c v .  UPAS-1 20 and t h e  o t h e r  cu l  t i v a r s  seems too g r e a t  to be exp l  i c a b l e  
i n  terms o f  seed s i z e  a lone ;  i t  p o s s i b l y  r e f l e c t s  an  i n h e r e n t l y  lower  
p h o t o s y n t h e t i c  o r  m e t a b o l i c  e f f i c i e n c y .  

E f f e c t s  o f  c l i m a t i c  f a c t o r s :  

The weekly  averages f o r  maximum, mean and minimum temperatures and s o l a r  
r a d i a t i o n  th roughou t  the  exper imenta l  p e r i o d  a r e  shown i n  F i g .  3 .  The mean 
temperatures shown i n  t h i s  f i g u r e  were based on  d a i l y  means o b t a i n e d  by 
averag ing  t h e  temperature a t  1  h ,  i n t e r v a l s  t h r o u g h o u t  t h e  day and n i g h t .  Much 
o f  t h e  t i m e  these  c a l c u l a t e d  means were r o u g h l y  i n t e r m e d i a t e  between t h e  
maximum and minimum temperatures,  b u t  i n  some p e r i o d s ,  n o t a b l y  f r o m  J u l y  t o  
September, were c l o s e r  to t h e  minimum, and i n  o t h e r s ,  e.g, d u r i n g  December, 
were c l o s e r  t o  the  maximum. From J u l y  t o  January s o l a r  r a d i a t i o n  f l u c t u a t e d  
c o n s i d e r a b l y  b u t  showed no d e c l i n i n g  t r e n d  as t h e  d a y l e n g t h s  become s h o r t e r ,  
because t h e  c l e a r e r  s k i e s  i n  t h e  w i n t e r  season r o u g h l y  o f f s e t  t h e  e f f e c t s  
o f  s h o r t e r  day leng ths .  

The mean va lues  o f  v a r i o u s  c l i m a t i c  f a c t o r s  o v e r  t h e  f i r s t  50 days a f t e r  
each sowing were c a l c u l a t e d ,  and a r e  shown t o g e t h e r  w i t h  t h e  mean shoo t  d r y  
we igh ts  a t  50 days a f t e r  sowing i n  F i g ,  4 ,  
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Figure 4. Mean t o t a l  shoot dry weight o f  4 pigeonpea cul t l v a r s  50 days a f t e r  
sowing I n  d l f f e r e n t  months, and the mean radfat lon,  evaporation 
and maximum and minimum temperatures prevailing during t h d r  50- 
day growth period. 



The g r e a t e r  g rowth  i n  t h e  A p r i l  and May p l a n t i n g s  was a s s o c i a t e d  b o t h  
w i t h  h i g h e r  temperature and w i t h  h i g h e r  s o l a r  r a d i a t i o n ,  However, f rom June 
to Septenber, t h e  mean s o l a r  r a d i a t i o n  was s i m i l a r .  Sma l le r  amount o f  d r y  
m a t t e r  I n  t h e  l a t e r  p l a n t i n g s  may t h e r e f o r e  p r i m a r i l y  be due to the  l o w e r  
temperatures.  More d r y  m a t t e r  was produced w i t h  the  October  p l a n t i n g ;  a l t h o u g h  
temperatures were l o w e r  than  f o r  t h e  September p l a n t i n g ,  s o l a r  r a d i a t i o n  was 
more, which may h e l p  to account  f o r  t h i s ,  But  i n  s p i t e  o f  h i g h e r  r a d i a t i o n ,  
g rowth  was a t  a minimum i n  t h e  November and December p l a n t i n g s ,  p r o b a b l y  
because o f  t h e  coo l  weather .  

I n  t h e  January and February sowings, maximum temperatures were comparable 
t o  those f o r  May and June sowings, and s o l a r  r a d i a t i o n  was a l s o  h igh .  However, 
g rowth  was r e 1  a t i v e l y  poor perhaps because o f  the  r e l a t i v e l y  l o w  minimum 
temperatures.  

The average d r y  m a t t e r  p r o d u c t i o n  by t h e  4 c u t i v a r s  o v e r  t h e  f i r s t  50 days 
a f t e r  the  d i f f e r e n t  sowings i s  p l o t t e d  a g a i n s t  the  average mdximum, mean and 
minimum temperatures o v e r  t h e  same 50 day p e r i o d  i n  F i g .  5 .  I n  no case was the1 
a c l e a r  l i n e a r  r e l a t i o n s h i p ,  Perhaps the  most i n t e r e s t i n g  f e a t u r e  o f  t h i s  
f i g u r e s  i s  t h e  r e l a t i o n s h i p  o f  average d r y  m a t t e r  p r o d u c t i o n  w i t h  minimum 
temperature,  which suggests t h a t  t h e r e  was a k i n d  o f  d i s c o n t i n u o u s  r e l a t i o n s l l i p  
w i t h  r e l a t i v e l y  1 i t t l e  growth below a minimum temperature o f  abou t  22 'C., and 
much more g rowth  above t h i s  temperature.  

Not  s u r p r i s i n g l y ,  temperature was p o s i t i v e l y  c o r r e l a t e d  w i t h  g rowth  when 
a l l  p l a n t i n g s  were taken  i n t o  account  and t h e r e  was a l s o  a weak p o s i t i v e  c o r r e -  
l a t i o n  w i t h  s o l a r  r a d i a t i o n  (Table 8 ) .  When t h e  d a t a  f o r  A p r i l ,  May, January 
and February p l a n t i n g s  were omi t ted ,  s o l a r  r a d i a t i o n  was no l o n g e r  p o s i  t i v e l y  
a s s o c i a t e d  w i t h  g rowth  (see F i g .  4 ) ,  b u t  t h e r e  was s t i l l  a s t r o n g  p o s i t i v e  
c o r r e l a t i o n  w i t h  temperature (Table 8 ) .  

I n  sumnary, these d a t a  i n d i c a t e  t h a t  i n  t h i s  exper iment  t h e  g rowth  o f  
pigeonpeas was s t r o n g l y  i n f l u e n c e d  by  tempera iure,  w i t h  r e l a t i v e l y  poor  g rowth  
when minimum temperatures a r e  below abou t  22 C .  Growth was b e s t  a t  t h e  
h i g h e s t  temperatures, a1 though t h e  somewhat lower  g rowth  i n  t h e  A p r i l  than  t h e  
May p l a n t i n g  i n  some c u l  t i v a r s  (Tab1 e 5 ) ,  suggests t h a t  maximum temperatures 
above abou t  36 OC., may be superopt imal  (see temperature da ta  i n  F i g .  4 ) .  

E f fec ts  o n  y i e l d  components: 

Wi th  sow ings  from A p r i l  t o  October ,  t h e r e  was l i t t l e  change i n  t h e  number 
o f  seeds per  pod, b u t  t h e r e  were n o t i c e a b l y  fewer i n  t h e  November p l a n t i n g  
(Tab le  9 ) .  T h i s  i s  n o t  r e a d i l y  expl i c a b l e  i n  terms o f  l o w  temperatures d u r i n g  
t h e  e a r l y  r e p r o d u c t i v e  phase, s i n c e  these p l a n t s  were f l o w e r i n g  i n  e a r l y  
February (Tab le  4) ,  when temperatures were h i g h e r  t h a n  i n  December and January .  
One p o s s i b l e  e x p l a n a t i o n  m i g h t  be i n  terms o f  h i g h e r  i n s e c t  a t t a c k  o n  t h e  pods 
o f  these November sown p l a n t s .  
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Tab1 e 8. Simple c o r r e l a t i o n  c o e f f i c i e n t s  f o r  toal  d ry  weights 
a t  50 days w i t h  average mean, maximum and minimum 
temperatures over the 50-day growi ng per iod . 

Cul t i v a r  
Var iabl  e 

UPAS-1 20 T-21 C-11 NP(WR)-15 

A l l  sowinqs 

Mean temperature 

Max. temperature 

M i  n. temperature 

Solar r a d i a t i o n  

June-December sow- 
i n g ~  o n l y  

Mean temperature 

Max. temperature 

M i  n. temperature 

Sol a r  r a d i a t i o n  



Table 9 .  E f f e c t  o f  p l a n t i n g  date  on seed number per pod and 100-seed weights 
o f  4 pigeonpea cul  t i v a r s .  

Sowing Seed per pod 100-seed weight ( g )  

date UPAS-120 T-21 C-11 NP(WR)-15 UPAS-120 T-21 C-11 NP(WR)-15 

A p r i l  

May 

June 

Ju ly  

August 

September 

October 

November 

December 

Ja nua r y  



I n  a l l  c u l  t i v a r s  t h e  100-seed we igh ts  i n  t h e  A p r i l  sowing were l o w e r  than  
i n  t h e  subsequent sowin s .  I n  c v .  C-11 seed w e i g h t s  were h i g h e s t  i n  t h e  June- 
August  sowings ( T a b l e  9 , b u t  i n  o t h e r w i s e  t h e  f l u c t u a t i o n s  showed no c l e a r  
p a t t e r n .  

4 



111. THE YIELD POTENTIAL OF MEDIUM DURATION PIGEONPEAS 

Medium du ra t i on  pigeonpea cu l  t i v a r s  a re  wel l  adapted t o  cropping 
systems i n  peninsular I nd ia .  They are  usua l l y  p lanted around the be- 
g inning o f  the  monsoon season, i n  June o r  July, and harvested around 
December. I n  farmers' f i e l d s  they a re  o f t e n  grown as an in te rc rop.  

The y i e l d s  o f  even the best ava i l ab le  c u l t i v a r s  a r e  r e l a t i v e l y  
low. Tables 10, 11, 12 and 13 show the y i e l d s  o f  such cu l  t i v a r s  grown 
a t  ICRISAT Center i n  the  normal season as a pure crop i n  Pulse Physio- 
logy, Pigeonpea Breeding, Pul se Entomology and Farming Systems t r i a l s .  
Even under the favourabl e cond i t ions  p reva i l  i ng i n  these experiments, 
inc lud ing  adequate populat ion dens i t ies  and i n s e c t i c i d e  sprays, the 
y i e l d s  hard ly  ever exceeded 2000 kg/ha; the o v e r a l l  means were 
1450 kg/ha on V e r t i s o l  and 1209 kg/ha on A l f i s o l .  Yie lds o f  i n t e r -  
cropped pigeonpeas a r e  even lower, 

I n  pure stands i t  has not  proved possib le to o b t a i n  more than a 
s l  i g h t  increase i n  y i e l d  by increasing the populat ion dens i ty  over 
t h a t  usua l l y  adopted, o f  around 44000 p lan ts lha .  Owing to the p l a s t i -  
c i t y  o f  plants, there  i s  a very broad y i e l d  p lateau (PPR 1979-80, 
Section V) . 

A l f i s o l s  have a lower water-holding capac i ty  than Ver t i so l s .  In 
f a c t  t h a t  y i e l d s  on A l f i s o l s  a re  genera l ly  lower than on Ve r t i so l s  
(Tables 10, 11 and 13) suggests t h a t  one f a c t o r  1 i m i t l n g  y i e l d  may be 
water s t ress.  It i s  a lso  possib le t h a t  y i e l d  i s  1 im i ted  by inadequate 
n i t rogen f i x a t i o n ,  macronutr ient o r  m ic ronu t r i en t  de f i c i enc ies ,  I n  
order to assess the  y i e l d  po ten t i a l  o f  medium dura t ion  pigeonpeas under 
cond i t ions  i n  which none o f  these f a c t o r s  should be 1 im i  t ing ,  we 
ca r r i ed  o u t  t r i a l s  a t  ICRISAT Center on both s o i l  types i n  which the  
p lan ts  were provided w i t h  amp1 e suppl i e s  o f  n u t r i e n t s  and regu lar  
i r r i g a t i o n .  

Mater ia l  s  and methods 

The t r i a l s  were l a i d  w i t h  unrepl i ca ted  l a r g e  p lo ts ,  using 5 medium 
du ra t i on  genotypes were tested: ICP-1-6, ICPH-6, ICPL-270, C-11 , and 
BDN-1, These were p lanted i n  two s o i l  types, V e r t i s o l  f i e l d  BP-14A and 
A l f i s o l  f i e l d  RP-4B on 19th  and 20th June respect ive ly .  Both f i e l d s  
received a b lanket  app l i ca t i on  o f  40 kg N, 70 kg P2O5 and 50 kg ZnSOq 
per ha. Placement of 3% furadan (@ 40 kglha) was a l so  c a r r i e d  o u t  
p r i o r  to  sowing. The seeds were t rea ted  w i t h  Rhizobiun s t r a i n  IHP-100, 
The p l o t  s i ze  f o r  each c u l t i v a r  was 0.05 ha i n  each s o i l ,  



Table 10. Y i e l d s  o f  medium d u r a t i o n  pigeonpea c u l  t i v a r s  grown i n  t h e  normal 
season i n  Pulse Phys io logy  t r i a l s  on  V e r t i s o l s  and A l f i s o l s  a t  
ICRISAT Center ,  

-- 

V e r t i  so l  A l f i s o l  
- 

c u l  t i v a r  Y i e l d  Reference (PPR) C u l t i v a r  Y i e l d  Re fe rence(PPR)  
(kg lha  (kg lha  

ICP-1 1432 1975176 Table 13 ICP-1 1337 1975176 Table 37 

ST-1 1508 1975176 Table 32 ST-1 1336 1975176 Tab1 e 33 

ICP-1 1007 1 9 7 6 1 7 7 T a b l e 7  ICP-1 696 1976/77 Tab1 e 7 

ICP-1 1876 1977178 Table 23 ICP-1 886 1 9 7 7 1 7 8 T a b l e 2 5  

BDN-1 1838 1977/73 Tab1 e 30 BDN-1 1564 1977178 Tab1 e 26 

BDN-1 1607 1978/79 Table 26 BDN-1 11 30, 1978179 Tab1 e 27 

BDN-1 1656 1 9 7 8 / 7 9 T a b l e 2 8  BDN-1 1118 1978179 Table 28 

C-11 1702 1978/79 Table 28 C-11 1314 1978179 Table 28 

ICP-1 1626 1978179 Tab1 e 34 ICP-1 11 97 1978179 Tab1 e 34 

BDN-1 11 36 1979/80 Tab1 e 13 BDN-1 1264 1979180 Table 14  

C-11 1329 1979/80 Table 18  C-11 1 503 1 979180 Ta b l  e 1 8  

BDN-1 
"- 

1471 1979180 Tab1 e 18 BDN-1 1351 1979180 Tab1 e 1 8  
$ i;: C-11 1439 1980181 Table 4 C-11 11 23 1980181 Table 4 

BDN-1 1405 1 9 8 0 1 8 1 T a b l e 9  BDN-1 946 1980181 Tab1 e 9 

MEAN 1 502 MEAN 1197 



Table 11, Y ie lds  o f  medium d u r a t i o n  pigeonpeas grown as a so le  c rop  i n  
the normal season i n  ICRISAT Pigeonpea Breeders '  t r i a l  s .  
References a r e  to  Pigeonpea Breeding Reports (PBR). ACT-2 
means r e f e r  t o  t h e  mean y i e l d s  i n  A71 India Coordihated Pulse 
Improvement t r i a l  s o f  medium d u r a t i o n  cul t i v a r s .  

V e r t i s o l  A l f  i s01 
.- - - -- 
Cul t i v a r  Y i e l d  Reference (PBR) Cul t i v a r  Y i e l d  Reference (PBR) 

(kg/ha) (kg/ha 

ACT-2 
Mean 

ACT-2 
1758 1974175 Table 53 Mean 1208 1974175 Table 54 

ST- 1 201 6 ST-1 1051 I I I 1  

---------------------------------------------------..------.-.-------*-------- 
ACT-2 

Mean 1277 1975/76 Table 65 

ST- 1 1365 I 1  

ICP-1 11 34 I I 

BDN- 1 1466 I I 

----------------------------..------------------------------------------------- 

C-11 1721 1976177 Table 105 

ST- I 1333 I I 

/CP-1 1 504 I I 

- - - - - - - - - - - - - - - - - - - - - - - - - - l - - - - - - - - - - - - - - - - - - - - - - - - - -d&- - - - - - - - - - - - - - - - - -  r---" 
ACT-2 ACT-2 

Mean 1150 1977178 Table 2.36 Mean 932 1977/78 Table 2.35 

---------------------------- . .p-,-----------------------------------------------  
I r 

$ 1  "$.I 
ACT- 2 

11 71 1978/79  able 2,30 Mea n . . 

MEAN o f  ACT-2 
t r i a l s  1339 

MEAN o f  ACT-2 
t r i a l s  1070 



Table 1 2 .  Y i e l ds  o f  medium d u r a t i o n  pigeor~peas i n  I C R I S A T  Pulse 
Entomology t r i a l s  under i n s e c t i c i d e  sprayed cond i t i ons  
on V e r t i s a l s .  The h i g h e s t  y i e l d i n g  c u l t i v a r  i n  each 
t r i a l  's  i n d i c a t e d  by an a s t e r i s k .  

Cu 1 t i  v a r  Y i e l d  ( k g / h a )  Reference (Pulse 
Entomology Repor t )  

I CP- 1  

C-11 

6496-EL-EG* 

BDN-1 * 

C-11 

BDN- 1 

c - 1  I *  

1978/79 Table 19 

I 1  

1979/80 Table 15 

Il 

1980/81 Table 18 

I I 



1 3 ,  Y i e l d s  o f  medium d u r a t i o n  pigeonpeas grown as a s o l e  c r o p  d u r i n g  
t h e  normal season i n  ICRISAT Farming Systems t r i a l  s. References 
a r e  t o  Farming Systems Annual Repor ts  (FSR) o r  r e p o r t s  on  Cropping 
Systems Research (CSR) . 

V e r t i s o l  A1 f i s o l  

Cul t i v a r  Y i e l d  Reference Cul t i v a r  Y i e l d  Reference 
( k g l h a )  (kg1  ha 

HY-3A 1890 FSR 1974175 Table 7 ICP-1 1710 FSR 1974175 Tab le  6 

ST- 1 1670 FSR 1975176 Table 25 ST-1 1070 FSR 1975176 T a b l e 2 5  

ICP-1 1250 CSR 1976177 Table 6 ICP-1 800 CSR 1976177 Table 6 

ICP-1 1645 CSR 1979180 Table 1 ICP-1 1900 CSR 1979180 Table 1 

ICP-1 1330 CSR 1979180 Table 5 ICP-1 1222 CSR 1979180 Table 5 

C-11 1270 11 C-11 1454 I1 

Mean 1509 Mean 1359 



P lan t i ng  was done on  75 cm r i dges  a t  a  spacing o f  75 x  10 cms. 
Th is  gave a popu la t i on  of 133,300 p lan ts /ha .  The f i n a l  popu la t i on  
a t  ha rves t  was over  90% o f  t h i s  i n  V e r t i s o l  and between 70-88% i n  
A l f i s o l  (Table 1 4 ) .  

The c rop  r ece i ved  t h ree  i r r i g a t i o n s  a f t e r  t he  comnencement o f  
f lower ing,  on  2.11 .81, 17.11.81 and 3.12.81 on V e r t i s o l  and on  
22.10.81, 6.11.81 and 21 . I1  ,81 on  A l f i s o l ,  Two sprays o f  m ic ro -  
n u t r i e n t s  were given, one d u r i n g  t h e  vege ta t i ve  stage (24.7.81) and 
another  a t  f l o w e r i n g  stage (13.10.81 on V e r t i s o l ;  1.10.81 on  
A l f i s o l  ) t o  guard aga ins t  m i c r o n u t r i e n t  d e f i c i e n c y ,  A t  the  t ime  o f  
harv s t ,  each b lock  was d i v i d e d  i n t o  7  and 8 sub-blocks o f  58 and t 53 m area i n  V e r t i s o l  and A l f i s o l  f i e l d s  r e s p e c t i v e l y  to g e t  an 
idea o f  u n i f o r m i t y  o f  t he  c rop ,  Subsamples o f  10 p l a n t s  were taken 
from each sub-block f o r  the  e s t i m a t i o n  o f  t o t a l  d r y  weight  and 
components o f  y i e l d ,  The Harvest  Index was c a l c u l a t e d  f rom these 
subsample data, and then used t o  c a l c u l a t e  t he  t o t a l  d r y  weight  o f  
t he  c rop  f rom the  p l o t  y i e l d  data.  The pod number per p l a n t  was 
a l s o  c a l c u l a t e d  from p l o t  y i e l d  data, us ing  data on 100-seed we igh t  
and seed number per pod f rom t h e  subsamples. 

