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SUMMARY ---- - 

T h l s  y e a r ' s  r a l u l a l l  ( 7 4 1 . 6  MU) a t  ICKlSAT Centvr  was i l o b ~  tlit  
long  te rm a v e r a g e  ( 8 0 0  nm,, and ~ t s  d l s t r ~ b u t  1011 iormed a  someitla[ i > l u ~ c i ~ !  
p a t t t r u .  

Three  e x t r a - e a r l y  c u l t l v a r s ,  lCPL 4 ,  I C P L  87 (but11 d e t e r m l n n t e )  and 
ICPL 81 (indeterminate) w r r e  p l a n t e d  a t  l o u r  d r n h i t  ~ r s  1 6 ,  2 6 ,  41  and 0 1  

p l a n t s / s q - n ,  a t  2 d a t e s  on a  A l f  i s 0 1  ( Jun t .  a r~d  Augus t )  a t  ICRISAT C e n t v r  and 
~ n  June  ~ I I  a E n t l s o l  a t  H l s a r .  The y ~ e l d s  o t  t l ie t i r s t  h a ~ v e s t  nladt. 111 

September a t  lCRISAT C e n t e r  a t  opt  imun~ spacing, wert,  2250 ,  2380 a~l t l  ? b Y U  
k g / h a  i n  c v .  ICPL 4 ,  ICPL 87 and I C P L  81 r r s p e c t l v e l y .  Genotype x s p a c ~ u ~ ,  
i n t e r a c t  i o n s  wcr r  s l g n l i  ] c a n t .  Tht>se cr.1 t i v a r s  gave second arid t t l ~ r d  
h a r v e s t s  a l s o  whero ICI'L 87 gave t h e  k i ~ g h e s t  y l e i d ,  2120 and 1000 kg/L~a i n  
t h e  srcclnd and t h i r d  harvc3st r ~ s p e c t i v ~ l y .  The tuicrl v l e l d  0 1  t11is  
c u l t i v a r  t o r  tile J u n e  sowing a t  l b  plar l ts /sc;-u,  wab 541)0 k g / t ~ o  l n  .! I /  d a j b ,  
Two h a r v e s t s  w r r e  made of t h e  t h r e e  c u l t l v a r s  In t h e  August sowing. 

Response, t c i  y l a n t  d e n s l t y  was p o s l t l v e  In t h e  f l r s t  h a r v e s t ,  but y l r l d s  
wtJrr lower Lila11 i o r  tilt. 1 i r s t  Ilarvtjst i n  tht .  J u n r  sowing.  Lv. 1l;i ' l .  b ;  
gave  s ~ g n l r i c a n t l y  nrore y i e l d  that; t l~c ,  o t h e r  Lwo c u l t  ~ v a r s ,  l n  o c , t t ~  t i r s t  
and secczrld t l a r v e s t s .  

A t  Hlhar  o n i )  one h a r v e s t  w d b  made. Althoug11 t o t a l  d r )  r i , d t t t ~  
produced was higi ier  thdn I n  t h e  June  sowlrig a t  1CRTSA1 C e n t e r ,  g r a l n  v ~ t  Ids  
were s l n i l l a r .  There W J ~  rlci c l t d r i u t  r e i p u n s r  uf p l a n t  d e r l b l t ) .  Lv. 
1CPL 07 gdve i i lgher  yield tila11 t h e  o t i l f ~ r  L w c  c l l i t l v a r s  a t  k l s a r .  

111 . Kespunse medium a_r_a_ti_o_n s_l,t~_v_al_s 
l r r l g a t  ion  t;lv_ep L_hh>_r ~_r~rg_d_uctry_e p h a  --- ----- 

Three  c u l t ~ v ~ r b ,  C 11 ,  BDN I arid 1CP 1-6 were sown 011 bo th  Alf i a c i l  drtd 
V e r t i s u l  a t  t h e  b e g ~ n n l n ~  o l  t h e  r d i i i v  bedSUtl. The e f l p c t  c,f L l ~ r r e  
~ r r i g a t  r o n s  g l v e n  irr mla-October ,  ~liid-Novenlber dud n~ld- l ) t~~embc. r  was 
sompdreo wlt11 u n l r r i g a t r d  i o n t r u l s .  I r r i g a t  i o n s  r r s u l t e d  In 1001 l n c r e a b ~  
In  y i e l d  on A l f l s o l  ( f rom 1000 t o  2000 k g / h a )  dnd 1 9 1  or) V e r t l h o i  ( l r o u i  
1800 t o  2100 k g / h a )  s u g g e s t i n g  ttidt m o l s t u r t  s t r e s s  d u r l n b  t t ~ e  r r p r o c l u i t i v c  
phase  of medium c u l t l v t i r b  may be d u ~ d j u r  l l m l t l n g  f a c t 0 1  1 u 1  j l e l d  
e s p e c ~ a l l y  on A l f l s o l .  

The mean  y l e l d s  o i  t e n  meaihn d u r a t l o n  c u l t  i v a r s  d r c i l r i r u  
s ~ g n ~ f  l c a n t  l y  on bo th  V e r t l s o l  a r ~ d  All   so! w l t h  I n c r e a s i n g  p l a n t  u e r i b l t , .  
The mean y i e l d s  a t  4 . 4 ,  1 3 . 2  and 4 4 . 4  p l a n t s / s q - n i  were 1271 ,  1064 I t i b L  

k g / h a  on A l f l s o l  and 1 9 3 0 ,  1800 and 1630 kg/hd on V e r t l s o l  r t , s p e c L i v t l , .  
On b o t h  s o ~ l s  t h e  y ~ e l d s  o f  til t  e r t c t  t v s  HY 4  and HY 8 wert not 
s l g n l f  i c a n t  1) a f f e c t e d  by p i a n t  inb: d ~ r i s i t y  whert.ils s p r c a d l r i ~  a n d  
s r m l - b p r e a d ~ u g  c u l t l v a r s  g e n e r a i l )  gave :ewer ) i r l d s  a s  t h e  p l d r ~ t ~ n g ,  
d e n s i t y  was i n c r e a s e d .  
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V. Effect of plant d e n s i ~  irrigation a post-rainy 
season P i ~ e o n p e  -- 

The interaction between plant populations (25, 4 2 ,  67, 100/sq-m) and 
irrigation was studied in two medium maturity cultivars, C 11 and AS 71-37. 
Three irrigations given during the vegetative, late vegetative and 
reproductlve pilases of the crop increased the mean yield by 90% (from 8 0 0  
to 1520  kg/ha) and the total dry rmtter by 70% (from 1 9 2 0  to 3 2 6 0  kg/ha). 
The lowest plant population gave significantly less yield and total dry 
matter than other populations and was therefore suboptimal. The yields 
were not significantly different at the higher spacings although 67 
plantslsq-m gave the highest yield. There was no significant interaction 
between irrigation and plant population for yield and total dry matter. 

Vi. Effect of ternverakrs en flowering and Dad set in pigeon~ea 

One of the reason for the low ylelds of medlum duration cultivars may 
be that their reproductive phabe takes place during the wlnter when the 

0 
cool nights ( w l ~ h  tehperatures as low as 8  to 10 C ) ,  may reduce or prevent 
poa set. In a preliminarj experlruerit ubing l C P L  87, no pod set was 
observed with night temperatures of 7 ? during the reproductlve phase 
whereas at 1 5 %  the pod set was normal. Th16 suggested that the crltlcal 
nlght temperature lor pod set In thls cultivar lles between 7 and 15 %. 

VIl. Some preliminary observatigg on the effect of 
low temperatures en ~ _ d  set under north - 
Indian conditions. - --- 

Late maturing pigeonpea grown in north India generally start flowering 
in late November or December, before the coldest part of the year and 
although flowering continues throughout the winter, little pod set take 
place until the weather becomes warmer in February or March. The lov 
temperature seem to be directly or indirectly responsible for the failure 
of pod set. There appears however, to be genotypic differences in 
tolerance to iow temperature. 

VZII. Compensatory ability of pigeonpea 

Pigeonpea cultivars vere observed to differ in their ability to 
compensate for mechanical damage to developing pods. W 3A was inferior to 
ICP 1 while APAU 2 2 0 8  has shown an exceptional ability to recover after 
heavy pest attack and was able to compensate completely for pod loss or 
damage. 



1X. Etfect of clipping of apicgl bud en growth 

Clipping of aplcal bud at 3 weeks after sowing of cv. C 11 ln rainy 
season (at 7 5  x 20 cm spacing) ~ncreased the seed yield by 10% over control 
which wab significant. However, no increase in yield was observed when 
cllpplng was done at 6 ,  9 and 12 weeks after sowing. 

X. Screeing for tolerance Q salinity 

The performance of 27 advanced breed~ng llnes was compared with 
tolerant and susceptlble checks in a naturally saline fleld. The field had 
a braclent of salinity and the rows to be screened were planted In the 
alrection of this gradlent. Elght llnes were found tolerant. The same 27 
lines here screened In pots uslng sallne sol1 collected from the fiela. 
b l x  lines wcrc iound tolerant four of which had been tolerant in the field 
=creenlng. 

X1. Screeni~y for waterl_oa_ng tolerance 

Slxt)-seven advanced breedink 1 lnes and gctrmplasn~ line6 werr screened 
for watrrlogging tolerance In pots along with two checks BDN 1 (tolerant) 
and HY 3 C  (susceptlble) durlng Aprll-May. Sixteen lines showed less than 
2 5 2  mortdilt) under waterlogging condltlonb. 

The effect of land management system wi~ich result wrth ditferrnt 
cracklng patterns was studled with cv C 1 1  sown In rainy and post ralny 
season 11, separate experiments. The ralny season experlment wab v~tiated 
by wllt dlsease and only lirnlted lnformatlon could be salvaged. The 
differences in the yleld of eastern and western side rows grown on bruad 
beds were apparent, whlch probably was due to differentlal prunlng of roots 
u n  east and west sides of plants. In another experlment cvnducted in pots 
kept outside during rainy season, about 33% more roots werr recovered from 
wystern 51de of plantb than csastern ~ndlcat lng asymmetr lc root 
ai5trlbutlon. 

In post rainy season crop the overall yield levels were not much 
affected by land management systemb. 

X111. &e prelimrnary &_e_r_v_au_o_n> 41_n r_hh effect 
of sterility gjnolc disease fifl_oy_e_r_ifig 

Sterlllty mosaic dlbease rnfection at 10 and 30 days after sowlng 
considerably delayed floral bua Lnltiation and flowering in the susceptlble 
cultlvar BDN 1. However, infection at 60, 80 and 100 days dld not delay 
flowerlng in thls cultivar. There wd5 some delay in floral bud initiation 
and flowerlng In the ring spot tolerant cultivar I C P  2376. Floral bud 
~nltlation In resibtant cultlvar L c P  7035 wab unaffected by infectkon. In 
general delay In floral bud development wds nlore than the delay 111 tloral 
bud lnltlatlon. 
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X I V ,  h a b l  k h a r i f  ~ai 1 perennial c r o p p i n g  svs tem 

The r a b i  c r o p s  were e s t a b l r s h e d  i n  t h e  s p r a y e d  and unsprayed  V e r t i s o l  
t l e l d s  a t  t h e  end of Sep tember .  Y i e l d  i n  s p r a y e d  i n  l a r g e  f i e l d  p l o t s  was 
6 7 1  kg /ha  and In unsprayed  460 k g / h a ,  M o r t a l i t y  was g r e a t e r  when p l a n t s  
where h a r v e s t e d  b y  c u t t i n g  a t  15 cm above ground l e v e l  t h a n  when c u t  a t  30 
cnl o r  when t h e  pods were p i c k e d .  M o r t a l i t y  i n  t h e  summer was l o v e r  i n  t h e  
unsprayed f i e l d  a f t e r  h a r v e s t  t h a n  i n  t h e  s p r a y e d  f i e l d .  Among t h e  s i x  
c u l  t l v a r s  possessing resistance o r  t o l e r a n c e  t o  s t e r i l i t y  mosaic  and w i l t  
d l s e a s t  t e s t e d  i n  s m a l l  p l o t s ,  ICP 1-6 and ICP 8858, which have a common 
pedigree, were found t o  per form t h e  b e s t  y i e l d w i s e .  



I ,  INTRODUCTION 

Meteoro log ica l  and S o i l  d a t a  

In  t h i s  r e p o r t  we presen t  r e s u l t s  from work c a r r i e d  out between June 1982 and 
May 1983. 

The m e t e o r o l o g i c a l  d a t a  f o r  1982-83 c o l l e c t e d  a t  ICRISAT a g r o c l i m a 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 ig .1  and Table 1 .  This  years  r a i n f a l l  o f  741.6 mm was 
c l o s e  t o  long tern1 (1901-70) average of 800 m and d i s t r i b u t i o n  conformed t o  a  
somewhat bimodal p a t t e r n  dur ing  t h e  r a i n y  season.  In  Table 2  t h e  monthly 
r a i n f a l l  i s  shown t o g e t h e r  wi th  t h e  d e v i a t i o n  from t h e  long term average .  

The meteoro log ica l  d a t a  from June 1982 t o  December 1982, c o l l e c t e d  a t  H i s a r  
a g r o c l i r n a 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  Table 3. 

Experiments were conducted a t  ICRISAT Center  on Vert i s01  f i e l d s  BP-3A, -5, 
- , -11C, BR-4, BUS-6-B, BS-8C on Alf is01 f i e l d  RP-4B, -4C and a t  ICRLSAT 
c o o p e r a t i v e  r e s e a r c h  s t a t  ion a t  Hisa r  . The p l a n t i n g  d a t e s  and f e r t  i l  i z e r  use  
a r e  i n d i c a t e d  i n  m a t e r i a l s  and methods s e c t i o n  o f  each exper iment .  

S o i l  samples f o r  a n a l y s i s  of 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  
phosphorous were taken a t  t h e  time of p l a n t i n g .  D e t a i l s  of a n a l y s i s  a r e  g iven  
in Table  4 .  

A l l  sowings were done by hand except  in  f i e l d  BR-4, and BUS-6B where 
p l a n t i n g s  were done by a  t r a c t o r  mounted machine. Two seed8 per  h i l l  were 
p l a n t e d  i n  hand sowings and p l a n t s  were thinned two t o  t h r e e  weeks a f t e r  
emergence. 

Hand weeding was c a r r i e d  out a s  and when n e c e s s a r y  t o  keep t h r  p l o t s  weed 
f r e e .  P l a n t  p r o t e c t i o n  measures were taken a s  necessary  t u  ensure  good c o n t r o l  
over  i n s e c t  p e s t s  by p l a n t  p r o t e c t i o n  u n i t .  I r r i g a t i o n  was not g iven  u n l e s s  
o t h e r w i s e  s t a t e d  i n  m a t e r i a l s  and methods s e c t i o n s .  

I n  t h e  p r e v i o u s  year fiorghum was grown i n  BP-3A, -5,  -6B, and -11C and 
BUS-6B. Pigeonpea was grown i n  p rev ious  year in  BR-4. In  A1 f  ; s o l  f i e l d  RP-4B 
had ch ickpea  and RP-4C was f a l l o w  t h e  prev ious  y e a r .  A t  Hisar  chickpea wa$ 
grown i n  t h e  f i e l d  t h e  previoufi y e a r .  

We have r e f e r r e d  t o  our  p rev ious  Pigeonpea Physiology Reports  a s  ?PR 
1976-77, 1977-78 e t c .  We have a l s o  r r f e r r e d  t o  chickpea physiologq ~ r q j o r t q  1 a 

s i m i l a r  manner. 

The r e p o r t  i s  not a formal p u b l i c a t  iun b u t  a summary of work i n  progrt  . s .  

I t  i s  intended f o r  l i m i t e d  c i r c u l a t i o n  a n d  should ng_t _b cjk_d. 
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1 Jun ' Jul ' wg ' sap ' uc t  ' uov ' uec ' Jan ' re0 M r  I ~ p r  I n a y  I 

n a ~  't 
Temparatura 

Hin .C 

2%: Ib 
6 3 - 0 8 1 

12 1 

.." 5 4 - z 
2C" 2 
3 2 

dun . JUI ' w g  ' Sep '  st Wov Dec 1 Jan ' Feb 1R.r Apr 1 R a y  

A Q i D.E C t rt 
A. S w i n g  r a l n y  season crop E. h l n q  post r a l ny  season c rop  
0. F l w a r l n g  r a l n y  saasan e a r l y  c u l t l v a r s  F. Harvest ing r a l n y  r u s o n  crop 
C. Harvest ing r a l n y  season e a r l y  c u l t l v a r s  G. Flowering post r . 1 ~  season crop 
0 .  F l a r e r l n g  r a l n y  reason m d l m  cu l  t l v a r s  H. Harvest lng post r a l ny  season crop 

F igure  1. Meteoro log ica l  data for  I C R I S A T  Center ( ~ u n e  1982 t o  b y  1983) 







Tab le  P .  Summary o f  r a i n f a l l  (mm) a t  I C R I S A T  Center  w i t h  d e p a r t u r e  
f r o m  the  long t e r m  average (1901 t o  1970) f o r  Hyderabad. 

Mon th l v  r a i n f a l l  
Year J,n J u l  Aug Sept Oct Nov Dec Jan Feb Mar Apr May To ta l  

D i f f e r -  t 9 2 . 8  -65.6 - 38 .1  - 0 . 9  -8.2 -11 .2  - 6 . 0  - 6 .0  -11  - 0  -0.5 - 2 4 . 0  +20.3 -58.4 
ence 





Tab le  4 ,  S o i l  a n a l y s i s  f o r  the  f i e l d s  used f o r  p i g e o n p e ~  p h y s i o l o g y  
e x p e r i m e n t s  i n  1981-82. 

S o i l  a n d f i e l d N o .  D e p t h o f  pH E C Ava i -  Organ ic  
s o i l  (cm) (1:2 s o i l  1 :2  s o i l  l a b l e  ca rbon  

w a t e r  ex -  (wa te r  ex- P 
t r a c t )  t r a c t )  ( P P ~ )  ( 2 )  

(mmhos/cm) 

B l a c k  ( V e r t  i s o l  ) 0-30 8 . 1 0  
F i e l d  BP-6 30-60 8.15 
( k h a r i f  t r i a l )  60-90 8.21 

B l a c k  ( V e r t  i s o l )  0-30 8.1 
F i e l d  BP-5 30-60 8.15 
( k h a r i f  t r i a l )  60-90 8.15 

B l a c k  ( V e r t i s o l  ) 0-30 8.40 
F i e l d  BS-9C  30-60 8.83 
( k h a r i f  t r i a l )  60-90 9.15 

Red ( A ]  f i s o l  ) "  0-30 7.47 
F i e l d  RP-4B 30-60 7 . 4 7  
( k h a r i  f t r i a l )  60-90 7.38 

B l a c k  ( ~ e r t  i s o l  ) 0-30 8.46 
F i e l d  BP-3 30-60 8.83 
(Rabi t r i a l )  60-90 9.04 

B l a c k  ( V e r t  i s o l  ) 0-30 8.28 
F i e l d  BR-4 30-63 8.28 
( ~ a b i - K h a r i f - ~ a b i  60-90 8.40 
t r i a l )  

Bl a c k ( V e r t  i s o l  ) 0-30 8.13 
F i e l d  BUS-6 30-63 8.14 
(Rab i -Khar i  f -  60-90 8.21 
Rabi t r i a l )  

(unsprayed  a r e a )  

":samples t a k e n  f ran 1981-82 season. 



11. I n t e n s i v e  c ropping  of e x t r a - e a r l y  pigeonpeas 

I n  p e n i n s u l a r  I n d i a ,  pigeonpeas of medium d u r a t i o n  a r e  u s u a l l y  grown. The 
y i e l d s  a r e  g e n e r a l l y  low, bo th  i n  exper imenta l  p l o t s  and i n  f a r m e r s '  f i e l d s ,  and 
r a r e l y  exceed 2  t o n s / h a .  The reasons  f o r  t h e i r  low y i e l d  appear  t o  be  r e l a t e d  
t o  t e rmina l  mois tu re  s t r e s s ,  and a l s o  t o  t h e  coo l  weather  t o  which t h e  p l a n t s  
a r e  exposed d u r i n g  t h e i r  r e p r o d u c t i v e  ~ e r i o d  (PPR 1981-82, Chapter  111). By 
c o n t r a s t ,  t h e  r e p r o d u c t i v e  per iod  of e a r l y  pigeonpeas t a k e s  p l a c e  soon a f t e r  t h e  
monsoon, under more favourab le  mois ture  c o n d i t i o n s ,  and b e f o r e  t h e  cool weather  
s e t s  i n .  However, y i e l d s  ob ta ined  from such c u l t i v a r s  in e a r l i e r  years  a t  
ICRISAT Center  have been around o n l y  1  ton /ha  (PPR 1977-78, p .14;  PPR 1978-79 
p.16) .  These low y i e l d s  could have been due t o  t h e  low p l a n t  p o p u l a t i o n s  
(around 66,000 p l a n t s / h a ) .  Such c u l t i v a r s  have g iven  over 3  tons /ha  a t  H i s a r ,  
wi th  a  p o p l a t i o n  of 200,000 p l a n t s t h a  (PPR 1981-82, pp.40-41) and even h i g h e r  
y i e l d s  have been ob ta ined  i n  Queensland, A u s t r a l i a .  I n  o r d e r  t o  f i n d  out i f  
y i e l d s  a t  ICRISAT Center  could be r a i s e d  by i n c r e a s i n g  t h e  p l a n t i n g  d e n s i t y ,  a  
p l a n t  popula t ion  experiment was conducted,  w i t h  sowings i n  both June and August.  
For comparison,  we p lan ted  t h e  same t r i a l  a t  H i s a r  i n  June.  

M a t e r i a l 2  & Methods 

ICRISAT Center  -- 
The experiment was conducted on Alf i s 0 1  f i e l d  RP-4B, which rece ived  100 kg/ha 
DM a s  b a s a l  dose p r i o r  t o  p l a n t i n g .  Three c u l t i v a r s ,  ICPL-4 ( d e t e r m i n a t e ) ,  
ICPL-81 ( i n d e t e r m i n a t e ) ,  and ICPL-87 ( d e t e r m i n a t e )  were p lan ted  a t  4 spac ings  
(50 x 12 ,  37.5 x  10,  30 x  8 ,  and 25 x  6  cm) on broadbeds and furrows g i v i n g  
popula t ion  d e n s i t i e s  of 16 ,  26, 42 and 67 p l a n t s / s q u a r e  meter  r e s p e c t i v e l y .  
Sowings were done on 15 June and 23 August 1982. The t r i a l s  f o r  both sowings 
were l a i d  out a s  s e p a r a t e  experiments  i r l  randomised complete  block d e s i g n  w i t h  
two t rea tment  f a c t o r s .  There were 3 r e p l i c a t i o n s .  

June sowing - 
Days t o  50% f lower ing  dur ing  t h e  f i r s t  f l u s h ,  and t h e  t imes t o  m a t u r i t y  of 

t h e  t h r e e  f l u s h e s  of pods f o r  t h e  June sowing a r e  g iven  i n  Table  5. The c rop  
rece ived  s i x  i r r i g a t i o n s  on 2-7-82, 23-8-82, 15-10-82, 19-11-82, 14-12-82, and 
21-1-83 suppl ied  through t h e  furrows.  

Growth a n a l y s i s  was done from 3 square  mete rs  a r e a  in  each r e p l i c a t e  a t  63 
days a f t e r  sowing. Harves t ing  of t h e  f i r s t  and second f l u s h  of  ICPL-87 wafi done 
by pod p i c k i n g .  I n  c a s e  of ICPL-4 and ICPL-81, t h e  f i r s t  h a r v e s t  was made by 
c u t t i n g  t h e  p l a n t s  about 65 cm above ground l e v e l ,  and second h a r v e s t  was ione 
by pod p i c k i n g .  I n  t h e  c a s e  of f i r s t  h a r v e s t ,  pods picked d i r e c t l y  from t h e  
p l a n t s  o r  from t h e  harves ted  branches were oven d r i e d  a t  40°C before  weig ling 
and t h r e s h i n g .  At t h e  time of h a r v e s t  of t h e  t h i r d  f l u s h ,  p l a n t s  were remlved 
from t h e  ground. P l a n t  popula t ion  a t  t h e  t ime of t h e  f i r s t  h a r v e s t  in  t h e  
d i f f e r e n t  t r e a t m e n t s  i s  g iven  i n  Table  6 .  

Aunust sov ing  

Days t o  50% f lower ing  dur ing  f i r s t  f l u s h ,  and t h e  t imes t o  m a t u r i t y  of t h e  
two f l u s h e s  o f  pods i n  August sowing a r e  g i v e n  i n  Table  5. The c rop  r e c e - v e d  
f o u r  i r r i g a t i o n s  on 23-8-82, 15-10-82, 14-11-82, and 21-1-83. Growth a n a l  j s i s  
was c a r r i e d  out a s  d e s c r i b e d  above a t  66 days a f t e r  sowing. The f i r s t  f l u s 1  of  



Table 5 .  Phenology of e x t r a - e a r l y  piqeonpea c u l t i v a r s  sown in June dnd Auqu-t 
a t  ICRISAT Center .  (Numbers of ddys d f t e r  sowincj a r c  indicated in 
pdrnntheses)  . 

3une sowing (15-6-92) ----%ust sowing (73-8-82) 
P l~enoloq ica l  s t a q c  ICPL-4 ICPI_-A1 . ICPL-4 T C P l - f l l - ~ ~ ~  

50% f lvwcrinq lo-8(56)  13-H(59) 18-H(h4) 19-lO(57) 20-lO(58) 22- lO(60)  

Maturity of 13-V(90) 20-9(97) 30-9(107) 1 9 - l I ( 8 7 )  2 4 - l l ( 7 3 )  10-12(109) 
1 s t  f lt1st1 

t,laturi t y  of 7 0 - l l (  158) )o-12(130) 10-11( 158) 7 -? (168)  8-:( 169)  9 -? (  170)  
2nd f l u s h  

I ldtur i ty  of 18- l (217)  7 4 - ? ( ? 5 Y )  1Y-1017) - 
3rd f l u s h  

Hdrvest of 70-9 34-9 1- 11) 9-1: 7 -  1: 13-12 
1 s t  f l u s h  

Harvest of 24-11 17- 1 1'4-11 lo-? lo-: 10-7 
. 2nd f l u s h  

Harvest of 2-? :-3 7-3 
3rd f l u s h  



mature pods was picked by hand,  and a t  t h e  t ime of  second h a r v e s t  p l a n t s  were 
removed from t h e  f i e l d .  The p l a n t  p o p u l a t i o n s  i n  t h e  d i f f e r e n t  t r e a t m e n t s  were 
on ly  about 50-60% of t h e o r e t i c a l  p o p u l a t i o n  (Table 61,  a s  a  r e s u l t  of m o r t a l i t y  
due t o  Sc le ro t ium and _ P b t o ~ h t h o r a  s p .  

Hisa r  - 
Cult  i v a r s  and spac ing  t r e a t m e n t s  were t h e  same a s  t h o s e  a t  ICRISAT C e n t e r .  

The f i e l d  had rece ived  20 kg lha  P205 a s  a  b a s a l  dose  p r i o r  t o  sowing. The c r o p  
was sown on 18 June 1983. Days t o  m a t u r i t y  were n o t  recorded i n  t h i s  
experiment ,  but a l l  c u l t i v a r s  had matured w i t h i n  130-140 d a y s .  The c r o p  
received t h r e e  i r r i g a t i o n s  on 26-6-82, 5-9-82, and 26-9-82. 

As in  t h e  case  o f  experiments  conducted a t  ICRISAT C e n t e r ,  a growth 
a n a l y s i s  sample was taken from a 3 square  meter  a r e a  61  days a f t e r  sowing, 

Owing t o  bad pa tches  of s o i l  g i v i n g  much reduced growth i n  one r e p l i c a t i o n ,  
only d a t a  from two r e p l i c a t i o n s  were ana lysed .  The p l a n t  p o p u l a t i o n  a t  t h e  time 
of  h a r v e s t  was c l o s e  t o  t h e  t h e o r e t i c a l  p o p u l a t i o n  a t  t h e  lower p o p u l a t i o n  
d e n s i t  i c s ,  but  was somewhat reduced a t  t h e  h i g h e r  d e n s i t i e s .  

R e s u l t s  D i s c u s s i s  

A t  ICRISAT Center  t h e  t ime of f lower ing  and t o  m a t u r i t y  of t h e  t h r e e  
c u l t  i v a r s  was very  s i m i l a r  i n  t h e  June and August p l a n t  i n g s  (Table 5 ) .  T h i s  
i n d i c a t e s  t h a t  t h e  p l a n t s  were more o r  l e e s  i n s e n s i t i v e  from a phenolog ica l  
point  of view t o  t h e  d i f f e r e n c e s  i n  photoperiod and tempera ture  i n  t h e s e  
p e r i o d s .  C u l t i v a r  ICPL-4 was t h e  e a r l i e s t ,  maturing i n  around 90 days ;  cv .  
ICPL-81 matured i n  93-97 days and cv .  ICPL-87 i n  107-109 days.  

By c o n t r a s t ,  a t  H i s a r  a l l  t h r e e  c u l t i v a r s  took between 130-140 days t o  
mature,  and a l s o  flowered about a  month l a t e r  than a t  Hyderabad. Cv. ICPL-4 
a f t e r  82 days ,  ICPL-81 a f t e r  89 and ICPL-87 a f t e r  91 days.  (The f i g u r e s  f o r  
June p l a n t i n g s  a t  Byderabad were 56, 59, and 64 r e s p e c t i v e l y ) .  At bo th  
Hyderabad and H i s a r  t h e  June p l a n t i n g s  were c a r r i e d  out around t h e  l o n g e s t  day;  
a t  Byderabad f lower ing  took p l a c e  b e f o r e  t h e  September equinox and a t  H i s a r  
a f t e r  t h e  equinox.  Between t h e  longes t  day and t h e  equinox,  day lengths  a t  Hisa r  
a r e  longer  than a t  Hyderabad, and tempera tures  h i g h e r .  The de layed  f lower ing  a t  
Hisa r  i n d i c a t e s  t h a t  t h e  p l a n t s  were a f f e c t e d  p h e n o l o g i c a l l y  by t h e  longer  
photoper iods  and /or  h i g h e r  t empera tures .  