On bo th  s o i l s  w i t h  cvs,  BDN-1 and ICP-1-6 one sub-block was 
ra tooned and another sub-block harvested by pod-picki'ng a t  t h e  t ime 
o f  m a t u r i t y  o f  t he  f i r s t  c rop d u r i n g  the  f i r s t  week o f  January, and 
the  p l a n t s  were l e f t  t o  produce a second f l u s h  o f  pods. These 
p l a n t s  were i r r i g a t e d  on 25.1.82, 15.2.82 and 22.2.82 on V e r t i s o l  
and on 27.12.81, 14.1 -82 and 23.1 -82  on  A l f i s o l .  Cn bo th  s o i l s  t h e  
ra tooned p l a n t s  o f  c v .  BDN-1 matured i n  mid-March, about  8  days 
l a t e r  than t he  non-ratooned p l an t s .  The non-ratooned p l a n t s  o f  
cv .  ICP-1-6 matured i n  mid-March and t he  ra tooned p l a n t s  i n  m id -Apr i l  

Resul t s  and d iscuss ion  

F i r s t  ha rves t :  

Most of  t he  c u l  t i v a r s  f lowered and matured a few days e a r l i e r  
on A l f i s o l  than V e r t i s o l  (Table 1 5 ) .  I n  u n i r r i g a t e d  t r i a l s  i n  
prev ious years t h e  d i f f e r e n c e s  between the two s o i l  types a r e  g e n e r a l l y  
more pronounced, w i t h  m a t u r i t y  occu r r i ng  up t o  16  days sooner o n  
A l f i s o l  than V e r t i s o l  (Tab1 e 1 6 ) .  These data suggest t h a t  t h e  g r e a t e r  
water s t r ess  on  A l f i s o l  acce le ra ted  bo th  f l o w e r i n g  and matu ra t ion .  
I n  t h i s  y e a r ' s  t r i a l s  t he  d u r a t i o n  o f  bo th  cvs, C-11 and BDN-1 was 
extended by 2-3 weeks compared w i t h  prev ious years and f lower ing  
a1 so took p lace  several  weeks l a t e r  than i n  some prev ious years  
(compare Tables 15 and 1 6 ) .  Since t h i s  y e a r ' s  t r i a l  was i r r i g a t e d  
and p rev ious  t r i a l s  were not ,  these r e s u l t s  aga in  p o i n t  t o  t h e  
conc lus ion  t h a t  f l ower ing  and maturat ion a re  acce le ra ted  by water 
s t ress ;  o r ,  p u t t i n g  i t  i n  a  d i f f e r e n t  way, t h a t  an adequate water  



Table 14,  P l a n t  p o p u l a t i o n  a t  h a r v e s t  as percentage o f  t h e  
expected p o p u l a t i o n ,  and percentage o f  p l a n t s  which 
were dead a t  t h e  t ime  o f  ha rves t ,  

Percentage o f  expected Percentage o f  dead 

Cul t i v a r  p o p u l a t i o n  p l a n t s  

V e r t i s o l  A l f i s o l  V e r t i s o l  A l f i s o l  

ICP-1-6 95.6 70.0 1 .2  5.6 

ICPL-270 95.1 83.9 0.9 11.6 

I C  PH- 6 90.5 83.8 1 .2  17.6 

C-11 92.6 85.4 1.1 11.2 

BDN- 1 96.4 88.0 0.9 5.5 







ab le  17. Y i e l d  and y i e l d  components of medium d u r a t i o n  cu l  t i v a r s  grown w i t h  i r r i g d i  
and n u t r i e n t  i n p u t s  i n  the normal season a t  ICRISAT Center on V e r t i s o l  (V:. 
A l f i s o l  (A) .  Values a r e  shown w i t h  s tandard e r r o r s .  

Cul t i v a r  
a r i a b l e  Soi 1 Me. 

BDN- 1 C-11 ICP-1-6 ICPH-6 ICPL-270 

Y i e l d  (kg/ha) V 1900 5 43 1950 - + 37 2300 5 20 2010 - + 44 1970 - + 29 20. 

Y l a l d / p l a n t  ( g )  V 15 0.4 18 - + 0.4 18 - + 0.2 17 - + 0.3 15 - + 0 .3  

A 16 2 0.6 13 - + 1.0 13 - + 0 .8  12 - + 1.7 13 2 0.4 

t o t a l  dry V 7000 +_ 154 9570 + 353 10340 + 460 8800 2 287 7720 + 272 %: 
we igh t  ( kg lha )  

A 8760 - + 639 7560 - + 479 11130 - + 1128 6900 - + 854 7750 + 578 84. - 
T o t a l  d r y  V 55 - + 1.2 89 + 3 .3  81 - + 3.6 41 + 1.3 61 - + 2.1 : 
w l g h t l p l a n t  
(9)  A 7 5 t 5 . 4  7 0 t 4 . 4  - 1 2 0 + 1 2 . 2  - 6 2 2 7 . 7  6 9 2 5 . 1  , 

F a l l e n  leaves V 3230 + - 512 2720 + - 332 3150 + 571 2910, +_ 560 2240 .+ 502 35: 
(kq/ha) 

A 1 9 4 0 t 4 5 1  2 1 0 0 + 2 0 1  - 2 5 7 0 t 1 9 6  - 1 8 7 0 f _ 1 1 4  1 8 3 0 + 1 1 6  2C: 

Harvest  Index V 2 7 t 0 . 4  - 2 1 2 0 . 6  2 2 t 0 . 9  .- 2 3 2 1 . 1  2 6 t 1 . 0  - 
($1 

A 21 5 1.4 18 - t 0 .8  11 t - 1.2 19 - + 0.9 20 - + 1.5 1 



supply prolongs both  t h e  v e g e t a t i v e  and the  rep roduc t i ve  phases. A 
s i m i l a r  e f f e c t  would be expected i n  years  i n  which the  r a i n f a l l  r e l a -  
t i v e l y  h igh  and t h e  r a i n y  season i s  unusua l ly  prolonged. Th is  year 
was such a  year ( F i g .  1  ), and i n  cv. C-11 grown on a  V e r t i s o l  w i thou t  
i r r i g a t i o n , ,  the  number o f  days t o  50% f lower ing and to  m a t u r i t y  
(1 32 and 188 days r e s p e c t i v e l y :  see p .  6 0 )  was cons iderab ly  g rea te r  
than i n  prev ious years,  and almost t he  same as i n  t h i s  i r r i g a t e d  t r i a l ,  

The p l a n t  stands o n  V e r t i s o l  were exce l l en t ,  w i t h  over 90% o f  t he  
t h e o r e t i c a l  popu la t i on  a1 i v e  a t  the  t ime o f  harvest  (Table 14) .  On 
A l f i s o l  , however, stands were reduced i n  most cu l  t i v a r s  ma in l y  because 
o f  t h e  w i l t  d isease, 

I n  most cu l  t i v a r s  the  y i e l d  was s t r i k i n g l y  h igher  i n  V e r t i s o l  than 
A l f i s o l ,  w i t h  means o f  2030 kg/ha and 1450 kg/ha r e s p e c t i v e l y  (Table 1 7 ) .  
Only i n  cv .  BDN-1 were t h e  y i e l d s  s i m i l a r  on bo th  s o i l s ;  t h i s  was t h e  
cu l  t i v a r  l e a s t  a f fec ted  by the  w i l t  disease on A l f i s o l  (Table 14 ) .  The 
c u l t i v a r  which showed the  g r e a t e s t  d iscrepancy between t h e  two s o i l s ,  
ICP-1-6, w i t h  a  y i e l d  o f  2305 kg/ha on V e r t i s o l  and 1185 kg/ha on A l f i s o l ,  
had the  lowest  p l a n t  stand on the l a t t e r ,  o n l y  70% o f  t he  t h e o r e t i c a l  
popu la t i on  (Table 1 4 ) .  However, n o t  o n l y  were the re  fewer p l a n t s  on  
A l f i s o l ,  b u t  t h e  y i e l d  per p l a n t  was lower (12.8 g  compared w i t h  18.1 g  on  
V e r t i s o l ) ,  Al though t h e  pod number per p l a n t  on both  s o i l s  was almost 
t he  same (65,8 on  A l f i s o l  , 63.7 on V e r t i s o l  ), on A l f i s o l  t h e r e  were 
fewer seeds per pod (2.11 as opposed to 2,60) and a  lower  100-seed weight  
(9.3 g  as opposed t o  11.0 g ) ,  

Except f o r  cv.  BDN-1, t he  o the r  c u l t i v a r s  1  i k e  cv .  ICP-1-6, y i e l d e d  
l e s s  on A l f i s o l  than V e r t i s o l  both  because o f  a  lower  p l a n t  popu la t i on  
(Table 14) and a  lower y i e l d  per p l a n t  (Table 17 ) .  The l a t t e r  was due to 
a smal le r  number o f  pods pei- p lan t ,  a  lower 100-seed we1 ht ,  and a l s o  i n  
the case o f  cvs,  ICP-1-6 and ICPH-6 fewer seeds per  pod 7 Table 17). I n  
prev ious years i n  u n i r r i y a t e d  , t r i a l s  t h e r e  has been a  tendency f o r  p l a n t s  
grown on A l f i s o l  to  have fewer seeds per pod than o n  V e r t i s o l ,  b u t  
100-seed weight  have tended to be h igher  on A l f i s o l  (Table 18). 

Although the  t o t a l  d r y  we ight  per hectare  i n  t h e  shoot system a t  the  
t ime o f  harvest  was s i m i l a r  on both  s o i l  types, t h e r e  was a much g r e a t e r  
mass o f  f a l l e n  leaves beneath the  p lan ts  on  V e r t i s o l  than o n  A l f i s o l  
(Table 17),  i n d i c a t i n g  t h a t  they had pu t  on  more v e g e t a t i v e  growth throughout 
t he  growing season, The g rea te r  p roduc t i on  o f  leaves and t h e  h ighe r  y i e l d  
o f  t h e  p l a n t s  on  V e r t i s o l ,  together  w i t h  t h e i r  s o m M a t  l a t e r  m a t u r i t y ,  may 
i n d i c a t e  t h a t  i n  s p i t e  of  the  long r a i n y  season and i r r i g a t i o n ,  t he  growth 
and y i e l d  o f  t he  p l a n t s  on  A l f i s o l  was s t i l l  1  i m i t e d  by mo is tu re  s t ress ,  
perhaps d u r i n g  t h e  l a t e r  p a r t  of t he  r e p r o d u c t i v e  phase ( t h e  l a s t  i r r i g a t i o n  
was g i ven  on 21 .11.81, over  a  month before m a t u r i t y ;  on  V e r t i s o l  t he  plants 
rece i ved  t h e i r  l a s t  i r r i g a t i o n  somewhat l a t e r ,  on  3.12.81, 





The n i t r ogen  and phosphorus con ten t  o f  var ious p l a n t  pa r t s  i n  
cvs. BDN-1 and C-11 a t  the  t ime o f  t he  f i r s t  harvest  was gene ra l l y  
s i m i l a r  on bo th  s o i l s  (Table 19) .  The percentage o f  both N and P 
i n  stems and f a l l e n  leaves were cons iderably  h igher  than those 
found i n  u n i r r i g a t e d  pigeonpeas ( c f .  PPR 1975-76, Table 13; PPR 
1976-77, Tables 10  and 11 ) .  The n i t r ogen  content  o f  f a l l e n  leaves 
i s  u s u a l l y  around 1.3 - 1 . 5 % ,  but  i n  t h i s  i r r i g a t e d  t r i a l  was 
2.2 - 2.7%. I n  cv. BDN-1 on V e r t i s o l ,  f o r  example, the n i t r ogen  
con ten t  was 2.4%, and the  t o t a l  q u a n t i t y  o f  f a l l e n  leaves was 
3230 kg/ha (Table 19) .  This means t h a t  the  amount o f  n i t r ogen  
re tu rned  t o  the s o i l  i n  t h i s  form was 78 kg/ha, f a r  more than we 
have ever found be fo re .  

Second harvest :  

Second harves t  y i e l d s  were gene ra l l y  h igher  on A l f i s o l  s than 
Ve r t i so l s ,  i n  s p i t e  o f  the  h igher  water-ho ld ing capac i t y  o f  t he  
l a t t e r .  We t h i n k  t h a t t h e l o w e r  y i e l d s  on Y e r t i s o l  a r e m a i n l y  due 
to the  c rack ing  o f  t h e  s o i l  which occurs p rogress ive ly  i n  the post-  
r a i n y  season (PPR 1980-81, Sect ion V I I I ;  t h i s  r e p o r t ,  Sect ion X ) .  
I f  t h i s  i s  so, then w i t h  i r r i g a t i o n  the c rack ing  i n  Ve r t i so l  should 
be suppressed, and t he  d i f f e rences  between the  two s o i l  type reduced. 

Th is  indeed appears t o  be the case. I n  t h i s  experiment, subplots  
o f  two c u l  t i v a r s ,  BDN-1 and ICP-1-6, were harvested by ra toon ing  o r  
by pod-p ick ing a t  t he  t ime  o f  the f i r s t  harvest  ( i n  e a r l y  January) and 
the p l an t s  were l e f t  i n  the  f i e l d  to produce a second f l u s h  o f  pods. 
They were i r r i g a t e d  du r i ng  the pe r i od  t h i s  second f l u s h  was developing. 
I n  cv.  BDN-1 t he  y i e l d  on Ve r t i so l  o f  744 kg/ha (Table 20) was f a r  
h igher  than any second harvest  y i e l d  p rev i ous l y  recorded on  t h i s  s o i l  
type, which w i t h  t h i s  c u l  t i v a r  have ranged from 50 - 330 kg/ha. These 
f i g u r e s  r e f e r  to non-ratooned p lan ts ,  w i t h  ra toon ing  t h e  y i e l d s  were 
lower, as t h i s  y e a r ' s  da ta  a l so  show (Table 20).  The y i e l d  on  A l f i s o l  
o f  t h i s  c u l t i v a r  was lower  than on V e r t i s o l ,  probably  as a consequence 
o f  g rea te r  water s t r ess  ( t h e  p l an t s  on A l f i s o l  were no t  i r r i g a t e d  
a f t e r  23,1.82, whereas on  V e r t i s o l  the l a s t  i r r i g a t i o n  was g i ven  a 
month l a t e r ,  on 22.2.82). 

The second f l u s h  o f  pods matured somewhat l a t e r  i n  cv .  ICP-1-6 and 
t h i s  may he lp  t o  account f o r  t he  f a c t  t h a t  t h e  y i e l d  on V e r t i s o l  was 
lower  than i n  the  case o f  BDN-1, p a r t i c u l a r l y  i n  t h e  case o f  ratooned 
p l a n t s  (Table 20). However on A l f i s o l  the  y i e l d  o f  t he  non-ratooned 
p l an t s  was q u i t e  high, i n  s p i t e  o f  the  f a c t  t h a t  o n l y  65% o f  t h e  i n i t i a l  
p l a n t  population had survived, compared w i t h  over  90% on V e r t i s o l  . The 
b e t t e r  performance o f  c v .  ICP-1-6 on  A l f i s o l  than V e r t i s o l ,  t he  reverse  
of what was found i n  cv.  BDN-1 may be due to  t he  f a c t  t h a t  t he  vege ta t i ve  
growth o f  t h e  p l an t s  o f  cv. ICP-1-6 on A l f i s o l  was much g rea te r  than on  
Ve r t i so l  (see data f o r  d r y  weight per  p l a n t  i n  Table 17),  and o n  A l f i s o l  
more regrowth occurred a f t e r  t he  f i r s t  harvest  i n  t h i s  c u l  t i v a r  than  i n  
CV. BDN-1. 



Table 19.  N i t r o g e n  and phosphorus c o n t e n t  o f  v a r i o u s  p l a n t  p a r t s  a t  t h e  t i m e  
o f  f i r s t  h a r v e s t  o f  c v s .  BDN-1 and C-11, grown on  V e r t i s o l  ( V )  and 
A l f i s o l  (A)  w i t h  i r r i g a t i o n  and n u t r i e n t  i n p u t s .  

P l a n t  p a r t  cv  . BDN- 1 CV.C-11 C V .  EON-1 C V .  C - 1 1  

A t t a c h e d l e a v e s  4 . 0  3 , 9  4.1 4.1 0.34 0,23 0.77 0 ,24  

Stems 0 ,9  1 . 1  0.9 0.7 0.18 0,23 0,17 0.14 

Seeds 3.3 3.2 3.8 3.4 0 ,45  0.36 0,47 0.35 

F a l l e n l e a v e s  2,4 2.2 2.7 2 . 7  0.23 0,15 0.20 0,21 

Tab le  20, Second h a r v e s t  y i e l d s  and y i e l d  components o f  ra tooned  and non- 
ra tooned  p l a n t s  o f  c v s .  BDN-1 and I C P - 1 - 6  on V e r t i s o l  (V) and 
A l f i s o l  ( A ) .  

-- 
Y i e l  d Y i e l d  per Seeds per  100-seed 

( kg/ha p l a n t  ( g )  PO d w e i g h t  ( g )  
Cul t i v a r  Treatment  

V A V A V A V  A 

BDN-1 Non-ratooned 744 454 5 .9  4.3 2,O 1.6 9,O 7.3 
k 

1 
I Ra tooned 481 263 4 . 0  2 . 2  2.0 1.4 9 .2  7.3 
L 

ICP-1-6 No?-ratooned 459 583 3.3 6 .8  1,4 1.8 8.0 8.3 

Ra too  ned 155 222 1 . 3  2.5 1 . 6  1.6 7,3 7.5 

I 



I n  t he  second f l u sh  i n  both c u l t i v a r s  t he  seed number per pod and 
100-seed weights were lower than i n  the f i r s t  f l u sh :  f o r  example, i n  
cv. BDN-1, on Ve r t i so l  the re  were 2.7 seeds per pod i n  the  f i r s t  f l ush ,  
and 2.0 i n  t h e  second, and the respec t i ve  100-seed weights were 10.8 g 
and 9,O g, The d i f fe rences  were even g rea te r  i n  cv ,  ICP-1-6 (compare 
Tables 17 and 20). A s i m i l a r  reduc t ion  i n  both these components o f  y i e l d  
i n  the  second f l u s h  has a l so  been observed i n  previous years (Table 21).  

General d l  scussion: Why-ar-e medium du ra t i on  piqeonpeas_&w y i e l d i n g ?  

Yie lds o f  ex t r a -ea r l y  pigeonpeas grown i n  the monsoon season i n  
no r t h  I nd i a  o f t e n  exceed 3 tonslha; f o r  example t h i s  year i n  an ICRISAT 
t r i a l  a t  Hissar  cv .  ICPL-87 y ie lded  3420 kglha, matur ing i n  143 days 
(Tab1 e 23),  A t  ICRISAT Center ex t ra -ear l y  cu l  t i v a r s ,  matur ing i n  a b u t  
100 days, grown a t  h igh  popu la t ion  dens i t ies ,  have r e c e n t l y  been found 
to g i v e  y i e l d s  as h i gh  as 2700 kglha (data from 1982 t r i a l s ,  to be 
descr ibed i n  nex t  yea r ' s  Pigeonpea Physiology Report) .  

La te  matur ing pigeonpeas grown i n  U t t a r  Pradesh and Madhya Pradesh 
a lso  g i v e  good y i e l d s .  I n  Mainpuri  D i s t r i c t  (U.P.), f o r  example, the  
average y i e l d s  i n  farmers '  f i e l d s  a re  as h igh as 3 tons/ha. 

By con t ras t ,  medium du ra t i on  pigeonpeas r a r e l y  y i e l d  more than 
2 tonslha even under favourabl e  cond i t i ons  on experiment s t a t i ons .  For 
exampl e, i n  our  Pulse Physiology t r i a l s  from 1975 t o  1981, the h ighest  
y i e l d  was 1876 kg/ha; the  mean y i e l d s  on Ve r t i so l  and A l f i s o l  were 
1 502 kg/ha and 11 97 kg/ ha respec t i ve ly .  I n  some represents t i ve Farming 
Systems t r i a l s ,  y i e l d s  ranged from 800-1890 kg/ha (Table 13) .  I n  
Pigeonpea Breeders' t r i a l s  the mean y i e l d s  o f  medium du ra t i on  c u l t i v a r  
t r i a l s  (ACT-2) were 1339 kglha on Ve r t i so l  and 1070 kg/ha on A l f i s o l  
(Table 11) .  I n  t he  best  year, 1974-75, the h ighest  y i e l d i n g  c u l  t i v a r  
gave 2,340 kg/ha. I n  Pulse Entomology t r i a l s ,  under i n s e c t i c i d e  sprayed 
cond i t i ons  the  bes t  cu l  t i v a r s  have y i e l ded  between 1430 and 1901 kg/ha 
(Table 12) .  

Th is  year, 1  i k e  1974-75, was an excep t iona l l y  good year f o r  pigeonpea 
y i e l ds ,  and i n  ou r  experiment i n  a  Ve r t i so l  watershed, cv. C-11 y i e l ded  
1940 kg/ha i n  con t r o l  p l o t s  (Table 30), and a record  y i e l d  o f  3220 kg/ha 
was obta ined i n  one t r i a l  by the Pulse Entomologists, b u t  t h i s  invo lved  
harvest ing a June p lanted-ear ly  cu l  t i v a r  i n  February, so probably  repre -  
sents t h e  t o t a l  o f  f i r s t  and second f l u s h  y i e l d s .  

I n  t he  present  experiment, i n  which i r r i g a t i o n  and n u t r i e n t  suppl ies 
were g iven  i n  an at tempt  t o  op t im ize  growth and y i e l d ,  the h ighes t  y i e l d  
was o n l y  2305 kg/ha (Table 17) .  This suggests t h a t  y i e l d s  a r e  no t  being 
g r e a t l y  l i m i t e d  by these f ac to r s .  Taken together  w i t h  t h e  data s m r i z e d  
above, and a l s o  tak ing  i n t o  account the r e s u l t s  o f  A l l  I nd i a  Coordinated 



T r i a l s  i n  t he  Cent ra l  and Peninsular  Zones, the  r e s u l t s  suggest t h a t  
medium d u r a t i o n  pigeonpeas have a low y i e l d  p o t e n t i a l ,  which ve r y  
r a r e l y  exceeds 2.5 tons/ha; whereas both e a r l y  and l a t e  pigeonpeas 
q u i t e  o f t e n  g i v e  y i e l d s  of 3 .5  tons o r  more. What cou ld  be t h e  
reasons f o r  t h i s ?  

The most l i k e l y  exp lana t ion  seems t o  be i n  terms o f  temperature. 
Ea r l y  plgeonpeas sown i n  June o r  J u l y  mature be fo re  t he  cool  w in te r  
weather o f  November-February. La te  p i g e o n p e a r n o r t h  I n d i a  mature 
a f t e r  t h i s  season, when t he  temperatures a re  r i s i n g .  But  medium 
d u r a t i o n  c u l t i v a r s  o through t h e i r  rep roduc t i ve  phase d u r i n g  t h i s  
cool  season (F i g .  6 4 . 

The growth o f  pigeonpeas i s  markedly enhanced a t  h igher  tempera- 
tures, (see Sect ion 11). Other t r o p i c a l  crops such as sorghum and 
m i l l e t  a r e  known to show a 1 inear  response lx temperature i n  a range 
above a c r i t i c a l  'base temperature'  of  about 10-12 "C. A t  o r  below 
t h i s  temperature developmental processes become very  slow. Pigeonpea 
may have a s i m i l a r  temperature response. Indeed, observat ions on  t h e  
r a t e  o f  l e a f  i n i t i a t i o n  i n  c o n t r o l l e d  environments, made by 
D r .  M. McPherson i n  Palmerston North, New Z$aland, i n d i c a t e  a 'base 
temperature'  f o r  t h i s  process o f  around 16 C .  Ducing t h e  cool  w in te r  
season when n i g h t  temperatures a r e  of t e n  below 10 C, developmental 
processes such as pod s e t t i n g  may be i n h i b i t e d ,  w i t h  a consequent 
r e d u c t i o n  o f  y i e l d .  

The idea t h a t  t h e  r e l a t i v e l y  l ow  y i e l d  o f  medium d u r a t i o n  p i g a n -  
peas i s  ma in ly  due to cool temperatures r a t h e r  than any i nhe ren t  
phys i o l og i ca l  de f i c i ency  compared w i t h  e a r l y  and l a t e  pigeonpeas i s  
supported by the  r e s u l t s  o f  t r i a l s  c a r r i e d  o u t  i n  the  r a b i  season, w i t h  
sowings from September t o  Novanber. I n  our  Pulse Physiology t r i a l s  f rom 
1975 t o  1981 under these cona i t i ons ,  t h e  h ighes t  y i e l d  ob ta ined  f rom an 
e a r l y  c u l  t i v a r  has been 1080 kg/ha, compared w i t h  1710 kg/ha from a 
medium c u l  t i v a r  and 1280 kg/ha f rom a l a t e  c u l  t i v a r  (PPR 1976-77, Table 
61 ) .  I n  o t h e r  years a lso,  medium c u l  t i v a r s  have gene ra l l y  o u t y i e l d e d  
bo th  e a r l y  and l a t e  c u l  t i v a r s .  

A h i n t  t h a t  cool temperatures may be 1 im i  t i n g  t he  development of  
r ep roduc t i ve  s t r uc tu res  i s  prov ided by data on seed number per pod 
and 100-seed weight  o f  t h e  some c u l  t i v a r s  grown i n  the  normal and t he  
r a b i  seasons. I n  the r a b i  c rop  the temperatures du r i ng  the  f l o w e r i n g  
per iod  (around ~ a n u a r y )  a r e  lower than i n  the  normal c rop  (October- 
November f o r  medium c u l  t i v a r s )  , Both seed number per pod and especia l  1 y 
100-seed weight  tend t o  be lower  i n  the  r a b i  crops (Table 2 2 ) .  A 
s i m i l a r  p a t t e r n  emerges, though w i t h  more s t r i k i n g  d i f f e rences  i n  seed 
number per pod, when f i r s t  and second harvests  from t h e  same p l a n t s  a r e  
compared (Table 21 ); i n  t h i s  case a l s o  the  second f l u s h  o f  f l o w e r i n g  
takes p l ace  i n  t he  cool  weather around January, 





, b l e  21. Seed number per pod and 100-seed we igh t  i n  f i r s t  and second 
ha rves ts  o f  medium d u r a t i o n  pigeonpeas i n  t r i a l s  a t  ICRISAT 
Center on  V e r t i s o l  ( V )  and A l f i s o l  ( A ) .  Data a r e  shown f o r  
non-ratooned p l  a n t s  grown w i t h o u t  i r r i g a t i o n ,  

C u l  t i v a r  S o i l  Seeds per pod 100-seed w t .  ( g )  Year 

F i r s t  Second F i r s t  Second 

BDN- 1 



Tabl e 22,  Seed number per pod and 100-seed weight  o f  pigeonpea grown i n  
the k h a r i f  and r a b i  seasons a t  ICRISAT Center on V e r t i s o l .  

-- - -  - - - - 

Seeds per pod 700-seed weight ( g )  
Cul tivar Reference ( P P R )  

K h a r i f  Rabi Khar i f  Rabi 

ST-1 

ICP- 1 

ICP-1 

1975/76 Tables 22, 39 

19T6/77 T a b l a  8, 63 

1977178 Tables 20, 63, 
64 

1939/80 Tabl M I ,  22 

M 

198Cf81 Tables 4 ,  26, 
27 



However, the  most impor tan t  component o f  y i e l d  i s  pod number per 
p lan t ,  and t h e  lower  y i e l d s  o f  pigeonpeas undergoing t h e i r  r ep roduc t i ve  
phase du r i ng  t he  cool  season may p r i m a r i l y  be due t o  a  l i m i t a t i o n  on 
pod s e t t i n g .  Fur ther  evidence t h a t  t h i s  may be the  case i s  prov ided 
by observat ions on long-dura t ion  pigeonpeas grown i n  Nor th  I n d i a  
(e.g, a t  Gwal l o r ) ,  A1 though f l owe r i ng  may begin i n  November o r  December, 
pod-set does no t  e f f e c t i v e l y  t ake  p lace  u n t i l  the weather begin t o  warm 
up, i n  February and March. Th is  s t r ong l y  suggests t h a t  the c o l d  
weather i s  I n h i  b i t i n g  pod-set, which cannot begin u n t i l  t he  temperature 
r i s e s  above a  c e r t a i n  minimum. Comparabl e  observat ions have been made 
on chickpeas a t  Hissar  (CPR 1979-80, Sec t ion  IX), 

This  hypothesis t h a t  the r e l a t i v e l y  low y i e l d  po ten t i a l  o f  medium 
d u r a t i o n  pigeonpeas i s  a  cortsequence of the  f a c t  t h a t  they undergo t h e i r  
rep roduc t i ve  phase i n  cool weather can be t es ted  i n  a t  l e a s t  two ways. 
One i s  t o  p l a n t  them i n  the  normal season a t  l o ca t i ons  i n  which the  
weather i s  warmer dur ing  the w in te r  season, f o r  example i n  southern 
Tamil Nadu o r  Kerala.  Another i s  t o  warm them up dur ing t h e i r  reproduc- 
t i v e  phase du r i ng  day t ime and/or n i g h t  t ime. We a re  a t  present  a t tempt -  
i n g  to develop methods f o r  doing t h i s  w i t h  f i e ld -g rown p l a n t s .  



I V .  THE YIELD OF EXTRA-EARLY PIGEONPEAS AT HISSAR 

Yie lds o f  we l l  over 2 tonslha can be obta ined from ex t ra -ear l y  
cu l  t i v a r s  grown i n  the monsoon season i n  nor th  Ind ia .  I n  t h i s  t r i a l ,  
c a r r i e d  o u t  a t  Hissar  by Dr. S.C. Gupta, of  ICRISAT Pigeonpea Breeding 
Sub-program, the  y i e l d  po ten t i a l  o f  some promising ex t ra -ear l y  
cu l  t i v a r s  was assessed under I r r i g a t e d  condi t ions.  

Mate r ia l s  and  methods 

Six ex t ra -ear l y  cu l  t i v a r s  were used: UPAS-120, ICPL-81, ICPL-87, 
ICPL-1, ICPL-267 and ICPL-179, o f  which 3 were determinate i n  h a b i t  
(DT) and 3 indeterminate (NDT) . F ie l ds  p r i o r  to p l an t i ng  rece ived a 
basal dress ing o f  s i ng l e  superphosphate equiva lent  t o  20 kglha P2O5. 
Sowing was c a r r i e d  o u t  on 23.6.81 w i t h  Rhizobium inoculated seeds, a t  
a spacing . o f  30 x 10 cms w i t h  the rows running a long t he  s ides o f  60 cms 
r idges.  The f i n a l  p l a n t  populat ion a t  harvest was approximately 
200,000 p lan ts lha .  

Resul t s  and d iscuss ion 

Although the du ra t i on  o f  growth was considerably l e ss  than t h a t  o f  
medlum dura t ion  cu l  t i v a r s  a t  Hyderabad, the  y i e l d  l e v e l s  were much 
h igher  (Table 23), w i t h  3400 kglha from the bes t  c u l t i v a r ,  ICPL-87 (der ived 
from a cross between T-21 and JA-277). The o v e r a l l  crop growth r a t es  
and per day g r a i n  product ion were much h igher  than those o f  medium 
dura t ion  c u l t i v a r s  grown under favourable condi t ions a t  Hyderabad (compare 
Tables 15 and 23); the mean crop growth r a t es  were 74 kg/ha/day a t  
Hissar  and 45 kg/ha/day on Ve r t i so l  i n  Hyderabad. 

It seems unl i ke l y  t h a t  these ex t ra -ear l y  cu l  t i v a r s  a re  b e t t e r  e r  se 
s lnce when grown i n  the  cool r ab i  season a t  Hyderabad t h e i r  c rop g r h - '  
r a t es  are low; f o r  example i n  1980-81 , cv. UPAS-120 had a crop growth ra te  
o f  on l y  12 kg/ha/day, compared w i t h  20 kglhalday i n  ICP-1, (PPR 1980-81, 
Table 34).  The most l i k e l y  exp lanat ion f o r  the  h i gh  growth r a t e s  and 
y i e l d  l e v e l s  o f  these cu l  t i v a r s  a t  Hissar seems to be i n  terms o f  tempera- 
ture; both maximum and minimum temperatures a re  4-6' C h igher  than a t  
Hyderabad from June t o  September (F ig .  6 ) .  



Tab1 e 23. Crop growth du ra t i on ,  mean c rop  growth ra te ,  t o t a l  d r yma t t e r  
and y l e l d  o f  e x t r a - e a r l y  c u l t i v a r s  grown under h i g h  i n p u t  
c o n d i t i o n s  a t  Hi  ssar ,  

- - 

Crop Mean c rop  Tota l  Gra in  Gra l  n 
Cul t l v a r  H a b i t  growth growth d r y  produc- y i e l d  

d u r a t i o n  r a t e  ma t t e r  t i v l t y  kg/ ha 
(days) kg/ halday kg/ ha kg/ halday 

ICPL-81 NDT 115 72 ,7  8365 19.4  2231 

ICPL-1 NDT 136 63 .7  86 58 1 9 . 6  - 2670 

UPAS-1 20 NDT 150 7 9 . 2  1 1881 1 5 . 1  2267 

ICPL-87 DT 143 81 . 7  1 1 673 23 .9  341 9 

ICPL-267 DT 98 - - 20 .9  2047 

ICPL-179 DT 9 9 - . 14.8 1468 

- - 

NDT = Non determinate; DT = Determinate 



V .  THE YIELD OF RABI PIGEONPEAS GROWN WITH FREQUENT IRRIGATION: 

I n  previous years we have shown t h a t  the y i e l d  can be increased by 
i r r i g a t i o n  (PPR 1978/79, Table 55; PPR 1979/80, Table 28; PPR 1980181, 
Table 24). Greater responses were obtained w i t h  tw i r r i g a t i o n s  than 
one, and w i t h  th ree  i r r i g a t i o n s  than two. This year we s tud ied the 
e f f e c t  o f  more f requent  i r r i g a t i o n s  on both Ve r t i so l  and A l f i s o l ,  hoping 
to  f i n d  o u t  the y i e l d  po ten t i a l  under cond i t i ons  I n  which water s t ress  
and n u t r i e n t  suppl i e s  should no t  have been 1 i m i  t i n g  growth. 

Mate r ia l s  and methods 

Ve r t l so l  : 

On Va r t i so l ,  the  t r i a l  was sown i n  f i e l d  BP-14A. The land  had been 
fa l low d u r i n  t he  monsoon season, and i n  June had received a basal dres- 
s ing  o f  DAP IN 40 kg/has P205 70 kg/ha) and ZnSO (50  kglha) .  For p l a n t  
p ro tec t i on  carbofuran (;% furadan) was appl l ed  t o  t he  s o i l  a t  the r a t e  o f  
40 kg/ha p r i o r  t o  sowing. The seeds were inoculated w i t h  Rhizobium s t r a i n  
IHP-100. The t r i a l  was sown on 22.10.81 a t  a spacing o f  3 m m s ,  w i t h  
the  rows running along the  sides o f  r i dges  75 cms apar t ,  F ive  c u l t i v a r s  
were sown i n  unrep l i ca ted  p l o t s  of  10 x 45 m. The dates o f  f l ower ing  
and ma tu r i t y  were as below, w i t h  the number o f  days a f t e r  sowing i n  
parentheses. 

Cul t i v a r  Ma tu r i t y  

The t r i a l  was i r r i g a t e d  along the furrows 7 times, on 22,10.81, 
2.11.81, 17.11.81, 2.12.81, 25.1,82, 15.2.82 and 22.2.82. The p l an t s  
were sprayed w i t h  m i c ronu t r i en t  so l u t i on  on 15.12.81. 

Harvest ing was ca r r i ed  o u t  a few days a f t e r  ma tu r i t y .  Each p l o t  was 
d i v i ded  i n t o  7 sub-plots (net p l o t  s i ze  53.75 m2) a t  t he  t lme o f  harvest, 
and standard e r r o r s  were ca lcu la ted  on the bas is  o f  t h e  sub-p lo t  data, Sub- 
samples of 20 p l an t s  were taken from each sub-plot  f o r  t he  measurement of 
y i e l d  components. 



A l f i s o l :  

Th is  t r i a l  was p lanted i n  f i e l d  RP-40, which had been f e r t i l i z e d  
i n  June as  descr ibed above f o r  the  Ver t i so l  f i e l d ,  and l e f t  f a l l o w  
t h e r e a f t e r .  Sowing was c a r r i e d  o u t  on 75 cms r idges w i thou t  p r i o r  
carbofuran a p p l i c a t i o n  o r  seed inocu la t i on .  Cvs. BDN-1 and C-11 were 
sown on 5.11.81 a t  37.5 x 10 cms, ( p l o t  s izes 100m2), The t r i a l  was 
unrepl  tca ted,  Phenological data were as fo l lows:  

Cul t i v a r  50% f l o w e r i n g  Ma t u r f  ty 

F i v e  i r r i g a t i o n s  were g iven through the furrows on 6,11.81, 
21.11,81, 27,12.81, 14.1.82 and 23.1.82. The p lan ts  were harvested 
w i t h i n  a few days o f  m a t u r i t y  from t h e  e n t i r e  p l o t ,  and 20 p lan ts  sub- 
samples were taken f o r  the measurement of y i e l d  components. 

Resul ts and discussion 

The p l a n t  popu la t ion  used t h i s  year was equivalent  to 266,600 p lants lha,  
which i s  c lose  t o  the optimum found i n  previous years (PPR 1980-81, Table 28, 
Fig.  21). Nevertheless, i n  s p i t e  of  the f a c t  t h a t  the  p lan ts  were f e r t i l i z e d  
and were i r r i g a t e d  f requent ly,  the growth and y i e l  d was unimpressive (Tab1 es 
24 and 25). The h ighest  y i e l d  on both s o i l s  was given by cv, BDN-1 , w i t h  
631 kg/ha on  A l f i s o l  and 603 kg/ha on V e r t i  sol , The g rea tes t  amount of d ry -  
ma t te r  on  V e r t i s o l  was 1669 kg/ha (cv. C-11) and on A l f i s o l  1356 kg/ha 
(BDN-1) . 

Las t  year, w i t h  th ree i r r i g a t i o n s  the y i e l d  o f  cv. C-11 sown on V e r t i s o l  
i n  October was 1440 kg/ha, and i n  November 900 kglha. The t o t a l  d r y  weights 
were 3700 kg/ha and 2000 kg/ha respec t i ve l y  (PPR 1980181, Fig. 20, Table 24) 

Th is  yea r  i n  the  t r i a l  described i n  Sect ion X I I ,  t he  i r r i g a t e d  r a b i  c rop 
of  CV. C-11 y i e l d e d  1090 kglha, w i t h  3550 kglha t o t a l  d ry  mat ter  ( ~ a b l e s  38 
and 39). 

Why were t h e  growth and y i e l d  i n  the present t r i a l s  so poor, i n  s p i t e  01 
f requen t  i r r i g a t i o n ?  Par t  of the reason i n  the case of the  A l f l s o l  t r i a l  
might  be t h e  r e l a t i v e l y  l a t e  plant ing,  i n  e a r l y  November. But t h e  V e r t i s o l  
t r i a l  was p lanted i n  October, and s t i l l  y i e lded  l e s s  than t h e  t r i a l  p lan ted  
I n  mid-November l a s t  year. 



One reason f o r  the low y i e l d  on Ver t i so l  might be insec t  damage, 
owing to imperfect pest con t r o l .  This was probably worst i n  cv. ICP-1-6, 
which had on ly  0.6 seeds/pod  a able 25) .  But even i f  the y i e l d  o f  t h i s  
cul t i v a r  i s  doubled to make allowance f o r  heavy pest i n f es ta t i on ,  i t  
s t i l l  comes to  on l y  400 kglha. And pest a t tack  on t he  pods would no t  
exp la in  the poor growth o f  the plants, r e f l e c t ed  i n  the low t o t a l  d ry  
weight, 

I t would be tempting to  ascr ibe the poor performance o f  the p lan ts  
on Ver t i so l  to  some un iden t i f i ed  s o i l  fac to r .  But t h i s  t r i a l  was imnedia- 
t e l y  adjacent to t ha t  described i n  Sect ion 111, i n  which the growtn and 
y i e l d  were good. So they cannot be explained away i n  terms o f  a ' bad 
f i e l d ' .  