Crop growth 

I n  t h e  June p l a n t i n g e ,  t h e  p l a n t s  grew l e s s  i n  t h e  f i r s t  month a t  H i s a r  
than a t  Hyderabad, but  then  t h e  p l a n t  growth r a t e  a c c e l e r a t e d ,  and t h e  p l a n t s  
cont inued t o  grow f o r  longer  (F ig  2)  no doubt p a r t l y  because f lower ing  took 
p l a c e  about a  month l a t e r  than  a t  Hyderabad. At H i s a r ,  a l l  t h e  c u l t  i v a r s  grew 
t o  a  f i n a l  he igh t  of  160-170 cm, whereas i n  Hyderabad i n  t h e  June p l a n t i n g  t h e  
d e t e r m i n a t e  c u l t i v a r s  ICPL-4 and ICPL-87 grew t o  o n l y  about  90 cm; t h e  
i n d e t e r m i n a t e  cv .  ICPL-81 reached a  h e i g h t  o f  about  110 cm. I n  t h e  August 
p l a n t i n g  a t  Hyderabad, t h e r e  was l e s s  growth;  t h e  f i n a l  h e i g h t s  of t h e  
d e t e r m i n a t e  c u l t i v a r s  were around 60-70 cm, and ICPL-81, 90 cm. 



Table 6 .  Plan t  populat ion a t  the t ime of f i r s t  harvest o f  extra-sarly~pigronprr 
grown a t  ICRISAT Center and Hisar  

T h e o p t i c a l  p l a n t  Cu l t i va r  
popu la t ion  (p lan ts lm ) p m  ICPL-4 Marn 

ICRISAT Center, June sowinq 

ICRISAT Center, August sowinq 

67 37.5  30,4 

42 25.1 23.9 

2 6  17.6 14.1 

16 11.3 8.8 

+ 1.0 

H i  sar  , June sowing 

6 7  39.2 

42 31.0 

26 21.9 

16 18.0 



Samples were taken  f o r  growth a n a l y s i s  62-66 days a f t e r  sowing. I n  a l l  
c a s e s  t h e  t o t a l  d r y  m a t t e r  per  u n i t  a r e a  was h i g h e s t  i n  t h e  most dense  p l a n t i n g ,  
a s  expected (Table 7 ) .  At Hisar  more d r y  m a t t e r  had been accumulated than  i n  
t h e  June-sown p l a n t s  a t  Hyderabad; and t h e  l a t t e r  had accumulated about twice  
a s  much d r y  mat te r  a s  t h e  August-sown p l a n t s  (Table  7 ) .  These d i f f e r e n c e s  a r e  
probably l a r g e l y  e x p l i c a b l e  in  t e r n s  of t empera ture ,  w i t h  more growth t a k i n g  
p lace  i n  the  warmer c o n d i t i o n s  a t  Hisa r  than a t  Hyderabad, and i n  June sowings 
than in August sowings ( s e e  PPR 1980-81, Chapter  I I ) ,  

The lower d r y  weights  per  p l a n t  a t  t h e  h igher  p o p u l a t i o n  d e n s i t i e s  no doubt 
r e f l e c t s  t h e  e f f e c t  of  p lan t - to -p lan t  c o m p e t i t i o n .  The d a t a  in  Table  7 
i n d i c a t e 6  t h a t  t h i s  was more s e v e r e  in  t h e  June sowing a t  Hyderabad than i n  t h e  
August sowing o r  a t  H i s a r .  These d i f f e r e n c e s  may have been due in p a r t  t o  t h e  
d i f f e r e n t  env i runn~enta l  c o n d i t i o n s ,  but  i n  p a r t  they  r e f l e c t  t h e  f a c t  t h a t  t h e  
a c t u a l  p l a n t  p o p u l a t i o n s  were lower in  t h e  c a s e  of t h e  Hisar  and August sowings 
(Table 6 ) .  

Leaf Area I n d i c e s  (LA11 were,  no t  s u r p r i s i n g l y ,  h igher  i n  t h e  denser  
popula t ion  and h igher  In t h e  June than t h e  August sowing (Table 8 ) .  There were 
consif i tent  d i f f e r e n c e s  among c u l t i v a r s ,  w i t h  t h e  g r e a t e s t  LA1 i n  cv ICPL-87. 
I n t e r e s t i n g l y ,  in  bo th  p l a n t i n g s ,  t h e  LA1 of t h i s  c u l t i v a r  d e c l i n e d  much l e s s  a s  
t h e  p l a n t s  matured than in t h e  o t h e r  c u l t i v a r s ,  and a t  m a t u r i t y  t h e  .LA1 was 
s t i l l  q u i t e  h igh .  This  d i f f e r e n c e  was c l e a r l y  apparent  i n  t h e  f i e l d ;  t h e  
p l a n t s  looked g r e e n e r  and l e s s  senescen t  than t h e  o t h e r  c u l t i v a r s .  T h i ~  unusual  
r c t e n t  ion of l eaves  by cv ICPL-87 may be one reason  why t h i s  c u l t i v a r  was a b l e  

produce suc l  ~ c - ~ o t l  r t c r ~ c '  ' , " c ~ t  y i e l d s .  

P lan t  m o r t a l i t y  - 
In  t h e  June sowing t h e r e  was p r a c t i c a l l y  no p l a n t  m o r t a l i t y  a t  t h e  time of  

t h e  harves t  of t h e  f i r s t  f l u s h ,  but t h e r e a f t e r  many of t h e  p l a n t s  of cv ICPL-4 
d i e d ,  and some of ICPL-81. By t h e  time of t h e  h a r v e s t  of  t h e  t h i r d  f l u s h ,  45% 
of t h e  former had d i e d ,  and 322 of  t h e  l a t t e r  (Table  9 ) .  I n  cv ICPL-87, by 
c o n t r a s t ,  only 6% had d i e d .  These d i f f e r e n c e s  were h i g h l y  s i g n i f i c a n t  
s t a t i s t i c a l l y .  

In  t h e  August sowing, 11% of t h e  p l a n t s  of  cv ICPL-4 had d ied  by t h e  t ime 
of t h e  f i r s t  h a r v e s t ,  and 22% by t h e  second h a r v e s t  (Table 9). There was l i t t l e  
o r  no m o r t a l i t y  i n  t h e  o t h e r  c u l t i v a r s .  I n  cv ICPL-4, t h e  percen tage  m o r t a l i t y  
was g r e a t e s t  a t  t h e  hightbst popula t ion  of 670,000 ~ l a n t s / h a  (3521, and d e c l i n e d  
significantly a t  t h e  lower p o p u l a t i o n s :  22% a t  420,000 p l a n t s l h a ;  16% a t  
260,000 p l a n t s / h a  and 157 a t  160,000 p l a n t s l h a  (SE 1 % ) .  

There was no reason t o  t h i n k  t h a t  t h e  m o r t a l i t y  i n  cv ICPL-4 was due t o  
d i s e a s e ;  r a t h e r ,  i t  appeared t o  be p h y s i o l o g i c a l .  I t  may be t h a t  t h i s  c u l t i v a r  
i s  c l o s e  t o  being an annual i n  i t s  behaviour  , by c o n t r a s t  w i t h  cv ICPL-87 which - . .  
has a  marked perennia l  c h a r a c t e r ,  a s  shown by i t s  good second and t h i r d  h a r v e s t  
y i e l d s  (Table 101, and t h e  l imi ted  l e a f  senescence a t  t h e  time of t h e  m a t u r i t y  
of t h e  f i r s t  f l u s h  of pods (Table 8 ) .  The m o r t a l i t y  of t h e  p l a n t s  o f  cv ICPL-4 
may wel l  have been increased  by m o i s t u r e  s t r e s s .  I n  experiments  under way i n  
1983, we have observed t h a t  dea th  o f  t h e  p l a n t s  occurs  in  t h e  c e n t e r  of  p l o t s  
grown on V e r t i s o l ,  but  t h a t  p l a n t s  in t h e  b o r d e r s  o f t e n  s u r v i v e ,  p robably  
because they  have access  t o  more s o i l  m o i s t u r e .  



Days a f t e r  sowin: 

~i~~~~ 2 .  Mean h e i g h t  o f  e x t r a - e a r l y  pigeonpea d u r i n ?  
the  9 r w i n g  season  a f t e r  p l a n t i n g  i n  ~ u r e  a: 
1 c R l S A T  Cemer and d i s s a r .  



, j b le  7 .  io t , l l  d r k  r n ~ t t ~ r  ( i D M )  per p l d ? t  a n d  p e r  m' i n  June d n d  Auqus t  a t  
I CR I S A T  cen tc r  <it 63 ,~n t l  66 d a y s  after sowinq resprctively drld 
i n  June solr incl < j t  H i s s n r  d t  67 diys a f t e r  sowinc i .  

~ - -  --- . . -- -- ---- 

I CR I ?_?I_ C e ~ _ t e r  . - . . - . - 
--.-- Ilissar 

k n c  s o h  i ncj - \uqust s o w i n q  Oone sowing 
'ultivcir I ' l < ~ r i t .  p o p .  / 7 

I l r 1  I 1  T / r n  TIIM T l : l l q / m  T1)14r1/pl T D M q / m  
2 

r/ 11.) 1 . 

CPI -4  670 , 000 5 . 3  450 5 .O 203 9 . 6  b?? 

470 , 000 ". ~i 397 6.  3 1 7 1  11 .Y 499 

? 60 ,000 13.6 147 6.6 I ? ?  11 .7  310 

160. OOfr 1 7 . ?  ?93 ?. 1 J ? O  15.: 337 



T a b l e  8, Leaf a r e a  index  o f  3 e x t r a - e a r l y  c u l t i v a r s  i n  June and August 
p l a n t i n g s  a t  ICRISAT Cente r ,  sampled a t  63 and 66 days a f t e r  
sowing r e s p e c t i v e l y ,  and a t  m a t u r i t y .  

Cul t i v a r  P o p u l a t i o n  June sowing August s w i n g  
( ~ l a n t s / h a )  A t  63 days At  m a t u r i t y  A t  66 days A t  m a t u r i t y  



Overall  

A t  Hyderabad, in the  June p l an t ing ,  a l l  t h ree  c o l t i v a r s  yielded over 2 
tons/ha in the f i r s t  f l u sh .  The h ighe r t  y ie ld  vrr given by cv ICPL-81; but in  
the  August p lant ing  and a t  E i sa r  cv ICPL-87 yielded beat  (Table 10). 

In s p i t e  of the  f a c t  t h a t  a t  E i sa r  the  p l an t s  grov more and matured about a 
month l a t e r ,  the  y ie ld  l eve l s  t he re  were s imi l a r  t o  thore  of the f i r s t  f l u s h  a t  
Hyderabad ( 2  - 2.5 t ons lha ) .  This shovs t h a t  t he  ex t r a -ea r ly  c u l t i r r r s  can do 
as wel l ,  i f  not b e t t e r ,  under peninrular  Indian condi t ionr  than in  the  nor th .  
This i s  a very important f inding because u n t i l  nor v i t h i n  India  ex t r a -ca r ly  
c u l t i v a r s  have been almost exclus ive ly  bred f o r ,  a d  t en t ed ,  under nor th  I n d h  
condi t ions ;  and i t  has been assumed tha t  they would not  do well in the  
peninsular  region.  

In  f a c t ,  they a re  even more promising in  peninrular  India  than in the 
nor th ,  because second and even t h i r d  harves ts  can be taken from the  same p l a n t r .  
This i s  not poss ib le  in the  nor th  owing t o  the  coldnerr  of t he  winter  season. 
In the  June p lant ing  a t  Hyderabad, the  second harves t  y ie ld  of cv ICPL-87 van 2 
tons/ha and the  t h i r d  harvest  gave I ton/ha.  The second harvest  y i e lds  of cv8 
ICPL-4 and ICPL-81 a r e  not d i r e c t l y  comparable, because they were ratooned a t  
the time of the f i r s t  ha rves t ,  which u r u a l l y  g ives  a l o n r  ouboequent y i e ld  than 
simply picking the pods, a s  was done with cv ICPL-87. &It i n  s p i t e  of t h i n  
disadvantage,  the two ratooned c u l t i v a r e  gave recond harvest  y i e ld r  which were 
comparable t o  the bes t  second harveat  y i e lds  obtained from mediumdurat ion 
c u l t i v a r s  a t  Hyderabad (PPR 1980-81, C h p t e r  VII) .  

' The t o t a l  y ie ld  of cv ICPL-87, 5220 kg/ha,  f a r  exceed8 any y ie ld  previously 
obtained a t  ICRISAT Center.  Medium dura t ion  c u l t  ivare  r a r e l y  y ie ld  m r e  than 2 
tons/ha in the f i r s t  harves t  (PPR 1981-82, Chapter 111) and combined f i r s t  and 
second harvest  y i e lds  have not exceeded 2,900 kg/ha,  even v i t h  regular  
i r r i g a t i o n  in our y ie ld  opt imizat ion  t r i a l s  (PPR 1981-82, Tables 17 and 20, t h i s  
report  Tables 20 and 22). Moreover, the  second f l u r h  of t he  ext ra-ear ly  
c u l t i v a r s  was harvested before the f i r s t  f l u s h  of the  wdium c u l t i v a r s  had 
matured. In  the  caoe of cv ICPL-87 the  p roduc t iv i ty  of seed per u n i t  time v88 

about t v i ce  tha t  of the  bes t  y ie ld ing medium dura t ion  c u l t i v a r ,  BDN-1, grorn 
with high inputs and regular  i r r i g a t i o n  (Table 11).  

Since the  f i r s t  f luah of pods in the  June sowing developed during t h e  
monsoon season,  t he re  seemed t o  be a p o s s i b i l i t y  t h a t  the  seeds would be 
af fec ted  by mould o r  by preuature germination v i t h i n  the  pods. In  f a c t ,  no ouch 
germination was observed, and only in  the  case of cv ICPL-81 was mould observed 
on a f ev  seeds,  probably those from pods which had p a r t l y  s p l i t  open on the  
p l an t s .  The v i a b i l i t y  of the seeds was t e s t ed  by germinating 40 seeds of each 
c u l t i v a r  on f i l t e r  paper in p e t r i  d i shes .  Only in  cr ICPL-4 vas the  germination 
r a t e  low, 68%, but t h i s  my have been due more t o  the  r e l a t i v e l y  high proport ion 
of sh r ive l l ed  seeds in t h i s  c u l t i v a r  than t o  tliseasc.. It) 1 1  Z C E I - E l ,  95% 
germinated and in cv ICPL-87, 93%. 

In exper iaents  being ca r r i ed  out in 1983-84, more a t t e n t i o n  v i l l  be paid t o  
the  qua l i t y  of the seeds in the f i r s t  and subsequent ha rves t s ,  in order t o  check 
whether pod development during the  r a iny  aearon has any se r ious  adverse e f f e c t s .  



T a b l e  9, Percentage m o r t a l  i t y  i n  3 e x t r a - e a r l y  c u l  t i v a r s  a t  t h e  t i m e  
o f  h a r v e s t  o f  t h e  t h i  r d  f l u s h  from the June scming, and the 
f i r s t  and second f 1 ushes f rm the August sawing. 

Percentage o f  p l a n t s  which were dead 

Cul t i v a r  
I CPL-I, I CPL-81 I CPL-87 SE S i  g n i  f  i cance 

( F  t e s t )  
- - 

June sowing, t h i r d  f l u s h  45 3 2 6 2 . 7  ** 

August sowing, f i r s t  f l u s h  1 1  2 0 0.9 
.L + ,\ , 

August sowing, second f l u s h  2 2  2 1 0.9 :t * 



T;lblt, ! u .  \, i e l d  ( k q ' l i  1 o t  c.utr.t-c.,~rly [~irleonric.~~s i n  June and Auq~rst plantinqs 
. I !  TTl,lS!l (c~ritcsr d r ~ i j  i r ~  3 u n ~  p l d n t i n q  d t  Hissar. 

C I I  1 t i v a r  --- - - -- - - - . - 
ICP' - 4  TCPI - h i -  !CPL-87 Sf+ S i q n i f  icance -- 

(F  t e s t )  

Hydcr ,~t~~jd,  - .- I I I I I , .  -- j i l < ~ n t  1 r 1 j 1  

F i r s t  f11i:t ) ! L l \  ' c  qc, 2208 57.8 * x 

Sccor~d f l l i sh  r ,  7 1 111'7 7039 49.7 xx 

Tliird f 111<,t, ' \,' 'j> '37 1 74.5 3 fi 

T o t a l  vic.1~1 1050 3'308 5717 93.8 * F 

Hyderahad. A I I ~ I ~ c , !  t;Irlli[ i119 

F i r s t  f 111sil '1 (t'! ! W9 1.311 55.4 * x 

Second f l r r s i ~  ( 1 ,  L, 533 960 21.9 X +  

Total y i c . l ( i  1 2 s, 11 159: :? 7 7 711 . 7  * * 



E f f e c t s  of s p a c i n g  

I n  t h e  June sowing a t  xyderabad,  t h e  c u l t i v a r s  responded d i f f e r e n t l y  t o  
spac ing   able i 2 ) ;  ICPL-4 and ICPL-81 gave a  b e t t e r  f i r s t  h a r v e e t  y i e l d  a t  t h e  
h i g h e r  p l a n t  popJat ions (420,000 and 670,000 p l a n t e / h a )  whi le  ICPL-87 y i e l d e d  
b e t t e r  a t  t h e  lower p o p u l a t i o n s  (160,000 and 260,000 p l a n t e / h a ) .  The c u l t i v a r  x 
s p a c i n g  i n t e r a c t i o n  was s i g n i f i c a n t  a t  t h e  5 %  l e v e l  of p r o b a b i l i t y .  

I n  t h e  second h a r v e s t  t h e r e  was l e s s  e f f e c t  of popula t ion  d e n s i t y  on y i e l d ,  
a l t h o u g h  t h e r e  was s t i l l  a  tendency f o r  cv ICPL-87 t o  y i e l d  bes t  a t  t h e  lowest 
p l a n t i n g  d e n s i t y  (Table 1 2 ) .  In t h e  t h i r d  h a r v e s t ,  y i e l d  was more o r  l e s s  t h e  
same a t  t h e  d i f f e r e n t  d e n s i t i e s  i n  cvs ICPL-81 and -87; but i n  c u l t i v a r  ICPL-4 
i t  was h i g h e s t  i n  t h e  most dense p l a n t i n g  (Table 1 2 ) .  The t o t a l  y i e l d  from a l l  
t h e  h a r v e s t s  l a r g e l y  r e f l e c t e d  t h e  p a t t e r n  fieen in t h e  f i r s t  h a r v e s t ,  w i t h  t h e  
b e s t  y i e l d s  i n  cvs ICPL-4 and ICPL-81 a t  the  h ighes t  p o p u l a t i o n  d e n s i t y ,  and i n  
cv ICPL-87 a t  t h e  lowest d e n s i t y  (Table 1 2 ) .  

I n  t h e  August sowing, t h e  f i r 8 ~  harves t  y i e l d s  werr g r e a t e s t  in  a l l  
c u l t i v a r s  wi th  t h e  most derrse p o p u l a t i o n ,  and l e a s t  a t  t h e  lower p o p u l a t i o n  
d e n s i t i e s  (Table  1 3 ) .  However, t h e r e  was l e s s  e f f e c t  of p o p u l a t i o n  d e n s i t y  in  
cv ICPL-87 than i n  t h e  o t h e r  c u l t i v a r s .  

I n  t h e  second h a r v e s t ,  y i e l d  l e v e l s  were aga in  g e n e r a l l y  h i g h e r  i n  t h e  more 
dense  p l a n t i n g s ,  and lowest i n  t h e  l e a s t  dense p l a u t i n g  (Table 13) ,  and t h e  same 
p a t t e r n  was apparen t  in t h e  d a t a  f o r  t o t a l  y i e l d  (Table 1 3 ) .  The mean t o t a l  
y i e l d  a t  670,000 p l a n t s / h a  was 30% higher  than a t  160,000 p l a n t s / h a .  

The d i f f e r e n c e  between t h e  June and August sowing6 i n  response  t o  
p o p u l a t i o n  d e n s i t y  no doubt r e E l e c t  i n  p a r t  t h e  smal le r  o i z e  of t h e  l a t e r  sown 
p l a n t s ,  which would have r e e u l t e d  in  l e s s  mutual compet i t ion ;  t h e  h i g h e s t  p l a n t  
p o p u l a t i o n  was no longer  super-opt imal f o r  cv ICPL-87, a s  i t  was in  t h e  June 
p l a n t i n g .  But i n  par t  t h e s e  r e s u l t s  must have been inf luenced by t h e  f a c t  t h a t  
i n  t h e  August p l a n t i n g s  t h e  a c t u a l  p lan t  popula t ion  v e r e  r d u c e d  by m o r t a l i t y  
due t o  d i s e a s e  i n  t h e  e a r l y  s t r g r s  of growth  able 6 ) ;  f o r  example on an 
average  t h e r e  were on ly  34 plants /sq.m a t  h ighes t  populet  ions ins tead  of 67 .  

At H i e a r ,  t h e r e  was no c l e a r - c u t  sys temat ic  e f f e c t  of popula t ion  d e n s i t y  on 
y i e l d ,  and t h e  d a t a  showed some i n e x p l i c a b l e  f l u c t u a t i o n s ,  nnst n o t a b l y  in  t h e  
low y i e l d  of  cv ICPL-87 a t  420,000 p l a n t s / h a ,  which were probably due t o  t h e  
random e f f e c t s  of bad pa tches  of s o i l .  The c o e f f i c i e n t  of v a r i a t i o n  i n  t h i e  
experiment  was r e l a t i v e l y  high (17.1%). 

Las t  year  a t  H i s a r ,  e x t r a - e a r l y  c u l t i v a r s  were grown a t  a  spacing of 30 x 

10 cm, with  a f i n a l  p lan t  populat ion of around 200,000 p l a n t s / h a .  This  was 
i n t e r m e d i a t e  between t h e  f i n a l  popula t ion  t h i s  year a t  t h e  two lower p o p u l a t i o n  
d e n s i t i e s  (Table  I$>.  The mean y i e l d  o f  I - I J ~ ~  iva r  1CP1,-81, a t  t h e s e  populat  ions  

was 2380 k g / h a ,  and of ICPL-87, 2990 kg iha .  These f i g u r e s  a r e  comparable t o  
l a s t  y e a r ' s  y i e l d s  o f  2230 kg/ha and 3420 kg/ha r e s p e c t i v e l y  (PPR 1981-82, Table  
2 3 ) .  



T a b l e  1 1 .  Comparisun of p r o d u c t i v i t y  o f  cv .  ICPL-87 ( e x t r a - e a r l y )  and 
cv .  BDN-1 (medium d u r a t i o n )  p l a n t e d  i n  June 1982 a t  ICRISAT 
C e n t e r  '2nd growrl w i t h  h i g h  i n p u t s  and i r r i g a t i o n  on A l f i s o l .  

I  CPL-87  BDN- I 
( e x t r a - e a r l y )  (rnedi urn) 

Days t o  m a t u r - i t y  o f  f i r s t  f l u s h  

Days t o  m a t u r  i t y  o f  sccand f l u s h  

Days t o  m a t u r i  t y  u f  t h i  r d  f l u 5 h  

F i  r s t  h a r v e s t  y i e l d  ( k q / h s )  

Second h a r v e s t  y i e l d  i k q / h a i  

T h i r d  h a r v e s t  y i e l d  i k q / h s )  

T o t a l  y i e l d  ( k g / h a )  

G r a i n  p r o d u c t  i v i  t y  ( k q / t ~ d / c l d y )  

F i  r s  t h a r v c s  t 

F i  r s t  + Second h a r v c s  t 

F l i r s t  + Second + T l ~ i r i i  h a r v c 5 t  



Table 12 .  E f f e c t  of p l a n t i n g  dens i ty  on the y i e l d  (kg/ha) o f  3 ex t ra-ear ly  
c u l t i v a r s  sown i n  June 1982 a t  ICRISAT Center. 

Popu la t ion  C u l t i v a r  
( p l a n t s l h a j  

ICPL-4 ICPL-81 ICPL-87 Mean 

FIRST HARVEST 

Mean 

SECOND HARVEST ---- 

670,000 

470,000 

260,000 

160,000 

Mean 

THIRD HARVEST 

Mean 

TOTAL YIELD 

Mean 

SE (S ign i f i cance  - 
by F t e s t  
i nd i ca ted  by 

a s t e r i s k s  
Spacing 

C u l t l v a r  

Spacing x C u l t l v a r  

32 10 

3 142 

2997 

2 880 

3056 

F i r s t  harvest 

4140 

3876 

3639 

3815 

3868 

Second harvest 

4902 4084 

5171 4063 

5 344 3992 

5449 4048 

5217 

Th i rd  harvest E t a 1  y i e l d  



Table 13. E f f e c t  o f  p l a n t i n g  dens it)^ on the y i e l d  (kglha) o f  3 ex t rabear ly  
c u l t i v a r s  sown i n  August 1982 a t  ICRISAT Center. 

Populat ion 
(p lants lha)  

C u l t i v a r  
ICPL-4 ICPL-81 ICPL-8/ Mean 

FIRST HARVEST 

Mean 936 1049 1313 

SECOND HARVEST 

Mean 348 533 960 

TOTbL Y I E L D  

670,000 
420,000 
260,000 
160,000 

Mean 

SE(Signif icance by F i r s t  harvest  Second harvest  To ta l  y i e l d  
F t e s t  ind ica ted 
by as te r i sks  

Spacing 63.9" 27.5"' 86.3'' 
Cu l t  i v a r  55.4"" 23.8*+ 74.7" 
Spacing x C u l t f v a r  110.7 47.6+* 149.4 



,tsl i r y  m a t t e r  

I n  b o t h  p l a n t i n g s  a t  Hyderabad and a l s o  a t  H i s a r ,  cv ICPL-87 produced 
c o n s i d e r a b l y  more t o t a l  d r y  mat te r  a t  t h e  time of f i r s t  h a r v e s t  than  cv ICPL-81, 
which i n  t u r n  produced more than cv ICPL-4 (Table 15) .  There d i f f e r e n c e 8  a r e  
p robably  clue a t  l e a s t  in p a r t  t o  t h e  d i f f e r e n c e s  i n  groving p e r i o d ,  v i t h  c v  
ICPL-87 f l o w e r i n g  and maturing l a t e s t  , and 1CPI.-4 e a r l i e e t  , 

A t  H i s a r ,  a l l  c u l t  i v a r s  grew more than a t  Hyderabad; the o v e r a l l  m a n  d r y  
m a t t e r  was 9490 k g / h a ,  compared with 7020 kg/ha a t  Hyderabad i n  t h e  June 
p l a n t i n g ,  and 2850 kglha i n  t h e  August p l a n t i n g .  The g r e a t e r  g r o v t h  a t  H i s a r  
may be expla ined  p a r t l y  by t h e  warmer weather (Table 3 )  and p a r t l y  by t h e  f a c t  
t h a t  t h e  growth per iod  was about a  month longer .  However, i n  t h e  June and 
August sov ings  a t  Hyderabad, t h e  growth per iods  vere  about t h e  same (Table  51, 
and t h e  much reduced g r o v t h  in  t h e  l a t t e r  was probably due mainly t o  t h e  c o o l e r  
weather  d u r i n g  t h e  growing per iod .  Pigeonpea g r o v t h  r a t e s  a r e  knovn t o  be 
reduced a s  p l a n t i n g  i s  delayed (PPR 1980-81, Chapter 11). 

At Hyderabad, i n  both p l a n t i n g s  more d r y  m a t t e r  was produced a t  t h e  h igher  
p o p u l a t i o n  d e n s i t i e s .  A t  H i s a r ,  t h e  d a t a  were r a t h e r  e r r a t i c ,  and no c l e a r  
e f f e c t  of  p l a n t i n g  d e n s i t y  was apparent  (Table 1 5 ) .  

Harvest  index 

The h i g h e s t  h a r v e s t  i n d i c e s  a t  t h e  t  iw of f i r s t  ha rves t  were ob ta ined  i n  
t h e  August p l a n t i n g  a t  Hyderabad, with an o v e r a l l  mean of 0.42. The mean f o r  
t h e  June p l a n t i n g  a t  Hyderabad was 0.37 and a t  Hisa r  0 . 2 5 .  

Only i n  t h e  June p l a n t i n g  a t  Hyderabad vere  t h e r e  significant d i f f e r e n c e s  
among c u l t i v a r s ,  wi th  t h e  h ighes t  harves t  index (HZ) in c u l t i v a r  ICPL-81 ( 0 . 4 3 ) ,  
t h e  lowest i n  cv ICPL-87 (0 .30) ,  and a  H I  of 0.38 i n  cv ICPL-4 (SE 0 .01) .  

I n  no c a s e  were spac ing  x c u l t  i v a r  i n t e r a c t  i o n s  s i g n i f i c a n t  . The means f o r  
spac ing  e f f e c t s  a r e  g iven  i n  Table 1 6 .  In both p l a n t i n g s  a t  Hyderabad t h e  HI 
was lowest  a t  t h e  h i g h e s t  popula t ion  d e n s i t y .  Such a  d e c l i n e  in H I  v i t h  
i n c r e a s i n g  p l a n t  popula t ion  has been found prev ious ly  both in  t h e  normal season 
(PPR 1979-80, F ig .8)  and i n  t h e  pos t - ra iny  season (PPR 1980-81, ~ i g . 2 2 ) .  

Yield component-s 

As i n  p r e v i o u s  s t u d i e s ,  t h e  component o f  y l e l d  m e t  c l o s e l y  r e l a t d  t o  
y i e l d  i t s e l f  was pod number per  u n i t  a r e a .  

I n  a l l  p l a n t i n g s ,  t h e  100-seed weight of cv ICPL-87 vas h igher  than in t h e  
o t h e r  c u l t i v a r s .  There was l i t t l e  e f f e c t  of spacing on 100-seed weight i n  
agreement v i t h  p rev ious  r e e u l t s  from spacing t r i a l s  in  t h e  normal (PPR 1979-80, 
p.29) and p o s t - r a i n y  seasons (PPR 1980-81, ~ i ~  .22) .  

A t  H i s a r ,  100-seed weights  were s l i g h t l y  g r e a t e r  than a t  Hyderabad in t h e  

June p l a n t i n g .  In t h e  Auguet p l a n t i n g ,  100-seed v e i g h t s  were g e n e r a l l y  lower 
than i n  June (Table 1 7 ) .  This  i s  in  genera l  a g r e w e n t  with the  tendency of 
p o s t - r a i n y  season  pigeonpeas t o  have lower 100-seed weights  than i n  t h e  n o r u l  
season  (PPR 1976-77, Table 6 4 ) .  I n  cv ICPL-4 planted in June ,  t h e  100-seed 
weight i n  t h e  second and t h i r d  h a r v e s t s  was l e s s  than in t h e  f i r s t ,  but  no ouch 
p a t t e r n  was apparen t  i n  cv I C P L - S ~ ,  and in c v  ICPL-87, t h e r e  was a  d e c r e a s e  o n l y  



Table 14. Effect of plantinq density on the  yield (kg/ha) o f  three extradearly 
cu l t ivars  sown i n  3une 1982 a t  Hissar. 