The most p l aus i b l e  explanat ion f o r  these resul t s  seems to be t ha t  
the p lan ts  performed poor ly  not  i n  s p i t e  o f  the frequent i r r i g a t i o n ,  but  
because o f  i t. We have o f t e n  observed t h a t  r ab i  pigeonpeas look unheal thy 
f o r  a few days a f t e r  they havebeen i r r i ga ted ,  w i t h  a d i s t i n c t  ye l lowing 
o f  the leaves. Four years ago we found t h a t  a s ing le  i r r i g a t i o n  appl ied 
t o  r a b i  pigeonpeas had a tendency to reduce y i e l d ,  and speculated t ha t  
t h i s  could be due to the temporary c rea t ion  o f  anaeorbic condi t ions w i t h i n  
the sol1 (PPR 1977-78, Sect ion V I .  5 ) .  Moreover, i n  Dr. H. H i r a t a ' s  
experiment, r e f e r r ed  to below, growth analys is  showed t h a t  vegetat ive and 
ea r l y  reproduct ive growth was reduced by i r r i g a t i o n  treatments, compared 
w l th  non- i r r i ga ted  cont ro ls ,  as was n i t rogen and phosphate uptake4 An 
addi t ional  reason f o r  a harmful e f f e c t  o f  i r r i g a t i o n  on Ver t i so l  may be 
because i t  cause the s o i l  to swel l ,  The cyc les o f  shr ink ing and swel l lng 
caused by i n t e r m i t t e n t  i r r i g a t i o n  and s o i l  dry ing could damage the 
roo ts  and/or nodules. 

On the o ther  hand, we have ample data to show t ha t  growth and y i e l d  
are Increased by up to 3 i r r i g a t i o n s ,  It may be t h a t  w i t h  a few i r r l g a t i o n s  
the advantages outweigh the disadvantages; bu t  f requent  i r r i g a t i o n  may have 
repeated harmful e f fec ts  on the p lan ts  wi thout  g i v i ng  much add i t i ona l  
advantage over l e s s  f requent  i r r i g a t i o n  i n  charging the s o i l  profile w l t h  
.water, The ne t  e f f e c t  could therefore be to reduce the growth and y i e l d .  

However, whatever the reasons, the r e s u l t s  o f  t h i s  experiment sug e s t  
t ha t  the y i e l d s  of r a b i  pigeonpeas cannot be ra ised  t o  anew l e v e l  slmp ? y 
by increas ing n u t r i e n t  and water inputs ,  This f i n d i n g  cont rasts  strikingly 
w i t h  t he  s i t u a t i o n  i n  chickpeas, where w i t h  h igh inputs,  over 6000 kglha 
of t o t a l  dry  matter can be obtained, w i t h  seed y i e l d s  i n  excess o f  300okg/ha 
(CPR 1980/81, Sect ion V ) .  I t seems l i k e l y  t h a t  a major reason f o r  the 
d i f fe rence  between the two crops i s  t h e i r  d i f f e r e n t  temperature o p t l m .  The 
r a b i  season a t  Hyderabad seems t o  be too cool f o r  pigeonpeas t o  grow and 
y i e l d  wel l ,  even wnen water, 1 i g h t  and nu t r i en t s  a re  no t  1 i m i t i n  ; whereas 
it i s ,  i f  anything, too warm f o r  chickpeas, which perform even e t t e r  I n  the 
cooler  winters  o f  no r th  Ind ia .  

I 
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Figure 7 .  Lay-out, fo r  soil sampling p o s i t i o n s  i n  Sal ine f i e l d  BS-8C.  



Table 26, Analys is  of soi l  samples taken from different depths a t  8 sampl 
i n g  s i t e s  i n  f i e l d  BS-8C.  

Soil core Ec* Ca Mg Na Exchangeable 
No, Depth pH (mmhos/crn) (pprn) (ppm) (ppm) Na X 



i s  t h e  r e v e r s e  o f  t h a t  used l a s t  year  i n  t h a t  h i g h e r  sco res  i n d i c a t e  
g r e a t e r  tu l  erance)  . 

O b s e r v a t i o n  Score - 
No ernergence/almost a l l  p l a n t s  dead 1 Suscept i  b l  e 

Many p l a n t s  dead and poor growth  2 Modera te l y  s u s c e p t i  b l  e  

Few p l a n t s  dead and poor  g row th  3 S l i g h t l y  t o l e r a n t  

Reduced g r o w t h  wi t h  1  e a f  n e c r o s i s ,  
ye1 1  ow ing  and s  hedd i ng 4 Modera te l y  t o l e r a n t  

Normal g r o w t h  and b ranch i  ng 5 T o l e r a n t  

T e s t i n g  f o r  s a l i n i t y  t o l e r a n c e  i n  p o t s  

A r t i f i c i a l l y  sa l  i n i z e d  s o i l  was prepared as desc r i bed  p r e v i o u s l y  
(PPR 1980/81, p .  44 )  by rn ix ing  a  powdered s a l t s  w i t h  d r y  V e r t i s o l ,  The 
s a l t s  were i n  t h e  r a t i o  7 meq NaC1: 1 meq NazS04: 2 meq CaC12, The 
i n i t i a l  EC v a l u e  o f  t h e  s o i l  used, b e f o r e  the  a d d i t i o n  o f  s a l t ,  was 
1 .3  mnhos /m i n  a  1  : 2  s o i l  water  e x t r a c t .  

The a r t i f i c i a l l y  s a l  i r ~ i r e d  s o i l  was p laced i n  round p l a s t i c  p o t s  
( 5 "  d i a m e t e r )  p e r f o r a t e d  a t  t l lc  bot tom, wh ich  was covered w i t h  m u s l i n .  
The p o t s  r e s t e d  o n  7 "  d iame te r  saucers.  The seeds were p l a n t e d  abou t  
1  crn, deep, w i t h  5 seeds per  p o t .  There were 2 rep1 i c a t e s  f o r  each 
t r e a t m e n t .  The pots  were k e p t  i n  a screenhouse wh ich  was coo led  d u r i n g  
the  day by e v a p o r a t i v e  c o o l e r s ,  

Wa te r i ng  t h e  p o t s  fro111 t he  t o p  l e d  t o  l e a c h i n g  o f  t h e  s a l t s  f r o m  
t h e  s o i l  , and watet ' i  ny fro111 t h e  bo t io111  (by  pou r ing  water  i n t o  t h e  
sauce rs )  l e d  t o  a n  accumu la t i on  o f  s a l t  a t  the  s u r f a c e  o f  s o i l .  Hence, 
a  p rocedu re  was a d o p l ~ d  \ I :  (,by t h r  ~ i o t s  were watered ( w i t h  d e i o n i z e d  
w a t e r )  a1 t e r n a t e l y  from t h e  t o p  and the  bot tom,  T h i s  method appeared 
to be q u i t e  s a t i s f a c l o r y ,  

I n  a  p r e l  i l l l i n a r y  expCr. i iner l t  t o  a s c e r t a i n  t h e  l e v e l  s  o f  s a l  i n i  ty 
needed t o  d i f f e r e n t i a t e  between to1 e ra t i t  and s u s c e p t i b l e  c u l  t i v a r s ,  
two c u l  t i v a r s ,  c v ,  C-1 1 ( t o l e r a n t )  and c v .  HY-3C ( s u s c e p t i b l e )  were 
grown i n  a  range  o f  s a l t  l e v e l s  f r om 0-60 meqlkg d r y  s o i l .  The a d d i t i o n  
o f  60meq s a l t  t o  1 kg o f  d r y  s o i l  g i ves  an E C  v a l u e  i n  a  1:2 s o i l  w a t e r  
e x t r a c t  o f  3 mmhos/cm (PPR 1977/78, F igu re  8 ) .  Sowing was c a r r i e d  o u t  
o n  21.9.81. 
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Resul t s  and d i s cuss i on  

F ie1  d  Screeni nq 

Though t h e  sa l  i n i  t y  i n  t h e  f i e l d  was uneven (Tabl  e  26) ,  t he  
t e s t  l i n e s  cou ld  be compared q u i t e  e a s i l y  w i t h  t h e  t o l e r a n t  and 
s u s c e p t i b l e  checks ad j acen t  t o  than. These checks showed a  s a t i s -  
f a c t o r y  d i f f e r e n t i a l  response, w i t h  much l owe r  r a t e s  o f  s u r v i v a l  
I n  t h e  s u s c e p t i b l e  than t h e  t o l e r a n t  check. 

By v i s u a l  scor ing ,  27 o u t  o f  the  79 l i n e s  t e s t e d  were r a t e d  
as be i ng  a t  l e a s t  as to1 e r a n t  as cv,  C-11 , the t o l e r a n t  check. 
They a re  l i s t e d  i n  Table 27  ( A  l i s t  o f  the l i n e s  which were t e s t e d  
b u t  found t o  be more s u s c e p t i b l e  than the t o l e r a n t  check can be 
suppl i e d  on r eques t ) .  These 1 i nes a1 so compared f avou rab l y  w i t h  
cv.  C-1 1  by t h e  more q u a n t i t a t i v e  c r i  t e r i o n  o f  percentage s u r v i v a l  , 
However, t h e  counts  o f  s u r v i v i n g  p l a n t s  d i d  n o t  seem t o  have any 
advantage ove r  v i s u a l  s c o r i n g  as a  means o f  assess ing to le rance ,  
and i t  w i l l  p robab ly  be unnecessary i n  f u t u r e  work t o  use bo th  
methods, 

Some o f  t he  l i n e s  i d e n t i f i e d  as t o l e r a n t  t h i s  yea r  were a l s o  
found to be t o l e r a n t  l a s t  y a s r ,  which i s  encouraging i s  t h a t  i t  
suggests t h i s  sc reen i  ny method i s capa b l  e  o f  p roduc ing  cons i  s t e n t  
r e s u l  t s .  

Screenhouse method u s i n g  young p l a n t s  i n  po t s  

The advantage o f  a sc reen ing  method t h a t  can be used w i t h  young 
p l a n t s  i n  p o t s  i s  t h a t  l a r g e r  numbers o f  1  i n e s  c o u l d  be t e s t e d  more 
q u i c k l y  than i n  t l re f i e l d .  Promis ing 1 i nes  i d e n t i f i e d  i n  t h i s  way 
cou ld  then be t e s t e d  i n  t he  f i e l d  t o  check whether t h e  s a l  i n i t y  
t o l e rance  was expressed uncizr f i e l  d  c o n d i t i o n s ,  

I n  a  preliminary experiment,  cvs.  C-11 and HY-3C were t e s t e d  a t  
a  range o f  s a l t  1  eve l s .  I n  b o t h  cu l  t i v a r s  t h e  g rowth  o f  t h e  p l a n t s  
were reduced a t  h i ghe r  s a l t  1  eve1 s ,  The two c u l  t i v a r s  showed a  v e r y  
s a t i  s f a c t o r y  d i f f e r e n t i a l  response i n  mo r t a l  i ty  (Tabl  e  28) . Some 
m o r t a l i t y  occur red  i n  cv .  HY-3C even i n  the non -sa l i n i zed  s o i l .  T h i s  
may have been because o f  t he  moderate n a t u r a l  sa l  i n i  ty  o f  t h e  s o i l  
which was 1.3 mnhos i n  a  1  : 2  s o i l  : water  e x t r a c t ) .  These r e s u l t s  show 
t h a t  t e s t i n g  f o r  s a l i t ~ i t y  t o l e rance  i n  po ts  i s  f e a s i b l e ,  and a r e  be i ng  
fo l lowed up, We p l a n  t o  use t h e  p o t  method f o r  p r e l i m i n a r y  sc reen ing  
o f  b reeders '  1  i nes  and c u l  t i v a r s ,  and then check t h e  performance o f  
t o l e r a n t  c u l  t i v a r s  under f i e l d  c o n d i t i o n s .  



Table 27. L i s t  o f  pigeonpea 1 i nes showing sal i n i  t y  t o l e r a n c e  under 
f i e 1  d c o n d i t i o n s ,  1981-82. L i nes  marked w i t h  an  a s t e r i s k  
were a1 so found t o  be to1 e r a n t  i n  1980-81 . 

L i n e  No, Source L i n e  No. Source 

ICPL-42* ICP-185-9 ICPL-243 

ICPL-43* ICP- 2223-1 ICPL-247 

ICPL-96 Group 2 x Group 9 ICPL-248 

ICPL-97 Group 5 x Group 9 ICPL-264 

ICPL-133 BDN-2 ICPL-270 

ICPL-227* ICP-1-6 ICPL-275 

ICPL-228 No. 148 i n b r e d  ICPL-284 

ICPL-229 No. 148 i nb red  I CPL - 299 

ICPL-230* AS-71 -37 ICPL-307 

ICPL-231" AS-71 -37 i nbred ICPL-308 

ICPL-232 ICP-1 i nb red  ICPL-309 

ICPL-236* ICP-102 i n b r e d  ICPL-225 

ICPL-238 ICP-6982 S e l e c t i o n  ICPL-245 

N o .  148 x ICP-102 

ICP-8518 

Pant A 2  x NP(WR)-15 

(Baigani  x ICP-7035) x 
( ICP-6997 x ICP-7105) 

ICPL-239 ICP-3163 Se lec t i on  



Table 28. Mean percentage mortality o f  pigeonpea seed- 
l i n g s  i n  p o t s  a t  30 days after p l a n t i n g .  

-- 

S a l t  l e v e l  Percentage mor ta l  i ty  

(meq/kg dry soil ) 
C V .  C-11 C V ,  HY-3C 



V I I .  SCREENING FOR TOLERANCE TO WATERLOGGING: 

Shor t  term water logging i s  o f t e n  a problem w i t h  pigeonpeas 
du r i ng  t h e  monsoon season, The i d e n t i f i c a t i o n  o f  to1 e ran t  cu l  t i v a r s  
would be t h e  cheapest and s implest  answer to  i t .  Genotypic d i f f e r -  
ences i n  to1 erance to  water logging have been detected i n  screening 
done i n  modi f ied paddy f i e l d s  f o r  producing water logging cond i t i ons  
(PPR 1978/79, Sect ion I V .  3; PPR 1979/80, Sect ion 11; PPR 1980/81, 
Sec t ion  V )  . 

Since these paddy f i e l  ds have now been used c o n t i n u a l l y  f o r  
growing pigeonpea, an inoculum of Phytopthora b l i g h t  has b u l l t  up 
i n  them. Thi s  disease i s  aggravated under water logging cond i t i ons  
and has prevented i n  from f u r t h e r  screening i n  the r a i n y  season i n  
these f i e l d s .  Screening i n  pos t - ra iny  season, which i s  u s u a l l y  l e s s  
conducive t o  the  development o f  Phytopthora b1 igh t ,  i s  t he re fo re  
be1 ng s tandard i  sed. 

For  l a r g e  sca le  r a p i d  screening, we cont inued working on the  
development o f  a  po t  technique. Th is  i s  descr ibed below. 

Ma t e r i  a1 s and methods 

F o r t y  s i x  Phytopthora b l i g h t  r e s i s t a n t  1  ines suppl i e d  by 
Genet ic Resources U n i t  of  ICRISAT and s i x  advanced breeding l i n e s  
(suppl i ed by p i  geonpea breeders) found to  be promi s ing  i n  prev ious 
f i e l d  screening were inc luded i n  the  t es t ,  as were 2 check c u l  t i v a r s ,  
BDN-1 and HY-3C, t o l e ~ a n t  arid suscep t ib le  respec t i ve ly ,  These were 
p lan ted  on  21 s t  January 1982 i n  round p l a s t i c  pots ( 7 "  diameter).  
The po ts  were pcv.Forated and 1 ined w i t h  mus l in  a t  bottom and f i l l e d  
w i t h  s team-s te r i l  i z e d  b lack s o i l .  F i v e  seed1 ings were r a i s e d  i n  each 
pot, and t he re  were 3 rep l i ca t ' i ons  f o r  each en t ry .  The plants were 
a l lowed to grow w i t h  regular '  water ing fo r  4 5  days i n  the open a i r .  
These po ts  were then si~b~lierged i n  w a t e r - f i l l e d  p l a s t i c  t roughs to 
c r e a t e  wa te r logg ing  condi Lions f o r  f ou r  days (on 7.3.82). The days 
d u r i n g  t he  water logging treatment were c l  ear and maximum temperatures 
went up t o  370 C, 

A f t e r  f o u r  days o f  ua,ter*logging the pots  were removed f rom 
p l a s t i c  t roughs. The excess water i n  pots  drained o u t  through per for -  
a t i o n s  a t  bottom w i t h i n  a  few hours. 

Percent  mor ta l  i ti es i n  d i f f e r e n t  cul  t i v a r s  were recorded a f t e r  
r e1  i e v l n g  t h e  water logging.  F i na l  observat ions were taken 10 days a f t e r  
re1  i e v l  ng t he  water logging, dur ing which t ime suscep t ib le  c u l  t i v a r s  
showed m o r t a l i t y .  The pots were i r r i g a t e d  a f t e r  water logging a lso,  so 
as a v o i d  mor ta l  i t i e s  due to  mois ture s t ress .  



Cul t i v a r s  showlng more than 25% m o r t a l i t y  were considered suscep- 
t i b l e ,  

Resul t s  and d iscuss ion 

Screening f o r  water logging to1 erance r equ i r es  more o r  l e s s  un i fo rm 
water logging condl t i o n s .  I n  paddy f i e l d s  t h i s  has been achieved through 
arranging f i e l d  drainage system 1 m below the  so l1  . By opening the  
taps, excess water f rom the  f i e l d s  can be drained o u t  qu icker  than i s  
f e a s i b l e  by na tu ra l  i n f t l  t r a t i o n ,  

A comparable system has been developed for screening i n  pots,  The 
p l an t s  grown i n  pots  can be waterlogged f o r  a def ined pe r i od  by p u t t i n g  
them i n  the w a t e r f i l l e d  troughs. P lants  can be re1 ieved from water- 
l ogg ing  by removing t he  pots  from the troughs, Excess water d ra ins  o u t  
o f  the  pe r f o ra t i ons  a t  the bottom, Since the number and s i z e  of these 
pe r f o ra t i ons  i s  s im i l a r ,  drainage i s  nea r l y  un i form i n  a l l  pots.  

I n  the present  screening, o u t  o f  46 Phy top tb ra  b l i g h t  r e s i s t a n t  
l i n e s  o n l y  13 showed su r v i va l  g rea te r  than 75% and o n l y  one advanced 
breeding 1 i n e  showed g rea te r  than 75% su r v i va l  (Table 29) ,  Waterlogging 
i n  po ts  under these cond i t i ons  appeared to be severe, s ince t he  t o l e r a n t  
check cu l  t i v a r  BDN-1 a lso  showed a h igh  m o r t a l i t y .  The weather dur ing  
which the  experiment was conducted was warm and sunny. From ou r  previous 
experience warm and sunny days appear t o  be most conducive t o  water logging 
damage. Therefore January t o  March when temperatures a re  going to r i s e  
and there  i s  1 i t t l e  1 i k l  ihood o f  overcast  sk ies  seem t o  be most s u i t a b l e  
f o r  screening f o r  water logging to1 erance, 

Screening i n  po ts  i n  s t e r l l  l zed  s o i l  seems 1 i k e l y  t o  be a use fu l  and 
r a p i d  way o f  i d e n t i f y i n g  t o l e r a n t  c u l t i v a r s  w i thou t  the problem o f  
P topthorn b l i g h t .  However, i t  i s  essen t ia l  t h a t  cu l  t i v a r s  found to be 
to f eran t  I n  pots  should a lso be tes ted  under f i e l d  condi t ions,  and t h i s  
i s  now being c a r r i e d  ou t .  



Table 29, L i s t  o f  promising waterlogging t o l e r a n t  lines 

L i n e  Mean percentage 
mortal  i t y  



V I  11, SELECTION FOR PHYSIOLOGICALLY ANNUAL PIGEONPEAS 

I n  an a t t emp t  t o  f i n d  mutant  pigeonpeas w i t h  a  p h y s i o l o g i c a l l y  
annual charac te r ,  seeds o f  cv ,  BDN-1 were exposed t o  gamna rad i a -  
t i o n  and seeds o f  c vs .  BDN-l and ICP-1-6 to a  chemical mutagen, as 
descr ibed p r e v i o u s l y  (PPR 1980-81, Sec t ion  V I )  . 