Population 
(plants lha)  

Cultivar 
ICPL -4 ICPL-81 I C P L - ~ Y  Mean 

Mean 1973 2352 2576 

SE (Significance by 
F t e s t  indicated 
by as t e r i sk s )  

Spacing 161.5" 

Cultivar 139.8" 

x Cultivar 279.6f 



.able 15. Ef fec t  cf  plant inq densi ty  on the t o t a l  dry matter (kq /ha )a t  the  
time o f  f i r s t  harvest  of 3 ext ra-ear ly  c u l t i v a r s  sown in  3une and 
Auqust a t  ICRISAT Center,  and a t  June i n  H i  5ar4 

Population 
( p l a n t s / h a )  

Cul t i v a r  
ICPL-4 ICPL-81 ICPL-87 Mean 

-- 

H derabad June Sow& 

670,000 7305 7348 9324 7991 

420,000 6520 7241 R335 7365 

2 60,000 5653 5525 7606 6261 

160,000 5700 5703 7813 6472 

Mean 6294 6504 5269 

k d e r a h a d ,  August Sowinq 

670,000 2934 3157 4483 

420,000 7 145 3744 3937 

2 60,000 1917 7319 2819 

160,000 1582 2 340 3469 

Mean 2120 2765 3677 

H i  sar , June Sowinq 

670,000 5815 10710 15011 10349 

430,000 8151 8609 6855 797 1 

260,000 6835 9992 11959 9595 

160,000 852 1 8349 13604 10158 

Mean 7333 9290 llR57 

-- , W A Y ,  ,*. ---. . - -  .., - Hvderabad, 3une Hyderahad, August M i s a r  
F t e s t  indicated 
by a s t e r i s k s )  

Spacinq 2 30** 2 3R** 745 

C u l t i v a r  197** 206** 645'" 

Spacing x Cul t iva r  399 411 1 ?90* 



i n  t h e  t h i r d  h a r v e s t .  I t  i s  not  c l e a r  what p h y s i o l o g i c a l  and environmental  
f a c t o r s  lead t o  such v a r i a t i o n s .  

The number of seeds  per  pod was lowert  i n  c v  ICPL-81 i n  a l l  p l a n t i n g s  
(Table 1 8 ) .  There vas  no s i g n i f i c a n t  e f f e c t  of spac ing  on eeed number p e r  pod 
except  a t  H i s a r ,  vhere  t h e r e  was a  r e d u c t i o n  a t  t h e  h igher  d e n s i t i e s  of 
p l a n t i n g .  T h i s  tendency h a s  been observed p r e v i o u s l y  a t  Hyderabad bo th  i n  t h e  
normal (PPR 1979-80, p  .29) and pos t - ra iny  s e a s o n s  (PPR 1980-81, Fig.22) .  

A t  Hyderabad, i n  a l l  c u l t i v a r s ,  t h e r e  were fewer seeds  p e r  pod i n  t h e  
August than t h e  June p l a n t i n g ,  fewer i n  t h e  second h a r v e s t s  than t h e  f i r s t ,  and 
fewer i n  t h e  t h i r d  h a r v e s t  than t h e  second (Table  18) .  T h e ~ e  r e d u c t i o n s  m y  be 
l a r g e l y  e x p l i c a b l e  i n  terms of t empera ture .  From t h e  phenolog ica l  d a t a  i n  Table 
5,  and t h e  weather d a t a  i n  Fig.1,  i t  can be seen  t h a t  t h e  t e m p e r a t u r e ,  
e s p e c i a l l y  t h e  minimum tempera ture ,  was p r o g r e s s i v e l y  lower d u r i n g  t h e  
subsequent  r e p r o d u c t i v e  f l u s h e s ,  and lower f o r  t h e  August than  t h e  June 
p l a n t i n g .  Lower tempera tures  could a f f e c t  seed number p e r  pod by reduc ing  t h e  
number of o v u l e s ,  and /or  e f f i c i e n c y  of f e r t i l i z a t i o n ,  and /or  by i n c r e a s i n g  t h e  
frequency of eeed a b o r t i o n .  We do n o t  know t h e  r e l a t i v e  importance o f  t h e s e  
f a c t o r s .  

Pigeonpea stems a r e  a u s e f u l  source  of f i rewood,  and a r e  of some economic 
va lue .  A t  H i e a r ,  t h e  p l a n t s  v e r e  r e l a t i v e l y  l a r g e ,  and t h e  mean d r y  weight of 
stems and branches was around 5.5 t o n s / h a .  A t  Hyderabad, t h e  p l a n t s  were 
s m a l l e r ,  but n e v e r t h e l e s s  i n  t h e  June p l a n t i n g s  c o n e i d e r a b l e  amount of stem 
m a t e r i a l  was produced - an average  o f  3.5 tons /ha  a t  t h e  time of t h e  t h i r d  
h a r v e s t  of cv ICPL-87, The l e a s t  p r o d u c t i v e  c u l t i v a r ,  ICPL-4, gave 1.5 t o n s / h a  
a t  t h i s  s t a g e .  The amount of  stem m a t t e r  was h i g h e r  a t  t h e  time of t h e  f i r s t  
h a r v e s t  - 4.5 tone /ha  f o r  cv ICPL-87 and 2.7 t o n s / h a  f o r  c v  ICPL-4. The d e c l i n e  
by t h e  time of t h e  t h i r d  h a r v e s t  may be  due i n  p a r t  t o  t h e  m o b i l i z a t i o n  of stem 
r e s e r v e s ,  and a l s o  t o  t h e  d e a t h  of soex of  t h e  p l a n t s  a f t e r  t h e  f i r s t  h a r v e s t .  

I n  t h e  August p l a n t i n g ,  t h e r e  was l i t t l e  change i n  stem weight between 
f i r s t  and second h a r v e s t s .  Cv ICPL-87 produced 1.7 t o n s / h a  and cv ICPL-4 0.7 
t o n s / h a .  

Although a t  f i r s t  s i g h t  t h e  s m a l l e r  s t a t u r e  of t h e  e x t r a - e a r l y  c u l t i v a r s  
s u g g e s t s  t h a t  they  w i l l  produce l e s s  stem m a t e r i a l  than t h e  l a r g e r  medium 
d u r a t i o n  c u l t i v a r s ,  i n  f a c t ,  i n  June p l a n t i n g  t h e  amounts v e r e  comparable. In  
1979-80, f o r  example, even a t  h igh  p l a n t  p o p u l a t i o n s  medium d u r a t  ion c u l t  i v a r s  
grown on V e r t i a o l  gave o n l y  about  2.4 tons /ha  of stem m a t e r i a l  (PPR 1979-80, 
~ i g . 6 ) ;  and i n  1978-79 c v  C - l l  produced 2.8 tons /ha  a t  normal s p a c i n g ,  and 4.0 
tone /ha  a t  t h e  h i g h  p o p u l a t i o n  d e n s i t y  of 278,000 p l a n t s / h a  ( c a l c u l a t e d  from 
d a t a  i n  PPR 1978-79, Table 28 on t h e  b a s i s  of a  seed ve igh t lpod  v e i g h t  f a c t o r  of 
0.67). Therefore  t h e  i n t e n s i v e  c u l t  i v a t i o n  of e x t r a - e a r l y  c u l t  i v a r s  need no t  
n e c e s s a r i l y  r e s u l t  in  a  d e c l i n e  in  firewood product  i o n ,  compared w i t h  medium 
d u r a t i o n  c u l t i v a r s ,  f o r  a l though  t h e  p l a n t s  a r e  s m a l l e r ,  t h e y  a r e  more of them 
per  u n i t  a r e a .  Bovever, vhe ther  t h e  stems a r e  of comparable u t i l i t y  on f i r e m o d  
t o  t h o s e  of  medium d u r a t i o n  c u l t  i v a r s  remains t o  be seen .  



Table 16. Effect of planting density on the mean harvest index of three 
extra-early cultivars sown in 3une and August at ICRISAT Center 
and in June at 

Population Hyderabad, 3une Hyderabad, August M f  s o t  
(plantsfha) 

670,000 0.33 0.38 0.24 

420,000 0,35 0.41 0.23 

260,000 0.39 0.45 0.28 

160,000 0.39 0.42 0.24 

SE + - 0.01 

Significance by F test + + 



Table 1 7 .  100-seed weight (g)  of ex t r a -ea r l y  pigeonpeas i n  h n e  and August 
p lan t ings  a t  ICRISAT Center and i n  June p l an t i ng  a t  H i s a r .  

C u l t i v a r  SE+ - Sign i f i cance  
ICPL-4 ICPL-81 ICPL-87 ( F test )  

Hyderabad, June P l a n t i n g  

F i r s t  f l u s h  6.07 5.52 9.77 0.11 ++ 
Second f l u s h  4.92 7.21 9.91 0.11 ++ 

Th i rd  f l u sh  5.54 5.97 8.84 0.17 *+ 

Hyderabad, August P l an t i ng  

F i r s t  f l u s h  4.79 6.07 8.65 0.13 +X 

Second f l u s h  5.14 5.73 8.43 0.17 +Y 

t l i  sa r  June P lan t i ng  

' F i r s t  f l u s h  6.14 6.70 10.33 0.42 X Y  



Table 38.  Seed number per pod of extra-early pigeonpeas in June and August 
plantings at ICRISAT Center and in June planting at H i w r .  

Cultivar SF+ - Significance 
ICPL-4 ICDL-81 ICPI - 8 7  F test 

Hvderabad. 3une Plantina 

First flush 3.87 3.24 3.68 0.06 +4t 

Second flush 3.47 2.56 3.36 0.06 ++ 

Third flush 1.90 1.73 2.93 0.05 *+ 

Hyderabad, August Planting 

First flush 3.15 3.11 3.28 0.06 NS 

Second flush 2.31 2.00 2.77 0.08 + 4t 

Hi s a r  , June Planting 
First flush 3.02 2.96 3.21 0.14 NS 



Conc l u s  i o n s  

These r e s u l t s  demons t ra te  t h e  e x t r a o r d i n a r i l y  h igh  y i e l d  p o t e n t i a l  of 
e x t r a - e a r l y  c u l t i v a r s  under  p e n i n s u l a r  I n d i a n  c o n d i t i o n s .  The t o t a l  y i e l d  of  
5 ,200 kg/ha from cv ICPL-87 f a r  exceeds t h e  h i g h e r  y i e l d s  o b t a i n e d  from 
mediumdura t ion  c u l t  i v a r s .  Although t h e r e  e x p e r i m n t s  v e r e  conducted o n l y  on 
A l f i s o l ,  i t  i s  l i k e l y  t h a t  comparable y i e l d s  can be ob ta ined  on V e r t i s o l .  
Experiments being c a r r i e d  out  i n  t h e  1983-84 season  r b u l d  g i v e  f u r t h e r  
in format ion  on t h i s  p o i n t .  

Th is  cropping system seems l i k e l y  t o  be h i g h l y  p r o f i t a b l e .  Although some 
crop p r o t e c t i o n  w i t h  p e s t i c i d e s  may be n e c e s s a r y ,  t h e  r h o r t  s t a t u r e  of t h e  
p l a n t s ,  e s p e c i a l l y  i n  t h e  c a s e  of t h e  d e t e r m i n a t e  c u l t i v a r s ,  makes s p r a y i n g  e a s y  
t o  perform. But t h e  h igh  y i e l d  p o t e n t i a l  should amply j u r t i f y  t h e  c o s t s  of  much 
s p r a y s .  

An a d d i t i o n a l  dcjvctntage of t h i s  eyetem i s  t h a t  t h e  g r a i n  from t h e  f i r s t  
h a r v e s t  could be s o l d  a t  a time when p r i c e s  pa id  f o r  pigeonpea seed a r e  
r e l a t i v e l y  h igh .  These g e n e r a l l y  reach  a m a x i m a  i n  November, and then  f a l l  
a f t e r  t h e  h a r v e s t  of medium and long d u r a t i o n  c u l t i v a r e ,  owing t o  t h e  increased  
supply  on t h e  market ( F i g  3 ) .  
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Figure 3. Pigeonpea Seasonal Price Index (on all-India 
basis) during the period 1970-79 calculated 
by D r .  T. Walker from Government of India 
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111. Response of medium d u r a t i o n  c u l t i v a r  k r i m t i o g  
reproduc t iv (  p_hrsc 

In  pen insu la r  I n d i a ,  medium d u r a t i o n  c u l t i v a r s  r o m  i n  June o r  J u l y  k g i n  
t o  flower i n  October o r  November and r a t u r e  i n  December. During t h e  per iod  
betveen f lowering and m a t u r i t y  l i t t l e  o r  no r a i n  i s  rece ived  and crop u r u r l l y  
grovs on conserved s o i l  moisture from t h e  preceding r a i n s .  I n  r o w  y e r r r  i n  
which r a i n f a l l  i s  l e s s ,  t h e  crop may be seen t o  be s u f f e r i n g  from m i a t o r e  
s t r e s s .  S imi la r  s i t u a t i o n s  may be encountered d e n  crop i s  g r o m  on r o i l r  with 
poor water holding c a p a c i t y  such ae A l f i s o l s  o r  a h a l l o v  V e r t i s o l s .  Some 
moisture s t r e s s  i s  observed even i n  years  i n  which r a i n f a l l  i r  n o t a a l .  Lnrt 
year we reported a  23% i n c r e a s e  i n  y i e l d  of a  s o l e  c rop  of pigsonpeas grown on 
Ver t i so l  i n  response t o  i r r i g a t i o n  given dur ing  t h e  reproduc t ive  p e r i o d ,  even 
though t h e  year was a  high r a i n f a l l  year (PPB 1981-82, Chapter  XII, p.82). 

When t h e  y i e l d s  on Alf i s01  and V e r t i s o l  v e r e  compared, i n  mst years  lover  
y i e l d e  were obtained on A l f i s o l  than on V e r t i s o l ,  probably due t o  g r e a t e r  
naoisture @ t r e s s  in  t h e  former (PPR 1981-82 Chapter I1 p.21). A g r e a t e r  response 
t o  i r r i g a t i o n  would t h e r e f o r e  be expected on A l f i r o l  than on V e r t i e o l .  This  vaa 
examined i n  experiments t h i s  year .  

M a t e r i a l s  methods 

The e x p e r i w n t s  were conducted on A l f i s o l  f i e l d  EP-411 and V e r t i s o l  f i e l d  
BP-6. Both f i e l d s  received a  b a s a l  dose of 100 kg d i a m n i u m  phosphate/ha.  
Three c u l t i v a r s ,  C-11, BDN-1, and ICP-1-6 were p lan ted  on 7 5  cm r i d g e s  and 
furrove with 15 cm p l a n t  t o  p l a n t  d i s t a n c e  (g iv ing  8.8 p l a n t s  per  sq.m) on 
22-6-82. In  each s o i l  t h e  main p l o t  conprieed i r r i g a t i o n  t reatment  and sub p l o t  
c u l t i v a r s ,  The subplot  s i z e  was 4.5 x 9 m. There were four  r e p l i c a t i o n s .  

A f t e r  t h e  conmencement of f lowering (Table 1 9 ) ,  t h e  crop received t h r e e  
i r r i g a t i o n s  along t h e  furrows.  Theee i r r i g a t i o n s  on A l f i s o l  f i e l d  vere  g iven  
on 15-10-82, 19-11-82 end 14-12-82 and on V r r t i s o l  on 19-10-82, 20-11-82, 

and 16-12-82. 

Days t o  m a t u r i t y  of t h e  f i r s t  f l u s h  of pods of d i f f e r e n t  c u l t i v a r s  i n  two 
s o i l s  a r e  given i n  Table 19. Harvest ing of t h e  f i r s t  f l u s h  was unavoidably 

delayed by over r month; on A l f i s o l  i t  was c a r r i e d  out on 24-1-83, and on 
V e r t i s o l  on 4-2-83. At t h e  time o f  h a r - , ~ e s t ,  each subplo t  was f u r t h e r  subdivided 
i n t o  2 sub-sub p l o t s .  The s i z e  of t h e  sub-sub p l o t s  on A l f i s o l  vas  9 rq.m 
and on V e r t i s o l  7.5 8q.m. The crop vas harveeted by ra tooning  in one sub-sub 
p l o t  and by  pod picking i n   he o t h e r .  Ratooning wae done a t  about 150 cm above 
ground l e v e i ;  t h i s  enabled pod bearing branches t o  be harves ted  leav ing  t h e  
remainder of t h e  p l a n t s  f o r  ratoon g r o v t h .  I n  a d d i t i o n ,  a  3  8q.m a r e a  was 
harvested completely f o r  t h e  es t imat ion  of t o t a l  d r y  m t t e r  and h a r v e s t  index. 
The mean p l a n t  s tand recorded a t  t h e  time of f i r s t  h a r v e s t  was 8.4 plants /sq.m 
on A l f i s o l ,  c l o s e  t o  t h e  t h e o r e t i c a l  p l a n t  popula t ion  of 8 .8 ,  and t h e r e  v e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  due t o  i r r i g a t i o n  among c u l t i v a r s .  On V e r t i s o l  t h e  mean 
p lan t  s tand was c l o s e  t o  t h e  t h e o r e t i c a l  popula t ion  i n  c v s .  BDN-1 (8.0)  and 
C-11 (8.5) but somevhat lower in  c u l t i v a r  ICP-1-6 (6.8) .  

A f t e r  t h e  harves t  of t h e  f i r s t  f l u s h  one i r r i g a t i o n  vas given on A l f i s o l  on 
21.1.83 and on Ver t ieo l  on 8-2-83. On both  s o i l s ,  t h e  second f l u s h  matured by 
4-4-83 (286 days a f t e r  sowing) in a l l  c u l t i n r e  a f t e r  h a r v e s t i n g  t h e  f i r s t  f  l u r h  
by pod-picking,  and by 13-4-83 (295 days)  a f t e r  ra tooning .  E a r v e r t i n g  was 



Table 19.  Dates of flowerinq and maturity of the f i r s t  f lush of pods of 
3 medium durat ion cu l t i va r s  grown with and without i r r i ga t i on  
on Vert isol  and Alf isgl  a t  ICRISAT Center. Sowing was on 
22-6-82 and the number of days a f t e r  sowing a re  indicated in 
parenthesis .  

50% flowering - Maturity 
Cul t ivar  Vert isol  ~ l f i s o l  - I r r iqa t ion  Vert isol  Alf l s o l  



c a r r i e d  out  on t h e s e  d a t e s ,  and a t  t h i s  s t a g e  t h e  crop was removed completely 
from t h e  ground. 

R e s u l t s  - and -- d i s c u s s i o n  

I n  p rev ious  years  we have found t h a t  medium d u r a t i o n  c u l t i v a r e  g e n e r a l l y  
flower and mature sooner on A l f i s o l  than V e r t i s o l ,  and t h a t  t h e  l a t e  r a i n s  
and /or  i r r i g a t i o n  tend t o  d e l a y  both f lower ing  and m a t u r i t y  (PPR 1980-81, 
Chapter 111). This  year  t h e r e  was l e s s  d i f f e r e n c e  betveen t h e  two s o i l  types  
than p r e v i o u s l y  observed ,  a l though  f lower ing  took p l a c e  about 6 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  i n  cv .  BDN-1 (Table 1 9 ) .  C u l t i v a r s  BDN-1 and C-11 
matured a  few days sooner on A l f i s o l  than V e r t i s o l ,  and i n  a l l  c u l t i v a r s  
m t u r i t y  was delayed by i r r i g a t i o n .  

The development of t h e  second f l u s h  of pods took p l a c e  sooner  when t h e  
f i r s t  ha rves t  had been taken by pod p ick ing  than  by r a t o o n i n g .  Although t h e  
time t o  m a t u r i t y  of t h e  second f l u s h  was not c l o s e l y  observed ,  t h e  d e l a y  i n  
matur i ty  due t o  r a t o o n i n g  was a t  l e a s t  9  d a y s .  Such d e l a y s  have been r e p e a t e d l y  
observed b e f o r e ,  and a r e  l a r g e l y  due t o  t h e  delayed onse t  of f lower ing  i n  t h e  
ratooned p l a n t s .  

E f f e c t  on _fjr_sf h a r v e s t  --- 

Three i r r i g a t i o n s  g iven  dur ing  t h e  r e p r o d u c t i v e  phase increased  t h e  seed 
y i e l d  s i g n i f i c a n t l y  on both A l f i s o l  and V e r t i s o l  (Table 20) .  The e x t e n t  of t h e  
i n c r e a s e  was cons iderab ly  g r e a t e r  on A l f i s o l  (98%) than on V e r t i s o l  ( 1 9 % ) .  
Under i r r i g a t e d  c o n d i t i o n s  t h e  mean y i e l d s  were s i m i l a r  on bo th  s o i l s ,  2100 
kg/ha on Vert i s o l ,  and 2000 kg/ha on Alf i s01  . Under u n i r r i g a t e d  c o n d i t i o n s  t h e  
y i e l d  on A l f i s o l  was on ly  1000 kg /ha ,  compared wi th  1800 kg/ha on V e r t i s o l .  The 
s i m i l a r i t y  of t h e  y i e l d s  a f t e r  i r r i g a t i o n  i n d i c a t e s  t h a t  t h e  l a r g e  d i f f e r e n c e s  
between t h e  two s o i l s  i n  y i e l d s  under u n i r r i g a t e d  c o n d i t i o n s  can by and l a r g e  be 
a t t r i b u t e d  t o  d i f f e r e n c e s  i n  mois ture  a v a i l a b i l i t y .  Large d i f f e r e n c e s  i n  y i e l d  
on A l f i s o l  due t o  i r r i g a t i o n  v e r e  not  unexpected a s  t h e  a v a i l a b l e  w t e r  ho ld ing  
c a p a c i t y  of t h e s e  s o i l s  a t  ICBISAT Center  i s  on ly  about  100 rum. By c o n t r a s t ,  
t h e  a v a i l a b l e  water  holding c a p a c i t y  of V e r t i a o l  i s  around 200-250 mm. 

The y i e l d s  of c v s .  BDN-1 and C-11 wi thout  i r r i g a t i o n  were s i m i l a r  t o  each 
o t h e r ,  but with i r r i g a t i o n  C-11 ou ty ie lded  BDN-1 on V e r t i s o l ,  and BDN-1 
ou ty ie lded  C-11 on A l f i s o l .  I n  l a s t  y e a r ' s  i r r i g a t e d  t r i a l ,  cv .  BDN-1 a l s o  
y ie lded  b e t t e r  than C-11 on A l f i s o l ,  a l though  t h e i r  y i e l d s  were s i m i l a r  on 
Vert i s 0 1  . 

The y i e l d  of cv .  ICP-1-6 was poorer  than t h a t  of t h e  o t h e r  c u l t i v a r s  i n  
a l l  c a s e s .  

The method of h a r v e s t i n g  t h e  f i r s t  f l u s h  had some i n f l u e n c e  on t h e  y i e l d  
recovered on A l f i s o l .  Ratooning gave an average of 250 kg/ha more seed t h a n  
pod-picking ( 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  t h e  1% l e v e l  of p r o b a b i l i t y ) .  Th is  
e f f e c t  was not observed i n  cv .  ICP-1-6, but was pronounced i n  bo th  cv BDN-1 and 
C-11. The probable reason f o r  t h i s  i s  t h a t  i n  t h e  pod-picking some pods were 
l e f t  on t h e  p l a n t s .  On V e r t i s o l ,  by c o n t r a s t ,  d i f f e r e n c e  between h a r v e s t  
methods was not s i g n i f i c a n t  . 



3'1 T e r t l s o l ,  i r r i g a t i o n  r e s u l t e d  in an i n c r e a s e  o f  o n l y  10X in t o t a l  d r y  
m a t t e r  a t  t h e  t i m e  o f  f i l s t  h a r v e s t ,  but un Alf i sc l l  t h e r e  was an  i n c r e a s e  o f  45% 
( T a b l e  2 1 ) .  On V e r t i s o l  t h e  mean h a r v e s t  index showed a  s m e l l ,  bu t  
s t a t i s t i c a l l y  n o n - s i g n i f i c a n t ,  i n c r e a s e  from 0 . 2 0  t o  0 . 2 2  aa  a  r c s u l t  o f  
i r r i g a t i o n ;  bu t  i n  A l f i s o l  t h e r e  was a n  i n c r e a s e  from 0 . 1 2  t o  0 .19  i n  h a r v e s t  
i n d e x  ( 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  t h e  5:; l e v e l ) .  

T h e r e  were  no  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t s  of i r r i g a t i o n  on 100-seed 
w e i g h t  on s e e d  number p e r  pod.  

The r e s u l t s  o f  t h i s  expe r imen t  i n d i c a t e  t h a t  m o i s t ~ ~ l e  I 1 i t  d u r i n g  
t h e  r e p r o d u c t i v e  phase  my be a  major  l i m i t i n g  f a c t o r  f o r  t h e  y i e l d  o f  medium 
d u r a t i o n  p i g e o n p ~ a s ,  p a r t i c u l a r l y  in A l f i s o l s .  S i n c e  i t  i s  g e n e r a l l y  n o t  
p o s s i b l e  t o  a l l e v i a t e  t h i s  s t r e s s  by i r r i g a t i o n ,  a l t e r n a t i v e  a p p r o a c h e s  c o u l d  
i n c l u d e  t h e  s e l e c t i o n  o f  c u l t i v a r s  which can e s c a p e  t h e  s t r e s s  by v i r t u e  o f  
t h e i r  e a r l i n e s s ,  o r  which a r e  morr t o l e r a n t  t o  water b t r e s s .  

E f f e c t  on second  h a r v e s t  - - --- 

The h a r v e s t i n g  clf t h e  f i r s t  f l u s h  tlf pods wafi d e l a y e d  by a  montk and 
t h e r e f o r e  some of thr .  second f lust1 might  have b e ~ n  h a r v e ~ t e d  a l o n g  w l t h  t h e  
f i r s t  f l u s h ,  r e d u c i n g  t h e  y i e l d s  i n  t h c  s rcond l i e r v c s t .  

Even w i t h  i r r i g a t i o n ,  t h t  seconti 18arves!  y i e l d s  on h o t i ~  s o i  1s  were  
r e l a t i v e l y  low ( 4 4 0  k g / h a , ) .  I n  p r e v i o u s  y e a r s  second h a r v e s t  y i e l d s  o f  o v e r  1 
t o n l h a  have  been o b t a i n e d  w i t h  i r r i g a t i o n  on A l f i s o l  (PPK 1979-80, '1'at)lth 1 7 )  and 
of o v e r  700 k g / h a  on V e r t i s o l  ( P P R  1981-82, T a b l e  2 0 ) .  

On b o t h  s o i l s ,  i r r i g a t i o n  l ed  t o  a  s i g n i f i c a n t  i n c r c e s c  in second t ,slr \ t .st  
y i e l d s  ( T a b l e  2 2 ) .  T h i s  e f f e c t  was g r e a t e r  on A l f i s o l  ( + 1 7 6 2 :  t han  on V e r t i s o l  
( + 4 8 % ) ,  a s  would be  e x p e c t e d  in vicw ( I I  t h e  lower watc2r h o l d i n g  c a p a c i t y  c t f  tlrc. 
Alf  i s o l .  

Without  i r r i g a t i o n ,  second h a r v e s t  y i e l d s  were h i ~ h e r  on Vert i s o l  1 2 9 5  
kg /ha !  t h a n  A l f i s o l  (185  kg,'ha). T h i s  i s  t l ~ e  o p p o s i t e  of t h e  p ; l t ! t , ~ n  u s u a l l y  
o b s e r v e d ;  s econd  h a r v e s t  y i e l d s  a r c  u s u a l l y  l e s s  on Vt ' r t i sc i i  than A 1  f i s01  i P P R  
1980-81,  C h a p t e r  V l T ) .  We have a t t e ; , : p t ed  t o  a r i o u n t  Cur 1 1 1 ~ : .  ~ ! ! f f ~ r , t , n c t .  i n  
t e r m s  o f  t h e  damaging e f f e c t  o f  s o i l  c r a c k i n g  ir; Vert i s o :  in I p o s t - r a i n y  
s e a s o n  (PPR 1981-82, C h a p t e r  XI. T h i s  year  '6 r r s u l t s  a p p a r e n t  1  y  conf  1 i c t  w i t h  
t h i s  i n t e r p r e t a t  i o n .  l iowrver ,  t h e  main d i f f e r e n c e  t ~ r t w c e n  t i::t y e a r ' s  r e e u l t  s 
and p r e v i o u s  y e a r s  j h  t1,ht ~ h p  :,(,cond h a r v e s t  y i e l d s  on Alf i s 0 1  wcl t- u n u s u a l l y  
low.  The y i e l d s  on V e r t i b o l  wrre  a c t u a l l y  a t  a  s i m i l a r  l e v e l  t o  t h a t  o b s e r v e d  
i n  p r e v i o u s  y e a r s .  Ttrr abncrrnal ly  lok  second h a r v e s t  y i e l d s  on AIf i s c ;  a r e  
p r o b a b l y  e x p l i c a b l e  ma in ly  in  t e rms  ( f  t h e  d e l a y e d  f i r s t  h a r v e s t .  

Ln t h e  a b s e n c e  o f  i r r i g a t i o n ,  ra t  ooning led t o  1 o ~ r . r  \ r t%or8i .  \ . a r v c , s t  y i e l d s  
t h a n  p ~ d - ~ i c k i ~ g  on bo th  s o i l s  ( T a b l e  721. H o w f ~ v ~ r ,  a t  : ? a c t  on A:f i s 0 1  , p a r t  
o f  t h e  h i g t l e r  y i e l d  in t h e  pod-pick in^ t r e a t m e n t  u,a? be due  t c  ,I ( a r r : . - v v e r  o f  

pods  wtiich were  kep t  or1 t t le p l a n t s  a t  t h e  tirnt. of f l r h t  h a r v e s t ,  a s  i n o i ~ ; l l t * l  1,y 
t h e  l ower  f i r s t  ) i a rv t . s t  y i e l d s  o b t a i n e d  Lly t 1 . i . ~  rnptiltd ' s e e  a b o v e ) .  However,  
wi t} ,  i r r i g a t i O r ,  1 1 , ~  r a tooned  ; : a n t s  y i r l d p d  a s  we!: i f  no t  b e t t e r  t \ lan  t h o s e  

h a r v e s t e d  by pod picking on V e r t i s o l  ( T a b l e  2 2 ) .  A l f i s o ;  t h e r e  was a  c l e a r  
a d v a n t a g e  o f  pod p i c k i n g  over  r a t o o n i n g  o n l y  In t h e  ens? ' 1 ' 1 - 0 .  Tn 
c u l t i v a r  C-11,  t l r c  2 h 5  k g / h a  y l c l d  ( ~ d v a n t a n e  of  t h e  n t r  ---atoonr>d p 1 a n t s  may be  

d u e  t o  a c a r r y - o v e r  " f  p o d s ,  s i n c e  in t h i s  c u i t i v a r  u v r r  40C k g i h a  i ( ~ s . 5  y i e l d  



Table 20. Effect of irrigation during the reproductive phase on the first 
hdrvest yield (kglha! of 3 medium duration cultivars grown on 
Vertisol and Alfisol at ICRISAT Center. 

Vertisol Alf is01 
Cultivar Non-irrigated Irrigated Mean Nnn-irrigated Irrigated Mean 

Mean 1781 2115 101 G 201 1 

SE (Significance by F test indicated by asterisks) 

Irrigation 41" 

Cul tivar 56** 

lrriqation x 76 

Cultivar 



Table 21 .  Effect of irrigatio~ during the reproductive phase on the total 
dry matter (kglha) of 3 medium duration cultivars grown on 
Vertisol and Alf is01 at ICRISAT Center. 

Vertisol Alf is01 
Cultivar Non-irrigated Irrigated Mean Non-irrigated Irrigated Mean 

Mean 9000 9930 6680 9660 

SE (Significance by F test indicated by astericks) 

Irrigation 3 34 

C~tltivars 402 

Irrigatjon x Cultivars 572 



was ob ta ined  by pod-picking than r a t o o n i n g ,  i n d i c a t i n g  t h a t  many pods were l e f t  
on t h e  p l a n t s  (not  so  much by o v e r s i g h t  a s  because they  were immeture, being 
p a r t  of t h e  second f l u s h ) .  

These r e s u l t s  suggest  t h a t  wherrab l ; i i c r c l l i t  L r a y  lead t o  y i e l d  reduct  ions  
i n  n o n - i r r i g a t e d  p l a n t s ,  w i t h  i r r i g a t i o n  i t  may not  have such adverse  e f f e c t s .  
The conc lus ion  i s  i n  c o n f l i c t  w i t h  t h e  r e s u l t s  ob ta ined  l a s t  year  (PPR 1981-82, 
Table 2 ) .  More l i g h t  should be shed on t h i s  quest  ion by experiments  being 
c a r r i e d  out  i n  1983-84 w i t h  e x t r a - e a r l y  c u l t  i v a r s .  

I n  a l l  c u l t i v a r s ,  both seed number per pod and 100-seed weight were l e s s  i n  
t h e  second h a r v e s t  than t h e  f i r s t .  Th is  e f f e c t  was p a r t i c u l a r l y  pronounced i n  
cv ICP-1-6 where b o t h  t h e s e  components of y i e l d  werp reduced t o  a g r e a t e r  e x t e n t  
than i n  t h e  o t h e r  c u l t i v a r s  on both s o i l  types  (Table 23) .  Lower seed numbers 
per  pod and 100-seed weights  i n  t h e  second h a r v e s t  have been observed r e p e a t e d l y  
in p rev ious  years  ( s e e  PPR 1981-82, Table 21) .  



Table 22 .  E f f e c t  o f  i r r i g a t i o n  and method o f  h a r v e s t i n g  the f i r s t  f l u s h  
on second h a r v e s t  y i e l d s  (kg/ha) o f  3 medium d u r a t i o n  cu l  t i v a r s  
grown on V e r t i s o l  and A l f i s o l  a t  ICRISAT Center. 

Non-i r r i g a t e d  l r r i g a t e d  
Cul t i v a r  Pod-p i ck i ng Ratoon i ng Mean Pod-pi ck ing Ratoon i ng Mean 

VERTISOL 

BDN- 1 60 7 21 1 409 306 59 7 45 1 

C-11 3 75 324 542 600 5 7 1  

I CP-1-6 192 2 7 3  114 153 30 2 2 7 3 287  

Mean 39 1 199 295 383 490 437  

ALFl SOL 

BDN- 1 204 110 157 382 4 36 409 

C-11 444 112 278 658  413 5 35 

I C P -  1-6 2 I 0  32 I 2  I 617 119 36 8 

Mean 2 86 85 185 5 5 2  32 2 437 

SE ( s i g n i f i c a n c e  i n  F t e s t  i n d i c a t e d  by  a s t e r i s k s )  

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

l r r i  g a t i o n  
2 3 s 25:';' 

I r r i g a t i o n  x C u l t i v a r  5 7 50 

I r r i g a t i o n  x Harvest  method 
36 30 

I r r i g a t i o n  x C u l t i v a r  x Harvest  m t h o d  
74"" 5 8 $: ": 



Tab le23  Mean 100-seed weight and seed number per pod i n  f i r s t  and second 
harvests from 3 medium du ra t i on  c u l t i v a r s  grown on V e r t i s o l  and 
A l f i s o l  a t  ICRISAT Center. 

100 seed weight  (g )  

V e r t i s o l  A1 f i s o l  
Cu l t  i var Fi rs  t harves t  Second ha rves t  F i  rs t harves t  Second harves t  

BDN- 1 9.6 8.6 

C - 1 1  10.5 8.8 

I CP- 1-6 10.7 8.6 

Seed number oer ~ o d  

BDN- 1 

C - 1 1  

I CP- 1-6 



IV, Response t o  s p a c i g g  I?f 10 medium d u r a t i o n  genotypes  -- the 
normal r a i n y  s e a s o n  

I n  e a r l i e r  s t u d i e s  we have found t h a t  medium d u r a t i o n  p igeonpeas  shoved a  
r emarkab le  p l a s t i c i t y  ove r  a  wide range o f  p l a n t i n g  d e n s i t i e s  on bo th  A l f i s o l  
and V e r t i s o l  (PPR Chap te r  V: PPR 1980-81 Chapters  I 1  and 1 1 1 ) .  Th i s  y e a r  we 
s t u d i e d  t h e  e f f e c t  of p l a n t  d e n s i t y  on 10 genotypes  of e r e c t ,  eemi-erec t  and 
s p r e a d i n g  h a b i t s  i n  o r d e r  t o  a s s e s s  whether they d i f f r . 1  i r i  t l , e i r  r e sponse .  The 
expe r imen t  was c a r r i e d  o u t  on bo th  V e r t i s o l  and A l f i s o l .  

M a t e r i a l s  a d  methods 

Expe r imen t s  were conducted on A l f i s o l  f i e l d  RP-4C and V e r t i s o l  f i e l d  BP-5. 
P l a n t i n g  was done on 75 cm r i d g e s  and furrows on 8-7-1982 on A l f i s o l  and 
9-7-1982 on V e r t i s o l .  The genotypes  were:  HY-8, HY-4 ( e r e c t  t y p e s ) ;  ICPL-273, 
BDN-1 ( semi -e rec t  t y p e s )  C-11, ICPH-2, ICPL-270, PDM-1, LRG-30, and ICP--1-6 
( s p r e a d i n g  t y p e s ) .  These were grown a t  t h r e e  p l a n t  d e n s i t  i e s :  44 ,000 ,  132,000 
and 444,000 p l a n t s t h a .  The spac ing  arrangement a t  t h e  lowest d e n s i t y  was 7 5  x 
30 cm w i t h  one row on t h e  t o p  of each r i d g e .  The o t h e r  two d e n s i t i e s  were 
a r r a n g e d  a t  37.5 x  20 cm and 37.5  x 6 cm spac ing  wi th  a  row on t h e  s i d e  of each 
r i d g e ,  The expe r imen t s  were l a i d  out in a  s p l i t  p l o t  d e s i g n  wi th  c u l t i v a r s  i n  
main p l o t s  and s p a c i n g s  i n  sub p l o t s  ( 4  x  3  m). There were t h r e e  r e p l i c a t i o n s .  

Days t o  50% f lower ing  and m a t u r i t y  a r e  g iven  i n  Table  24. Harves t ing  vas  
c a r r i e d  out  from 14 t o  17-12-82 except  f o r  c v ,  ICP-1-6 on A l f i s o l  on 31-12-82, 
and f o r  c v s .  C-11 and ICP-1-6 on V e r t i s o l  on 31-1-83. The c e n t r e  2  r i d g e s  of 
each  4  r i d g e s  sub-plot  were h a r v e s t e d ,  and t h e  bo rde r  rows d i s c a r d e d .  P l a n t  
p o p u l a t i o n s  recorded a t  11ol~)r j t y  a r e  g iven in  Table  25. 

There  was a  h igh  v i l t  i nc idence  in  some p l o t s  in both  f i e l d s  and n o  
r e a l i s t i c  y i e l d  e s t i m a t e  was p o s s i b l e  i n  t hose  p l o t s .  Thc y i e l d  in t h e s e  
s u b - p l o t s  was e s t i m a t e d  u s i n g  miss ing p l o t  t echn lque ;  t h e  sub-plot6  c o n c ~ r n e d  
a r e  l i s t e d  i n  Table  26. 

R e s u l t s  and Di scuss ion  

Mean y i e l d s  on V e r t i s o l  _and A l f i s o l  - 
Y i e l d  l e v e l s  were considerab:y  h i g h e r  on Ver t ivo l  (mean y i e l d  1790 k g / h a )  

t h a n  on A l f i s o l  (1010 k g / h a ) .  Th l s  d i f f e r e n c e  vas  probably  dur  t o  t h r  f a c t  t h a t  
on A l f i s o l  t h e  p l a n t s  exper ienced more severe  water f i t r ehh .  In  our exper iment6  

on t h e  e f f e c t s  of  i r r i g a t i o n ,  which on both s o i l s  were c a r r i e d  out  i n  a d j a c e n t  
f i e l d s ,  t h e  mean y i e l d s  wi thout  i r r i g a t i o n  werQ 1780 kg/ha on V e r t i s o l  and 1020 
kg/ha  on A l f i s o l ,  which a r e  very s ~ m i l a r  t o  t he  y i e l d s  in t h e  p r e s e n t  
e x p e r i m e n t ,  However, w i th  i r r i g a t  ivn t h e  y i e l d s  were 2120 and 2010 kg /ha  
r e s p e c t i v e l y  (Table  2 0 ) ,  i n d i c a t i n g  that t h e  p l an t  n on Alf i s 0 1  wi thout  
i r r i g a t i o n  were much more s e v e r e l y  a f f r c t e d  by water  s t r e s h  than on ~ e r t i s o l .  
The same c o n c l u s i o n  i s  i n d i c a t e d  by tl!? e a r l i e r  m a t u r i t y  of  ~ : a u l . i  or) Alf i s01  
than  V e r t i s o l  (Tab le  24) .  

On V e r t i s o l ,  t h e  h i g h e s t  mean y i e ld  (1930 k g / h a )  was ob ta ined  a t  t h e  lowest  
P o p u l a t i o n  d e n s i t y  of 44,000 p l a n t s / h a  (Tab le  2 7 ) .  At 132,000 ~ l a n t s l h a  t h e  
y i e l d  was 7 %  lower  (1802 k g / h a ) ,  and a t  444,000 p l a n t s l h a  1 6 2  lower (1630 
k g / h a ) .  These r e s u l t s  d i f f e r  somewhat from our  p rev ious  f i n d i n g  on V e r t i s o l  
t h a t  i nc reah i l i i  : 1 t p o p u l a t i o n  from 44,000 p l a n t s / h a  t o  333,000 p l a n t  s / h a  led  t o  



Tab le  2 4 ,  Dates o f  f l o w e r i n g  and m a t u r i  t y  o f  10 medium d u r a t i o n  
c u l t i v a r s  grown on V e r t i s o l  and A l f i s o l  a t  I C R I S A T  
Center .  (Days a f t e r  sowing a r e  g i v e n  i n  p a r e n t h e s e s ) .  
Sowing d a t e :  9 .7 .82 on V e r t i s o l ;  8 .7 .82  o n  A l f i s o l .  

50% f l o w e r i n g  
C u l t  i v a r  V e r t  i s o l  A l f i s o l  V e r t i s o l  Mat"r% 

H Y - 4  

H Y - 8  

I CPL-273 

BDN- I 

c - 1 1  

I CPH-2 

I CPL-270 

PDM- 1 

LRG-30 

I CP-1-6 

2 Date o f  m a t u r i t y  n o t  reco rded  owing t o  premature  d r y i n g  o f  the 
p l a n t s  due t o  t h e  w i l t  d i s e a s e .  



Tab le  2 5 .  P l a n t  s t a n d  a t  m a t u r i t y  on A l f i s o l  ( A )  and V e r t i s o l  (v) i n  
d i f f e r e n t  s p a c i n g  t r e a t m e n t s .  

Soi 1 P l a n t  p o p u l a t i o n  m 2 

Genotype 4.4j 13.2' 44.4" 

BDN- I 

I CPH- 2 

PDM- 

LRG- 30 

SE f o r  V e r t i s o l  1 . 1  S E  $ , , r  hl  f .,ol 1 . I 

a  
Theoret ica l  p o p u l a t i o r ~ .  



4 4 

Tab le  2 6 .  S u b p l o t s  e s t i m a t e d  by m i s s i n g  p l o t  a n a l y s i s  

A l  f i s o l  V e r t i  s o l  
C u l t i v a r  R e p l i c a -  P l a n t  po u- 8 C u l t i v a r  R e p l i c a -  P l a n t  po u- 

t i o n  l a t  ion/m t i o n  l a t  ion/m f 
( t h e o r e t i c a l )  ( t h e o r e t i c a l )  

PDM- I 2 13.2 LRG-30 1 44.4 



a  s l i g h t  i n c r e a s e  i n  y i e l d  (PpR 1979-80, F i g . 6 ) .  However, once  a g a i n  t h e y  
d e m o n s t r a t e  t h e  r e m a r k a b l e  p l a s t i c i t y  of  p igeonpeas  o v e r  a  wide r ange  o f  
p o p u l a t i o n  d e n s i t i e s ,  

On A ' i f i s o l ,  a s  on  Vert i s c ~ l ,  t h c  11igllcst  mean y i e l d  ( 1 2 7 0  k g / h a )  was 
o b t a i n e d  a t  t h e  l owes t  p l a n t  p o p u l a t i o n .  "it 132,OOQ p l a n t s / h a  t i le y i e l d  was 162 
lower  (1060  k g / h a )  and a t  444 ,000  p l a n t s / h a  46?, l o v e r  (682  k g / h a ) ( ~ a b l e  2 8 ) .  
These  r e s u l t s  d i f f e r  from p r e v i o u s  r e s u l t s  on A l f i s o l ,  where t h e  optimum 

d e n s i t y  was around 150 ,000  p l a n t  s / h a  (PPR 1979-80, F i g  . 7 ) .  One 
r e a s o n  f o r  t h e  d i f f e r e n c e  between t i le two y e a r s  might  be  t h a t  i n  1979-80 t h e r e  
was a b o u t  8 0  mm r a i n f a l l  i n  November, d u r i n g  t h e  r e p r o d u c t i v e  phase  (PPR 
1979-80, F i g . 1 )  whereas  t h i s  y e a r  t he r t=  was o n l y  12 m r a i n f a l l  i n  November 
g l  Hence t h e  p l a n t s  m a y  have been s u b j r c t e d  t o  a more s t . ~ t ~ t  ~ , , t : ! t t , t  

s t r e s s  t h i s  y e a r ,  which would hav r  been more pronounced a t  h i g h  p o p u l a t  icrt 
d e n s i t i e s .  

I n  o u r  1979-80 c x p e r i m e r ~ t  , and a l s o  i n  t h e  p r e v i o u s  y e a r  (PPR 1978-79, 
T a b l e  28 )  i n c r e a s i n g  t h e  p l a n t  p u p u l a l i o n  above 44,000 p l a n t s t h a  l i d  t v  a  
p r o g r e s s i v e l y  g r e a t e r  p r o d u c t  i o n  o f  t o t a l  d r y  m a t t e r ,  and we s u g g e s t e d  t h a t  t h i s  
migh t  b e  o f  economic v a l u e  i n  p roduc ing  more f i r e w o o d .  T h i s  y e a r  a l s o ,  on botll 
s o i l s  more t o t a l  d r y  ruat tcr  was produceti ; i t  tilt. h i g h e s t  p o p u l a t i o n  d e n s i t y  t h a n  
a t  t h e  l owes t  ( T a b l e  29 f i g . & ) ,  but  t h e  i n c r e a s e  was sma l l  ( o n l y  6 2  in  b o t h  
c .ases ) .  S i n c e  t h e  y i e l d  d e c l i n e d  s i g n i f i c a n t l y  a t  t h i s  p o p u l a t i o n  d e n s i t y ,  
t h e r e  would havc  been an economic d i s a d v a n t a g e  w i t h  h i g h  p l a n t  p o p u l a t i o n s  this 
y e a r .  

Components of -- 

T h e r e  were 11~1 s i g n i f i c a n t  s p a ~  i n #  x cu I t  i v a r  i n t ~ r a t  t i onb  :or l i a r v e s t  
i n d e x .  On b o t h  s o i l s  t h i s  d e c l i n e d  ab t h e  p o p u l a t i o n  d e n s i t )  : 1 1 r  r+iiseci i T a b 1 l  
? 9 ) ,  a s  i s  a p p a r e n t  w i t h  o u r  p r e v i o u s  r e s u l t s  ( c . ~ .  PPR 197q-80, F I X  .H). 

C u l t  i v a r  x s p a c i n g  i n t e r a c t  ions  w e [ . ?  ;if, n o t  s i X n i f  ;can! ! '  , 00-seed 
w e i g h t  o r  s eed  number p*, pod. Thcr:  w u L  a  t rndenc  ): f o r  IO( ' l  5rtbtl wc>lght t t ~  
d e c l i n e  a s  t h e  p l a n t  pnpu ia l  , , i n  . nc reased  J T . I ~ l e  2 9 ) .  Pod nurnr,t8j pr.r  iallt , 
c o u r s e ,  d e c l i n e d  s t e e p i j  L :  i t t .  t i l ~ n r r  pc ;pu :n r~on  c lens l t  iefi  (Tab  l c  2C) I .  

C u l t i v a r a l  d i f f e r e n c p j  

One o f  t h e  purposl .s  I ~ . i ,nJr l t . l  i ~ . ,  " 1 ' 5  llr in; .!;J., t o  f i n d  J ; f  r r r t a i n  
c u 1 t i v a r s ,  e s p e c i a l  l y  - h e  mo, r t3rr~- i  L y p r s ,  would Klvt' morr y . r ; d  n t  1 : yb , e r  
p o p u l a t i o n  d e n h i t  i r b .  2' c , ~ ~ ,  :d r i n d  ' , t t  : c  evirltjncc, t o  sr j r lpor l  1 i i 1 .  On 
b o t h  s o i l s ,  thi. v ie ;d  t tit. c r c c t  cvs  HI'-4 and iiY-8 wvrr n o t  sign, i:! J ~ l !  :; 
n f  f e c t e d  b y  i r l g  denc.i t  y ( T , , l ,  i r s  f- .:nd l i ;  , and f i l c  s c 2 m i  - s p y  < , a d  ir,,: 
c u l t i v a r s  l c p 1 , - ? 7 3  and B D N - 1  , ave  : uve r  y i e l d s  a s  ~ h t '  p i a n t  lrl;, d e n i i t y  was 
i n c r e a s e d .  

The h i g h e s t  c u l t i v a r s  on V e r t i s o l  were C-11 and BDN-1 (Tablcb 2 7 ) .  
On A l f  i s o l  c v ,  HY-4 gave t h e  h i g h e s t  mean yie!C ( ~ a b l v  28;. However , .JL tile 
o p t i m m  p o p u l a t i o n  o f  44 ,000  p l a n t h , " r ; d ,  : t  was c~u t  y i e l d e d  b y  i o t h e r  c o l t  , V J ~ S ,  

t h e  b e s t  of w h i c h ,  cv  LRG-30, gavf 302 more.  The r e a s o n  why C V .  HY-4 %lad t h e  
h i g h e s t  mean y i e l d  b a s  t h a t  ; t s  y l e i d  was not t i e ~ r r s s e d  in  t h e  d ( , n s c , l  [ , : a n t  i n g s ,  
a s  i t  was in ( 1 .  c ; t t , e r  c u l t i v a r s  excep t  C V .  HY-8. The rcasor:  w 1 . l  t h t ' b r  two 
more e r e c t  c u l t  i v a r s  wert. a b l e  t i ,  perltmrni r c i a t i v e l y  a t  tilg1' p o p u l a t i o n  
d e n s i t i e s  i s ,  however ,  l r s s  l i k r i y  r t j  b(. t.ontl?cted v i t h  t h e i r  shapti  t han  w i t h  



O T O ~ ~ I  d r y  m a t t e r  

M S e e d  y i e l d  

A = 44 ,000  p l a n t s / h a  
B =  132 ,000  I '  

C = 440 ,000  I '  

8 0 0 0 1  
V e r t  is01 

F i g u r e  4 .  E f f e c t  o f  p l a n t i n g  
d e n s i t y  on y i e l d  
a r  . + a i  d r . j  mL8.te.  
( k o / h a )  cn V r . : - t  i s o l  

, .  7 1  c .  - - 
1 I ,-,J I . 



Tab le  2 7 .  E f f e c t  o f  p l a n t  [ ~ o p u l a t i o r i  on y i e l d  (Ag/ha)  o f  10 c u l t i v a r s  
grown on Vertisol a t  I l R l F A r  C e n t e r .  

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

Genotype Mean 

H Y - 4  

H Y - 8  

I CPL-273 

BDN- 1 

C-11 

I CPH-2 

I CPL-2 70 

PDM-1 

LRG-30 

I CP-I - 6  

Mean 1930 

5 E 

Cul t i v a r  11 4 .  ~ k :  

Spsc i ng 4 2 . 7  :: 

Cul t i v a r  x 151.3 
spac i ng 

Excep t  when 1 3 j . 3  
compar i n g  r~wans  
w i t h i n  a cultivar 



Table 26. E f f e c t  o f  p l a n t  popu la t i on  on y i e l d  (kg/ha) o f  10 c u l t i v a r s  
grown on A l f i s o l  a t  ICRISAT Center. 

Y i e l d  (kg/ha) 

Cul t i v a r  pQ44,o0o 444,000 Hean 

H Y - 4  

HY-8 

I CPL-273 

BDN- I 

C-11 

I CPH-2 

I CPL-270 

PDM- 1 

LRG- 30 

ICP-1-6 

Mean 

Cul t i v a r  121.4** 

Spac i ng 

Cul t i v a r  x Spacing 

Except when cornpar i ng rneans 166.8" 
w i t h i n  a c u l t i v a r  



T a b l e  29.  E f f e c t s  o f  p l a n t  p 0 p u l ~ 2 t i o n  on  mean h a r v e s t  d a t a  fo r  10 medium 
d u r a t i o n  c u l t i v a r s  g rown  i q  t h e  normal season a t  I C R I S A T  C c n t e r  
o n  V c r t  i sol  and A 1  f i i i n l .  

Vcr t i 5 0 1  -- - A l  f i sol 
P I ;in t c7 /I?\> P l a n t s / m 2  

T o t a l  d r y  m a t t e r  ( k g / h a j  1 3 3 6  7283 1/79 1 4 1 '  4959 5506 5278 220 
&. ,. ,. , 

H a r v e s t  i n d e x  0.25 0.24 0 . 2 1  0.01 3 . 2 3  0 .19 0.13 0.007** 

100-seed w e i g h t  ( g )  y . 1 :  8 . 9 8  e.58 0 . 1 7  6 . 2 9  8.45 7 . 9 :  0 . 2 5  

Seeds/pod 2 . 6 2  2 . 7 5  2 . 9 6  0.07 1 2 .  2 . 4 1  0 . 0 1  
8 3 .  

P o d s / p l a n t  181  67 19 4.5" 145 44 j7 2 . 1  



Table 30. Ef fec t s  o f  p l an t  popu la t ion  on pr imary and secondery branch 
number ( a t  the t ime o f  harvest )  i n  10 medium du ra t i on  c u l t l -  
vars grown on V e r t i s o l  and A l f i s o l  a t  ICRISAT Center. 

Primary branches Secondary branches 
Cul t  i va r  per p l a n t  

4 . 4  13.2 44.4 Plants/m 4 

VERTl SOL 

H Y - 4  
HY-8 
I CPL-273 
BON- 1 
C - 1  l 
I  CPH-2 
I CPL-270 
PDM- 1  
LRG-30 
ICP-1-6 

Mean 

ALF l SOL 

H Y - 4  
hY-8 
I CPL-273 
BDN- 1  
C-11 
I  CPH-2 
I  CPL-270 
PDM- 1 
LRG-30 
I CP-1-6 

Mean 

Spacing 

Cul t  i va r  

Vert  is01 
A l f i s o l  

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

Pr iraary branches Secondary branches 



t h e  f a c t  t h a t  they  were bo th  cons iderab ly  e a r l i e r  than a l l  t h e  o t h e r  c u l t i v a r s .  
On Alf i s o l ,  c v .  m-4, f o r  example, f  lowered 15 days sooner than  cv .  BDN-1, and 
matured 23 days e a r l i e r  (Table 24) .  T h i a  means t h a t  they probably escaped t h e  
more s e v e r e  e f f e c t s  of moisture s t r e s s .  

I n  some c u l t i v a r s  t h e  y i e l d s  on A l f i s o l  v e r e  e x c e p t i o n a l l y  poor - Cv. 
PDM-1 f o r  example, gave a  mean y i e l d  of 1 7 7 0  kglha on Vert i s o l ,  and o n l y  660 
& / h a  on A l f i s o l .  However, t h i s  does mainly r e f l e c t  a t h e  much h igher  i n c i d e n c e  
of t h e  w i l t  d i s e a s e  i n  t h i s  c u l t i v a r  on A l f i s o l ,  when in m e t  p l o t s  about h a l f  
t h e  p l a n t s  d i e d ;  in V e r t i s o l ,  by c o n t r a s t ,  t h e r e  was l i t t l e  m o r t a l i t y .  

In  r e l a t i o n  t o  t o t a l  d ry  m a t t e r ,  t h e r e  were no s i g n i f i c a n t  i n t e r a c t i o n s  
between c u l t  i v a r s  and popula t ion  d e n s i t y  on e i t h e r  type of s o i l .  

However, i n  t h e  e f f e c t  of  populat ion d e n s i t y  on branching t h e r e  v e r e  
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  r e a c t i o n s  of t h e  d i f f e r e n t  c u l t i v a r s  (Table 30) .  
On b o t h  e o i l s ,  i n c r e a s i n g  t h e  populat ion d e n s i t y  had a r e l a t i v e l y  small  e f f e c t  
on euppress ing  primary branching ,  presumably because most pr  imery branches 
deve lop  a t  an e a r l y  s t a g e ,  before  p lan t - to -p lan t  competi t ion has had m c h  
e f f e c t ,  However, secondary hl-ant l L ; r  g was markedly suppressed a6 t h e  p l a n t  
p o p u l a t i o n  increased  on both s o i l s  (Table 3 0 ) .  This  happened more in  some 
c u l t i v a r s  than o t h e r s  . cv.  PDM-1, f o r  example, showed a  more marked d e c l i n e  
a t  132,000 p l a n t s / h a  on both s o i l s  than c v .  C - 1 1 .  

There were c l e a r  d i f f e r e n c e s  among c u l t  i v a r s  in t h e  numbers of  p r i a u r y  and 

secondary  b r a n c h e s ,  w i t h  tho  l e a s t  i n  c v s .  HY-4 and HY-8, an  i n t e r m e d i a t e  
number i n  t h e  semi-spreading c v s .  ICPL-273 and BDN-1, and most in c v s .  C-11, 
ICPH-2, PDM-1 and ICP-1-6 (Table 3 0 ) .  



V .  E f f e c t  _of plent d e n s i t y  i r r i g a t i o n  on p o s t r a i n y  B a s o n  p i n e o n w a  

A p o s i t i v e  response t o  two o r  t h r e e  i r r i g a t i o n s  (PPR 1978-79, Table 5 5 ;  
PPR 1979-80, Table 27; PPR 1980-81, Table  24)  and i n c r e a s i n g  p l a n t  d e n s i t y  (PPR 
1977-78, Table 66 ;  PPR 1980-81, Table  28) i n  pos t  r a i n y  season  pigeonpea has 
been r e p o r t e d  e a r l i e r .  The response  t o  both t h e s e  f a c t o r s ,  however, was s t u d i e d  
i n  s e p a r a t e  exper iments .  I t  was n o t  c l e a r  from t h e s e  s t u d i e s  whether  t h e r e  
would be an i n t e r a c t i o n  between t h e s e  two f a c t o r s .  To s t u d y  t h i s  a s p e c t  a n  
experiment vas conducted t h i s  year  w i t h  two c u l t i v a r s ,  C-11 and AS-71-37, which 
have g iven  c o n s i s t e n t l y  good y i e l d s  i n  t h e  p o s t  r a i n y  season  a t  Pa tancheru  (PPR 
1980-81, Sect  ion  X). 

The experiment  was conducted i n  V e r t i s o l  f i e l d  BP-3A which van kept  f a l l o v  
dur ing  r a i n y  season .  Sowing was done on f l a t  seed beds on 31-10-83. The d e s i g n  
of t h e  t r i a l  was a  s p l i t  p l o t  w i t h  3  r e p l i c a t i o n s .  I r r i g a t i o n  m d  no i r r i g a t i o n  
t r e a t m e n t s  comprised main p l o t  and c u l t i v a r e  (C-11 a d  AS-71-37) i n  4  p l a n t  
d e n s i t y  t rea tment8  were randomised i n  a  f a c t o r i a l  d e s i g n  i n  s u b p l o t s .  The 
d e n s i t i e s  vere  100, 6 7 ,  42,  and 25 p l a n t s  p e r  13q.mvbich were ob ta ined  by 
p l a n t i n g  a t  20 x 5 ,  25 x  6 ,  30 x 8 ,  and 40 x 10 c a  epacing arrangements  
r e s p e c t i v e l y .  The s i z e  of  each s u b p l o t  v a s  6  x 4  m .  I r r i g a t i o n  was n o t  
n e c e s s a r y  t o  germina te  t h e  seeds  a s  t h e r e  was r a i n  j u s t  a f t e r  sowing. Three 
i r r i g a t i o n s  were g i v e n  on 26-11-82, 27-12-82, and 9-2-83 which co inc ided  w i t h  
e a r l y  v e g e t a t i v e ,  l a t e  v e g e t a t i v e  and r e p r o d u c t i v e  phase of t h e  c r o p  
r e s p e c t i v e l y .  I r r i g a t i o n s  were g iven  us ing  p e r f o  system. 

Dates of 50% f l o v e r i n g  and m a t u r i t y  and h a r v e s t  a r e  g i v e n  i n  Table 31. 
P lan t  s t a n d s  counted a t  h a r v e s t  a r e  g i v e n  i n  Table  3 2 ,  T h e s e v e r e n o t  
s i g n i f i c a n t l y  af  f e c t e d  by i r r i g a t i o n ,  nor were t h e r e  s i g n i f i c a n t  d i f  f e r e n c e s  
between c u l t i v a r s .  The a c t u a l  p o p u l a t i o n s  were about 30% below t h e  t h e o r e t i c a l  
a t  t h e  h i g h e s t  d e n s i t y ,  about 20% below a t  67 p lan t / sqm,  about  15% below a t  42 
p lan ts / sqm,  and o n l y  8% below a t  t h e  lowest d e n s i t y .  