Las%,-yeavrqver 0.5 ha o f  p l a n t s  of  t tae,M2 g a ~ e r ~ m t i q q  d$ci,ved 
f rom i r r a d i a t e d  seeds were grown, and 35 p l a n t s  were f ou r i d~wh i ch  
d i ed  a t  t he  end o f  t he  r ep roduc t i ve  phase w i t h o u t  apparent  disease 
symptoms .' - T h e i r  'seeds were c o l  1  ected, and thi-s y e a r  rows o f -  sing1 e 
p l a n t  progw,ie$, !wsye grown on A l f i s o l  i n  f i e l d  RP-4B a t  spacings o f  
75 x  30 cms i~ Ian area o f  40 x 30 m .  

I n  a d d i t i o n ,  , the M2 genera t ion  from bu l ked  s q d s  f rom M i  p l an t s ,  
grown f rom seeds t r e a t e d  w i t h  d i f f e r e n t  concen t ra t ions  o f  t h e  mutagen 
EMS i n  1980, were grown i n  f i e l d  RP-4B i n  4orl%, 10 m p l o t s ,  and a l s o  
on V e r t i s o l  i n  f i e l d  B IL -25  i n  43 x 5 m p l o t s .  - -- , 

1 y 5 \ , ..L"ll 

A t  the  t ime o f  m a t u r i t y ,  dead p l a n t s  were?rea)tayed from t h e  
f i e l d  and examined by Dr .  J. Kannaiyan, Pulse Pa tho log i s t ,  f o r  
symptoms o f  t h e  w i l t  d isease, P l an t s  w h i c h  had';dq(td w i t h o u t  appa ren t l y  
s u f f e r i n g  f rom d isease were harvested sepa ra te l y .  A l t oge the r  10 such 
p l a n t s  were found i n  t he  M3 genera t i o n  de r i  ve4.:$rqoj; i r r a d i a t e d  seed, 
and 30 p l a n t s  i n  the  M2 genera t ion  o f  cv .  BDN-1 de r i ved  f rom seeds 
t r e a t e d  w i t h  0.4% EMS. None were found i n  t h e ' p t b g r  p l o t s .  

-( I  31 
Seed was a l so  c o l l e c t e d  f rom the  w i l t e d  p l a n t s  i n  each p l o t .  Such 

p l a n t s  were q u i t e  numerous i n  the A l f i s o l  f i ,e ld,- .~; ; ;  

c, .I!  
S ing le  p l a n t  progenies f rom t he  dead p l a n t s  appa ren t l y  f r e e  f rom 

disease a r e  be ing  t e s t e d  i n  1982-83, as are ,p lpn tqL~per i ved  f rom the  
bu lked seeds o f  w i l t e d  p l a n t s .  These w i l l  aga i n  be observed t o  see i f  
any d i e  a t  t he  t ime  o f  m a t u r i t y  f o r  p h y ~ i o l o ~ g i c a l c ~ y p t h e r  than  pa tho l o -  
g i c a l  reasons. 

. l q l j  



I X .  SECOND HARVEST YIELDS OF INTERCROPPED PIGEONPEAS ON ALFISOL 

H igher  second harves t  y i e l d s  a re  usua l l y  ob ta ined  on A l f i s o l  
than on  V e r t i s o l  (PPR 1980-81, Sect ion V I I ) .  Moreover, on A l f i s o l  
cons iderab le  y i e l d  increases can be ob ta ined  wi t h  a s i n g l e  i r r i g a -  
t i o n  (PPR 1977-78, Sect ion IV.2; PPR 1978-79, Sect ion V . 2 ) .  This  
m i g h t  prove t o  be o f  p r a c t i c a l  value i n  s i t u a t i o n  where some irri- 
g a t i o n  water  I s  a v a i l a b l e  i n  December o r  January. An ana l ys i s  
c a r r i e d  o u t  by  t he  ICRISAT Economics U n i t  suggests t h a t  such a 
p r a c t i c e  c o u l d  be bo th  f e a s i b l e  and p r o f i t a b l e ,  f o r  example i n  
A l f i s o l  watersheds w i t h  tanks. 

Our p rev ious  data were ob ta ined  wi t h  so le  cropped pigeonpea. 
Th is  yea r  we evaluated the  second ha rves t  y i e l d  and response t o  
i r r i g a t i o n  o f  pigeonpeas which had been in te rc ropped  wi t h  sorghum 
on b road  beds. 

Mate r i  a1 s and methods 

Pigeonpea cv. ICP-1 was grown as an i n t e r c rop ,  s o w  d u r i n g  
the  l a s t  week o f  June 1981, w i t h  sorghum on broad beds i n  f i e l d  
RCW-160.  There was a row o f  sorghum on each s ide  o f  each bed, and 
a row o f  pigeonpea i n  the cen t re ,  Hence the pigeonpea rows were 
150 cm apa r t ,  The sorghum was harvested i n  October. Th is  exper iment  
was sown by the  Farming Systems group and handed over  to Pulse 
Phys io logy when the  pigeonpea matured i n  December. 

Twelve p l o t s  o f  6 x 10 m were marked out ,  and the  f i r s t  ha r ves t  
was taken on 17.12.81 by ra toon ing  the p l a n t s  a t  a he i gh t  o f  1.5 m; 
t h i s  process was c a r r i e d  o u t  us ing the smal l  s i c k l e s  norma l l y  used 
by 1 abourers.  

F o l l o w i n g  a f u l l y  randomized design, 6 o u t  o f  the  12 p l o t s  were 
i r r i g a t e d  on 22.1 2.81 through the furrows between the broad beds. The 
second f l u s h  of pods on the i r r i g a t e d  p l a n t s  matured by  11.3.82, a 
few days l a t e r  than the  u n i r r i g a t e d  p lan ts ,  and the  t r i a l  was harves ted  
on 18.3.82. The e f fec ts  o f  i r r i g a t i o n  on y i e l d  were analysed s t a t i s t i -  
c a l l y  u s i n g  Student 's  ' t '  test f o r  equal s i zed  samples. 



Resul t s  and d4 scussion 

The mean f i r s t  harvest  y i e l d  from t h i s  e x ~ i n i m e n t  was 
731 kg/ha, which i s  t y p i c a l  o f  i n t e r c rop  pigeonpea y i e l d s  on 
A l f i s o l .  

The second harves t  y i e l d  w i t hou t  i r r i g a t i o n  was 21 1  kg/ha, 
and w i t h  i r r i g a t i o n  332 kg/ha. (The  d i f f e rence  due to i r r i g a -  
t i o n  was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the 5% l e v e l ) .  Thus 
i r r i g a t i o n  l e d  t o  a  57% increase i n  second harvest  y i e l d ;  and 
t h i s  second harvest  y i e l d  was 45% o f  the f i r s t  harvest  y i e l d .  

These r e s u l t s  con f i rm t h a t  worthwhi 1 e  second harvest  
y i e l d s  can be obta ined on A l f i s o l ,  and t h a t  a  s i ng l e  i r r i g a t i o n  
can increase y i e l d s  subs tan t i a l l y .  However, such a  system may 
n o t  be p r o f i t a b l e  w i t h  intercropped pigeonpea, s ince the p l a n t  
popula t ion i s  so low, I n  order  to make the best  use o f  ava i l ab l e  
i r r i g a t i o n  water, i t  would be b e t t e r  t o  use a  so le  crop o f  pigeon- 
pea o r  a t  l e a s t  use an in te rc ropp ing  system w i t h  a  higher propor- 
t i o n  o f  p i  geonpeas. 



X .  EFFECT OF S O I L  CRACKING O N  THE YIELD O f  . . - - - -  - _ _ .  

Second h a r v e s t  y i e l d s ,  wh ich  a r e  proauced hy p i  yeonpeas abou t  
3 months a f t e r  t h e  in4tcrs:y o f  tbe f i r s t  f l u r h  : t - cu~ id  Decembe,', 
a r e  much l o w e r  i n  Vert . iso1 tha17 on  4 1 f l 5 t l  (FPR ;9f iC, /Rl ,  S e c t i o n  V I I )  
T h i s  i s  s u r p r i s i n g  s i n c e  d u p i n g  t h i s  , - e r i o i  t he  gltowtn o f  "he p l a n t s  
l a r g e l y  depend on m1l ; tu re  s t o r e - '  s c i l  p r o f i l e  ~ j r d  V e r t i s o i s ,  
owing t o  t h e i r  y r e a l e r  wa te r -$2;  d i n y  .:doacl t y  . ~ c s l i t ~ i i l  narc mi s t u r e  
than  A l f i s o l s  a t  t h i s  stclge (PPR 1 9 N / 8 ; ,  { e c t i o n  V ; I ) .  

On the  b a ~ i s  o f  c'i rcui;?st?l ' i t isl  ev idence o b t d i  i i ~ d  i n  ch ickpea 
(CPR 1973/89, Sec t i on  X i  i ! .arid e x  e r i r r ~ p n t s  c a r r i e d  o u t  i n  p igeonpea 
( P P R  1980/C1, S c c t i o n  I 1  I and V I I  ! we hypo thes i zed  t h a t  t he  l o w  
y i e l d s  on Ve r t - i s01  rnay be d!le t o  c r a c k i n g  o f  s o i l  wh ich  c h a r a c t e r i s t i  
c a l  l y  o c c u r s  a s  trlc p o s t - r a i n y  v a s o n  advances . 

The p a t t e r r i  o f  c r a c k i n g  depends or! the method o f  l a n d  p r e p a r a t i o n  
and i s  p a r t i c u l 3 r l y  i n f l d e n c e d  by s o i  1 compact ion.  he c a r r i e d  o u t  t h i s  
e x p e r i m e n t  on broad-beds and fu r rows ,  i n  which c racks  .deve lop predomi - 
n e n t l y  i n  t h e  f u r r o w  zone be,chreen the  beds as a r e s u l t  o f  wheel  p r e s s u r e  
f ron i  t he  b u l  lock-drawn " t r o p i  cu l  t o r " .  Thvee rows o f  p i  geonpeas were 
p l a n t e d  on each br*osd.-twd, and t h e  growthand y i e l d  o f  t h e  p l a n t s  i n  
t h e  c e n t r e  rows was  conipcired w i t h  those i n  the s i d e  row5, wh ich  were 
c l o s e r  t o  t h e  c racks  i n  !tie f u r r o w s .  The experiment was conducted 
b o t h  w i t h  and w i t h o u t  nlulches p l a c e d  i n  the  f u r r o w s  o v e r  t h e  c r a c k i n g  
zone d u r i n g  t h e  post-~i lonsoon season. 

M s t e r i a l  s  and methods 

T h i s  expe r imen t  was c a r r i e d  o u t  i n  c o l i j u n c t i o n  w i t h  Mr. K.L. 
S r i v a s t a v a  o f  t he  Farni ing Sys te~ris Program. On 19.6.81,  t h r e e  rows o f  
p igeonpea ( c v .  C-11) were p l a n t e d  50 cms a p a r t  w i t h  a  p l a n t  t o  p l a n t  
s p a c i n g  o f  20 cms on each 150  cms wide broad-beds r u n n i n g  i n  a  Nor th -  
South d i r e c t i o n  i n  V e r t i s o l  f i e l d  13W-5. Thus each broad-bed had a  row 
o f  p igeonpeas on i t s  e ~ i s t  s i d e ,  i n  t he  c e n t r e  and o n  t h e  wes t  s i d e .  
Three main  t rea tmen ts ,  c o n t r o l  (wi  t h o u t  m \ ~ l c h ) ,  mu1 c h i n g  w i t h  rice 
s t r a w  i n  t h e  fu r rows i n  October  (30.10.81) and mu1 c h i n g  i n  Janua ry  
(4.1.82) were rar ido~n i  sed among s i x  r e p l i c a t i o n s .  I n  t h e  c o n t r o l  
p l o t s ,  t h e  f a l l e n  l e a v e s  were removed f rom the fu r rows o n  20.11.81 and 
4.1.82 to reduce  t h e i r  n a t u r a l  mulch ing e f f e c t .  The n e t  p l o t  size 
( e x c l u d i n g  b o r d e r  broad-beds) was 6 m l o n g  w i t h  3 broad-beds i n  each 
t r e a t m e n t .  Each row was ha rves ted  s e p a r a t e l y .  The c r a c k i n g  p a t t e r n  
Was r e c o r d e d  by t h e  Farming Systems group.  



The p l a n t s  reached t he  50% f l owe r i ng  stage on 29,liO,t31 
(1 32 days a f t e r  sowing) and the f i r s t  crop matured by 24.12.81 
(188 days),  The f i r s t  ha r ves t  was taken row-wi se on 1 . I ,  82 by 
pod p i c k i ng ,  and the  second f l u s h  o f  pods was harvested on 
19.3.82 when t h e  we igh t  o f  t he  shoot system and the y i e l d ,  pod 
number and seed number were recorded f o r  each row i n  every  p l o t ,  

Resu l t s  and d iscuss ion  

Thew were no s i g n i f i c a n t  e f f ec t s  o f  the  mulch ing t rea t -  
mts (Tsbles 3b32), One reason for t h i s  may be t h a t  under the 
a l l - b e v e l o p ~ d  cmopy w i t h l n  the p l o t s ,  relatively l i t t l e  evapo- 
mtton occu r red  from the s o i l  . Another reason may be t h a t  t h e  
main e f f e c t s  o f  s o i l  c r ack i ng  on the p l an t s  were due t o  t he  t e a r i n g  
and  shear ing  o f  rbots r a t h e r  than an enhanced evaporation o f  water 
f rom t h e  c racks  i n  t he  s o i l .  

As  expected, cracks developed ma in ly  wi thla the fur rows,  and 
thus i n  genera l  the pigeonpeas i n  the rows on tRe s ldes  o f  the  
b m a d - b d s  Mere c l o s e r  to cracks than the p l a n t s  i n  the c e t n r a l  
rows (Fig, 8) .  

Them was a sV9kdng dif'ference I n  yte'ld betOrteen the m. 
The central mws yielded corcslderably m6re than the raws on tho oldes 
of the brctab-bed$, awt of the ws on the sides, those an the mt 
ytelded significantly m b ~  than an the west. Thfs pattern was 
c l e a r l y  apparent i n  b o t h  the  f i r s t  and second harves ts  (Tables 30 and 
31), and a l x ,  i n  the to ta l  bry weight of t he  plants a t  the t~nre o f  
seem! harvest (Tab1 e 32) + 

W e  wes nu s i g n i f f c a n t  d l f f e w n c e  i n  the p l a n t  population I n  
t h e  east ,  central and west rows, and consequent ly t he  s i g n i f i c a n t  
d i f f e r e n c e s  i n  y i e l d  and t o t a l  d r y  weight  per  hec ta re  were p a r a l l e d  
by s i m i l a r l y  s i g n i f i c a n t  d i f fe rences  i n  y i e l d  and t o t a l  d r y  we igh t  
per p l a n t ,  

There was no s i g n i f i c a n t  e f f e c t  o f  row p o s i t i o n  on hundred-seed 
we igh t  o r  seed number per pod; the y i e l d  d i f fe rences  between t he  
rows were a lmost  e n t i r e l y  due to  d i f fe rences  i n  pod number p e r  p l a n t ,  



F i r s t  harvest  
y i e l d  

Total  dry  
Second harvest  we igh t  a t  

y i e l d  second harvest  

East Cen- West East Cen- West East Cen- West 
t r a l  t r a l  t r a l  

F igu re  8. Y i e l d s  and t o t a l  d r y  weight  of pigeonpeas i n  rows on t h e  e a s t  
and west  s ides  o f  broad beds r e l a t i v e  t o  c e n t r a l  rows. 



Table 30. E f fec t  o f  s o i l  c rack ing  on f i r s t  harves t  y i e l d  o f  
p i  geo npea . 

- 

Eastern Centra l  Western 
Rows Rows Rows 

Con t r o  1 1 91 1 2378 1524 1938 

Mulching i n  October 1870 24 01 1485 1918 

Mulching i n  January 1 808 2395 1496 1900 

Mean 1363 2391 1 502 

S E - + 5 9 . 1 2  - + 52.6 

The standard e r r o r  f o r  comparing rows a t  a g iven  l e v e l  
o f  mulching i s  + 98.8 and f o r  comparing mulching a t  the same 
1 evel o f  rows +-102.4. 

Table 31. E f f e c t  o f  s o i l  c rack ing  on second harvest  y i e l d  o f  
p i  geonpea . 

- 

Y ie ld/ha (kg) 

Eastern Centra l  Western Mean 
Rows Rows Rows 

Contro l  309 401 276 329 

Mulching i n  October 2 84 4 00 1 99 294 

Mulching i n  January 244 344 179 2 55 

Mea n 279 382 21 8 

SE + 14.40 + 28.57 - 

The standard e r r o r  f o r  comparing rows a t  the same l e v e l  
o f  mulching i s  + 35.09 and f o r  comparing mulching a t  the  same 
1 evel o f  rows iF + 24.94. 



T a b l e  32. E f f ec t  o f  s o i l  c r a c k i n g  on t o t d l  d r y  m a t t e r  r eco rded  
a t  t h e  t ime  of second ha rves t .  

T o t a l  d r y  ma t t e r ( kg /ha )  

Eas te rn  Cen t ra l  Western Mean 
Rows Rows Rows 

C o n t r o l  5 7 4 6  66 7 3 4930 576: 

Mu lch i ng  i n  October  5750 721 9 4286 5752 

Mu l ch i ng  i n  January 601 9 t5 7 84 4563 5789 

Mean 5838 63 92 4593 

S E - +1 58.2 -- t199.1 

The s t anda rd  e r r o r  f o r  comparing rows a t  t he  same l e v e l  o f  
m u l c h i n g  i s  t 299.5 and f o r  comparing mu lch ing  a t  t h e  same l e v e l  
o f  rows i s  t-274.0. 

Tab le  33. Y i e l d s  o f  s i d e  and c e n t r e  rows o f  sorghum and m i l l e t  
grown on broad-beds on  A1 f i s o l  . Data f rom ICRISAT 
Farming Systems Farm Power and Equipment Repor ts  (by 
M . C .  K l a i j ,  1981 and N . K .  Awadhal, 1982) .  

Y i e l d  (kg /ha)  S ide  rows as % o f  
Year F i e l d  . . . . . . . . . . . . . . . . . . . . . . . . .  

S ide  rows Centre rows 
c e n t r e  rows 

M I L L  ET 

1978 RA-14 

1981 RM-16A 

1982 RP-198 

SORGHUM 

1979 R A - 1 4  

1979 RW-2B 

1980 RA-14 

1980 RW-2B 

1981 RP-19B 



The lower  y i e l d s  i n  the rows on the s ides  o f  t h e  broad-beds 
than i n  t he  c e n t r e  seems 1  i k e l y  t o  be due t o  the darnagin3 e f f e c t s  
o f  cracks which developed main ly  w i t h i n  the  f u r r o w s .  These cracks 
develop a f t e r  t h e  end o f  t he  r a i n s  and the re fo re  t h e i r  damaging 
e f f e c t s  m igh t  be expected to become more pronounced as t r i a l  goes 
on. That t h i s  was the  case i s  suggested by  the  g rea te r  propor-  
t i o n a t e  r e d u c t i o n  i n  t he  y i e l d s  o f  the s ide  rows r e l a t i v e  t o  t h e  
c e n t r e  rows i n  t he  second harves t  than i n  the f i r s t  ( F i g .  e ) .  
There was a  smal le r  e f f e c t  o f  row w s i t i o n  on t o t a l  d r y  we ight  than 
y i e l d  ( F i g .  3 )  which may be due to  the f a c t  t h a t  mucn o t  the d r y  
we ight  i n  the  vege ta t i ve  s t r u c t u r e s  was accumulated before s o i l  
c rack ing  began d u r i n g  the pos t  monsoon season. 