A t  h a r v e s t  a  10.8 t o  11.4 6q.m a r e a  vas harves ted  f o r  de te rmin ing  y i e l d  and 
t o t a l  d ryu ta t te r .  Yie ld  components, seed number per  pod and 100 seed weight were 
recorded from a  20 p l a n t  subsample from each s u b p l o t .  Pod number p e r  p l a n t  was 
c a l c u l a t e d  from whole p l o t  y i e l d s  on t h e  b a s i s  of seed number p e r  pod and 100 
seed weights  determined i n  t h e  subsamples. 



T a b l e  3 1 .  Dates o f  f l o w e r i n g ,  m a t u r i t y  and h a r v e s t  o f  two p igeonpea c u l  t i v a r s  
sown on 31-10-82, a t  ICRISAT Center  and grown e i t h e r  w i t h o u t  i r r i -  
g a t i o n  o r  w i t h  i r r i g a t i o n  on 26-11-82, 27-12-82, and 9-2-83.  
(Days a f t e r  sowing a r e  g i v e n  i n  p a r e n t h e s e s ) .  

Cul  t i v a r  I r r i g a t i o n  50% f l w e r i n q  M a t u r i t y  Harves t  

7 %  

T a b l e  3.2. E f f e c t  o f  i r r i g a t i o n  and p l a n t i n g  d e n s i t y  on p l a n t  p o p u l a t i o n  a t  
t h e  t i m e  o f  h a r v e s t  o f  two c u l  t i v a r s  grown i n  t h e  p o s t - r a i n y  
season a t  ICRISAT Center .  

P I  a n t  number/mL 
l r r i g a t e d  Non-i r r i g a t e d  

T h e o r e t  i ca l 2 C-11 AS-71-37 Mean C-11 AS-71-37 Mean 
popu l a t  i on/m 

Mean 46 4 6 4 8 4 4 

I r r i g a t i o n  1 . 5  

I r r i g a t i o n  x C u I t i v a r  I . 8  

l  r r i g a t i o n  x Spacing 2 . 2  

I r r i g a t i o n  x C u l t i v a r  x Spacing 2.9 



R e s u l t s  and Discuss ion  - -- ------ 

Flowering occurred a t  7 5  days a f t e r  sowing i n  c v .  C-11 and 71 days i n  
c u l t i v a r  AS-71-37 in bo th  i r r i g a t e d  and u n i r r i g a t e d  t r e a t w n t  (Table  3 1 ) .  
However, m a t u r i t y  occurred e a r l i e r  i n  u n i r r i g a t e d  t r e a t m e n t s  i n  bo th  c u l t i v a r s  
a p p a r e n t l y  due t o  mois ture  s t r e s s .  A s i m i l a r  e f f e c t  has  been observed b e f o r e  
(PPR 1981-82, Table 2 2 ) .  

The l e n g t h  of  t h e  r e p r o d u c t i v e  period in two c u l t i v a r s  was more o r  l e s s  
s i m i l a r .  

Growth g& Yie ld  

I r r i g a t i o n  increased  t h e  mean y i e l d  by 90Z, from 800 t o  1520 kg/ha (Table 
331, and t o t a l  d r y  m a t t e r  by 70X, from 1920 kg/ha t o  3260 k g l h a  (Table  34) .  
This  l a r g e  response  t o  i r r i g a t i o n  conf inns  our  p r e v i o u s  f i n d  inge w i t h  poe t - ra iny  
season pigeonpeas (PPR 1978-79, Table 55; PPR 1979-80, Table 27; PPR 1980-81, 
Table 24) and i n d i c a t e s  t h a t  t h e  y i e l d s  of pigeonpeas grown without  i r r i g a t i o n  
i n  t h i s  season a r e  s e v e r e l y  l i m i t e d  by mois ture  s t r e s s .  

Both w i t h  and without  i r r i g a t i o n ,  c v .  C-11 o u t y i e l d e d  c v .  AS-71-37; i t s  
mean y i e l d  was 141 h i g h e r  (Table  33) Cv. C-11 a l s o  produced more t o t a l  d r y  
m a t t e r  (Table 3 4 ) .  This  c o n t r a s t s  with a  p rev ious  t r i a l  i n  v h i c h  c v .  AS-71-37 
grew and y ie lded  more than  c v .  C-11 (PPR 1980-81, Table  3 3 ) .  The d i f f e r e n c e  
bepween t h e  two c u l t i v a r s  cannot be  accounted f o r  i n  terms of p l a n t  s t a n d ,  s i n c e  
t h i s  was s i m i l a r  i n  bo th  c a s e s  (Table 3 4 ) .  

Against  our  e x p e c t a t i o n s ,  t h e r e  was no s i g n i f i c a n t  i n t e r r c  t ion  between 
i r r i g a t i o n  and p l a n t  p o p u l a t i o n  f o r  y i e l d  o r  t o t a l  d r y  m a t t e r  (Tables  33 and 
34) .  Both wi th  and without  i r r i g a t i o n  most y i e l d s  and d r y  m a t t e r  were produced 
a t  670,000 p l a n t s / h a .  However, t h e s e  were o n l y  s l i g h t 1 1  d i f f e r e n t  from t h e  
y i e l d  and d r y  m a t t e r  p roduc t ion  a t  1 ,000 ,000  and 420,000 p l a n t s / h a .  The lowest  
p o p u l a t i o n ,  250,000 p l a n t s / h a ,  gave s i g n i f i c a n t l y  l e s s  y i e l d  and t o t a l  d r y  
m a t t e r  (Tables  33 and 34) and was t h e r e f o r e  somevhat sub-opt imal .  

Prev ious  experiments  have shown t h a t  i n  t h e  pos t - ra iny  season t h e r e  is a  
broad popula t ion  opt inuri i n  t h e  range from 250,000 t o  500,000 p l a n t s l h a  (PPR 
1980-81, Chapter  1x1. This  y e a r ' s  r e s u l t s  show a  s l i g h t l y  h i g h e r  optimum, bu t  
confirm t h a t  t h e r e  i s  a  broad p l a t e a u ,  i n d i c a t i n g  t h a t  t h e  p l a n t s  have a 
s t r i k i n g  a b i l i t y  t o  a d j u s t  t o  a  wide range of  d e n e i t i e s .  Taking a l l  t h e  r e s u l t s  
t o g e t h e r ,  a  p o p u l a t i o n  of about 500,000 p l a n t s l h a ,  f o r  example w i t h  a  30 x 7 cm 
s p a c i n g ,  would seem t o  be about opt imal  under Ryderabad c o n d i t i o n s ,  v i t h  o r  
wi thout  i r r i g a t i o n  ( ~ i g . 5 ) .  

I r r i g a t i o n  r e s u l t e d  in  a  h igher  h a r v e s t  index (0.47 compared wi th  0.421, a8 
observed p r e v i o u s l y  (PPR 1977-80, Table  3 1 ,  PPR 1980-81, Table 25) .  I t  had no 
s i g n i f i c a n t  e f f e c t  on seed number per  pod but r e s u l t e d  in  a  somewhat h i g h e r  
100-seed weight (Table 35) .  As u s u a l ,  t h e  most important component of y i e l d  
t h a t  was a f f e c t e d  b y  t h e  t rea tment  was pod number per  p l a n t .  



T a b l e  3 3 .  E f f e c t  o f  l r r i g a t i o n  and P l a n t  P o p u l a t i o n  on y i e l d  ( k g / h a )  
o f  two  p igeonpea  c u l t i v a r s  grown i n  t h e  p o s t  r a i n y  season 
a t  ICRISAT C e n t e r .  

Y i e l d  ( k q / h a )  
l r r i g a t e d  Non- i  r r  i g a t e d  

P l a n t  Popu- C - 1 1  A S - 7 1 - 3 7  Mean C - 1 1  AS-71-37 Mean 
l a t i o n / h a  

1 ,000,000 

670,000 

420,000 

250,000 

Mean 

Mean 

1 , 000, 000 

670,000 

420,000 

250,000 

Mean 

1629 1441 

1698 1592 

1649 1470 

1433 1228 

1602 1433 

1 5 1 7  

C u l t i v a r  x Spacings 

1292 1074 

1319 1 1 7 1  

1209 I091 

1108 1006 

1232 1085 

S E - 
l r r i g a t i o n  

Cul t i v a r  

Spac i ng  

I r r i g a t i o n  x c u l t i v a r  

I r r i g a t i o n  x s p a c i n g  

Cul  t i v a r  x s p a c i n g  

I r r i g a t i o n  x c u l t i v a r  x s p a c i n g  



T a b l e  34. E f f e c t  of l r r i g a t i o n  and P l a n t  P o p u l a t i o n  on  t o t a l  d r y  m a t t e r  
(kg /ha)  i n  two p igeonpea  c u l t i v a r s  g rown i n  t h e  p o s t  r a i n y  
season a t  ICRlSAT Cente r .  

T o t a l  Dry  M a t t e r  (Kg/ha)  

l r r i g a t e d  Non- i  r r i g a t e d  
P l a n t  Popu- C - 1 1  AS-71 -37 Mean C - 1 1  AS-71-37 Hea n 
l a t i o n / h a  

Mean 3534 2987 2077 1767 

Mean 3261 1322 

Cul t i v a r s  x Spacings 

Mean 2806 2 3 7  7 

l r r i g a t i  on 

Cul t i v a r  

Spac i ng 

l r r i g a t i o n  x c u l t i v a r  

l r r i g a t i o n  x s p a c i n g  

C u l t i v a r  x s p a c i n g  

I r r i g a t i o n  x c u l t i v a r  x s p a c i n g  



There was a  d e c l i n e  i n  h a r v e s t  index a t  h igher  popula t ion  d e n r i t i e s ,  and a 
s i g n i f i c a n t  d e c l i n e  in 100-seed w e i g h  (Table 36) .  S i m i l a r  t r e n d s  have been 
observed  in p rev ious  experiments  (PPR 19/6-77, Tables  61  and 63 ;  PPR 1977-78, 
T a b l e s  68 and 71;  PPR 1978-79, Tables  14 and 49; PPR 1980-81, ~ i g . 2 2 ) .  



Table 35. E f f e c t  o f  i r r i g a t i o n  on h a r v e s t  index and y i e l d  components 
o f  2 c u l t i v a r s  grown i n  the p o s t - r a i n y  season a t  ICRISAT 
Center.  

r r i g a t i o n  No i r r i g a t i o n  SE 

Harvest  index 

Pod n o / p l a n t  

Seed no/pod 

100-seed we igh t  

;k S i g n i f i c a n t  ( F  t e s t )  

Table 36. E f f e c t  o f  p l a n t  d e n s i t y  on h a r v e s t  index and y i e l d  components 
o f  two c u l t i v a r s  grown i n  the  pos t  r a i n y  season a t  ICRISAT 
Center .  

P l a n t  popu la t i on /ha  
1,000,000 670,000 4TO ,000 2 50 ,006 S E 

Harvest  i ndex 0.43 0 .43 0.45 0 .46  0.009 

Pod No/Plan t 9 13 1 7  2 4 0.9"" 

Seed No/Pod 2.54 2.54 2.50 2 .48  0.06 

100-seed we ight  7 .32  7 . 3 1  7.45 7.99 0.18"  

\ +* S i g n i f i c a n t  ( F  t e s t )  
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F i g u r e  5. Y i e l d  and t o t a l  d r y  m a t t e r  o f  two c u l  t i v a r s  
grown w i t h  and w i t h o u t  i r r i g a t i o n  a t  f o u r  
p l a n t  p o p u l a t i o n s  i n  p o s t - r a i n y  season. 



V l .  E f f e c t  of t m e r a t u r e  Uower ing  _aed 19 p i n e o n ~ t a ~  

There i s  a wide range of m a t u r i t y  types a v a i l a b l e  i n  pigeonpea. When 
planted around longest  day,  e a r l y  c u l t i v a r s  muture before  t h e  cool  per iod  from 
November t o  February,  medium c u l t i v a r s  adapted t o  pen insu la r  I n d i a  f lower and 
s e t  pods dur ing  t h e  cool p e r i o d ,  v h i l e  t h e  l a t e  c u l t i v a r s  adapted t o  n o r t h  I n d i a  
mature a f t e r  t h e  v i n t e r  when temperatures  begin t o  r i s e .  Last year  we 
hypothesized t h a t  one of t h e  reasons f o r  low y i e l d s  of  medium d u r a t i o n  
pigeonpeas may be t h a t  t h e i r  f lover ing  and pod s e t  occurred dur ing  win te r  (PPB 
1981-82, Chapter 11). Low n i g h t  temperatures  might be i n h i b i t i n g  pod s e t  in 
these  c u l t i v a r s .  I n  o t h e r  c r o p s ,  such a s  soybeans i t  i s  knovn t h a t  low n i g h t  
temperatures  can reduce o r  prevent  pod s e t .  I n  pigeoneas t h e  e x i s t e n c e  of a 
c r i t i c a l  temperature f o r  l ea f  i n i t i a t i o n  of around 1 6 %  hr r  been suggested by 
s t u d i e s  i n  c o n t o l l e d  environments. But so  f a r  t h e r e  have been no e x p e r i r n t a l  
i n v e s t i g a t i o n s  on c r i t i c a l  temperatures  f o r  pod e e t  i n  pigeonpeas. We conducted 
some pre l iminary  experiment4 t o  i n v e s t i g a t e  t h i s  p o i n t .  

M a t e r i a l s  BEg Metbods 

Cult  i v a r  ICPL-87, a s h o r t  d u r a t i o n  de te rmina te  c u l t  i v a r  was p lan ted  i n  6" 
p o t s  us ing  V e r t i r o l  on 19.1.83, and a s i n g l e  p l a n t  van r a i s e d  i n  each pot i n  
sc reen  house. These po ts  received i r r i g a t i o n  a s  and when necersa ry .  There were 
four  n igh t  temperature t rea tments  7 , 15 , 25 , ( i n  l a b o r a t o r y )  and 25% ( i n  
sc reen  house) .  There vere  s i x  r e p l i c a t e d  p o t s  per  t rea tment .  These t rea tments  
were imposed on 14.3.83, soon a f t e r  f l o v e r i n g ,  which occurred 50-55 days a f t e r  
r i v i n g .  The p l a n t s  v e r e  synchroniscd f o r  f lowering by removing a l r e a d y  
developed f lowers .  P l a n t s  i n  f i r r t  two t rea tments  ( 7  and 1 5 ' ~ )  vere  kept  i n  
l a r g e  incuba tors  every n i g h t  betveen 1645 m d  0815 h r s .  011 Sundays, (20-3-83, 
27-3-83 and 3-4-83) p l a n t s  r e m i n e d  i n s i d e  t h e  incuba tors  a l l  day.  P l a n t s  i n  
t h i r d  t reatment  vere  kept  i n s i d e  t h e  labora tory  betveen 1645 and 0815 hours 
every n i g h t ,  vhere n i g h t  temperaturea were around 2 5 ' ~ .  During t h e  day t i n e  
(betveen 0815 and 1645 h r s )  p l a n t s  in  a l l  t h e  above t h r e e  t rea tments  vere  kep t  
outdoors  except on ~ u n d a ~ a .  P l a n t s  i n  t h e  f o u r t h  t r c r t n e n t  remained i n  t h e  
sc reen  house cont inuous ly ,  vhere minimm temperatures  a t  n i g h t  v e r e  around 25%.  
Temperatures experienced by p l a n t s  i n  d i f f e r e n t  t rea tments  a t  var ious times a r e  

Counting of f l o v e r s  developing i n  d i f f e r e n t  t rea tments  was done from 
17.3.83 o n n r d s  a t  about 2 d a y  i n t e r v a l  by marking them with d i f f e r e n t  c o l o r s  
( t o  exclude t h e  p o s s i b i l i t y  of d u p l i c a t e  count ing) .  Treatments v e r e  cont inued 
f o r  20 days by vhich time f lowering i n  a1 1 t r ea tments  was n e a r l y  complete except  
i n  t h e  7 ' ~  n i g h t  temperature t rea tment .  At t h i s  s t a g e  pod number and lea f  
number per  p l a n t  vere  a l s o  counted.  

Resu l t s  & d i s c u s s i o n  

The most i n t e r e s t i n g  f e a t u r e  of t h i s  experiment was t h e  absence of pod s e t  
i n  t h e  p l a n t s  kept  i n  n i g h t  temperatures  of 7 ? ,  v h i l e  pod s e t  occurred normally 
a t  n i g h t  temperatures  of 15 and 25'C (Fig 6 ) .  This  sugges t s  t h a t  t h e r e  was a 
c r i t i c a l  temperature f o r  pod s e t  i n  t h i s  c u l t  i v a r  somevhere betveen 7 and 15'C. 
Fur ther  experiments  v i l l  be necessary  t o  i d e n t i f y  t h i s  t empera ture ,  t o  f ind  out 
t h e  e f f e c t s  of d i f f e r e n t  per iods  of exposure t o  cool n i g h t s ,  and t o  i n v e s t i g a t e  
c u l t i v a r  d i f f e r e n c e s  i n  t h i s  r e a p e c t .  C i rcumstan t ia l  evidence from f i e l d  
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o b s e r v a t i o n s  a t  Gval io r  s u g g e s t s  t h a t  some l a t e  c u l t i n r e ,  n o t a b l y  Bahar, w y  be 
a b l e  t o  s e t  pods a t  lover  t empera tures  than most medium d u r a t i o n  c u l t  i v a r r  ( a t e  
Chapter  7 ) .  

The maximum numbers of f l o v e r s  and pods v e r e  produced by t h e  p l a n t s  k e p t  
con t inuous ly  i n  t h e  s c r e e n  houee (F ig  6 ,  t rea tment  D) and t h e s e  p l a n t s  a l s o  had 
more leaves  ( 2 7  per  p l a n t )  than i n  t h e  o t h e r  t r e a t m e n t s .  A major  r e a r o n  f o r  t h e  
b e t t e r  performance of  t h e s e  p l a n t s  i s  probably t h a t  t h e y  v e r e  exposed t o  about  4 
hours  more l i g h t  per  day than  ttmt I r I l ( 1  1 ; a n t s ,  which v e r e  moved indoors  a t  4.45 
pm, and pu t  ou tdoors  i n t o  t h e  d a y l i g h t  a t  8.15 am. 

P l a n t s  k e p t  a t  n i g h t  t empera tures  of 15°C i n  i n c u b a t o r s  and a t  25°C i n  t h e  
l a b o r a t o r y  produced s i m i l a r  numbere o f  f l o v e r s  and l e a v e s ,  bu t  f lower ing  war 
spread over  a longer  per iod  a t  15 'c, and more pods were s e t ,  

Night t empera tures  of  7 D~ had l i t t l e  e f f e c t  on t h e  number of l e a v e s  p e r  
p l a n t ,  but  led t o  f e v e r  f l o v e r s  being produced and a l s o  t o  a p r o l o n g a t i o n  of t h e  
f lower ing  p e r i o d .  The f a c t  t h a t  f l o v e r i n g  cont inued whi le  pod s e t  was prevented  
shows t h a t  pod s e t  i s  more s e n s i t i v e  t o  coo l  n i g h t s  than f  lover  development. 
T h i s  i s  i n  agreement wi th  f i e l d  o b s e r v a t i o n s  a t  G v a l i o r ,  where some f l o v e r i n g  
t a k e s  p lace  d u r i n g  t h e  coo l  win te r  p e r i o d ,  but t h e r e  were l i t t l e  o r  no pod s e t  
(oee Chapter  7 ) .  



VII. Some p r e l i m i n a r y  o b s e r v a t i o n s  on t h e  e f f e c t  o f  

low t e m p e r a t u r e s  on pod s e t  unde r  

n o r t h  I n d i a n  c o n d i t  i o n s  

L a t e  m a t u r i n g  p igeonpeas  grown i n  n o r t h e r n  I n d i a  g e n e r a :  I ?  s t a l  t I lc~wer  i t , &  
i n  l a t e  November o r  December ,  b e f o r e  t h e  c o l d e s t  p a r t  o f  t h e  y e a r ,  and f l o l r l  inE 

c o n t i n u e s  ( a l t h o u g l l  r a t h e r  s p a r s e l y : ;  but  l i t t l e  pod s e t  t a k e s  p l a c e  u n t i l  t h e  
w e a t h e r  becomes warmer ,  i n  l a t e  J a n u a r y  o r  F e b r u a r y .  Thus low t e m p e r a t u r e 6  seem 
t o  b e  d i r e c t l y  o r  i n d i r e c t l y  r e s p o n s i b l e  f o r  t h e  f a i l u r - r  of pod s e t .  Such 
i n h i b i t o r y  e f f e c t s  o f  low t r n ~ p e r a t u r e s  on pod s e t  a r e  know) t o  o c c u r  i n  o t h e r  
l egumes ,  i n c l u d i n g  soybeans  and c h i c k p e a s .  

O b s e r v a t i o r l s  were  made on p igeonpea  111 ,(:RISAT t r l a l s  a t  ( ;walior on a  v i s i t  
f rom F e b r u a r y  ? O  t b  2 2 ,  and d a t a  were a l h o  s u p p l i e d  by Mr. M . D .  Cup ta .  

I n  one  t r l a l  p l a n t e d  i n  e a r l y  J u l y ,  v a r i o u s  long d u r a t i o n  c u l t  i v a r s  r eached  
502 f l o w e r i n g  bctween November 2 4  and December 2 2 .  Some pods were s e t  soon  
a f t e r  f l o w e r i u g  e s p r c i a l l y  i n  t h o s e  c u l t  i v a r a  which began f l o v e r i n g  in  l a t e  
November or e a r l y  December.  T h e r e a f t e r ,  f o r  about  a  w n t h ,  t h e r e  was v e r y  
l i t t l e  pod s e t ,  and  i lc lwers  were shed from t h e  p l a n t s .  Pod s e t  began a g a i n  in  
l a t e  J a n u a r v  o r  e a r l y  F e b r u a r y .  When t h e  p l a n t s  were examined on F e b r u a r y  2 1 ,  
t h e y  were  b e a r i n g  b o t h  d r i e d  ma tu re  pods and d e v e l o p i n g  p o d s .  I n  some c a s e s ,  
b o t h  were  y r t h e n t  on t h e  $ a m ( .  raceme6,  but  t h e y  wcrc hcspara ted  by il scbr ies  o f  
s c a r s  l e f t  by  t h e  a b s c i s s i o n  o f  f l o w e r s  a f t e r  t h e  f i l s t  pl~ilst. o f  pod b e t ,  and 
b e f o r e  t h e  s e c o n d .  

A r a n g e  o f  c u l t i v a r s  was bcored v l s u a l l y  on F e b r u a r y  2 1  f o r  t h e  numbel o f  

d r y  m a t u r e  p o d s ,  and f o r  m a t u r i n g  g r e e n  p o d s ,  l a r g e  young pods and s m a l l  .qc,ung 
pods .  The l a t t e r  vou ld  p r o b a b l y  have s e t  d u r i n g  t h e  p r e t c . ( l i u ~  WI 1 1  I : , I I t  

l a r g e  young p o d s  f rom 1-2 1 1 2  weeks b e f o r e ,  and t h e  ma tu r ing  pod\ front dbout 
1 / 2  - 4  weeks b e f o r e .  These  s c o r e s  a r e  shown i n  T a b l e  3 7 ,  t o g e t h c r  w l t l ,  ~ l f c  
d a t e s  o f  50% f l o w e r i n g .  

The p l a n t s  were s c o r e d  wi thou t  knowing t h e  d a t e s  o f  50; f l o w r r i n R  5u ah t o  
a v o i d  any u n c o n s c i o u s  b i a s .  From Tab le  3 7 ,  i t  i s  c l e a r  t l a t  t h e  number o f  d r y  
m a t u r e  pods  ten6r.d t o  be  g r e a t e r  i n  t h e  c u l t i v a r s  which f lowered  e a r ~ e r ,  and 
l e s s  i n  t h o s e  t h a t  f l owered  l a t e r .  T h i s  i s  p r o b a b l y  becauhe t h ~  e a r l i e r  
f l o w e r i n g  c u l t i v a r s  had a  l o n g e r  p e r i o d ,  b e f o r e  t h e  o n s e t  cif wea the r  t o o  c o l d  
f o r  pod s e t t i n g .  

The d a i l y  t e m p e r a t u r e  d a t a  f o r  Gwal ior  a r e  s h o w  i n  F i g u r e  7 .  Roth maximum 

and minimum t e n r p e r a t u r e s  showed a  d e c l i n i n g  t r e n d  t h r o u g t ~ o u t  I)rcemb+r and t h e  
f i r s t  h a l f  o f  J a n u a r y ,  The f a c t  t h a t  c u l t  i v a r s  which r r a c l ~ r u  ' 0 7 !  f l owr r i t l g  
a f t e r  December 1 4 t h  had f e v  m a t u r e  pods i n d i c a t e s  t h a t  trn1pc.1 ~ t u r e s  from a r o u n d  
t h i s  d a t e  onwards  were g e n e r a l l y  u n f a v o u r a b l e  f o r  pod s e t .  F r o m  Flgurc> 7 ,  i t  
c a n  be  s e e n  t h a t  from mid-December minimum t e m p e r a t u r e s  were below 1 0  O C ,  and on 
s e v e r a l  n i g h t s  in l a t e  December below 6 OC. In mid-January  on one  n ight .  t i le a i r  
t e m p e r a t u r e ,  f e l l  t o  1 .4  O C ,  and t h e r e  Van in  f a c t  a  mi ld  f r o s t .  

However,  t h e  f a c t  t h a t  tlltnre kcre q u i t e  a  number of  ma tu re  pod:. ( ~ n  1 l o n t h  

which began f l o w e r i n g  i n  : a t e  Nvvember o r  e a r l y  December showb t l . a t  pod b e t t i n g  

Occur red  u n d e r  t h e  t e m p e r a t u r e  c o n d i t i o n s  p r e v a i l i n g  i n  t h e  f i r ~ t  h a l f  o f  
December. Haximum t e m p e r a t u r e a  i n  t h i s  p e r i o d  were 24  ' C  o r  a b u v r ,  a n d  minimum 



T a b l e  37 .  R e l ~ t  i v e  q u a n t i  t i e s  o f  pods a t  d i f f e r e n t  s t a g e s  o f  r n a t u r i  t y  
o n  a ranqe o f  l a t e  ciil t i v ~ r s  a t  Gwal i o r  on F e b r u a r y  21, 1983. 

C u l t i v a r  Date o f  50> D r y  mature  M a t u r i n g  L a r g e  young Small young 
f l o w c r i n q  pods pod 5 pods pods 

73081 NOV 24 + ++ t+ + + 

GW- 3 Nov 30 +++ ++ + ++ + +++ 

Baha r Dec 1 +++ ++++ +tt + 

ICP-7041 Dec 2 ++ + + + 

T- 7 Dec 7 + + ++++ ++++ +++ 

ICPL-310 Dec 8 ++ + ++t ++ ++ 

731 00 Dcc 10 ++ ++ ++ ++ 

ICPL-311 D e c 1 1  + + +++ + + ++ 

ICPL-362 Dec 1 4  + ++ + +++ ++ 

1CPLd j58  Dec 17 + + ++ +++ 

T- 17  Dec 20 + + + ++++ ++ + 

NP(WR)-1 5 3ec 22 + + +++ + ++ 



Figure  7 .  D a i l y  maximum a n d  mlnimuin t e n \ p r r a t ~ r e s  ~t Swal ior ,  w i n t e r  1 9 H 2 - 8 3 ,  and 
poo > e l  u i ~  tayyeil brd11chc5  o f  four  l a t e  cu l  t i v a r s  olantrd i n  J u l v  l q 8 2  
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t empera tures  ranged between 6 and 11 OC.  

The presence o f  maturing pods on t h e  p l a n t s  on February 21 which were 
probably about a month o ld  s u g g e s t s  t h a t  pod s e t  began a g a i n  i n  l a t e  January .  
I n  t h i s  per iod  maximum tempera tures  were most ly around 23 %, and minimm 
t e n ~ p e r a t u r e s  r o s e  t o  14 'C, a l though  they  f e l l  aga in  t o  a s  low 8 6  4 'C i l l  e a r l y  
February .  

Regular o b s e r v a t i o n s  on t h e  number of pods on a few tagged branches by Hr.  
Gupta and h i s  s t a f f  showed t h a t  t h e s e  increased  r a p i d l y  from about  February 1 2  
onwards, when t h e  minimum tempera ture  r o s e  above 10 OC and t h e  maximum above 
24 'C (F igure  7 ) .  However, some r i s e  in  pod numbers occur red  b e f o r e  t h i s ,  
p o s s i b l y  a s  a  r e s u l t  of pod s e t  dur ing  t h e  r e l a t i v e l y  warm per iod  i n  l a t e  
January . 

Taken t o g e t h e r ,  t h e s e  o b s e r v a t i o n s  suggest  t h a t  pod s e t  i n  l a t e  c u l t i v a r e  
can t a k e  p l a c e  vhen maximum tempera tures  a r e  about 24 'C and minimum. 
tempera tures  above about 8-10 O C ,  but  t h a t  i t  i s  i n h i b i t e d  when minimm 
tempera tures  f a l l  below about 6 OC wi th  maximum tempera tures  l e s s  than  about  

I t  seems l i k e l y  t h a t  t h e r e  a r e  d i f f e r e n c e s  be tveen  l a t e  c u l t i v a r s  i n  t h e i r  
t o l e r a n c e  of low tempera tures .  The r e l a t i v e l y  g r e a t  numbers maturing and l a r g e  
green  pods on p l a n t s  of c u l t  i v a r s  such a s  Bahar and T-7 (Table 37) suggest  t h a t  
they  were b e t t e r  a b l e  t o  s e t  pods i n  t h e  cool  weather  i n  l a t e  January and e a r l y  
February than c u l t i v a r s  such a s  ICP-7041 and ICPL-358. 

Even g r e a t e r  genotyp ic  d i f f e r e n c e s  may e x i s t  i n  t empera ture  t o l e r a n c e  
between l a t e  and medium c u l t i v a r s .  I n  a  monthly p l a n t i n g  t r i a l ,  t h e  medium cv .  
C-11 p lan ted  i n  J u l y  reached 50% f lower ing  on November 14 ,  and had s e t  
c o n s i d e r a b l e  numbers of pods b e f o r e  t h e  o n s e t  of t h e  cold wea ther .  Rowever, 
a l though  f lower ing  on t h e s e  p l a n t s  was s t i l l  c o n t i n u i n g  when they were observed 
on February 21, few new pods were deve lop ing .  

In  t h e  August p l a n t i n g ,  cv .  C-11 reached 50% f lower ing  on 29 November; 
but t h e  p l a n t s  had v e r y  few d r y  mature pods,  i n d i c a t i n g  t h a t  l i t t l e  pod s e t  had 
occurred i n  December, by c o n t r a s t  wi th  July-planted l a t e  c u l t i v a r s  which began 
f lower ing  around t h e  same time (Table 3 7 ) .  In  t h e  same August p l a n t i n g ,  t h e  
l a t e  cv .  Behar reached 50% f lower ing  on December 18 ,  t h r e e  weeks l a t e r  than  cv .  
- 1  When t h e  p l a n t s  were observed on February 21,  c v .  Bahar had c o n s i d e r a b l e  
numbers of maturing pods and young pcds ,  i n d i c a t i n g  t h a t  pod s e t  begun o n l y  
about 7-10 days ago ,  vhen t h e  maximum temperatures  had r i s e n  t o  over 24 'C and 
t h e  minimum t o  over  10 'C ( F i g u r e  7 ) .  

Since l a t e  c u l t i v a r s  have been grown f o r  c e n t u r i e s  under c o n d i t i o n s  i n  
which they  a r e  exposed t o  co ld  win te r  v e a t t ~ e r ,  t h e r e  may have been n a t u r a l  
e e l e c t i o n  f o r  co ld  t o l e r a n c e .  Medium c u l t i v a r s  have not been s u b j e c t  t o  such 
s e l e c t  ion and may t h e r e f o r e  be more a e n s i t i v e  t o  c o l d .  Bowever, even medium 
c u l t i v a r s  a r e  sub jec ted  t o  cool  weather dur ing  t h e i r  r e s p e c t i v e  phase - a t  
Byderabad, f o r  example, minimum tempera tures  a r e  not  i n f r e q u e n t l y  below 10 O C  

vhen they a r e  f lower ing  and podding i n  November and December. I t  seems p o s s i b l e  
t h a t  pod s e t  could be increased  in medium c u l t i v a r s  i n  Hyderabad-type 
environments  i f  they  were more t o l e r a n t  t o  cool  c o n d i t i o n s .  One way t h i s  might 
be achieved i s  by s e l e c t i n g  among medium c u l t i v a r s  f o r  cold t o l e r a n c e ,  Another 
way might be  t o  in t roduce  cold t o l e r a n c e  j ~ t c ~  medium l i n e s  b y  c r o s s i n g  w i t h  



c o l d - t o l e r a n t  l a t e  c u l t i v a r s ,  examples o f  which m a y  be c v e .  T-7, Bahar, and 
m-3. I n  a n y  c a s e ,  i t  seems t o  be wor th  l ook ing  f o r  g e n o t y p i c  d i f f e r e n c e s  i n  
c o l d  t o l e r a n c e  i n  a  r a n g e  of medium and l a t e  c u l t i v a r s .  



YIII  . _ C ~ m p _ e g ~ _ t W  a b i l i t y  of ~ i n e o n ~ e a  

The f lowers  and pods of pigeonpeas a r e  o f t e n  s u b j e c t e d  t o  heavy a t t a c k  by 
i n s e c t  p e s t s  such a s  t h e  pod b o r e r ,  E e l i o t h i s  The p l a n t s '  a b i l i t y  t o  
compensate f o r  t h e  l o s s  o f  f lowers  and pods has  been i n v e s t i g a t e d  over  t h e  p a s t  
s e v e r a l  years  (PPR 1975-76, Chapter  11, PPR 1976-77, Chapter  11, PPR 1977-78, 
Chapter  111). I t  was found t h a t  whi le  p l a n t s  v e r e  capable  of compensating f o r  
t h e  removal of f lowers  o r  very  young pods more o r  l e s s  comple te ly ,  t h e i r  a b i l i t y  
t o  compensate f o r  damage t o  deve lop ing  pods was very  l i m i t e d  (PPR 1977-8, 
Chapter  111;  PPR 1978-79, Chapter  111 and PPR 1980-81, Chapter  X I ) .  T h i s  
suggested t h a t  t h e  remaining p a r t 8  of t h e  damaged pods may have had some 
i n h i b i t o r y  e f f e c t  on t h e  development of f u r t h e r  pods,  which was no t  e n t i r e l y  
e x p l i c a b l e  i n  terms of t h e  t o t a l  amount of a s s i m i l a t e s  t h e y  consumed. Such a n  
e f f e c t  could be r e l a t e d  t o  hormones r e l e a s e d  by t h e  remaining p a r t s  of t h e  
damaged pods i n h i b i t i n g  t h e  development of  new pods.  I t  vas  hypothesized t h a t  
g r e a t e r  compensatory a b i l i t y  should be observed when pods a r e  removed c o n p l e t e l y  
than when p a r t s  o f  pods a r e  removed, The hypothes i s  was examined with t h r e e  
c u l t i v a r s  t h i s  y e a r .  One of t h e s e  c u l t i v a r s ,  APAU-2208, has  been i d e n t i f i e d  by 
ICRISAT P u l s e  Entomologists  a s  having an unusual a b i l i t y  t o  compensate a f t e r  
damage by i n a e c t  p e s t s .  

Two methods of  pod damage were employed: one involved c l i p p i n g  o f f  t h e  
d i s t a l  h a l f  of t h e  young pods w i t h  s c i s s o r s ,  a s  i n  p r e v i o u s  exper iments ;  the 
o t h e r  involved s t a p l i n g  them. The metal  s t a p l e  u r u a l l y  punctured two l o c u l e s ,  
r e s u l t i n g  i n  seed a b o r t  i o n ,  and s i n c e  t h e  s t a p l e  remained i n  t h e  pod i t  made t h e  
t r e a t e d  pods easy  t o  i d e n t i f y ,  We hoped t h a t  t h i e  s t a p l i n g  technique  would 
a i i m l a t e  more c l o s e l y  t h e  damage due t o  t h e  pod b o r e r ,  H e l i o t h i s  _ a m i ~ e r g ,  and 
o t h e r  p e s t s  than t h e  pod c l i p p i n g  t r e a t m e n t ,  

M a t e r i a l s  and methods 

The experiment was conducted i n  A l f i s o l  f i e l d  BP-4B. Three c u l t i v a r s ,  
ICP-1, W-3A and APAU-2208 were p l a n t e d  on 7-7-1982 on t h e  t o p  of 7 5  cm r i d g e s  
a t  7 5  x  10 cm spac ing .  The p l o t  s i z e  was f a i r l y  l a r g e  (108 sq.m). There w r e  
four  r e p l i c a t i o n s .  The f i r s t  r e p l i c a t i o n  was ad jacen t  t o  an i r r i g a t i o n  
exper iment ,  and owing t o  seepage of  w a t e r ,  t h e  p l a n t s  i n  t h i a  r e p l i c a t i o n  grew 
b e t t e r  and y ie lded  more than  t h e  r e s t ,  To avoid t h i s  confounding e f f e c t ,  t h i s  
r e p l i c a t i o n  vas  dropped from t h e  s t a t i s t i c a l  a n a l y s i s ,  and t h e  r e s u l t s  g i v e n  
below a r e  baeed on 3 r e p l i c a t i o n s  o n l y ,  

Each p l o t  was subdivided i n t o  5 sub p l o t s  ( 4  x 3 m) f o r  impos i t ion  of 
f o l  loving 5 t r e a t m e n t s :  

T1. Cont ro l  

T2. 112 pod c l i p p i n g  ( t h e  d i s t a l  p a r t  u f  r a c l l  )c811r~L ; 1 i' . , r r  1 

1 t , 1 '  l r  ' I  1 [ . ; : ( . . :  

. ' C f  pod removal (about  h a l f  t h e  number of pods were removed from each 
raceme and branch)  

T4,  100% pod removal ( a l l  t h e  pods were removed) 



T5. 50% seed a b o r t i o n  ( a l l  the  young pods were s t a p l e d  us ing  n t a l  s t a p l e  
p i n s .  These p i e r c e d  two l o c u l e s  and caused t h e  seeds in them t o  abort  ) .  

Cvs. ICP-1, APAU-2208 and HY-3A reached 502 f lower ing  on 25-10-82 
28-10-82, and 31-10-82 r e s p e c t i v e l y  . The above mentioned t r e a t m e n t s  were 

imposed tibl~ut 10-14 days a f t e r  50% flowering f o r  the  f i r s t  time and aga in  8 t o  
12 days a f t e r  t h i s  a s  per  t h e  schedule given in Table 38. Pods removed i n  T3 
and T4 t r e a t m e n t s  were counted .  

When obsrtvc~ci O I ,  ::-;T-T:, r c !  t : " I  i t < r  bad m t u r e d  i n  i n  a l l  
c u l t  i v a r s ,  whereas i n  t h e  remaining t rea tments  m a t u r i t y  occurred l a t e r .  
Cul t  i v a r s  ICP-1, APAU-2208 and HY-3A matured on 15-12-82, 25-12-82, and 20-12-82 
r e s p e c t i v e l y  except in T4. Cult  i v a r  ICP-I was harves ted  on 21-12-82, APAU-2208 
on 3-1-83 and HY-3A on 23-12-82 in a l l  t r ea tments  except in  T4. T4 i n  ICP-1 
APAU-2208 and HY-3A matured on 30-17-82, 3-1-83 and 30-1 2-82 r e s p e c t i v e l y  and 
h a r v e s t i n g  was c a r r i e d  out on these  dayb. 

H z r v e ~ l  : I I ~ ,  c f t h e s e  c u l t  i v a r s  was done row wise.  From pod c l i p p i n g  and 
s t a p l i n g  t r e a t m e n t s ,  t r e a t e d  and u n t r e a t e d  pods were separa ted  t o  g e t  an idea  of  
e f f e c t  of pod c l i p p i n g  and s t a p l i n g  on seed number per  pod of t r e a t e d  nnd 
u n t r e a t e d  pods. However, t h e  d a t a  were then pooled t o  g e t  an o v e r a l l  p i c t u r e  of  
compensat ion.  From each row a l l  the  seeds and pods were counted f o r  t h e  
d e t e r m i n a t i o n  of seed number per  pod and 100-seed weight .  

Pod removal 

The removal of a l l  t h e  young pods from t h e  p l a n t s  dur ing  t h e  e a r l y  
r e p r o d u c t i v e  phase soon led t o  the  s e t t i n g  of more pods from later-formed 
f lowers  than would o therwise  have s e t .  These pods were aga in  removed 8-12 days 
l a t e r .  The numbers of young pods removed a t  t h i s  s t a g e  were c o n s i d e r a b l y  
g r e a t e r  i n  t h e  100% than in t h e  50% pod removal t rea tment  (Table  3 9 ) ,  Of 
c o u r s e ,  i n  t h e  l a t t e r  only h a l f  t h e  number of pods were removed, but  i f  t h e  
number o f  removed pods i n  t h i s  t rea tment  i s  doubled ,  t o  g ive  an approximate 
e s t i m a t e  of  t h e  numbers of young pods on t h e s e  p l a n t s ,  i t  can be seen t h a t  t h e r e  
were more than  twice a s  many young pods on the  p l a n t s  from which a1 1 the pods 

had been removed 8-9 days before  than a f t e r  50% pod removal. This  compensatory 

s e t t i n g  of pods from l a t e r  formed f lowers  in  response t o  flower o r  young pod 
removal has  been s t u d i e d  i n  some d e t a i l  i n  p rev ious  years  ( e . g .  PPR 1975-76, 
Chapte r  11-2) .  

I n  cvs  ICP-1 and APAU-2208, t h e  p l a n t s  were a b l e  t o  compensate comple te ly  

f o r  t h e  removal of 50% of t h e  young pods: indeed i n  cv.  ICP-1 a f t e r  t h i s  
t r e a t m e n t  y i e l d  and pod number per  u n i t  a r e a  a c t u a l l y  increased (Table 40 and 
F i g . 9 ) .  By c o n t r a s t  c v .  HY-3A was unable t o  compensate f u l l y ,  and y i e l d  and 
pod number verc about 30% lower than i n  t h e  c o n t r o l .  

A f t e r  100% pod y i e l d  dec l ined  by 637 i n  cv .  HY-3A, and by 40Z ir; 
cv .  ICp-1, Bowever, cv .  APAU-2208 was a b l e  t o  compensatr f u l l y  f u r  t h e  . 8s 
of pods (Table  40 and ~ i g . 9 ) .  



T a b l e  38, Dates o f  50% f l o w e r i n g  and t r e a t m e n t  i m p o s i t i o n  i n  d i f f e r e n t  
c u l  t i v a r s .  

Da te  o f  t r e a t m e n t  
C u l t i v a r  D a t e o f 5 0 %  Trea tment  imposi  t i o n  

f l o w e r i n g  F i r s t  t i m e  Second t i m e  



Pod damage - 
The two techniques  f o r  damaging the  pods t h a t  we used were intended t o  

s i m u l a t e  damage by i n s ~ c t f i  such as  pod b o r e r s .  Cl ipping o f f  t h e  d i s t a l  p l a n t  of 
young pods i s  a  s imple way o f  reducing the  seed number, and t h i s  i s  t h e  method 
ve have ueed i n  p rev ious  y e a r s .  The pod s t a p l i n g  technique i s  an innovat ion 
t h i s  y e a r .  I t  has  t h e  advantage o f  s imula t ing  pod borer  damage more c l o a e l y ,  by 
p u n c t u r i n g  two of  t h e  l o c u l e s  in each pod and causing seed a b o r t i o n .  Rovever, 
i t  i s  s l i g h t l y  more t  ime-consuming than the  c l i p p i n g  t r e a t m e n t .  

Both methods led t o  reduc t ion  in seed number per pod in tht> t r e a t e d  pods of 
around 50X (Table 41) and were t h e r e f o r e  approximately e q u a l l y  e f f e c t i v e  i n  
reduc ing  t h e  r e p r o d u c t i v e  s ink  s i z e .  

When pods were damaged by e i t h P 1  methud, the  trauma seems t o  have caused a  
c o n s i d e r a b l e  p ropor t ion  t o  be shed from t h e  p l a n t s .  This  i s  i n d i c a t e d  by t h e  
f a c t  t h a t  a t  t h e  time of  h a r v e s t  in most cases  1 ~ s h  than half  t h e  t o t a l  number 
of pods were t r e a t e d  once (Table 4 1 ) .  O f  c o u r s e ,  one reason f o r  t h i s  could be 
t h a t  t h e  t r e a t m e n t s  were not c a r r i e d  out thoroughly and t h a t  many pods w r e  
m i s s e d ,  but i n  f a c t  t h i s  work was done c a r e f u l l y  and i t  i s  u n l i k e l y  t h a t  more 
than a  small  percen tage  escaped t rea tment .  Host of t h e  u n t r e a t e d  pod8 v e r e  
p robably  s e t  a f t e r  t h e  t rea tments  wereA imposed, perhaps p a r t l y  in  cornpeneat ion 
f o r  t h e  shedding of damaged pods, and p a r t l y  in  compensation f o r  t h e  damage t o  
t h e  remaining t r e a t e d  pods. 

I n  c v .  TCP-1, both pod c l i p p i n g  and s t a p l i n g  led t o  y i e l d  r e d u c t i o n  of 
about 20%  able 40 and F i g . 8 ) .  The y i e l d  reduc t ions  vere  not s o  s e v e r e  a s  i n  
p r e v i o u s  experiments  with t h i s  c u l t  i v a r  where c l i p p i n g  o f f  h a l f  of each pod led 
t o  y i e l d  r e d u c t i o n s  of about 50% (PPR 1977-78,Table 2 3 ;  PPR 1978-79, Table 191,  
but  i n  t h e s e  experiments  t h e  pod c l i p p i n g  vas done c o n t i n u a l l y  throughout t h q  
r e p r o d u c t i v e  p e r i o d ,  8 o r  9 t i m e s ,  whereas in  t h e  p resen t  experiment i t  vas  done 
o n l y  t w i c e .  T h i s  a1 lowed f o r  more compensat ion through t h e  eubeequent s e t t i n g  
of pods which were not c l ipped  (Table 4 1 ) .  A s i m i l a r  degree of compensation 
w i t h  t h i s  c u l t i v a r  was observed in an experiment in t h e  rah i  s * s s o n  where pod 
c l i p p i n g  was done on ly  twice (PPR 1980-81, Table 36)  ( ~ i g . 1 0 ) .  

I n  cv .  HY-3A, pod c l i p p i n g  led t o  a  y ie ld  reduc t ion  of 60% (Table 4 0 ) .  
T h i s  s e v e r i t y  of  t h i s  e f f e c t  seem t o  have been due t o  the  sheddlng of wary of 
t h e  damaged pods (Table 411, and t o  t h e  very l imi ted  a b i l i t y  of t h l s  c u l t i ~ a r  t o  
compensate f o r  pod l o s s  (Table 41,  F ig .  8 ) .  In  previous years  c l i p p i n g  o f f  
h a l f  of each pod in t h i s  c u l t i v a r  a l s o  led t o  y i e l d  reduc t ions  of 55-65; { P P ~  
1978-79, Table  19 ;  PPR 1980-81, Table 3 6 ) ( ~ i g . 1 0 ) .  

By c o n t r a s t ,  damaging t h e  pods by s t a p l i n g  them r e s u l t e d  In l e s s  !,td 
shedding in t h i s  c u l t i v a r  (Table 41) and led t o  a y ie ld  r e d u c t  ion I f r ,nly 7: 2 

(Table  4 0 ) .  

C V .  A P A U - 2 2 0 8 s h o w e d n o y i e l d r e d u c t l o n a t  a l l a f t e r  c , t t f  , (,f p , d  
damage; i ~ d e e d  t h e  y i e l d s  were ~omewhat hlgher  than i r  t h e  cc,rit*ol ( ~ d k l e  L C ,  

F lg  8 ) .  As in t h e  c a s e  of ICP-1, pod s t a p l l n g  resu1tt.d i n  morp a b s c l \ s ~ % ~ n  of  
t r e a t e d  pods t h a n  pod c l i p p i n g  (Table 411, but con~pensat I o n  f o r  pod l o s s  and pod 
denage took p l a c e  through t h e  s e t t i n g  of e x t r a  pods: there  vere 332 more 

a f t e r  pod and 36% more a f t e r  pod s t a p ' i n y  than i n  the  ~ v n t r o l s  ('! . ,b?p 

4 0 ) .  
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Tab le  39 ,  Number o f  pods removed p e r  square  m e t e r  i n  the  50% and 100% 
pod r e m v a l  t r e a t m e n t s  . 

Pod number/m 2 

- C u l t i v a r  
Percen tage  removed Time o f  removal I CP-1 HY-3A APAU-2208 

F i  r s t  8 5 16 4 3 

Second 62 2 7 3 7 
T o t a l  147 4 3 80 

F i r s t  8 7 62 80 

Second 296 123 195 

T o t a l  383 1 86 2 75 

SE f o r  compar ison o f  t i m e s  o f  removal w i t h i n  a c u l t i v a r  11.9 

SE f o r  compar ison o f  c u l t i v a r s  w i t h i n  t imes  o f  removal 22.9 
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Table  40. E f f e c t s  o f  pod removal  ( P R )  and c l i p p i n g  and s t a p l  i n g  the pods 

on y i e l d  and y i e l d  components o f  3  p igeonpea c u l t i v a r s .  

C o n t r o l  50% PR lOOh P R  C l i p p i n g  S t a p l i n g  %m6$:ison 
w i t h i n  c u l t i -  
v a r s  

Y i e l d  (gm/mL) 

I CP- 1 5 2 . 7  71 .0  31 .2  

HY-3A 5 1 . 8  37.0 19 .1  

APAU-2208 49 .1  5 3 . 2  5 5 . 5  

Pod number/m 
2  

I C P - I  233  281; 135 

H Y - 3 A  134 9 8 5 1 

APAU-2208 2 30 202 260 

Seeds per pod 

I CP- I 2 . 5 3  2 .80  2 .58 

HY-3A 2 . a  2 . 7 5  2.68 

APAu-2208 2 .65  2 .85  2 .59  

100 -seed  w e i g h t ( g )  

I CP- I 8 . 7 8  8 .89  8.99 

HY-3A 13.20 14 .22  13.81 

APAU-2208 7 . 9 5  8 .90  8 . 1 5  



Table 41. E f f e c t  o f  pod c l i p p i n g  and pod s t a p l i n g  on t r e a t e d  and un t rea ted  
pods harves ted from t r e a t e d  p l a n t s .  

P O D  CLIPPING TREATMENT 

Cul t i  var 
Va r iab le  

Pod No/m 
2  

Harvested I CP-I HY-3A  APAU-2208 Mean SE+ 
-. - .  A ---- & 

pods 

Untreated 115 5  1 189 118 19.2 

Treated 133 16 1 1 7  89 23.5 

Seed No. /pod Unt reated 2.56 2.60 2.76 2.64 0.11 

Treated 1.39 1 . 3 1  1.30 1.33 0.04 

100 seed w t .  (gm) Unt reated 8.98 12.62 8.21 9.94 0.36 

Treated 8.40 11.85 7.07 9.11 0.22 

Seed i e l  d/rn2 (gn) Untreated 2 6 . 7  17.5 43.9 29.4 6.05 

Treated 15.5 2.5 11.0 9.7 2.67 

POD STAPLING TREATMENT 

Pod ~o l rn '  Untreated 1 4 7  

Treated 65 

Seed No/pod Unt reated 2.56 

Treated 1.27 

100-seed w t  (gm) Untreated 9.24 

Treated 11.55 

Seed i e l  d/m2 (yn) Untreated 34.8 

Treated 8.5 



compensat ion i n  a l l  c u l t i v a r s ,  t o  t h e  ex ten t  t h a t  i t  o c c u r r e d ,  was indeed 
a i m s t  e n t i r e l y  due t o  t h e  s e t t i n g  of more pods. In t h e  pod damage t ~ e t i t i n y r :  
t h e r e  was no i n c r e a s e  i n  t h e  weight of t h e  remaining seeds in t h e  rem.aining 

l o c u l e s  o f  t h e  t r e a t e d  pods ,  with t h e  except ion of cv .  ICP-1 a f t e r  pod s t a p l i n g  
(Table 4 1 ) .  But even i n  t h i s  c a s e ,  the  p ropor t ion  of t h e  t o t a l  y i e l d  due t o  t h e  
i n c r e a s e d  weight  of t h e s e  seeds  vas only 4%.  

General  d i 6 c u s s i o n  

These r e b u l t s  r e v e a l  markrd c u l t i v a r a l  d i f f e r e n c e s  ~ n  t h e  a b r l ~ t y  1 ,  

compensate f o r  t h e  l o s s  of pods and f o r  pod damage. As in previous ycAars, c.. 

HY-3A was i n f e r i o r  in  compensatory a b i l i t y  t o  cv .  TCP-1; and cv APAlI-110fi 
i d e n t i f i e d  by t h e  Pulse  Entomologists  a s  showing an excep t iona l  a b ~ l i t y  t l  

compensate a f t e r  heavy peht a t t a c k ,  was a b l e  t o  compensate completely af t1.1 n l '  
t h e  t r e a t m e n t s  w r c  imposed ( F i g .  8 ) .  This f i n d l n b  l f i  e n c u u r a k i l ~  T *  
conf i rms  t h e  f i e l d  o b s e r v a t i o n s  of t h e  en tomologis t s  on t h e  onc hand,  and >n t l  r 
o t h e r  hand shows t h a t  a r t  i f  i c i a l  l y  imposed damage t o  t h e  p l a n t s  i n  expt  I lment 1 

of t h i s  t y p e  can indeed g i v e  information r e l e v a n t  t o  understanding t h e  p l a n t b '  
r esponse  t o  pes t  a t t a c k .  

T h i s  experiment  i s  a t  p resen t  being repeated with t h e  same I ~ l t  i v a r e ;  :t 
w i l l  be impor tan t  t o  s e e  l f  t h e  p resen t  r e s u l t s  can be confirmed,  because :n 
t h i s  experiment  t h e  y i e l d  l e v e l s  were unusua l ly  low (on ly  around 500 k g l h e '  and 
t h e  r e l a t i v e  advantage of c v .  APAU-2208 might be lef is  pronounced under more 
f a v o u r a b l e  environmental  c o n d i t i o n s .  

Undoubtedly, t h e  a b i : i t : ,  t o  compensate f o r  pod l o s e  o r  damage by producing 
a d d i t i o n a l  pods i s  a va luab le  and important c h a r a c t e r ,  and w i l l  not  be r r v r n l e d  
i n  y i e l d  t e s t s  c a r r i e d  out  with e f f e c t i v e  p e s t i c i d e  s p r a y s .  Something of i t  3 

importance i s  r e v e a l e d  i n  t h e  p resen t  experiment by comparing t h e  y i e l d ,  :: 

d i f f e r e n t  t r e a t m e n t s .  I n  the  c o n t r o l s ,  cv APAU-2208 yielded 6 %  l e s s  than - v .  

ICP-1 and 5% l e s s  than c v .  Hy-3A (Table 4 0 ) .  But a f t e r  1002 pod removal , ; t 

y i e l d e d  78% more than cv.ICP-1 and 190% murc ~ \ I ; I I ~  I \i. 15--ZL.. A f t e r  damage I o 

t h e  pods by s t a p l i n g ,  i t  ou ty ie lded  cv .  TCP-! by 46% and HY-3A by 5 3 2 .  Ttleuc. 
f i n d i n g s  suppor t  t h e  f i n d i n g s  of t h e  Pulse Entomologiets t h a t  y i e l d  t e s t s  
c a r r i e d  ou t  under  unsprayed c o n d i t i o n s  v i t h  a  heavy incidence of m)tGfir. and 
o t h e r  p e s t s  g i v e  r e s u l t 8  very u n l i k e  those of b r e e d e r s '  t r i a l s ,  and w l ~ i r h  a r e  
p robably  much more r e l e v a n t  t o  t h e  condi t ion  i n  most fa rmers '  f i e l d s .  

The e n t o m o l o g i s t s '  method of i d e n t i f y i n g  c u l t i v a r s  v i t h  a good a b i 1 1 , ; ~  : 

compensate f o r  pod l o s s  o r  damage by obeerving t h e i r  p e r f o m n c r  undc.: '.r.a: 
p e s t  a t t a c k  i s  s imple and d i r e c t .  An a l t e r n a t i v e  method, vhich could b~ i l u . 4  

conf i rm e n t o m o l o g i s t s '  f i n d i n g s  or  even t o  sc reen  cu l t ivar f i  o r  b reed ing  u l . i t . .  , . . '  
would be t o  remove a l l  t h e  developing pods from t h e  p l a n t s .  111 p ~ ~ t  'vi,-,-, 
exper iments ,  we have removed pods r e p e a t e d l y ,  a t  l e a s t  t v i c ~ ,  bu: f o r  sc r g - ( , r , ; . ;  

purposes  t h i s  vould be too  t e d i o u s .  I t  might be p o s s i b l e  t o  ob ta ln  : t  1 ,  , I , : +  

~ e s u l t s  w i t h  a  s i n g l e  pod removal t r e a t m e n t .  Hovever, the  abi!  i t y  t o  compi*: . ; ;~ .  

probably  depends on environmental  f a c t o r s  such a s  water a v a i l a b i l i t y .  I :r. r c ~ r .  
year  even cv .  w - 3 ~  was a b l e  t o  compensate completely a f t e r  pod : c . u 4 0 x : ~ .  . ,  . >  
t o  5 weeks (PPR 1976-77, F ig .11) .  This  r e e u l t  vae obtained vi t l l  ? l ; i r ~ t >  ; . , h  1 1  

V e r t i s o l ,  w i t h  heavy r a i n  during the  reproduct  i v e  ph.? ic .  i~ !i . , ; ~ o '  + . 
Hovever, in o t h e r  years  f lower and pod removal f o r  3-4 weeks i ~ a i t .  : c* s i ,  :. ,.i I I I  

y i e l d  r e d u c t i o n s  in medium d u r a t i o n  c u l t  i vbrs  ( P P R  l q 7 5 - 7 6 ,  T j h !  
'. 'I< 

1977-78, ~ ~ b l ~  23-25)  as  they d id  t h i s  year i n  C V 6  TSP-1 : ' ' L , 1- 

s c r e e n i n g  purposes, i t  might  be p o s s i b l e  t o  ob ta in  d i  f f c , r t . ~ l l  1::: r i :  o:  



c u l t i v a r s  grovn on A l f i s o l s  o r  s i m i l a r  l i g h t  s o i l s  w i t h  a  s i n g l e  depodding 
t rea tment  say 3 o r  4 weeks a f t e r  50% f l o w e r i n g .  

I t  w o u l d n o t  be f e a s i b l e  t o  c a r r y  out  pod s t a p l i n g  o r  pod c l i p p i n g  
t r e a t m e n t s  on a  l a r g e  s c a l e ,  s i n c e  t h e y  a r e  very  time-consuming. However, t h i s  
y e a r ' s  r e s u l t s  show t h a t  t h e  a b i l i t y  t o  compensate f o r  pod damage may be 
i n d i c a t e d  by t h e  a b i l i t y  t o  compensate f o r  pod 1006: C V .  APAU-2208 compensated 
comple te ly  f o r  b o t h ;  and cv .  HY-3A vas  l e a s t  a b l e  t o  compensate f o r  e i t h e r .  

The p h y s i o l o g i c a l  b a s i s  of t h e  remarkable compensatory a b i l i t y  of cv .  
APAU-2208 i s  unknown, and t h i s  c u l t i v a r  has  no obvious c h a r a c t e r i s t i c s  which 
d i s t i n g u i s h  i t  from many o t h e r  i n d e t e r m i n a t e  medium d u r a t i o n  c u l t  i v a r s ,  except  
f o r  t h e  f a c t  t h a t  i t  has p u r p l e  pod w a l l s ;  but  i t  s e e m  u n l i k e l y  t h a t  t h i s  is  a  
r e l e v a n t  f a c t o r ,  I t s  p h y s i o l o g i c a l  advantage may have something t o  do w i t h  t h e  
hormonal f a c t o r s  a f f e c t i n g  pod s e t ,  and /or  i t  may have some g e n e r a l  
p h y s i o l o g i c a l  advantage such a s  a  b e t t e r  water  s t a t u s  dur ing  t h e  r e p r o d u c t i v e  
phase ,  perhaps a s  a  r e s u l t  of a  more e f f e c t i v e  r o o t  system. I t  may be 
s i g n i f i c a n t  i n  t h i s  connec t ion  t h a t  i t  produced more t o t a l  d r y  n a t t e r  than t h e  
o t h e r  c u l t i v a r s  - a  mean of 530 g per  sq.m. compared w i t h  447 i n  c v .  ICP-1 and 
509 i n  c v .  HY-3A (SE 1 8 ) .  