A1 though the  second harves t  y i e l d s  were h ig9er  i n  the cencra l  
rows than i n  t he  s ide  rows, they were s t i l l  r e l a t i v e l y  modest 
compared w i t h  those which car be obta ined on A l f i s o l s  ( P P R  1980/&31, 
Table 1 8 ) .  Since some crack ing  appeared w i t h i n ,  e s p e c i a l l y  across, 
the  broad-beds, t he  y i e l d s  o f  the p lan ts  I n  the c e n t r a l  rows may 
a l so  have been reduced by c rack ing ,  a1 though n o t  so much as those 
on  the  s ides  o f  t he  beds beside the furrovts. However, i t  remains 
an open ques t i on  as to  whether c rack ing  a lone i s  s u f f i c i e n t  t o  
account f o r  the  general l y  poorer second  hd rves t  y i e l d s  on V e r t i s o l  
than on A l f i s o l .  

The s t r i k i n g  d i f f e r e n c e s  between the eas t  and west rows a re  
s i m i l a r  t o  those found 1 a s t  year  between rows p lan ted  on the two 
s ides  o f  75 cms r i d g e s  on V e r t i s o l  (PPR 1980/81, F igu re  7 ) .  We 
suggested then t h a t  a1 though the  p lan ts  bo th  s ides  o f  the r i dges  
were e q u a l l y  c l ose  to  the cracks i n  the furrows,  those on one s ide  
may have been a f f e c t e d  more than on the  o t h e r  s i d e  owing t o  an 
asymnetr ica l  d i s t r i b u t i o n  o f  t he  r o o t  system (PPR 1980/81, p .  2 9 ) .  
Dur ing t h e  e a r l y  stages o f  growth, the  s t rong  p r e v a i l i n g  w e s t e r l y  
winds l e a d  t o  a  marked asymmetry o f  shoot development, w i t h  more 
branches on the west than on the eas t  s ide  o f  the  p l a n t s ;  t h i s  
cou ld  w e l l  be assoc ia ted  w i t h  an asymmetric development o f  r o o t s .  
I f  t h e r e  were more on the west than the eas t ,  pigeonpeas growing i n  
t he  rows on the west o f  the broad-beds would be p a r t i c u l a r l y  bad l y  
a f f e c t e d  by c rack ing  i n  the  furrows.  We a re  a t  p resent  checking 
t h i s  hypothes is  by d i r e c t  measurements o f  t he  p a t t e r n  o f  r o o t  
d i s t r i b u t i o n  and a l s o  through a r t i f i c i a l  r o o t  c u t t i n g  as e a s t  and 
west s i d e  o f  t h e  pigeonpea rows. 

The d e l e t e r i o u s  e f f e c t  o f  the  c u t t i n g  of r o o t s  on the  y i e l d  o f  
pigeonpeas was demonstrated d i r e c t l y  i n  an experiment c a r r i e d  o u t  
t h i s  year  by M r .  K.L. Sr i vas tava  o f  t h e  Farming Systems group, I n  
a  pigeonpea crop (cv.  C-11 ) grown i n  V e r t i s o l  and i r r i g a t e d  du r ing  



November, p l a n t s  i n  some o f  t he  p l o t s  had t h e i r  r o o t s  c u t  by 
hammering a meta l  p l a t e  i n t o  the s o i l  to  a dep th  o f  ? O  crns 
a: a d i s t a n c e  o f  15  cms from each row. The y i e l d  o f  these 
p l a n t s  was 2129 kg/ha compared wi t h  2635 kg/ha i n  the  c o n t r o l  
p l o t s ;  t h i s  y i e l  d r e d u c t i o n  was s t a t i s t i c a l l y  s i g n i f i c a n t  
(LSD ( 5 % )  2 7 8 ) .  The r o o t  c u t t i n g  t rea tment  was imposed o n l y  
d u r l n g  t h e  t h i r d  week o f  November when the p l a n t s '  rep roduc-  
t i v e  phase was a1 ready we1 1 advanced, and so the  y i e l  d - reduc ing  
e f f e c t s  w u l d  p robab ly  have been g r e a t e r  i f t h i s  t r ea tmen t  
had been imposed e a r l i e r ,  

One n o t e  o f  c a u t i o n  i s  necessary i n  i n t e r p r e t i n g  these 
r e s u l t s  as ev idence f o r  s o i l  c r a c k i n g  e f f e c t s ,  On b road  beds, 
compac t ion  i n  t he  fu r rows  may reduce y i e l d s  o f  s i d e  rows d i r e c t l y ,  
as may be shown by  r e s u l  t s  from A1 f i so l  s ob ta i ned  by t h e  Farming 
Systems group w i t h  Sorghum and M i l l e t  grown i n  t he  monsoon 
season (Tab le  3 3 ) .  However, the  e f f e c t s  they found were s m a l l e r  
t h a n  those  d e t e c t e d  here, and i n  sorghum i n  2 cases o u t  o f  5 t h e  
s i d e  rows a c t u a l l y  y i e l d e d  more than the c e n t r e  rows, A b e t t e r  
g r o w t h  o f  s i d e  rows than  c e n t r e  rows has a1 so been observed w i t h  
m i l l e t  by t h e  I C R I S A T  M i l l e t  Breeders (D,J,  Andrews, Personal 
communicat ion) .  Never the less ,  i n  f u t u r e  work i t  w i l l  be necessary 
to check t h e  e f f e c t s  o f  compact ion per se on s i d e  rows o f  p igeon-  
peas, Th i s  c o u l d  be done by  measuring g rowth  b e f o r e  c r a c k i n g  
beg ins ,  and a l s o  by  measuring growth and y i e l d  under i r r i g a t e d  
c o n d i t i o n s  i n  which c r a c k i n g  i s  suppressed. 

I n  some exper iments  conducted by the I C R I S A T  Farming Systems 
s c i e n t i s t s ,  t h e  e f f e c t s  o f  growing pigeonpea-sorghum i n t e r c r o p s  
were compared g row ing  2 pigeonpea rows e i t h e r  a l ong  t h e  s i d e s  o f  
t h e  beds w i t h  2 sorghum rows i n  t he  cen t r e ,  o r  w i t h  t h e  pigeonpea 
rows i n  t h e  c e n t r e  and t h e  sorghum on  t h e  o u t s i d e .  I n  1979/80, 
t h e  pigeonpea y i e l d s  were somewhat h i ghe r  (998 kg/ha) w i t h  t h e  rows 
o n  t h e  o u t s i d e  than  i n  t he  c e n t r e  (929  kg/ha),  b u t  t he  d i f f e r e n c e s  
were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  (Cropping Systems Repo r t  1979/80, 
Tab1 e 3 ) .  I n  1980/81 , the re  was a reverse  tendency w i t h  a h i g h e r  
y l e l d  from t h e  pigeonpeas as c e n t r e  rows (943 kg/ha)  than  as s i d e  
rows (919 kg/ha)  b u t  aga in  t he  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  

These r e s u l t s  a r e  o f  cons i de rab le  i n t e r e s t .  W i t h  t h e  pigeonpea 
rows  o n  t h e  s i d e s  o f  t h e  beds, growth and y i e l d  m i g h t  have been 
expec ted  to be b e t t e r  f o r  two reasons. F i r s t ,  be fo re  t h e  h a r v e s t  o f  
sorghum, t h e  pigeonpeas were a b l e  t o  make use o f  t h e  60 cms space 
between beds, whereas t h e  pigeonpeas on t h e  c e n t r e  o f  t h e  beds were 



f lanked by sorghum rows 30 crns away which would have subjected them 
t o  more compet i t ion.  Seconaly , a f t e r  the sorghum harves t ,  pigeonpeas 
i n  s ide  rows 90 crns apa r t  would have been l ess  sub jec t  t o  row-to-row 
compet i t ion than the cent re  rows 30 crns apar t .  But i n  s p i t e  o f  these 
advantages, the pigeonpeas i n  s ide  rows d i d  n o t  y i e l d  s i g n i f i c a n t l y  
b e t t e r  than i n  cent re  rows. This cou ld  be because t h e i r  advantages 
were o f f s e t  by the  f a c t  t h a t  they were c lose r  t o  t he  furrows, and 
hence more af fected by s o i l  cracking.  



X I .  RABI-KHARIF-RABI PIGEONPEAS: A P E R E N N I A L  CROPPING SYSTEM 

Pigeonpeas as  a  p o s t - r a i n y  ( r a b i )  season c rop  on  deep V e r t i s o l s  
i s  w e l l  e s t a b l i s h e d  i n  areas where temperatures i n  t h i s  season a r e  
conduc i ve  f o r  good g rowth .  

A new k i n d  o f  c ropp ing  system becomes p o s s i b l e  by g row ing  a  
r a b i  c r o p  o f  pigeonpea by p l a n t i n g  around October  and h a r v e s t i n g  
i t  by r a t o o n i n g  i n  l a t e  February o r  March and l e a v i n g  t h e  p l a n t s  i n  
t h e  f i e l d .  Owing t o  t h e i r  deep r o o t  system and pe renn ia l  n a t u r e ,  
many o f  them s u r v i v e  u n t i l  t he  onse t  o f  monsoon, and q u i c k l y  
e s t a b l i s h  a  f u l l  canopy, A second  h a r v e s t  from t h i s  c r o p  can  be 
h a r v e s t e d  i n  December w i t h o u t  addi  t i o n a l  expense f o r  c u l  t i v a t i o n  
o r  p l a n t i n g .  A t h i r d  h a r v e s t  can then be o b t a i n e d  f rom t h e  same 
p l a n t s  i n  February o r  March when the c rop  can be removed f r o m  
t h e  f i e 1  d  ( F i g .  9 ) .  

The f e a s i  b i l  i ty  o f  t h e  system was demonstrated i n  1975176 
(PPR 1976177, Sec t i on  I V . 3 )  and suhsequent ly .  However i n  t h e  
absence o f  d i sease  r e s i s t a n t  c u l  t i v a r ,  t n e  t r i a l s  were v i t i a t e d  by  
d iseases ,  c h i e f l y  s t e r i l i t y  mosa i c#  With t he  a v a i l a b i l i t y o f  an 
a g r o n o m i c a l l y  s u i t a b l e  d isease r e s i s t a n t  c u l  t i v a r ,  ICP-1-6, t h e  
system was aga in  t e s t e d  i n  1980-81 -82. We a l s o  e v a l u a t e d  d i f f e r e n t  
c u l t u r a l  p r a c t i c e s  t h a t  m i g h t  be u s e f u l  f o r  t h i s  c ropp ing  system. 

Ma t e r i  a1 s  and methods 

The t r i a l  was conducted a t  Sangareddy f r u i t  r esea rch  s t a t i o n  
i n  c o n j u n c t i o n  w i t h  Andhra Pradesh A q r i c u l  t u r a l  U n i v e r s i t y .  A f t e r  
a  p r e p a r a t o r y  t i l l a g e  cv .  ICP-1-6 was p l a n t e d  i n  V e r t i s o l  on  
9.11.80 and a  l i g h t  'come-up' i r r i g a t i o n ,  was g iven ,  s i n c e  t h e  
su r f ace  l a y e r s  o f  t he  s o i l  had d r i e d  o u t  by t h e  t ime o f  p l a n t i n g ,  
The spac ing  was 30 x 10  cms, g i v i n g  a  d e n s i t y  o f  abou t  33 seeds/m2. 
The a r e a  sown was 0,5 ha.  No f e r t i l i z e r  was a p p l i e d  a t  any s t age  
o f  t h e  c r o p  growth, no r  were any f u r t h e r  i r r i g a t i o n  g i v e n .  

The c r o p  reached t h e  50% f l o w e r i n g  s tage  on  5.2.81 ( 8 8  days 
a f t e r  sowing)  and matured on 15.3.81 (127 days a f t e r  sowing) .  Th i s  
r a b i  c r o p  was harves ted  on 26.3.81. 

I n  o r d e r  to e v a l u a t e  d i f f e r e n t  c u l t u r a l  p r a c t i c e s  t he  whole 
t r i a l  was dev ided i n t o  3 subsets  o f  exper iments .  





Exper iment  1  : The f i r s t  r a b i  c rop  was harves ted  i n  t h ree  d i f f e r e n t  
manners. 

1 .  Pod p i c k i n g  
2 .  Ratooning a t  10 cms f rom ground l e v e l  
3. Ratooni ng a t  30 cms f rom ground 1  eve1 

These t rea tments  were l a i d  i n  a  randomized b l o c k  
des ign  w i  t h  f o u r  r e p l  i ca t i o n s .  Subsequent c rops  i n  
December and A p r i l  were harves ted  un i f o rm l y  i n  each 
p l o t  by r a t o o n i n g  a t  a  he i gh t  o f  abou t  150 cms and 
10 crns above t he  ground r e s p e c t i v e l y .  

Exper iment  2: The f i r s t  ha r ves t  o f  t h i s  exper iment  was made as  bu l  k  
by p i c k i n g  t he  pods. The f o l l o w i n g  t h i n n i n g  t r e a t -  
ments were imposed on 25.8,81. 

1 .  No t h i n n i n g  
2. Removal o f  a1 te rna  t e  rows 
3. Removal o f  two rows o u t  o f  every  t h ree  rows, 

Again t he  des ign  was RBD w i t h  4  r e p l i c a t i o n s .  

Exper iment  3: As i n  Experiment 2, ha r ves t  o f  p l a n t  r a b i  c rop  was 
made by p i c k i n g  t h e  pods as b u l k .  D i f f e r e n t  methods 
o f  ha r ves t i ng  f o r  k h a r i f  c rop  adopted were: 

1 .  Pod p i c k i n g  
2 ,  Ratooning a t  100 crns f rom ground l e v e l  
3 .  Ratooning a t  150 crns f rom ground l e v e l  

The t rea tments  were l a i d  i n  a  RBD w i t h  4 r e p l  i c a t i o n s .  

The p l o t  s i z e s  i n  Experiments 1 ,  2 and 3 were 55.0, 44.6 and 
44.6  rn2 r espec t i ve1  y .  A  hand weeding was done d u r i n g  t h e  f i r s t  r a b i  
c rop .  A  s i n g l e  i n s e c t i c i d e  spray (endosul fan)  to c o n t r o l  pod b o r e r  
a t t a c k  was a p p l i e d  d u r i n g  r e p r o d u c t i v e  p e r i o d  o f  f i r s t  r a b i  c r o p ,  
The rea f t e r  no f u r t h e r  sp ray ing  and indeed no o p e r a t i o n s  o t h e r  than 
h a r v e s t i n g  were under taken,  The k h a r i f  c rop  reached 50% f l o w e r i n g  
o n  10.11.81 and matured on 22.12.81, when i t  was harves ted .  The 
subsequent c r o p  from t h e  new f l u s h  o f  pods matured on  5,4.82. 

Resu l t s  

The f i r s t  ha r ves t  i n  March 1981, y i e l d e d  around 400 kg/ha, wh ich  
1 s  q u i t e  normal f o r  a  la te-sown r a b i  c rop .  Wi th  more t i m e l y  sowing, 
i n  September o r  October,  y i e l d s  o f  we1 1  ove r  1  ton/ha a r e  g e n e r a l l y  
o b t a i n e d  ( p p ~  1977/78, Table 66; PPR 1980/81, Table 33) .  



During the  sumner season f o l l o w i n g  the harves t  o f  t he  r a b i  
crop, cons iderab le  p l a n t  mor ta l  i t y  occurred,  ma in l y  due t o  
Rhi zoc ton ia  b a t a t i c o l a .  The percentage morta l  i ty was 53% i n  
c o n t r o l  p l o t s ,  52% i n  those ratooned 30 crns above t h e  ground a t  
t he  end o f  t h e  r a b i  season, and 57% i n  those ratooned a t  10 crns. 
Thus ra toon ing  had 1 i ttl e e f f e c t  on morta l  i t y  and s u r v i v a l  o f  t he  
p lan ts ,  which i s  f o r t u n a t e  s ince harves t ing  the  r a b i  crop by 
p i c k i n g  t h e  pods would be too time-consuming to c a r r y  o u t  i n  
farmers ' f i e l  ds . 

I n  s p i t e  o f  these h igh  morta l  i t y  ra tes ,  owing t o  t he  dense 
p l a n t i n g  o f  t h e  r a b i  crop, the s u r v i v i n g  p l a n t  popu la t i on  was on 
average s t i l l  2-3 t imes g rea te r  than i s  no rma l l y  necessary f o r  a 
k h a r i f  crop. 

With the  pre-monsoon and monsoon ra ins ,  t he  s u r v i v i n g  p l a n t s  
grew r a p i d l y  and soon formed a c losed canopy, which tended t o  
smother weeds. No weeding was c a r r i e d  ou t ,  and nor were any p l a n t  
p r o t e c t i o n  measures. The p lan ts  suf fered f rom an a t t a c k  o f  
sp ider  m i tes  i n  the  l a t e  monsoon season, which caused y e l l o w i n g  
o f  t h e  leaves,  bu t  t h i s  i n f e s t a t i o n  spontaneously abated, and 
growth was excel l e n t .  By the t ime o f  the December ha rves t  the  
p l a n t s  were 2.0-2.4 m h igh .  

Dur ing the  rep roduc t i ve  phase, some a t t a c k  by the pod-bor ing 
c a t e r p i l l a r s  o f  He1 i o t h i s  armigera was observed, b u t  t h i s  was 
modest i n  scale.  Far worse i n f e s t a t i o n  was observed on k h a r i f -  
sown pigeonpeas i n  nearby farmers '  f i e l d s .  Perhaps a h ighe r  popula- 
t i o n  o f  n a t u r a l  pa ras i t es  and predators had b u i l t  up i n  o u r  l ong -  
d u r a t i o n  crop, keeping pod-borers i n  check. 

The y i e l d  of the k h a r i f  crop,  harvested i n  December i n  con t ro l  
p l o t s  was 1250-1450 kg/ha, which i s  s i m i l a r  t o  t h a t  ob ta ined  f rom 
a normal k h a r i f  sown crop. 

A f u r t h e r  harvest ,  taken i n  March, gave y i e l d s  o f  o n l y  
100-140 kg/ha, comparable t o  second harves t  y i e l d s  a t  ICRISAT Center 
on V e r t i s o l .  These l ow  y i e l d s  may be due i n  p a r t  t o  t h e  c rack ing  o f  
t he  V e r t i s o l  on which the  p l a n t s  were grown, and a l s o  due to the  
r e l a t i v e l y  h i g h  inc idence o f  i n s e c t  damage to  t h e  pods i n  t h i s  
f l u s h .  Observations by t h e  Pulse Entomology revea led  t h a t  70% of 
t h e  pods were damaged; 48% by pod borers,  10% by pod f l y  and 16% 
by hymenopteran pests. 



Ratoon ing  a t  t h e  t ime  o f  h a r v e s t  o f  t h e  r a b i  c q :  

Ra toon ing  a t  t h e  t ime o f  h a r v e s t  o f  the f i r s t  r a b i  c rop  had 
no s i g n i f i c a n t  e f f e c t  on p l a n t  m o r t a l i t y  (see above) .  Nor was 
t h e r e  any  s i g n i f i c a n t  e f f e c t  on t h e  y i e l d  o f  t h e  subsequent k h a r i f  
c rop ,  ha rves ted  i n  December, no r  on the  r a t o o n  c r o p  ha rves ted  t h e  
f o l l o w i n g  A p r i l  (Tab le  3 4 ) .  

The average w e i g h t  o f  fa1 l e n  1  eaves w i t h i n  t h e  p l o t s  a t  t h e  
t i m e  o f  h a r v e s t  i n  December was h igh,  3100 kg/ha. These f a l l e n  
l e a v e s  c o n t a i n e d  1.339 n i t r o g e n  and 0.07% phosphorus,  and thus 
would  have added back to  t h e  s o i l  41 kg lha o f  n i t r o g e n  and 2 . 2  kg/ha 
o f  phosphorus,  

The d r y  w e i g h t  o f  stems a t  t he  t ime o f  f i n a l  h a r v e s t  i n  A p r i l  
was 4677 kg/ ha. 

The seed number p e r  pod and 100-seed w e i g h t  were n o t  s i g n i f i c a n t l y  
a f f e c t e d  by t h e  t r e a t m e n t s .  T h e i r  mean va lues  i n  the  r a b i ,  December 
and subsequent r a t o o n  h a r v e s t s  were 2 .5 ,  2 .3  and 1 .6  r e s p e c t i v e l y  f o r  
seed number per  pod; and 7.0 g, 10.2 g and 7.9  g f o r  100-seed w e i g h t .  