F igu re  9. Pod number per square  metre o f  3 pigeonpea c u l t i v a r s  a f t e r  d i f f e r e n t  k i nds  o f  
pod damage. 
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IX, E f f e c t s  of d i p &  _o_f a p i c a l  bud en m h  u: 
Our e a r l i e r  s t u d i e s  on t h e  e f f e c t s  o f  c l i p p i n g  o f f  t h e  shoo t  apex have 

shown t h a t  when t h i s  i s  done around t h e  t ime of f l o v e r i n g ,  i t  does no t  r e s u l t  i n  
i nc reased  y i e l d  ( P P R  1975-76, Chap te r  11.3). However r e c e n t  r e p o r t s  i n d i c a t e  
t h a t  e a r l y  c l i p p i n g  can lead  t o  inc reased  y i e l d s  of b o t h  soybean and pigeonpea 
(Tayo, T .O.  Agric,Sci.Camb (1980)  95, 409-416; and Tayo, T.0, J .  A g r i c . S c i ,  
Camb, (1982)  98, 79-84). To t e s t  t h i s ,  we conducted an exper iment  i n  which 
c l i p p i n g s  were c a r r i e d  o u t  a t  d i f f e r e n t  s t a g e s  of g r o v t h .  

M a t e r i a l s  and Methods 

Cul t  i v a r  C-11 was sown on 75 cm r i d g e s  a t  75 x 20 cm spac ing  on a V e r t i s o l  
f i e l d  BP-6 on 24-6-82. F ive  apex c l i p p i n g  t r e a t m e n t s  were imposed i n  RBD i n  
t h r e e  r e p l i c a t i o n s .  P l o t  s i z e  was 3 x 4m, 

The f i v e  c l i p p i n g  t r e a t m e n t s  and t h e i r  d a t e s  of i m p o s i t i o n  were a s  f o l l o w s :  

T1 C l ipp ing  3 weeks a f t e r  sowing (15-7-82) 
T2 Cl ipp ing  6 weeks a f t e r  sowing (7-8-82) 
T3 Cl ipp ing  9 weeks a f t e r  sowing (27-8-82) 
T4 C l ipp ing  12 weeks a f t e r  sowing (17-9-82) 
T 5 Con t ro l  

C l ipp ing  was done by removing t h e  apex o f  a l l  main s tems and b ranches  u s i n g  
a s h a r p  b l a d e ,  F i f t y  p e r c e n t  f l ower ing  occu r red  on 25-10-82 and m a t u r i t y  on 
20-12-82. At m a t u r i t y  o b s e r v a t i o n s  on y i e l d ,  y i e l d  components and t o t a l  d r y  

; m a t t e r  were r eco rded .  

: R e s u l t s  yJ d i s c u s s i o n  -. 
L 
\ 
L 

! 
A s i g n i f i c a n t  i n c r e a s e  (P=0,05)  i n  y i e l d  of 10% was observed a f t e r  t h e  apex 

; c l i p p i n g  t r ea tmen t  a t  3 weeks, whereas t h e  o t h e r  t r e a t m e n t s  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l  (Table  42 ) .  The d r y  m a t t e r  p r u d u c t i o n  

C 
was a l s o  s l i g h t l y  g r e e t e r  i n  t h e  3 week apex c l i p p i n g  t r e a t m e n t ,  The g r e a t e r  
biomass p roduc t ion  i n  t h i s  t r e a t m e n t  was a s e o c i a t e d  w i t h  g r e a t e r  number of  
secondary  and t e r t i a r y  b ranches  p e r  p l a n t ,  I t  i s  t o  be  no ted  t h a t  t h e r e  were no 
pr imary branches  p r e s e n t  i n  3 week o l d  p l a n t  a t  t h e  t ime apex c l i p p i n g  was 
c a r r i e d  o u t ,  and t h e i r  number a t  m a t u r i t y  was s i m i l a r  t o  t h e  c o n t r o l s .  However, 
e a r l y  i n i t i a t i o n  of p r imary  branches  a s  a r e s u l t  o f  l o s s  i n  a p i c a l  dominance 
might have led  t o  e a r l i e r  development and inc reased  numbers of h i g h e r  o r d e r  
branche6.  

The r e s u l t s  of  t h i s  s t u d y  i n d i c a t e  t h a t  damage caused mechan ica l ly  o r  b y  
p e s t s  such a s  l e a f  webber i n  t h e  e a r l y  s t a g e s  of g r o v t h  may n o t  be de t r i rnen ta l  
t o  pigeonpea growth and i n f a c t  i t  could  lead  t o  a smal l  i n c r e a s e  i n  y i e l d ,  
However, apex c l i p p i n g  a s  a farming p r a c t i c e  t o  i n c r e a s e  y i e l d  may not  be o f  
much economical u s e ,  
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Table 4 2 .  Effect  of apex clipping on y i e l d ,  coqonents  o f  y i e l d  and t o r i 1  dry 

matter. 

- - -  -- - 
Plant Apex c 1 ipp ing 

character 3 weeks 6 weeks 9 weeks 12 weeks Control Mean S E 

~ i e l d / h a ( k g s )  2032 

~ i e l d l p l a n t  

(gms) 35.11 

Total dry matter/ 

ha(kgs1 8148 

Total dry matter/ 

plant(gms1 140 .4  

Harveetindex 0.25  

1 0 0  Seed 

weight(g) 9 -76  

Seed No./Pod 2.90 

Pod No . /plant 1 2 4  

Primary branch 

No . /plant 21.23 

Secondary branch 

No . /plant 51.20 38 .50  42.00 45.20 41.20 43 .60  6 . 4 9  

Tertiary branch 

No, /plant 27.10 18 .40  25.90 27.50 20.20 23.80 ~ 1 :  

Total plant 

No. / m 2  5.81 5.78 5.93 6 .11  
5.74 5 . 8 7  I, ;'> 



f .  8 c t 9 9 k i ~  for t_oj_e_raocc t o  -sd 881 i n i t y  

We c o n t i n u e d  s c r e e n i n g  advanced b r e e d i n g  l i n e s  f o r  s a l t  
t o l e r a n c e .  Las t  y e a r  we s c r e e n e d  79 advanced b r e e d i n g  l i n e s  i n  a  
s a l i n e  a l k a l i n e  f i e l d  (PPR 1981-82 Chapte r  VI). Twenty seven l i n e s  
were found b e t t e r  t h a n  t h e  t o l e r a n t  check ( c v .  C - .  These l i n e s  
were a g a i n  sc reened  f o r  s a l t  t o l e r a n c e  t h i s  y e a r  b o t h  i n  t h e  f i e l d  and 
a l s o  u s i n g  t h e  p o t  s c r e e n i n g  t e c h n i q u e  d e s c r i b e d  l a s t  y e a r  (PPR 
1981-82, p .49) .  

M a t e r i a l s  .and methods ------ - - -  

F i e l d  - - - - s c r e e n i n n :  - - F i e l d  s c r e e n i n g  was c a r r i e d  ou t  i n  s a l i n e  a l k a l i n e  
f i e l d  BS-8C a c c o r d i n g  t o  method d e s c r i b e d  p r e v i o u s l y  (PPR 1980-81, 
S e c t i o n  I V ) .  P a r t  of  t h e  f i e l d  i n  which t h e  l i n e s  were p l a n t e d  had a  
g r a d i e n t  of s a l i n i t y  a long  which rows were t o  b e  p l a n t e d  ( T a b l e  43). 

Sowing was done on 9.7.82. A row of  t o l e r a n t  check c v .  C-11 and 
a  row of s u s c e p t i b l e  check c v .  HY-3C were Sown e i t h e r  s i d e  o f  e a c h  
t e s t  row. The t e s t  l i n e s  were t h o s e  l i s t e d  i n  PPR 1981-82, T a b l e  27. 
Both row t o  row and p l a n t  t o  p l a n t  s p a c i n g  v a s  3 0  cm. Length  of e a c h  
row was 27 m which was no t  r e p l i c a t e d .  

Visua l  s c o r i n g  was done on 1-9 s c a l e  ( 1  r e s i s t a n t ,  9  s u s c e p t i b l e )  
of  t e s t  l i n e s  and checks  was done once d u r i n g  t h e  v e g e t a t i v e  phase  
6.10.82 and i n  t h e  r e p r o d u c t i v e  phase on 9.12.1982. 

Pot  s c r e e n i n g :  The same advanced b r e e d i n g  1 i n e s  ( e x c e p t  I C P L - Z ~ ~ )  used - 
i n  t h e  f i e l d  s c r e e n i n g  were i n c l u d e d  i n  p o t  s c r e e n i n g ,  The method 
d e s c r i b e d  l a s t  year  (PPR 1981-82, C h a p t e r  VI)was m o d i f i e d  s l i g h t l y .  
I n s t e a d  of u e i n g  m i x t u r e  of p u r e  s a l t s  t o  c r e a t e  s a l i n i t y ,  t h e  s a l t s  
on t h e  s u r f a c e  of  a  n a t u r a l l y  s a l i n e  a l k a l i n e  s o i l  v e r e  c o l l e c t e d  from 
f i e l d  BS-8C and mixed w i t h  normal s o i l  t o  c r e a t e  two l e v e l s  of 
s a l i n i t y ,  which v e r e  3.0 and 4 .8  m h o e / c m .  P l a n t i n g  was done on 
9 . 9 , 8 2 .  F i v e  s e e d s  p e r  po t  were p l a n t e d  w i t h  3  r e p l i c a t e  p o t s  i n  e a c h  
t r e a t m e n t .  U n t i l  emergence p o t s  were i r r i g a t e d  from t h e  t o p  b u t  once  
emergence o c c u r r e d ,  p o t s  were i r r i g a t e d  t o  f i e l d  c a p a c i t y  from t o p  and 
bo t tom of  t h e  p o t s  a l t e r n a t i v e l y  a s  and when n e c e s s a r y .  

F i r s t  v i s u a l  s c o r i n g  was done on 4.10.82 and second on 16.10.82 on  1-5 
s c a l e ,  1 b e i n g  r e s i s t a n t  5 b e i n g  s u s c e p t i b l e .  

R e s u l t s  & d i s c u s s i o n  -- 
The f i e l d  used f o r  s a l t  t o l e r a n c e  s c r e e n i n g  u a s  t h e  same one used 

l a e t  y e a r .  The l i n e s  t e s t e d  t h i s  y e a r  were t h o s e  found t o l e r a n t ,  

T h i s  y e a r  i n  t h e  f i e l d  s c r e e n i n g  o n l y  t h e  8  l i n e s  l i s t e d  i n  Table  
44 were found t o  be more t o l e r a n t  t h a n  t h e  t o l e r a n t  c h e c k ,  c v .  C - 1 1 .  
There  v a s  a  h i g h e r  l e v e l  o f  s a l i n i t y  i n  t h e  a r e a  used t h i s  y e a r  t h a n  
l a s t  y e a r ,  and t h u s  t h e  s c r e e n i n g  c o n d i t i o n s  v e r e  w r e  s e v e r e .  

I n  t h e  p o t s ,  v i s u a l  s c o r i n g s  o f  t h e  p l a n t s  a t  two l e v e l s  of 
s a l i n i t y  v e r e  t a k e n  i n t o  account  t o  produce t h e  l i s t  g i v e n  i n  T a b l e  44 
of c u l t i v a r a  which were more t o l e r a n t  t h a n  c v .  C-11, o r  of a  s i m i l a r  
l e v e l  o f  t o l e r a n c e .  There vae a  f a i r l y  good agreement  w i t h  t h e  f i e l d  
s c o r i n g s .  O f  t h e  7 c u l t i v a r s  found t o l e r a n t  i n  t h e  f i e l d  which were 



, t e s ted  i n  p o t s ,  4 were found t o l e r a n t  in  p o t s ,  and one was modera te ly  
8 7 

t o l e r a n t .  Only two c u l t i v a r s  found t o l e r a n t  i n  t h e  f i e l d  were not  
p a r t i c u l a r l y  t o l e r a n t  i n  p o t s ,  and o n l y  two found t o l e r a n t  i n  p o t s  
were n o t  p a r t i c u l a r l y  t o l e r a n t  i n  t h e  f i e l d .  

From t h e s e  t e s t s  we can conclude t h a t  i n  a d d i t i o n  t o  t h e  t o l e r a n t  
c h e c k ,  C V .  C-11, c v s .  ICP-1-6, ICPL-239, ICPL-308 and ICPL-309 a r e  
r e l a t i v e l y  t o l e r a n t  t o  s o i l  s a l i n i t y  o f  t h e  t y p e  encounte red  i n  t h e  
a l k a l i n e - s a l i n e  f i e l d  i n  which t h e y  were t e s t e d ,  and from which s a l t s  
were t a k e n  f o r  u s e  i n  t h e  pot s c r e e n i n g  t r i a l .  Whether t h e y  a r e  a l s o  
t o l e r a n t  t o  o t h e r  k i n d s  of s o i :  >,;I' I ) - [ )  remains t o  be  s e e n .  



Table 43. Salinity level (EC mmhos/cm) at different depth in saline 
field BS-8C 

EC mmhos/cm 
Soil depth (cm) ............................................. 

Spot 1 Spot 2 Spot 3 

0-1 5 2.7 2.8 0.4 
15-30 3.05 2.9 0.72 
30-45 3.5 3.2 2.4 
45-60 3.8 3.1 2.7 
60-7 5 3.4 2.8 1.9 
75-90 5.5 1.3 2.1 

Mean EC of profile 3.6 2.6 1.7 

Table 44. List of lines tolerant to salinity identified by screening 
in the field and in pots. 

Field Pots 

(not screened ) 
ICPL-239 
(moderate tolerance) 



X I .  S c r e e n i n g  f o r  v a t e r l o g g i g g  t o l e r a n c e  

We c o n t i n u e d  s c r e e n i n g  advanced b r e e d i n g  l i n e s  and some 
p h y t o p h t h o r a  b l i g h t  r e s i s t a n t  l i n e s  f o r  v a t e r l o g g i n g  t o l e r a n c e  i n  
p o t s .  I n  p o t s  t h e  P h y t o p h t h o r a  b u i l d  up can be avoided  by u s i n g  
~ h y t o p h i h o r a  inoculum f r e e  s o i l .  

M a t e r i a l 6  and Methods . - - - - - - - 
S i x t y  s e v e n  l i n e s  t o  be  t e s t e d  v e r e  s u p p l i e d  by p igeonpea  

b r e e d e r s  and G e n e t i c  Resources  Unit  ( l i n e s  v i t h  ICP No) o f  XCRISAT. 
These  v e r e  p l a n t e d  i n  round p l a s t i c  p o t s  (7"  d i a m e t e r )  on 7-4-83. The 
p o t s  were p e r f o r a t e d  and l i n e d  v i t h  m u s l i n  c l o t h  a t  bo t tom and f i l l e d  
w i t h  b l a c k  s o i l .  F i v e  s e e d l i n g s  were r a i s e d  i n  e a c h  p o t  and t h e r e  
were  t h r e e  r e p l i c a t i o n s  f o r  each  l i n e .  The p l a n t s  v e r e  a l l o v t d  t o  
grow u n d e r  a d e q u a t e  w a t e r  s u p p l y  o u t d o o r s  u n t i l  23-5-83, when t h e y  
were  submerged i n  v a t e r f i l l e d  p l a s t i c  t r o u g h s  f o r  f i v e  d a y s ,  where t h e  
number of  p l a n t s  which had d i e d  was r e c o r d e d .  The p o t s  were removed 
from t h e  w a t e r  on 28-5-83 and t h e  e x c e s s  v a t e r  i n  t h e  p o t s  d r a i n e d  o u t  
t h r o u g h  t h e  p e r f o r a t i o n s  a t  w i t h i n  a f e v  h o u r s .  The number of  dead 
p l a n t s  v a s  a g a i n  r e c o r d e d  on 31-5-83. C u l t i v a r s  shoving  more t h a n  25% 
m o r t a l i t y  v e r e  r e g a r d e d  s u s c e p t i b l e .  

R e s u l t s  and D_i_scuss ion -- 

The p o t  c u l t u r e  method p r o v i d e  en o p p o r t u n i t y  t o  s c r e e n  i n  
c o n d i t i o n s  where d i s e a s e  l i k e  P h y ~ o g h t h o r a  e t c . ,  c a n  be  a v o i d e d  by  
u s i n g  s o i l  f r e e  of  P h y t o p h t h o r a  inoculum. However, s t e r i l i z e d  s o i l  
may n o t  g i v e  c o n e i s t e n t  r e s u l t s  a s  u s i n g  t h i s  vc d i d  n o t  o b t a i n  
e a t i s f a c o t r y  d i f f e r e n t i a l  r e s p o n s e  t o  v a t e r  l o g g i n g .  Whereas when 
u n s t e r i l i z e d  s o i l  v a s  u s e d ,  a  c l e a r  c u t  d i f f e r e n t i a l  r e s p o n s e  van 
o b t a i n e d ,  S i x t e e n  l i n e s  ou t  of  67 which shoed l e s s  t h a n  25% m o r t a l i t y  
a r e  l i s t e d  i n  T a b l e  45.  F u r t h e r  vork on f a c t o r s  r e s p o n s i b l e  f o r  
v a r i a t i o n  i n  v a t e r  logging  r e s p o n s e  i s  i n  p r o g r e s s .  



Table 45 Some p rom is ing  1 ines f o r  water  l ogg ing  tolerance 

*:'; T o l e r a n t  check 

" T o l e r a n t  d u r i n g  1980-81 screen ing a l s o  



XII. E f f e c t s  _o_f crs_l.igg on s i p l d  

( v i t h  N.P. Saxena) 

V e r t i s o l s  have t h e  c h a r a c t e r i s t i c s  f e a t u r e  of c rack ing  a s  they  
d r y  o u t .  Experiments  conducted v i t h  chickpeas (CPR 1978-80, Chapter  
X I I )  and pigeonpeas (PPR 1980-81, Chapters  I11 and VII ;  PPR 1981-82, 
Chapte r  X) provided c i r c u m t a n t i a l  evidence t h a t  c r a c k i n g  uy be 
harmful  f o r  bo th  c r o p s  and could lead t o  y i e l d  r e d u c t i o n s ,  p robably  
th rough  i t s  damaging e f f e c t s  on t h e  r o o t  system. 

T h i s  y e a r  we i n v e s t i g a t e d  t h e  i n f  luence of  e o i l  c r a c k i a g  i n  
d i f f e r e n t  land management systems both in  t h e  normal and t h e  
p o s t - r a i n y  s e a s o n s .  We a l s o  s t u d i e d  t h e  e a s t -  west asymmetry of t h e  
r o o t  system of  pigeonpee deve lop ing  i n  t h e  r a i n y  seaeon ,  and 
i n v e s t i g a t e d  t h e  e f f e c t s  of c u t t i n g  t h e  r o o t s  of pigeonpeas.  

U n f o r t u n a t e l y  t h e  main experiment c a r r i e d  out in  t h e  normal 
s e a s o n  was s e v e r e l y  a f f e c t e d  b y  t h e  w i l t  d i e e a s e ,  and d a t a  could be 
o b t a i n e d  from o n l y  a  few r e l a t i v e l y  u n a f f e c t e d  p l o t s .  

M a t e r i a l s  a d  methods - -- - ---- 

The t r i a l  was p l a n t e d  i n  V e r t i s o l  f i e l d  BP-5 on 23-6-82. There 
v e r e  seven t r e a t m e n t s  in  an RED v i t h  4 r e p l i c a t i o n s ,  invo lv ing  f l a t  
p l a n t i n g e ,  w i t h  compaction zones 50,100 and 150 cm a p a r t  produced by 
d r i v i n g  a  t r a c t o r  through t h e  p l o t ,  and p l a n t i n g e  on 150 cm broad 
b e d s .  The broad beds were o r i e n t e d  nort 11 s o u t h .  The c u l t i v a r  was 
C-11, which i s  s u s c e p t i b l e  t o  t h e  v i l t  d i s e a s e .  I t  reached 50% 
f l o w e r i n g  on 25-10-82 (124  days a f t e r  sowing) and matured on 23-12-82. 

The p l a n t s  i n  most p l o t s  were s e v e r e l y  a f f e c t e d  by t h e  w i l t  
d i s e a s e .  Only i n  t h e  c a s e  of  t rea tment8  5-7 v e r e  t h e r e  o s u f f i c i e n t  
number o f  s u r v i v i n g  rep1  i c a t e s  t o  enab le  any r e l i a b l e  comprrieons t o  
be m d e .  These t r e a t m e n t s  involved p l a n t i n g  3 rows 30 cm a p a r t  v i t h  a  
p l a n t - t o - p l a n t  spac ing  of 20 cm wi th in  each row on broad beds.  S i n c e  
t h e  broad beds and furrowb welt : ? C  I )  . i l ] c ~ r t ,  t h i s  meant t h a t  t h e  
o u t e r  row on one broad bed had a  90 cm gap betveen i t  and t h e  n e a r e s t  
row on t h e  nex t  broad bed.  In t rea tment  5 ,  t h e  t h r e e  rovs were placed 
i n  t h e  c e n t r e  of t h e  broad bed;  i n  t r ea tment  6 a l l  v e r e  d i s p l a c e d  15 
cm towards t h e  e a s t  s i d e  of t h e  broad bed, and i n  t rea tment  7 ,  
d i s p l a c e d  15 cm towards t h e  weet .  The p l o t  s i r e s  were 9  x 7.5 m ,  o f  
which 4 m long rovs were harves ted  (on 23-3-83) s e p a r a t e l y .  

The d a t a  were t o o  l i m i t e d  with too  few s u r v i v i n g  r e p l i c a t  ion8 f o r  
any  r e l i a b l e  comparisons t o  be made of t h e  e f f e c t s  of d i s p l a c i a g  t h e  

rvws towards t h e  e a s t  o r  v e s t  of t h e  broad b e d s ,  S O  t h e  d a t e  were 
pooled from a l l  t h e e  t r e a t m e n t s ,  from 7 s e c t i o n 6  (h long)  of broad 

bed a l t o g e t h e r ,  and t h e  e f f e c t s  of rov p o ~ i t i o n  ( e a s t ,  c e n t r a l  and 
w e s t )  compared. Standard e r r o r s  v e r e  c a l c u l a t e d  by m a l y 8 i n g  t h e  d a t a  
f o r  t h e  row p o s i t i o n s  a s  i f  they v e r e  randomized t r e a t m e n t s  w i t h i n  a  

RCB d e s i g n  w i t h  7 r e p l i c a t i o n s .  



t.Ob_servg_tions _o_n y i e l d s  & p l a n t s  on Lhs & weet s i d e s  f 
r i d g e s  the normal season 

I n  t he  t r i a l  on response of 10 d i f f e r e n t  c u l t i v a r s  t o  rov  
spac ing ,  descr ibed  i n  Chapter 4 ,  t h e  rovs ve re  harves ted  r e p a r a t e l y .  
Since t he  t r i a l  was p lan ted  on 75  cm r idges  and fu r rovs  running 
north-south,  in  t h e  37.5 cm row spac ings ,  t h e r e  was a  rov  on t he  e a s t  
and west s i d e  of each r i dge .  The y i e l d s  i n  t he se  rovs v e r e  compared. 

3.Studjc:- c!!. _tk a s m t r y  of the rpot system & p i ~ e o n ~ e a ~  ig 
r a iny  season 

I n  o rde r  t o  s tudy  t he  e f f e c t  of wes t e r l y  monsoon vinds on t h e  
development of t h e  roo t  system, cv.  C-11 vas p lan ted  on 30-6-82 i n  30 
x 30 x 30 cm p l a s t i c  p o t s  conta in ing  A l f i s o l ,  v i t h  a  row of 3  p l a n t s  
a long t he  c e n t r e  of each of 6 r e p l i c a t e  p o t s .  The p o t s  ve re  kept  i n  
an exposed p lace  nea r  t h e  screenhouses wi th  t he  rovs o r i en t ed  
nor th-south .  On 2-11-82 t he  s o i l  on t he  e a s t  and t he  v e s t  s i d e  of 
each pot was removed and t he  r o o t s  washed out of i t .  These were 
separa ted  i n t o  l a rge  r o o t s  (main l a t e r a l s  and t h e  t a p  r o o t )  and small  
f i b r o u s  r o o t s ,  and t he  d ry  weights  were recorded.  

4 .  Cut t inn of ~ ~ o & _ s  p_n the eg,t  & weet s  i de s  a - 4  rev! 

I n  t he  t r i a l  on t he  e f f e c t s  of i r r i g a t i o n  descr ibed  i n  Chapter 3 ,  
a  small experiment was c a r r i e d  out t o  i n v e s t i g a t e  t he  e f f e c t s  of 
c u t t i n g  t h e  r o o t s  of cv .  ICP-1-6 dur ing  t h e  reproduct ive  phase.  Four 
rovs w i th in  each r e p l i c a t e  p l o t  were marked, and randomly assigned t o  
t he  fol lowing t r ea tmen t s :  

1  and 2: Cont ro ls  (no t r ea tmen t )  

3 :  Roots cu t  by i n s e r t i n g  a  sharp  spade t o  a  depth of 20 cm i n  a 
2  m long l i n e  10 cm from the  rov of  p l a n t s ,  on t h e  e a s t  s i d e  of t h e  
row. 

4: As above, but cu t  on t he  west s i d e  of t h e  row. 

The t rea tments  were c a r r i e d  out  on 10-11-82, 10 days a f t e r  50% 
f lower ing .  

There were 4  r e p l i c a t e  p l o t s  in both i r r i g a t e d  and u n i r r i g a t e d  
t r ea tmen t s .  The 2m rovs t r e a t e d  a s  above were harves ted  s e p a r a t e l y  
and t he  y i e l d  and y i e ld  components recorded.  

5.Cracking t i  n _the p o s t - r s i w  season k h  p i n e o n ~ g s  m d  
E ~ ~ C ~ D ~ P S  

The experiment was conducted in  Vert i s01  f i e l d  BP-11C. The seed 
bed vas  prepared in  four  d i f f e r e n t  manners; f l a t ;  f l a t  but  compacted 
a t  150 cm i n t e r v a l s  by t r a c t o r  wheels; 60 cm r i dges  and fu r rovs ;  and 
150 cm broad bed and furrows.  Sowing VaS done on 2-11-83 i n  rovs  30 
cm a p a r t  v i t h  a  p l a n t  t o  p l a n t  spacing of 10 cm. A f t e r  every  fou r  
rovs ,  sowing of one rov  was skipped leav ing  a  60 cm gap which v.6 a 
f u r r o v  i n  t he  broad bed and fu r rov  system, and a  compacted zone i n  t h e  
f l e t  compacted t r ea tmen t .  In  o t h e r  t r e a t a e n t e ,  t o  main ta in  uniform 
p l a n t i n g  p a t t e r n ,  one row vas  skipped.  P l o t  s i r e  war 7.5 x 4 m ,  and 



t h e r e  were 3 r e p l i c a t i o n s .  Both pigeonpeas ( c v  C-11) and chickpeas 8 9 
( C V .  A n n i g e r i )  v e r e  p l a n t e d  i n  t h i s  t r i a l ,  randomized w i t h i n  t h e  land 

t r e a t m e n t s ,  which formed t h e  main p l o t s  of a  r p l i t - p l o t  
d e s i g n  and c h i c k p e a s  and pibeonpeas t h e  s u b p l o t s .  

The p igeonpeas  reached 50% f lower ing  on 14-1-83 and nrmtured on 
8-3-83. The ch ickpeas  reached 50% f lower ing  on 17-12-82 and matured 
on 26-1-83. At m a t u r i t y  i n d i v i d u a l  rows v e r e  harves ted  ( 3 . 5  rn l o n g ) .  

A n a l y s i s  of v a r i a n c e  of  y i e l d  was done i n  two d i f f e r e n t  manners. 
I n  one c a s e  t h e  b o r d e r  c*f fec t  was s t u d i e d  in d i f f e r e n t  land managewnt 
sys tems  by s u b t r a c t i n g  y i e l d  of  t h e  2 c e n t r a l  rows from 2  border  r o v s ;  
t h e  r e s u l t a n t  d i f f e r e n c e s  were analyzed a s  BBD.  In t h e  o t h e r  c a r e  t h e  
2 c e n t r a l  and 2 border  rows were d i r e c t l y  compared in t h e  d i f f e r e n t  
t r e a t m e n t s .  

R e s u l t s  and D i s c u e e i s p  -- -- --- 

1 . C r ~ c k  ing  trid f p  t_hp n g m l  _sg=o_n 

The o n l y  d a t a  which could  be sa lvaged  in s u f f i c i e n t  q u a n t i t y  from t h i e  
t r i a l ,  from p l o t s  which more or  l e s s  escaped t h e  w i l t  d i s e a s e ,  
concerned p l a n t i n g s  wi th  3 rows 30 cm a p a r t  on 150 cm broad beds and 
f u r r o w s .  The c e n t r a l  row rece ived  c o m p e t i t i o n  from t h e  tvo  o u t e r  rovs  
on each  broad b e d ,  bu t  each o u t e r  row had a  90 cm gap betveen i t  and 
t h e  n e a r e s t  o u t e r  row on t h e  next  broad bed. The growth and y i e l d  of  
t h e  o u t e r  rows would t h e r e f o r e  be expected t o  be g r e a t e r  than  t h a t  of  
t h e  c e n t r a l  rovs because they  were s u b j e c t e d  t o  l e s s  c o m p e t i t i o n .  
( T h i s  t y p e  of  p l a n t i n g  d i f f e r s  from t h a t  i n v e o t i g a t e d  l a s t  year  and 
d e s c r i b e d  i n  PPR 1981-82, Chapter  X ,  vhere  t h e  rows v e r e  p l a n t e d  an 
e q u a l  d i s t a n c e  a p a r t ,  a t  50 cm, and vhere  t h e r e  was t h e r e f o r e  no such  
b o r d e r  e f f e c t ) .  The o u t e r  rows d i d  indeed g r o v  and y i e l d  more than 
t h e  c e n t r a l  rows ( F i g  1 1 ) .  I n t e r e s t i n g l y ,  t h e r e  was a  d i s t i n c t  
d i f f e r e n c e  between t h e  e a s t  and v e s t  o u t e r  r o v s ,  wi th  t h e  e a s t  ones 
y i e l d i 2 g  32% more. A s i m i l a r  d i f f e r e n c e  was found l a a t  y e a r ,  v i t h  
e a s t e r n  rows y i e l d i n g  24% more than wes te rn  rows i n  t h e  f i r s t  h a r v e r t ,  
and 28% more i n  t h e  second h a r v e s t  (PPR 1981-82, Tables  30 and 3 1 ) .  