2 .  T h i n n i n g  o f  t h e  c r o p  d u r i n g  August:  

T h i s  exper imen t  was under taken t o  f i n d  o u t  whether t h e  y i e l d s  i n  
t h e  December h a r v e s t  would be  improved by r e d u c i n g  t h e  p l a n t  p o p u l a t i c  
and a l s o  t o  e s t i m a t e  t n e  q u a n t i t i e s  o f  green fodder  wh ich  c o u l d  be 
h a r v e s t e d  i n  t h i s  way d u r i n g  t h e  monsoon season. 

The f r e s h  w e i g h t  o f  t h e  shoots  ha rves ted  by t h i n n i n g  i n  August  
were 31 22 kg/ha w i t h  t h e  removal o f  a1 te rna  t e  rows, and 4494 kg/ha 
w i t h  t h e  removal o f  two rows o u t  o f  eve ry  th ree .  The r e s p e c t i v e  d r y  
w e i g h t s  were 81 2 and 1211 kg/ha.  

There was a  tendency f o r  t h e  t h i n n i n g  t rea tmen ts  t o  reduce  t h e  
y i e l d  o f  t h e  main  k h a r i f  c r o p  and t h e  subsequent r a t o o n  c m p   a able 3! 
b u t  t h e s e  e f f e c t s  were n o t  s i g n i f i c a n t  a t  t h e  58 l e v e l  o f  p r o b a b i l i t y ,  

The w e i g h t  o f  f a l l e n  l eaves  a t  t h e  t ime o f  t h e  main h a r v e s t  i n  
December was reduced c o n s i d e r a b l y  by the  t h i n n i n g  t rea tmen ts ,  f rom 
2127 kg/ha i n  t h e  c o n t r o l  p l o t s ,  t o  1531 kg lha  a f t e r  a1 t e r n a t e  row  
removal ,  and 990 kg/ha a f t e r  r e m v a l  o f  two rows o u t  o f  e v e r y  t h r e e .  



Table 34. E f f e c t  o f  d i f f e r e n t  he igh ts  o f  r a t oon ing  o f  the  
r a b i  c rop  on subsequent y i e l d s  i n  the r a b i - k h a r i f .  
r a b l  c ropp ing  systems. 

Method o f  ha r ves t i ng  Y i e l d  ,kg/ha) 
-" - 

r a b l  crop Rsbl (Decem- Rabl 
(March ber ( A p r i l  To ta l  
1981 l 1981 ) 1 982) 

Cont ro l  (pod p i c k i n g )  352 1449 131 1932 

Ratooning a t  30 cms 4 OC 1337 110 1947 

Ratoonlng a t  10  cms 4 2 3  1 2 1 1  1 1 2  1749 

Mean 

S E 
LSD (5%) 
C V  % 

Table 35. E f f e c t  o f  t h i n n l n g  i n  August 1981 on subsequent 
y i e l d s  In t he  r a b i - k h a r l f - r a b i  c ropp ing  system, 

*--- 

Y i e l d  ( k g / h a )  

Th inn ing  t reabnent  Ra b i  Khari f Rabl 
(March (Decem- ( A p r i l  T o t a l  
1981) ber1981) 1982) 

No t h l  n n l  ng 1252 110 1791 

Thinn ing o f  a1 t e r n a t e  rows 1 098 82 1609 

Thinn ing o f  2 o u t  o f  3 rows  930 7 7  1436 

Mw n 

S E 
LSD ( 5 % )  
cv Xi 



Weed g row th  was cons i de rab l y  g r e a t e r  i n  t h e  t n i nned  than  
i n  t h e  c o n t r o l  p l o t s .  

3 .  E f f e c t  o f  r a t o o n i n g  a t  the  t ime o f  t n e  December h a r v e s t :  

We have g e n e r a l l y  found  t h a t  h a r v e s t i n g  t h e  main k h a r i f  
c r o p  o f  pigeonpeas by p i c k i n g  t he  pods g ives  h i ghe r  second 
h a r v e s t  y i e l d s  than r a t o o n i n g  ( e . g .  PPR 1980/81, Sec t i on  V I  I), 
The main reason f o r  t h e  reduced y i e l d  i n  the ra tooqed  p l a n t s  i s  
p robab l y  because v e g e t a t i v e  regrowth  de l ays  the  second f l u s h  o f  
f l o w e r i n g  i n  a  p e r i o d  when t h e  p l a n t s  a r e  sub jec ted  to  i n c r e a s -  
i n g  m o i s t u r e  s t r e s s .  

I n  t h i s  exper iment  too, r a  t oon i  ng reduced the  subsequent 
y i e l d ,  and p l a n t s  ra tooned  c l o s e r  to  t he  ground y i e l d e d  l e s s  
than  those  ra tooned  h i ghe r  up (Tab le  3 6 ) .  However, t he  y i e l d s  
were i n  a l l  cases low,  and t h e  a d d i t i o n a l  c o s t  o f  pod p i c k i n g  
compared w i t h  r a t o o n i n g  would h a r d l y  be  j u s t i f i e d  f o r  a y i e l d  
advantage o f  a  mere 46 kg/ha 

D iscuss ion  

Th i s  exper iment  c l e a r l y  shows the  f e a s i b i l  i t y  o f  t h e  r a b i -  
k h a r i f - r a b i  c ropp ing  system. I n  i a r g c  t r a c t s  o f  p e n i n s u l a r  I n d i a  
where V e r t i s o l  s a re  l e f t  fa1  l ow  d u r i n g  t he  monsoon, t h i s  system 
would have ma jo r  advantages. A f t e r  t a k i n g  a  r a b i  c r o p  o f  p igeon-  
pea, t h e  p l a n t s  c o u l d  go on  to g i v e  a good y i e l d  a f t e r  t h e  
subsequent monsoon, w i t h  1 i ttl e o r  no f u r t h e r  c u l  t i v a  t i o n  o r  
weeding c o s t  Th i s  c r o p  would a l so  improve t h e  s o i l  by add ing  
back as  much as 41 kg/ha o f  n i t r o g e n  and p rov i de  a use fu l  supp l y  
o f  f i rewood.  

The main expense m igh t  be i n  p r o t e c t i n g  t h e  c r o p  f r o m  g r a z i n g  
a f t e r  t h e  f i r s t  r a b l  h a r v e s t ,  However, if the  p l a n t s  a r e  ha r ves ted  
by  r a t o o n i n g  t h e r e  i s  n o t  much l e f t  f o r  an ima ls  t o  g raze  on; and 
i t  i s  p o s s i b l e  t h a t  the p l a n t s  would s u r v i v e  even i f  t hey  were 
g razed .  We a t tempted  t o  i n v e s t i g a t e  t h i s  i n  t h e  p resen t  exper iment  
by hav i ng  a  p a r t  o f  f i e 1  d unfenced; s i nce  an imal  s  e n t e r  t h e  Sanga- 
r eddy  farm from t i m e  t o  t ime, t h i s  unfenced area p robab l y  would have 
been g razed  t o  some e x t e n t .  The y i e l d  o f  t h i s  area i n  t h e  main 
December ha r ves t  was 1032 kg/ha, somewhat 1 ess than  t h e  c o n t r o l  
y i e l d  i n  t h e  a d j a c e n t  exper iment  3 o f  1246 kg/ha, b u t  t h i s  c o u l d  
have been due t o  t h e  g e n e r a l l y  poorer  g rowth  i n  area wh ich  was 
unfenced, r a t h e r  than t o  t h e  l i m i t e d  g raz i ng  t h e  p l a n t s  were exposed 
to. A more r e a l i s t i c  t e s t  o f  the  e f f e c t s  o f  g r a z i n g  d u r i n g  t h e  
s u m e r  season should be c a r r i e d  o u t  i n  fa rmers '  f i e l d s .  



Table 36. E f f e c t  o f  d i f f e r e n t  ra toon ing  methods a t  the t ime 
o f  harves t  o f  the main c rop  i n  December 1981 on 
subsequent y i e l d .  

Y i e l d  (kg/ha) 
Ra toon i  ng t reatment  

(December 1981 1 Rabi K h a r i f  Rabi 
(March (December ( A p r i l  To ta l  
1981 ) 1981) 1982) 

Pod p i c k i n g  P 1 246 140 1 81 6 
P 

Ratooning a t  175 cms - I 4 30 1 01 7 94 1541 

Ratooning a t  100 cms [ 1098 65 1593 

Mean 

S E 

LSD (5%) 

cv  :i 



A1 though a good y i e l d  was obta ined a f t e r  the monsoon w i thou t  
i n s e c t i c i d e  spraying, i t  i s  possib le i n  o t h e r  years more damage 
m igh t  occur.  The system i s  c u r r e n t l y  being tes ted  aga in  a t  I C R I S A T  
Center under unsprayed condi t ions,  

The r e s u l t s  of the  f i r s t  experiment show t h a t  the  f i r s t  r a b i  
c rop  can be harvested by ratooning, which i s an encouraging f i nd ing ,  
s i nce  t h i s  i s  much quicker  and cheaper than pod-picking, 

The r e s u l  t s  o f  the second experiment i n d i c a t e  t h a t  t he re  may be 
no advantage i n  t h inn ing  the  p l a n t  stand dur ing  t h e  monsoon season. 
F i r s t ,  t he  fodder i s  o f  1 i t t l e  value a t  t h a t  time, and would probably 
be d i f f i c u l t  to dry; second, t he  y i e l d  i s  n o t  improved; t h i r d ,  
t he  growth o f  weeds i s  l e s s  e f f e c t i v e l y  suppressed; and f i n a l l y ,  
t h e  amount o f  f a l l e n  leaves i s  reduced. 

The t h i r d  experiment shows t h a t  the add i t i ona l  f l u s h  of pods 
a f t e r  t he  main harves t  i s  very  modest, as we have found i n  o t h e r  
experiments on  V e r t i s o l s ;  i t  may n o t  be worth l eav ing  the  p l a n t s  
i n  t h e  f i e l d  when the  e x t r a  y i e l d  i s  so smal l .  A1 though pod p i c k i n g  
gave h igher  subsequent y i e l d s  than ratooning, the y i e l d  advantage 
would probably be too small t o  j u s t i f y  the  ex t ra  cos t  and e f f o r t .  

Fur ther  experiments to t e s t  t h i s  cropping system i n  d i f f e r e n t  
l o c a t i o n s  w i l l  be necessary before i t  can be extended t o  farmers '  
f i e l d s ,  b u t  a t  present  i t  seems extremely promising. 



X I I .  RESPONSES OF PIGEONPEAS GROWN IN THE RAINY AND POST-RAINY 
SEASONS TO IRRIGATION 

Pigeonpeas can be grown both as a  r a i n y  season as we l l  as 
a  pos t - ra iny  season c rop  i n  pen insu lar  I nd ia  on V e r t i s o l s .  The 
t o t a l  c rop  growth d u r a t i o n  d i f f e r s  cons iderab ly  i n  the  two seasons, 
and so does t o t a l  biomass product ion.  Nevertheless, t h e  post-  
r a i n y  season crop, i n  s p i t e  o f  i t s  s h o r t  dura t ion ,  can g i v e  
comparabl e  y i e l d s  under favourable c o n d i t i o n  o f  moisture (PPR 
1976-77, Sect ion  I V ,  4, p, 137). This i s  by and l a r g e  due t o  
g rea te r  p a r t i t i o n i n g  o f  d r y  mat te r  i n t o  g r a i n  as i s  ev ident  by 
h igh  harves t  i n d i c e s ,  Harvest i nd i ces  as h igh  as 50% have been 
recorded i n  i r r i g a t e d  pos t - ra iny  season pigeonpea (PPR 1979-80, 
Sect ion  V I I I ,  Table 31) .  Large responses t o  i r r i g a t i o n  i n  y i e l d  
o f  pos t - ra iny  season pigeonpea i n d i c a t e  t h a t  the  growth o f  t h i s  
c rop i s  l i m i t e d  by s o i l  mo is ture  (PPR 1980-81, Sect ion  V I I I ) .  

The r a i n y  season crop u s u a l l y  develop f a i r l y  deep r o o t s  
(>1.5 m) by the  end o f  monsoon season which a r e  capable o f  ex t rac-  
t i n g  mo is tu re  f rom the deeper l aye rs  o f  t he  s o i l  p r o f i l e  i n  t h e  
f o l l o w i n g  d r y  season. I n  cont ras t ,  pos t - ra iny  season pigeonpeas 
grow on receding mi  s tu re .  I n fo rma t ion  on t h e i r  comparative 
water use, water use e f f i c i e n c y  and response to  supplemental 
i r r i g a t i o n  i s  l a c k i n g .  The present  experiment was conducted i n  
con junc t ion  w i t h  Dr. Sardar Singh, So i l  P h y s i c i s t  to o b t a i n  
i n fo rma t ion  on  these aspects. The f i r s t  sec t i on  deals w i t h  
responses to supplemental i r r i g a t i o n .  Data on mois ture  e x t r a c t i o n  
pa t te rns  and water use e f f i c i e n c y  w i l l  appear i n  a  l a t e r  r e p o r t .  

Ma te r i a l  s  and methods 

The experiment was conducted i n  a  dee V e r t i s o l  f i e l d ,  BW-3. 
Neutron probe sampl i ng tubes (1 5 7  cms deep had been placed i n  t he  
f i e l d  4 years p rev ious l y .  

P 

P r i o r  tx sowing i n  June, the f i e l d  rece ived a  basal dose o f  
100 kglha diamnonium phosphate. I n  a d d i t i o n  t o  t h i s ,  a  t o p  dressing 
o f  62 kglha N (as urea) was a p p l i e d  t o  the sorghum rows a t  25 days 
a f t e r  p l a n t i n g .  

The t r i a l  was l a i d  o u t  i n  a  s p l i t - p l o t  design w i t h  i r r i g a t i o n  
t reatments i n  t he  main p l o t s  and crops as sub-plots ( s i z e  10 x  10 m) .  



There were 4 rep1 i ca t i ons .  However, owing t o  a severe inc idence 
o f  t h e  w i l t  disease, rep, I was dropped from the ana lys i s  o f  
y i e l d  components. 

The crops were sown i n  f l a t  seed beds. Pigeonpea cv.  C-11 
was used. The r a i n y  season crop was planted on 18.6.81 by a b u l l o c k  
drawn t r o p i c u l t o r ,  w i t h  so le  pigeonpea a t  45 cms row spacing. I n t e r -  
cropped pigeonpea was a t  a 135 cms row spacing, w i t h  two rows 
of sorghum (CSH-5) 45 cms a p a r t  i n  between, w i t h  a p lan t - to -p lan t  
spacing o f  10  cms, The pigeonpea seed1 ings were th inned to 
spacings o f  45 x 45 crns and 135 x 15 cms, g i v i n g  about 5 plants/m2 
i n  both  cases. 

The post - ra iny  season pigeonpea crop was planted by hand a t  a 
30 x 10 crns spacing on 14.10.81, g i v i n g  33 seeds/mZ, The p l o t s  f o r  
the  pos t ra iny  season sowings were kept  weed-free p r i o r  to  p lan t i ng .  

The i r r i g a t e d  p l o t s  o f  the  r a i n y  season crops rece ived 2 f l o o d  
i r r i g a t i o n s  156 and 180 days a f t e r  sowing (on 20.11.81 and 14.12.81). 
The pos t ra iny  season crop received 3 f l o o d  i r r i g a t i o n s  36, 60 and 84 
days a f t e r  sowing (on 20.11.81, 14.12.81 and 7.1.82). Dates o f  
f l o w e r i n g  and m a t u r i t y  a re  g iven i n  Table 37. 

Growth pat terns  were monitored by des t ruc t i ve  growth a n a l y s i s  
a t  approximately 20-day i n t e r v a l s  on 5 adjacent  p lan ts  sampled from 
each r e p l i c a t e  p l o t  from the 35-day onwards. Leaf area was measured 
on an automatic area meter. 

The intercropped sorghum was harvested on 29.9.81, the r a i n y  
season pigeonpea crop on 26.1 2 -81, and the post ra iny  season crop on 
8.3.82, A t  the  t ime o f  harvest, y i e l d ,  y i e l d  components and total 
d r y  weights were recorded from ne t  p l o t s  o f  9.4, 12.0 and 10.2 m2 
i n  sol  e, i n t e r c r o p  and post ra iny  season crops respec t i ve l y ,  These 
small ar9as were selected from regions o f  t he  subplots where the  
inc idence of t h e  w i l t  disease was minimal. 

S o i l  mois ture  measurement was made by Dr. Sardar Singh of the  
Farming Systems Program a t  regu lar  i n t e r v a l s  by means o f  nu t ron  
probes . 

L i g h t  i n t e r c e p t i o n  by the crop was measured using 90 cms l o n g  
so la r ime te r  tubes (AT, USA) between 11.00 A.M. and 2.30 P,M. a t  
about 15  days i n t e r v a l s .  These tubes were connected to i n t e g r a t o r s  



w i t h  e l e c t r i c  wires which q u a n t i f i e d  incoming so la r  rad ia t i on ,  i n  
the  form o f  counts. A f t e r  c a l i b r a t i n g  these tubes I n  open place 
i n  the f i e l d  f o r  4  minutes, two o f  these tubes were placed under 
the  crop canopy on the ground a t  r i g h t  angles to the rows pos i t ions ,  
to measure r a d i a t i o n  penet ra t ing  the  canopy, a  t h i r d  ( con t ro l  ) was 
l e f t  ou ts ide  t o  measure t o t a l  incoming r a d i a t i o n ,  In tegra ted counts 
over two minutes per iod  from the tubes under the canopy and the one 
kept  ou ts ide  the canopy were recorded simultaneously, A f t e r  
c o r r e c t i o n  o f  counts using the f a c t o r  ca l cu la ted  from ca l  i b r a t i o n  
f o r  each tube, the f o l l o w i n g  formula was used to c a l c u l a t e  the 
1  l g h t  i n te rcep t i on :  

.. 
Mean cor rec ted counts 

under the canopy 
L i g h t  I n t e r c e p t i o n  1 - x 100 

Corrected con t ro l  tube 
counts 

Results and d iscussion 

Growth pa t te rn  

The pigeonpeas sown as a sole crop i n  June showed a  s i m i l a r  
pa t te rn  o f  development t o  t h a t  observed i n  previous growth ana lys is  
(e.g. PPR 1974-75, F ig .  3; PPR 1975-76, F ig .  12; PPR 1976-77, 
F ig .  2 ) .  There was l ess  net  loss  of leaves i n  t he  p lan ts  which were 
i r r i g a t e d  dur ing  the  reproduct ive phase (Fig.  10) .  

The pigeonpeas intercropped w i t h  sorghum showed a  much slower 
r a t e  o f  growth than the so le  crop, as would have been expected (F igu res  
10 and 111 These growth ana lys is  data show a  considerable response 
to i r r i g a  ;on i n  growth and pod development i n  the pigeonpeas which 
had been intercropped. However, i n  t he  data on d ry  weight and y i e l d  
from the  p l o t  harvests, no such b e n e f i t  o f  i r r i g a t i o n  was apparent 
(see below), This discrepancy between the growth ana lys i s  and p l o t  
harvest  data i s  probably exp l icab le  i n  terms o f  the l a r g e  sampling 
e r ro rs  involved i n  se lec t i ng  the 5 p l a n t  samples f o r  growth ana lys is .  
Once again i t  emphasizes the need f o r  tak ing  l a r g e r  samples from an 
area o f  several square meters, and t h i s  system o f  tak lng  l a r g e r  
samples w i l l  be adopted i n  f u tu re  work. 

The data on l ea f  area index show the so le  c rop reached a  maximum 
o f  j u s t  over 4 soon before f lower ing began and l e a f  area decl ined to 
around 0.5 a t  the  time o f  harvest  (F ig .  121. I n  t he  i n t e r c r o p  LA1 
continued to , i nc rease  dur ing  the f i r s t  h a l f  o f  the rep roduc t i ve  phase, 
bu t  the  maximum was o n l y  2, 



, - . . - .  - 1 1  l r .  *: ~roua IOU': the arowina season o f  ~iaeonoea f cv r-111 arown . ~ n  .t ne ra.lnv 
season as a sole crop. Dates of flowering (F)  and irrigation ( I )  are indicated by arrows. L+P = 
leaves + petioles; S = stem, R = reproductive structures. 
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Figure 11. Distr ibution of dry matter throughout the growing season o f  pigeonpea (cv C-11) grown i n  the rainy 
season intercropped with sorghum. Dates o f  sorghum harvest (SH), flowering (F) and i r r iga t ion  (I) 
are indicated by arrows. L+P = leaves + petioles, S = stem R = reproductive structures. 
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Figure 12. LA1 and 1 ight  interception by sole and intercropped pigeonpea (cv C-11)  grown i n  the ra iny season. 
Dates of  sorghum harvest (SH),  flowering (F) and i r r i g a t i o n  (I) are  indicated by arrows. 
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L i g h t  i n t e r c e p t i o n  was g rea tes t  i n  the e a r l y  stages i n  t he  i n t e r -  
crop, owing t o  t he  wel l -developed sorghum canopy, bu t  o f  course f e l l  
when t h e  sorghum was harvested. I n  the  so l e  crop around the t ime of 
maximum LAI, l i g h t  i n t e r c e p t i o n  was 80%. 

I n  t he  i r r i g a t e d  pos t r a i ny  season crop, i r r i g a t i o n  was g iven  
dur ing  t he  vege ta t i ve  phase, and t h i s  r e s u l t e d  i n  cons iderably  more 
growth than i n  t he  u n i r r i g a t e d  c o n t r o l s  (F ig ,  13 ) ,  Wi th  i r r i g a t i o n ,  
the  LA1 cont inued t o  increase u n t i l  t he  m idd le  o f  t h e  reproduc t i ve  
phase up t o  a  maximum o f  2 , 5 ,  whereas the  maximum LA1 i n  t he  u n i r r i g a t e d  
p l a n t s  was l i t t l e  more than 1, and t h e  d e c l i n e  i n  l e a f  area began 
e a r l i e r .  The maximum l i g h t  i n t e r c e p t i o n  i n  t he  i r r i g a t e d  p l o t s  was 
74% and i n  t he  u n i r r i g a t e d  60%. Here, as i n  t he  case o f  t he  r a i n y  season 
crop, l i g h t  i n t e r c e p t i o n  was n o t  d i r e c t l y  p ropo r t i ona l  t o  LAI ,  For  
example i n  t he  i r r i g a t e d  pos t ra iny  season crop, l i g h t  i n t e r c e p t i o n  f e l l  
a f t e r  t he  90 th  day, whereas LA1 cont inued to r i s e  f o r  another 20 days 
o r  so (F ig .  14) .  I n  the  r a i n y  season so l e  crop, l i g h t  i n t e r c e p t i o n  a t  
the 155th day was about the  same as a t  the  95th day, b u t  the  LA1 had 
dec l i ned  f rom 4.0 to 2.5 (F ig ,  12).  

Th is  l a c k  o f  p r o p o r t i o n a l i t y  between LA1 and l i g h t  i n t e r c e p t i o n  
may be due t o  number o f  f ac to r s ,  i n c l u d i n g  p l a n t i n g  geometry, d i f ferences 
i n  t he  sun 's  p o s i t i o n  a t  the t ime o f  sampl ing,  and p u l v i n a r  movements. 
The l a t t e r  may be e s p e c i a l l y  impor tant  i n  pigeonpea, s i nce  t he  
approximate a1 ignment o f  the  l e a f 1  e t s  w i t h  i n c i d e n t  r a d i a t i o n ,  especial ly 
when t he  p l a n t s  a re  under water s t ress ,  reduces 1 i g h t  i n t e r c e p t i o n  
cons iderab ly  (PPR 1974-75, pp. 73-77). 

Harvest data 

The mean t o t a l  shoot d r y  mat te r  produced by t he  sole-cropped 
pigeonpea was 65% h igher  than the  in te rc ropped  pigeonpea, and near l y  
3  t imes h igher  than t he  pos t r a i ny  season crop (Table 38) ,  I n  t h e  ra iny 
season crop, i r r i g a t i o n  had l i t t l e  e f f e c t  on t he  t o t a l  shoot d r y  weight, 
probably because i r r i g a t i o n  was g iven o n l y  towards t he  end o f  growing 
season. I n  the  pos t r a i ny  season crop, by con t ras t ,  i r r i g a t i o n  l e d  to 
a 76% inc rease  i n  shoot d r y  weight, i n d i c a t i n g  t h a t  t h e  growth o f  the 
p l a n t s  was 1 im i  t ed  by t he  a v a i l a b i l i t y  o f  water.  Th is  i s  what would be 
expected i n  t h e  pos t r a i ny  season, and conf i rms o u r  p rev ious  f i nd i ngs .  

The mean y i e l d  o f  the  so l  e-cropped pigeonpeas was high, 2107 
There was a 23% increase i n  response t o  i r r i g a t i o n  (Table 39), indicatlni 
t h a t  i n  t he  u n i r r i g a t e d  p l a n t s  p a r t i t i o n i n g  o f  d r y  ma t t e r  i n t o  seeds was 







Table  37. Dates o f  f l o w e r i n g  and m a t u r i t y  o f  pigeonpeas grown i n  
t h e  r a i n y  and p o s t r a i n y  seasons (Days a f t e r  sowing a r e  
g i v e n  i n  parentheses) .  

Crop Date o f  Date o f  
507> f l o w e r i n g  m a t u r i t y  

So le  ( r a i n y  season) 29,10.81 (133) 26.12.81 (192) 

I n t e r c r o p  ( r a i n y  season) 29.10.81 ( 1 3 3 )  26.12.81 (192) 

P o s t r a i n y  season ( u n i r r i g a t e d )  5.1 -82  (83)  1,3.82 (138) 

P o s t r a i n y  season ( i r r i g a t e d )  5.1.82 (8:) 5.3.82 (142) 

Tab le  38. E f f e c t  o f  i r r i g a t i o n  on  t h e  t o t a l  shoot  d r y  we igh t  o f  
pigeonpeas ( c v .  C-11 ) grown as a  s o l e  c rop  and i n t e r -  
cropped w i t h  sorghum i n  t h e  r a i n y  season, and as a 
p o s t r a i  ny season c r o p .  

To ta l  shoot  d r y  we igh t  (kg /ha)  

U n i r r i g a t e d  I r r i g a t e d  Mean 

So le  c r o p  

I n t e r c r o p  

Rabi c r o p  

Mean 

S E 

The s tanda rd  e r r o r  f o r  comparing c rops  w i t h  i n  i r r i g a t i o n s  
i s  - + 449 and f o r  comparing i r r i g a t i o n  w i t h  i n  c rops  - + 432.  ': 



Tab1 e  39. E f f e c t  o f  i r r i g a t i o n  on the  y i e l d  o f  pigeonpeas 
(cv .  C-11) grown as a  so le  c rup  and in te rc ropped 
w i t h  sorghum i n  the  r a i n y  season, and a s  a  post- 
r a i n y  season c rop .  

Y i e l d  (kg/ha) 

U n i r r i g a t e d  I r r i g a t e d  Mean 

Sol@ c rop  

I n t e r c r o p  

Rabi c rop  

Mean 

S E 

Standard e r r o r  f o r  comparing crops w i t h  i n  i r r i g a t i o n s  
i s  - + 131 and f o r  comparing i r r i g a t i o n s  w i t h  i n  crops i s  - + 116,  



l i m i t e d  t o  some e x t e n t  by t h e  a v a i l a b i l i t y  o f  s o i l  wa te r .  I n  t h e  
i n t e r c ropped  pigeonpeas, by c o n t r a s t ,  i r r i g a t i o n  had no henef i c i a l  
e f f e c t .  Th i s  c o u l d  be because t h e  r a i n f a l l  i n  e a r l y  October 
(F i g ,  I ) ,  a f t e r  t he  ha r ves t  o f  sorghum i n  l a t e  September, recharged 
t h e  p r o f i l e ,  and t h e  amount p resen t  i n  t h e  s o i l  was adequate f o r  
t h e  i n t e r c ropped  pigeonpeas which were much sma l le r  than t he  s o l e  
cropped p l a n t s ,  w i t h  a  lower  LA1 (F igs .  11 and 12) ,  and would thus  
have r e q u i r e d  l e s s  water .  Th i s  exp l ana t i on  can be checked d i r e c t l y  
when t h e  da ta  on t h e  water con ten t  o f  t h e  s o i l  and water use by t h e  
c rop  become a v a i l a b l e .  (We hope t o  i n c l u d e  them i n  ou r  n e x t  r e p o r t ) .  
The sorghum i n t e r c r o p  y i e l d e d  5187 kg/ha. 

I n  t he  p o s t r a i n y  season crop, the  y i e l d  inc rease  due t o  i r r i g a -  
t i o n  was o n l y  modest (35%,).  Larger  inc reases  have been observed 
i n  p rev i ous  yea rs  (eg.  PPR 1980-81, Sec t ion  V I I I ) .  One reason f o r  
t h e  d i f f e r e n c e  may be t h a t  t h i s  yea r  the  i r r i g d t i o n s  were g i ven  o n l y  
up t o  t h e  t ime  o f  f l owe r i ng ,  None were g i ven  i n  t h e  r e p r o d u c t i v e  
phase, when t h e  c rop  would have been s u b j e c t  t o  i n c reas i ng  water  
s t r ess ,  and a l s o  s u f f e r i n g  f rom r o o t  damage due t o  s o i l  c r ack i ng .  

The mean y i e l d  per  p l a n t  i n  t h e  so l e  c rop  was 42 .7  g, i n  t he  
i n t e r c r o p  35.3 g, and i n  t h e  r a b i  c rop  o n l y  3.2 g, r e f l e c t i n g  t he  
much sma l l e r  p l a n t  s i z e  i n  the  p o s t r a i n y  season. The mean ha rves t  
i n d i c e s  were 26, 28 and 35% r e s p e c t i v e l y .  I n t e r e s t i n g l y ,  i n  t he  case 
o f  t h e  r a b i  c rop  the  ha r ves t  index  was reduced by i r r i g a t i o n  f rom 
39 t o  31% ( s i g n i f i c a n t  a t  t he  5%level), I n  p rev ious  years, i r r i g a -  
t i o n  has tended t o  i n c rease  ha r ves t  index i n  c v ,  C-11, b u t  t h i s  has 
n o t  always been t he  case w i t h  o t h e r  cu l  t i v a r s .  L a s t  year ,  f o r  
example i n  October-sown cv.  NP(WR)-15 H I  was reduced by i r r i g a t i o n  
(PPR 1980-81, Table 2 5 ) -  I r r i g a t i o n  would reduce H I  i f  i t  favoured 
v e g e t a t i v e  growth more than p a r t i t i o n i n g  o f  d r y  ma t t e r  i n t o  reproduc- 
t i v e  s t r u c t u r e s .  I n  cv, C-11 t h i s  year ,  t h i s  may have happened 
because i r r i g a t i o n  was supp l i ed  o n l y  up t o  t h e  t ime o f  f l owe r i ng ,  and 
n o t  d u r i n g  t h e  r e p r o d u c t i v e  phase. 

I r r i g a t i o n  had no s i g n i f i c a n t  e f f e c t  e i t h e r  on seed number per  
pod o r  100-seed we igh t  i n  any o f  t he  t h ree  c ropp ing  systems. However, 
t h e r e  was a  tendency f o r  t he  r a b i  c r o p  to have fewer  seeds per  pod 
(2.6) than  t h e  s o l e  c rop  (3 .0 ) ;  t h e r e  were a l s o  fewer i n  the  i n t e r -  
cropped p l a n t s  ( 2 . 7 ) .  The 100-seed we igh t  was s i g n i f i c a n t l y  l owe r  i n  
t h e  r a b i  c rop  (7.7 g )  than i n  t h e  s o l e  c rop  (9.8 g)  and i n t e r c r o p  
(9.2 g )  (LSD ( 5 % )  = 1 . 4 ) .  



X I  11. PRELIMINARY OBSERVATIONS OIJ SHOOT WATER POTENTIAL (3F PIGEONPEAS 

The response t o  i r r i g a t i o n  i n  both  khar i f -sown (Sect ion  XI1 t h i s  
r e p o r t )  and r a b i  pigeonpeas (PPR 1979-80, Sect ion  V I I I ,  1980-81, 
Sect ion VIII) suggests t h a t  water i s  a  1  i m i t i n g  f a c t o r  i n  t h e  pos t ra iny  
season* 

As a  p a r t  o f  s tandard i za t i on  of  technique t o  g a i n  i n fo rma t ion  on 
t h i s  aspect  we c a r r i e d  o u t  measurement o f  water p o t e n t i a l  o f  pigeonpea 
usfng a  PMS Pressure Chamber a t  d i f f e r e n t  t imes o f  t he  day, The m a -  
surements were madeon k h a r i f  sown and r a b i  crops, The f i e 1  ds and the 
date  o f  measurements a r e  g i ven  below: 

Crop sowing t reatment  date o f  l a s t  date  o f  shoot water 
f i e l d  da te  i r r i g a t i o n  p o t e n t i a l  measurement 

K h a r i f  19.6.81 u n i r r i g a t e d  . 11,12,81 
BW-5 

Rabi 14.10.81 u n i r r i g a t e d  & 19.1.82 5.2.82 
BW-3 / i r r i g a t e d  

For  measurement o f  water p o t e n t i a l  a  shoot t i p  bear ing 5 leaves was 
excised us ing a  s t a i n l e s s  s tee l  b lade and brought q u i c k l y  f o r  measurements 
w i t h  a  pressure chamber which was kept  nearby i n  t h e  f i e l d .  The shoot 
was sealed i n t o  t h e  chamber, through a  s p l i t  rubber bung, w i t h  t h e  c u t  
end p r o t r u d i n g  outwards. The gas pressure i n s i d e  t h e  pressure chamber 
was increased a t  a  cons tan t  r a t e  f rom the  n i t r o g e n  c y l i n d e r  u n t i l  t he  
xylem sap between t h e  exude from t h e  c u t  surface,  s i g n i f y i n g  an equiva- 
lence between the  pressure  i n  the  chamber and i n  t h e  shoot t i ssue ,  Th is  
was read f rom t h e  pressure guage. 

The water p o t e n t i a l s  o f  shoots f rom khar i f -sown pigeonpeas a t  
d i f f e r e n t  t imes o f  day a r e  g i ven  i n  F i g ,  15, They i n d i c a t e  t h a t  water 
p o t e n t i a l  i n  t h e  morning hours was around -1,5 bars and decreased to 
-3.2 bars by 4.00 p.m. 

S i m i l a r l y  i n  r a b i  pigeonpeas, the  water d e f i c i t  was n o t  very  low 
even i n  u n i r r i g a t e d  p l a n t s .  The lowes t  water p o t e n t i a l  o f  -4.9 was 
recorded between 6 and 7  p,m, Both i r r i g a t e d  and u n l r r i g a t e d  pigeonpeas 
showed a  n e a r l y  i d e n t i c a l  p a t t e r n  of  change i n  water p o t e n t i a l  a l t hough  
both  showed consi  s t a n t  d i f f e r e n c e s  i n  shoot water p o t e n t i a l  u n t i l  3.30 p.m., 
w i t h  a  h igher  p o t e n t i a l  i n  t h e  i r r i g a t e d  p l a n t s .  The shoot water p o t e n t i a l  
decreased aga in  a f t e r  a  b r i e f  increase between 4.30 p.m. and 5.30 p.m. 





These p re l im ina r y  r e s u l t s  have two main features o f  i n t e r e s t .  
F i  r s t ,  the shoot water p o t e n t i a l s  remained remarkably h igh ,  even 
under cond i t i ons  i n  which water s t r ess  would have been expected. 
I n  chickpeas a t  ICRISAT Center, f o r  example, shoot water p o t e n t i a l s  
o f  i n  the range of -12 t o  -18 bars are found around 2 p.m. even i n  
i r r i g a t e d  p l an t s  (CPR 1978-79, Figs. 27 and 28; CPR 1979-80, 
Fig. 4 ) .  Secondly, i n  chickpea and var ious o the r  crops, the  shoot 
water po ten t i  a1 u s u a l l y  reaches a  minimum around o r  soon a f t e r  
midday , and then recovers (CPR 1978-79, F igs.  27 and 28) as a  r e s u l t  
of stomdtal  c losure.  Bu t  we found no such p a t t e r n  i n  pigeonpea, 
where the water  p o t e n t i a l  cont inued t o  dec l i ne  throughout t he  day. 

From Figs. 16 and 17 i t  appears t h a t  stomata1 conductance and 
t r a n s p i r a t i o n  r a t es  measured w i t h  t he  he l p  o f  steady s t a t e  p o r m e t e r  
i n  pos t r a i ny  season sown pigeonpea were s i m i l a r  i n  i r r i g a t e d  and 
uni  r r i g a t e d  p l a n t s  and as such do n o t  prov ide any c l ue  as t o  why 
the  crop was ab le t o  ma in ta in  h i gh  water p o t e n t i a l  even under u n i r r i g a t e d  
cond i t i ons .  Under such cond i t i on  i t  may be l o g i c a l  t o  assume t h a t  
r oo t s  have f a i r l y  h i gh  r a t es  o f  absorpt ion o f  water  t o  meet the  t r ansp i -  
r a t i o n  demand. However, we do n o t  know i f  i n  u n i r r i g a t e d  p l an t s  there 
i s  a  more ex tens ive  development o f  t he  r o o t  system than i n  i r r i g a t e d  
p l an t s ,  b u t  t h i s  p o s s i b i l i t y  can be checked i n  s tud ies  c a r r i e d  o u t  i n  
l a rge  p l a s t i c  pots  from which the r o o t  system cou ld  be q u a n t i t a t i v e l y  
extracded. 
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F i g u r ~  17, Time vs. transpiration rate (vg/crn2/sec) in irrigated and unirrigated rabl pigeonpea, 
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Summary o f  r a i n f a l l  (mn) a t  I C R I S A T  Center w i t h  d e p a r t u r e  from 3 
t h e  l o n g  tevm average (1 901 -1 970) f o r  Hyderabad. 

M e t e o r o l o g i c a l  o b s e r v a t i o n s  a t  H issar  f rom June 1,  1981 t o  3 
December 31, 1981 . 

S o i l  a n a l y s i s  f o r  t h e  f i e l d s  used f o r  pigeonpea p h y s i o l o g y  4 
exper iments i n  1981-82. 

Dates o f  50% f l o w e r i n g  o f  4 pigeonpea c u l  t i v a r s  p l a n t e d  a t  month ly  8 
i n t e r v a l s  a t  ICRISAT Center (Days t o  50% f l o w e r i n g  a r e  shown i n  
b r a c k e t s ) ,  

Dry  w e i g h t  a t  50 days a f t e r  sowing o f  4 pigeonpeas c u l t i v a r s  sown 9 
a t  month ly  i n t e r v a l s .  

Dry  w e i g h t  a t  80 days a f t e r  sowing o f  4 pigeonpea c u l t i v a r s  sown a t  10 
month ly  i n t e r v a l  s.  

Mean p l a n t  h e i g h t ,  branch number per  p l a n t  and LA1 a t  50 days a f t e r  1 1  
sowing o f  4 pigeonpea c u l  t i v a r s  p l a n t e d  a t  month ly  i n t e r v a l s .  

S imple c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t o t a l  d r y  we igh ts  a t  50 days 1 7  
w i t h  average mean, maximum and minimum temperatures o v e r  t h e  50 day 
growing p e r i o d ,  

E f f e c t  o f  p l a n t i n g  d a t e  on  seed number per  pod and.100-seed we igh ts  18 
o f  4 pigeonpea c u l  t i v a r s .  

Y i e l d s  o f  medium d u r a t i o n  pigeonpea c u l  t i v a r s ,  grown i n  t h e  normal 21 
season i n  Pu lse  Phys io logy  t r i a l s  on  V e r t i s o l s  and A l f i s o l s  a t  
ICRISAT Cente r .  

Y i e l d s  o f  medium d u r a t i o n  pigeonpeas grown as a s a l e  c r o p  i n  t h e  2 2 
normal season i n  ICRISAT Pigeonpea Breeder ' s  t r i a l s ,  References 
a r e  t o  Pigeonpea Breeding Repor ts  (PBR). ACT-2 means r e f e r  to t h e  
mean y i e l d s  i n  A l l  I n d i a  Coord ina ted  Pu lse  Improvement t r i a l s  o f  
medi urn d u r a t i o n  c u l  t i v a r s .  
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