The e a s t - w e s t  row d i f f e r e n c e  i n  t o t a l  d r y  m t t e r  was much s m a l l e r  
( F i g e l l )  v i t h  o n l y  6 %  more in  e a s t  than west rows. Thin s u g g e s t s  t h a t  

t h e  r e l a t i v e  advantage  of t h e  e a s t  over  t h e  west rows developed d u r i n g  
t h e  r e p r o d u c t i v e  phase and t h a t  i n  t h e  v e g e t a t i v e  phase t h e  d i f f e r e n c e  
may n o t  have been s o  a p p a r e n t .  This  i r  confirmed by t h e  d a t a  f o r  t h e  
t o t a l  d r y  weight  of t h e  p l a n t s  sampled f o r  growth a n a l y s i s  on 
18-10-82, one week b e f o r e  f l o w e r i n g .  In  t h e  rame t r e a t m e n t s ,  (T5 t o  
T 7 ) ,  t h e  mean d r y  weigh ts  i n  t h e  e a s t ,  c e n t r a l  and v e s t  row8 were 420 ,  
293 and 436 g / m  row r e s p e c t i v e l y .  In  o t h e r  wordh, t h e  p l a n t s  in t h e  
e a s t  and t h e  west rows weighed almost t h e  same, v i t h  4% more In t h e  
v e s t  t h a n  e a s t  rows,  T h i s  d i f f e r e o c e  was not s t a t i s t i c a l l y  
s i g n i f i c a n t  . 

The lower i n  t h e  v e s t  rovs i n  s p i t e  of t h e  s i m i l a r  growth 
of  t h e  p l a n t s  i n  t h e  e a s t  and v e s t  rovs supporth tile i n t e r p r e t a t i o n  
g i v e n  t o  r e s u l t s  of  t h i s  type  l a s t  year t h a t  t h e  y i e l d  in  t h e  west 
rowo was reduced r e l a t i v e  t o  t h e  e a s t  rows a s  .I : e6u l t  of more r o o t  
damage d u r i n g  t h e  r e p r o d u c t i v e  phase due t o  s o i l  c r a c k l n g  in t h e  
fu r rovs .  T h i s  c r a c k i n g  occurred H S  t l l ~ .  s o i l  d l  ied out a f t e r  t h e  end 
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o f  t h e  monsoon. Rows on t h e  west of t h e  broad beds would be more 
a f f e c t e d  t h a n  on t h e  e a s t  s i d e s  because of t h e  asymmetr ical  
development  o f  t h e  r o o t  sys tem,  with more l a t e r a l  r o o t s  on t h e  v e s t  
s i d e ,  a s  a  r e s u l t  of t h e  w e s t e r l y  winds dur ing  t h e  monsoon season  (PPR 
1980-81, Chapte r  XI. 

2 . T k  ~i_eIds of &e_o_np3as on & =_t g_d ys_t  _s- ef ridges 
t h e  n o r m 1  s e a s o n  . --- 

We found i n  1980-81 t h a t  pigeonpeas grovn on Vert i s 0 1  w i t h  two rove on 
e i t h e r  s i d e  of  7 5  cm r i d g e s  o r i e n t e d  nor th-sou th  showed a  remarkable  
p a t t e r n  of  y i e l d ,  w i t h  more i n  a l t e r n a t e  rows, i . e .  t h o s e  on t h e  e a s t  
o r  west  s i d e s  o f  t h e  r i d g e s  (PPR 1980-81, F i g . 7 ) .  U n f o r t u n a t e l y  ve 
d i d  no t  have a  record  a s  t o  which rovs were y i e l d i n g  more, c a s t  o r  
w e s t .  

T h i s  y e a r  we recorded  y i e l d s  row-vise i n  t h e  spac ing  t r i a l  
d e s c r i b e d  i n  Chapte r  4. I n  two of  t h e  s p a c i n g s ,  37.5  x 6 ,  and 37.5 x  
20 cm, t h e  rows were grown on t h e  e a s t  and west s i d e s  of 7 5  cm r i d g e s ,  
The means f o r  10 c u l t i v a r s  f o r  t h e  two s p a c i n g s  a r e  shown i n  F i g .  1 2 .  
I t  can be seen  t h a t  t h e r e  was a  c o n s i s t  rnt t r~ldt,ric,  Tt 1 I . I t l e 
west  s i d e s  o f  t h e  r i d g e s  t o  y i e l d  sore  than on t h e  e a s t  s i d e o .  - 

T h i s  p a t t e r n  was not  a s  c l e a r  a s  t h a t  observed in 1980-81, when 
i t  shoved up i n  a lmos t  every  p a i r  of r o v s .  N e v e r t h e l e s s ,  t h e  t endency  
was a p p a r e n t  i n  most p a i r s  of rows. Some r e p r e s e n t a t i v e  d a t a  f o r  
i n d i v i d u a l  rows a r e  shown i n  F i g .  13 ,  f o r  c v .  C-11. 

I t  is  p u z z l i n g  t h a t  i n  t h i s  experiment  rovs on t h e  s i d e  
should  have y i e l d e d  more, whereas in  t h e  broad b e d s ,  rovs  on t h e  
s i d e  y i e l d e d  more. I t  i s  e a s i e r  t o  i n t e r p r e t  t h e  l a t t e r  r e s u l t s  in  
te rms  of t h e  e f f e c t s  of s o i l  c r a c k i n g  on an asymmetric r o o t  sys tem;  
t h e  same r e s u l t s  would have been expected on r i d g e s  and fur rows .  We 
have no p l a u s i b l e  e x p l a n a t i o n  a t  p r e s e n t  f o r  t h i s  d i s c r e p a n c y .  

3.- asymmetry of the ~ c t  g y u m  _o_f p i w _ e g _ s  grow f_he 1- 
s e a s o n  

During t h e  monsoon, t h e  s t r o n g  p r e v a i  1  ing v e a t e r l g  winds c a u s e  t h e  
young p l a n t s  t o  bend over  t o v a r d s  t h e  e a s t .  Th is  l e a d s  t o  a  
predominance of  branching on t h e  w e s t e r l y  s i d e  of t h e  p l a n t s  (PPR 
1974-75, pp 7 2 - 7 3 ) .  Observa t ions  i n  t h e  f i e l d  of  exposed l a t e r a l  
r o o t s  show t h a t  more tend t o  be l o c a t e d  on t h e  w e s t e r l y  s i d e  of t h e  
p l a n t s ,  p e r h a p s  i n  r e s p o n s e  t o  t h e  g r e a t e r  mechanical t e n r i o n  e x e r t e d  
on t h e  r o o t s  on t h a t  s i d e  of t k e  p l a n t  a s  a  r e s u l t  of t h e  a c t i o n  of 
t h e  wind. 

We a t t e m p t e d  t o  q u a n t i f y  t h i s  e f f e c t  on r o o t  as-try by washing 
ou t  t h e  r o o t s  of  p l a n t s  grown i n  n o r t h - s o u t h  rows in p l a s t i c  p o t s ,  
f rom which t h e  r o o t  system could be recovered  by washing t h e  s o i l .  
The r e e u l t s  i n d i c a t e d  t h a t  t h e r e  were indeed m r e  roody l a t e r a l  r o o t a  
OD t h e  west of  t h e  rows than in t h e  e a s t ,  an average  of  4.2 g / ~ o t  na 

opposed t o  3.3 (SE 0.141,  o r  i n  o t h e r  words an a v e r a g e  of  3 3 %  Qore 

on t h e  w e s t e r l y  s i d e .  An excess  of west over  e a s t  was a p p a r e n t  i n  
e a c h  of t h e  6 r e p l i c a t e  p o t s ,  and t h e  d i f f e r e n c e  was s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  5% l e v e l .  



Spaci  no 37.5 X 6 cm Spaci ng 37.5  X 20 cm 

1 2 3 . 4  Row No. 1 2 3  4 

F i g u r e  12. Y i e l d s  o f  rows grown on e a s t  ( E )  and w e s t  ( W )  
s i d e s  o f  7 5  cm r i d g e s  on V e r t i s o l  ( ~ e a n s  f o r  
10 c u l t i v a r s ) .  P o s i t i o n s  o f  f u r r o w s  a r e  i n d i -  
c a t e d  by a r r o w s .  



Rcr.  I I 

3 7 . 5  X 6 cm 

I 2  3 4  I 2  3 4 1 2 3 4 R a r  number 

4 1 3 3 3 4 4 3 4 * Cracking i n t e n s i  ty  

i n  f u r r w s  

ZOO 250 1 

0 .I 
1 2  3 4  1 2  3 4 '  1 2  3 ,, . Rcw number 

4 3 4 3 2 3 3 2 2 - c r a c k i n g  i n t e n s i t y  
i n  furrcms 

F igu re  1 3 .  Yie lds  o f  i n d i v i d u a l  rows of cv. C - I l  on the east (E) and 
west ( W )  s ides  o f  75  cm r idges  on V e r t i s o l ,  i n  three  rep1 i -  
c a t e  p l o t s  and a t  two spacings.  ' Cracking i n t e n s i t i e s  i n  
the  furrows were scored on a 0-5 sca le ,  w i t h  la rge  dnd 

deep cracks be ing  r a t e d  a t  5 ,  no cracks b e ~ n g  r a t e d  a t  0. 



T h i s  r e s u l t  suppor t  s  our  i n t e r p r e t a t i o n  of  t h e  d i f f e r e n t i a l  94  
e f f e c t s  of  s o i l  c r a c k i n g  on t h e  r o v s  on t h e  v e s t  and e a s t  s i d e s  of 
broad beds i n  terms of an asymmetric r o o t  syr tem.  

I n  t h e  f i e l d ,  t h e  asymmetry of  t h e  n u i n  l a t e r a l  r o o t s  would b e  
expected t o  r e s u l t  i n  an asymmetry of  t h e  s m a l l e r  r o o t s  growing from 
them. I n  p o t s  t h i s  vould not  n e c e s s a r i l y  be  t h e  c a s e ,  s i n c e  i n  a  
conf ined  s o i l  volume young r o o t s  grow round t h e  po t  t o  e x p l o i t  t h e  
s o i l  on a l l  s i d e s ,  e s p e c i a l l y  i f  t h e  p l a n t s  a r e  g rovn  f o r  months i n  
r e l a t i v e l y  smal l  p o t s ,  a s  i n  t h e  p r e s e n t  exper iment .  And i n  f a c t  t h e  
weight  of  small  f i b r o u s  r o o t s  on t h e  v e s t  and e a s t  s i d e 8  v a s  s i m i l a r ,  
8.8 and 8.6 g / p o t  r e s p e c t i v e l y .  

T h i s  experiment  was c a r r i e d  out  t o  t e s t  t h e  h y p o t h e s i s  t h a t  c r a c k i n g  
on t h e  e a s t  and v e s t  s i d e s  o f  a  pigeonpea row would have d i f f e r e n t  
e f f e c t s  owing t o  t h e  l a r g e r  number of l a t e r a l  r o o t s  on t h e  west  s i d e ,  
An a t t e m p t  was made t o  s i m u l a t e  t h e  r o o t  c u t t i n g  e f f e c t  of  c r a c k i n g  by 
t 1 ' c ~ c l t s  w i t h  a  spade t o  a  d e p t h  of 20 cm. 

Hovever, t h e  r o o t  c u t t i n g  t r e a t m e n t s  had no s i g n i f i c a n t  e f f e c t s  
on y i e l d  (Table  4 6 )  on y i e l d  components, e i t h e r  i n  t h e  i r r i g a t e d  o r  
u n i r r i g a t e d  p l a n t s .  

Last year  a  y i e l d  reduc ing  e f f e c t  of  r o o t  c u t t i n g  was observed i n  
an experiment  c a r r i e d  o u t  by Ur. K.L. S r i v a s t a v a  (PPR 1981-82, 
p . 6 5 ) ,  and i t  i s  s u r p r i s i n g  t h a t  t h e r e  was no d e t e c t a b l e  e f f e c t  of  t h e  
t r e a t m e n t s  we imposed t h i s  y e a r ,  Perhaps  t h e  d e p t h  t o  which t h e  r o o t s  
v e r e  c u t  vas  no t  s u f f i c i e n t  t o  c a u s e  enough damage t o  harm t h e  p l a n t s ;  
t h e  remaining p a r t  of  t h e  r o o t  system must have been a b l e  t o  a d j u s t  t o  
m a i n t a i n  a  more o r  l e s s  normal s u p p l y  of w a t e r  and n u t r i e n t s  t o  t h e  
s h o o t s .  The damage caused by c r a c k i n g  i s  l i k e l y  t o  be  more s e v e r e  
than t h a t  caused by our  t r e a t m e n t s ,  s i n c e  t h e  c r a c k s  ex tend  much 
deeper  i n t o  t h e  p r o f i l e ,  

5 .Crack& -1 _n& po-sm& s e a s o n  

With pigeonpeas sovn i n  t h e  r a i n y  s e a s o n ,  c r a c k s  deve lop ing  i n  t h e  
pos t  r a i n y  s e a s o n ,  would be  expec ted  t o  r u p t u r e  t h e  a l r e a d y  
e s t a b l i s h e d  r o o t  sys tem v i t h  conrequent  harmful  e f f e c t s  t o  t h e  p l a n t .  

By c o n t r a s t ,  v i t h  c r o p s  sown a f t e r  t h e  end o f  t h e  r a i n y  s e a s o n ,  
c r a c k s  d e v e l o p  w h i l e  t h e  p l a n t s  a r e  s t i l l  young and b e f o r e  an 
e x t e n s i v e  r o o t  sys tem h a s  had t ime t o  d e v e l o p ,  Consequent ly  l e s s  
d a m g e  vould be  expec ted .  I n  f a c t  o b r e r v a t i o n s  i n  1982-83 on 
c h i c k p e a s  sown e a r l y  ( i n  September)  a d  a t  t h e  normal t ime ( i n  
October )  showed t h a t  t h e  former had more r o o t  damagr ! ~ j  I : ,,( 1 ' I  than 
t h e  l a t t e r .  T h i s  cou ld  be s e e n  s imply  by looking  i n t o  t h e  c r a c k s ;  
w i t h  t h e  September down p l a n t s  many s t r e t c h e d  and r u p t u r e d  r o o t s  v e r e  
v i s i b l e  i n  t h e  c r a c k s ,  b u t  o n l y  a  few v i t h  t h e  October  sown p l a n t s ,  
I f  c r a c k i n g  d e v e l o p s  b e f o r e  t h e  r o o t a  grow i n t o  t h e  c r a c k i n g  zone,  
presumably t h e y  grow around t h e  c r a c k s .  



T a b l e  46. E f f e c t  o f  c u t t i n g  t h e  r o o t s  on the  e a s t  and west  s i d e  o f  rows 
o f  c v .  ICP-1-6 grown on V e r t i s o l  i n  t h e  normal  season w i t h  
a n d  w i t h o u t  i r r i g a t i o n .  

__-----..- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Y i e l d  ( g / 2 m  row) 

T r e a t m e n t  Non- i  r r i g a t e d  l r r  i g z d  Mean 

C o n t r o l  3 5 2 

C o n t r o l  3 1 2  

Cut o n  e a s t  3 50 

Cut on  w e s t  3 2 3  

Mean 3 3 5 388 

S E 

I r r i g a t i o n  

T r e a t m e n t s  3  1 

I r r i g a t i o n  x t r e a t m e n 6  43 

C V :  1 7 Y  



I n  t h i s  t r i a l  t h e  f o u r  t y p e s  of land p r e p a r a t i o n  ( c o n t r o l  ( f l a t  
s e e d b e d ) ,  f  l e t  seed-bed w i t h  compact ion  zones e v e r y  150 cm, 60 cm 
r i d g e s  and f u r r o w s ,  and 150 cm broad beds and f u r r o w s )  gave d i f f e r e n t  
p a t t e r n s  of  s o i l  c r a c k i n g ,  However, t h e r e  was no s i g n i f i c a n t  e f f e c t  
on o v e r a l l  y i e l d s  of e i t h e r  ch ickpea  o r  pigeonpea ( T a b l e  4 7 ) .  

However, an i n t e r e s t i n g  d i f f e r e n c e  between t h e  t r e a t m e n t s  emerged 
when t h e  y i e l d s  of  t h e  b o r d e r  and c e n t r a l  rows of  e a c h  4-row s t r i p  
were compared. The border  rows y i e l d e d  more t h a n  t h e  c e n t r a l  rows i n  
a11 c a s e s ,  no doubt  a s  a  r e s u l t  of  t h e  wider  apace between them; but  
i n  t h e  c a s e  o f  p igeonpea ,  t h e  b o r d e r  rows i n  t h e  r i d g e  and fur row 
system had a  g r e a t e r  y i e l d  advantage  o v e r  t h e  c e n t r a l  rows t h a n  i n  t h e  
utller t r e a t m e n t s .  I n  ch ickpea  t h e r e  was a  s i m i l a r  t endency  (Table  
4 8 ) .  

A p o s s i b l e  r e a s o n  f o r  t h i s  e f f e c t  is  t h a t  i n  t h e  r i d g e  and fur row 
sys tem,  t h e  miss ing  of  a  row a f t e r  e v e r y  4  rows meant t h a t  some of  t h e  
b o r d e r  rows were on one s i d e  of a  r i d g e ,  t h e  o t h e r  s i d e  of which was 
v a c a n t .  The p a t t e r n  was a s  shown i n  F i g .  14 .  I n  s t r i p s  2  and 4 ,  
bo th  b o r d e r  rows had an e n t i r e  r i d g e  t o  t h e m s e l v e s ,  whereas i n  s t r i p  3 
t h e y  d i d  n o t .  S i n c e  c r a c k s  developed i n  t h e  f u r r o w s ,  t h i s  vould have 
meant t h a t  t h e  b o r d e r  rows w i t h  a  r i d g e  t o  t h e m e e l v e ~  would have had a  
l a r g e r  s o i l  volume t o  e x p l o i t  t h a n  b o r d e r  rows on t h e  s i d e s  of r i d g e s  
which t h e y  shared  w i t h  anotht.1. 7 0 w ,  s i n c e  t h e  c r a c k  i n  t h e  fu r rows  
would have prevented  t h e  r o o t  System b e i n g  a b l e  t o  grow t h r o u g h  i n t o  
t h e  nex t  r i d g e .  

I f  t h i s  were t r u e ,  t h e n  t h e  b o r d e r  rows i n  s t r i p s  2  and 4 should  
have had a  h i g h e r  y i e l d  than  t h e  b o r d e r  rows i n  s t r i p  3.  I n  f a c t  t h i s  
formed out  t o  be  t h e  c a s e .  I n  p igeonpea ,  t h e  b o r d e r  rove i n  s t r i p s  2 ,  
3 ,  and 4 y i e l d e d  127 ,  107 and 137 g/row r e s p e c t i v e l y ,  and i n  ch ickpea  
2 7 9 ,  234 and 297 g / row r e s p e c t i v e l y .  T h i s  d i f f e r e n c e  b e t v e e n  t h e  
s t r i p s  would n o t  have been expec ted  i n  t h e  o t h e r  land p r e p a r a t i o n  
t r e a t m e n t s ,  and indeed i t  was n o t  found ( T a b l e  49). 

A s t a t i s t i c a l  a n a l y s i s  f o r  t h e  d a t a  f o r  b o r d e r  and c e n t r a l  rows 
showed t h a t  w i t h  b o t h  c r o p s  t h e  d i f f e r e n c e  between s t r i p s ,  and t h e  
i n t e r a c t i o n  between rows and s t r i p s  were s i g n i f i c a n t  a t  t h e  1% l e v e l .  
The d a t a  f o r  t h e  rows a r e  shown i n  F i g .  15. 

These d a t a  focus  a t t e n t i o n  on t h e  r o l e  o f  c r a c k i n g  i n  s e g w n t i n g  
t h e  s o i l  i n t o  b l o c k s  w i t h i n  which t h e  development of t h e  r o o t  sys tem 
i s  c o n f i n e d .  T h i s  cou ld  have impor tan t  e f f e c t s  on p o s t - r a i n y  season  
c r o p s ,  and d i f f e r e n t  land p r e p a r a t i o n  s y s t e m  w i l l  g i v e  d i f f e r e n t  
pat  t e r n s  of  c r a c k i n g .  However, t h i s  y e a r ' s  t r i a l  shows t h a t  t h e r e  was 
l i t t l e  o v e r a l l  d i f f e r e n c e  i n  y i e l d  due t o  t h e  d i f f e r e n t  land 
p r e p a r a t i o n  sys tems  a r e  compared. 

Ggneral  D i s c u s s i o p  - ----- 
U n f o r t u n a t e l y ,  t h e  d e c i m a t i o n  of our  main t r i a l  on c r a c k i n g  

e f f e c t s  by t h e  w i l t  d i s e a s e  means t h a t  t h e  q u e s t i o n 8  we had a t t e m p t e d  
t o  answer r e w i n  unanswered. P r i m a r i l y ,  we were i n t e r e s t e d  t o  f i n d  
out whether  d i f f e r e n t  methods of  land p r e p a r a t i o n ,  l e a d i n g  t o  
d i f f e r e n t  c r a c k i n g  p a t t e r n s ,  cou ld  i n f l u e n c e  y i e l d .  I f  s o ,  i t  might 
be p o s s i b l e  t o  improve pigeonpea y i e l d s  by t a k i n g  i n t o  account  nrethcxie 
of land p r e p a r a t i o n ,  and t h e  way i n  which t h e  rows a r e  p l a n t e d  i n  



T a b l e  4 7 .  E f f e c t  o f  d i f f e r e n t  methods o f  l a n d  p r e p a r a t i o n  on t he  y i e l d  
(kg /ha)  o f  p igeonpeas  and c h i c k p e a s  grown i n  t h e  p o s t - r a i n y  
season on  V e r t  i s o l .  

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

T r e a t m e n t  P i  @onpeas Chi ckpeas 
_______-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

F l a t  ( c o n t r o l )  781 1783  

F l a t  ( compac ted)  800 I 7 9 6  

Broad  beds 7 3 8 1877 

R i d g e s  and f u r r o w s  739 1854  



9 8 

Tab le  46. E f f e c t s  o f  d i f f e r e n t  land  p r e p a r a t i o n s  on  t h e  mean y i e l d s  o f  
b o r d e r  ( 0 )  and c e n t r a l  (C) rows,  and t h e  d i  f f e r e n c e  between 
them. Data f o r  p igeonpeas  and c h i c k p e a s  grown on  V e r t i s o l  
i n  t h e  p o s t - r a i n y  season. 

Y i e l d  (g /3 .5  n row) 
Pigeonpeas Chi ckpeas 

Trea tment  Border  C e n t r a l  B-C Border  c e n t r a l  8-C 

F l a t  ( c o n t r o l )  1 1 3  89 2 4 255 2 04 5 2 

F l a t  (compacted)  1 1 7  9 0 27 259 2 04 5 5 

Broad beds 109 8 3 2 6 27 0 2 1 5  5 5 

Ridges and 1 2 4  8 7 3 6 270 2 09 6 1 
f u r r o w s  





Table  Y.9. Mean y i e l d s  o f  t he  two bo rde r  and two c e n t r a l  rows i n  s t r i p s  
2, 3 and 4,  w i t h  d i f f e r e n t  l and  p r e p a r a t i o n  systems. (The 
border  s t r i p s  1 and 5 f rom each p l o t  were d i s c a r d e d ) .  I n  the  
r i d g e  and f u r r o w  t r e a t m e n t s ,  t he  bo rde r  rows i n  s t r i p s  2 and 
4 had a r i d g e  t o  themselves,  b u t  i n  s t r i p  3 shared a r i d g e  
w i t h  one o f  t he  c e n t r a l  rows. 

Y i e l d  (g /3 .5  M row) 
Treatment S t r i p  2 S t r i p  3 S t r i p  4 

Border Cen t ra l  Border Cen t ra l  Border Cen t ra l  

Pi  geonpea: 

Ridges and fu r rows 

F l a t  ( c o n t r o l )  

F l a t  (compacted) 

Broad beds 

Chi ckpear 

Ridges and fu r rows  

F l a t  ( c o n t r o l )  

F l a t  (compacted) 

Broad beds 



igure , ,. ill), i m  
b r e w  ~d c e n t r r i  r a s  i n  s t r u s  2 - k  o f  p i g e o n p e a s  a n 0  

c h i  c K p e a s  ,n 6') c n  r r l r l r s  and f u r r o w s ,  



r e l a t i o n  t o  cracking zoner. 
102 

However, again the  d i f f e r e n c e  between the  y ie ld  of r o w  on the  
e a s t  and went rove on broad bed8 c o n f i d  our o b r e r r r t i o a r  l rr t  p a r ,  
and can be in te rp re ted  in  t e r m  of a y ie ld  reducing e f f e c t  of r o i l  
cracking,  the  d i f f e r e n t i a l  e f f e c t  being due t o  the  ea r t -ve r t  a r y n t r y  
of the  root syrtem. 

On the  o t h e r  hand, the  somewhat h igher  y ie ld  of rovr on the  ves t  
than the  e a s t  s i d e s  of 7 5  cm r idges  does not r e a  t o  f i t  i n  with t h i s  
i n t e r p r e t a t i o n .  I t  i s  a l r o  su rp r i s ing  t h a t  the  root c u t t i n g  
t rea tments  we imposed had no s i g n i f i c a n t  e f f e c t s .  

There i s  much we s t i l l  do not underrtand about r o i l  cracking and 
i t s  e f f e c t s  on the  y i e l d s  of pigeonpea grovn i n  t h e  n o t i r l  reason on 
V e r t i s o l ,  and only f u r t h e r  i n v e r t i g a t i o n s  w i l l  be ab le  t o  show w h e t l ~ e ~  
or not an understanding of these  e f f e c t s  can be pot t o  uhe i r ~  
increas ing y i e l d s .  

The r e s u l t s  of the  t r i a l  in  the  por t - ra iny rearon eaggert  t h a t  
o v e r a l l  y i e ld  l e v e l s  a r e  not m c h  a f fec ted  by crackiog p a t t e r n r .  But 
while t h i s  conclur ion may be t r u e  of l a t e -p lan ted  t r i a l 8  each as  t h i s  
one, where cracks  develop while the  p lan t8  a r e  r t i l l  young, with 
e a r l i e r  p lant inge i n  which the  root  e y r t a s  develop more ex tens ive ly  
before cracking begins ,  t h e r e  i s  l i k e l y  t o  be l o r e  roo t  d a n g e ,  and 
d i f f e r e n t  methods of land p repara t ion  and row p lan t ing  nay v e l l  r e s u l t  
in  d i f f e r e n t  y ie lds .  Again, only f u r t h e r  i n v e r t i g a t i o n  v i l l  be ab le  
t o  ehed l i g h t  on t h i s .  



XIII . &me p_r_eJiminar~ 0becrv~- ?P _th. 9- eL hr ?Lli i ! ~  
mosaic d i s e a s g  f l o v e r i w  

S t e r i l i t y  mosaic i s  an economical ly i n p o r t a n t  discome of 
p igeonpea .  As t h e  name s u g g e s t s  t h e  d i s e a s e  csuren p a r t i a l  u t e r i l i t y  
i n  i n f e c t e d  p l a n t s  and f lower ing  and podding a r e  cona iderab l  y de layed .  
The d i s e a s e  a l s o  c a u s e s  a  s l i g h t  y e l l o v i n g  and m t t l i n g  of t h e  l e a v e s .  
P h y s i o l o g i c a l l y ,  t h e  d e l a y  i n  f lower ing  due t o  t h i s  d i s e a r e  i s  of 
i n t e r e e t  i n  r e l a t i o n  t o  t h e  c o n t r o l  of f lower ing  in pigeonpea.  T h i s  
s t u d y  was t h e r e f o r e  undertaken i n  c o l l a b o r a t i o n  wi th  Dr. S.P.S. 
B e n i v a l ,  P u l s e  P a t h o l o g i s t  t o  q u a n t i f y  t h e  c f f e c t e  of i n f e c t i o n  a t  
d i f f e r e n t  s t a g e s  of g r o v t h  and w i t h  d i f f e r e n t  noving d a t e r  on 
s t e r i l i t y  mosaic- s u s c e p t i b l e ,  - t o l e r a n t  and- r e s i s t a n t  c u l t  i v a r s .  

June sowing: Three c u l t  i v a r s ,  BDR-1 ( s u s c ~ p t  i b l e j  , ICP-2376 
( t o l e r a n t )  and ICP-7035 ( r e s i s t a n t )  v e r e  sown i n  V e r t i s o l  i n  12" 
e a r t h e n  p o t s  on 25-6-82 and k e p t  o u t d o o r s .  One p lan t  per po t  was 
r a i s e d .  The p o t s  v e r e  kept  i n  i s o l a t i o n  ( n e a r  t h e  P u l s e  Physiology 
l a b o r a t o r y  i n  Hanmool) away from t h e  i n f e c t e d  p l a n t a .  The p l a n t s  t o  
be  i n f e c t e d  were i n o c u l a t e d  v i t h  l eaves  from i n f e c t e d  p l a n t s  by t h e  
l e a f - s t a p l i n g  t e c h n i q u e  a t  10 (5-7-821, 30 (25-7-821, b O  (25-8-82), 80 
(15-9-82) and 100 (5-10-82) days a f t e r  sowing. There wcre 30 p o t 8  p e r  
t r e a t m e n t .  The most r e c e n t l y  i n f e c t e d  p l a n t s  were kept  downwind of 
t h e  a l r e a d y  i n f e c t e d  p l a n t s  so  t h a t  mi tes  would be c a r r i e d  o n t o  them 
i n c a s e  t h e y  escaped a r t i f i c i a l  i n f e c t i o n .  Days t o  f l o v e r  bud 
i n i t i a t i o n  and f lower ing  v e r e  recorded f o r  i n d i v i d u a l  p l a n t a .  
Observat  i o n s  v e r e  made almost  every  day and t h e  bud8 were  i d e n t i f i e d  
v i e u a l l y  r a t h e r  than by  d i s s e c t i o n .  Flowering vae taken ou t h e  day on 
v h i c h  t h e  f i r s t  open f l o v e r  appeared on a  p l a n t .  Stem d r y  weight and 
seed  w i g h t  p e r  p l a n t  were recorded a t  t h e  t ime of m a t u r i t y .  Seed 
y i e l d  d a t a  a r e  u n f o r t u n a t e l y  u n r e l i a b l e  oving t o  damage b y  p a r r o t s ,  
and a l s o  by h u ~ u n s ,  vho removed g r e e n  pods, e s p e c i a l l y  of cv .  
ICP-7035, v h i c h  h r r  l a r g e  and t a s t y  s e e d s .  

Ay&u~t s ~ v i n n r :  Experinrental c o n d i t i o n s  wcrp s i m i l a r  t o  
t h o s e  d e s c r i b e d  above,  and t h e  same c u l t  i v a r s  were used.  Sovings v e r e  
done on 23-8-82 and 28-10-82. Some p l a n t s  v e r e  i n f e c t e d  10 days a f t e r  
sowing,  and o t h e r s  kep t  a s  c o n t r o l s .  In  t h e  August s o v i n g ,  t h e r e  were 
45 p o t s  p e r  t r e a t o e n t ,  and i n  t h e  October  eoving 24. 

F i e l d  o b s e r v a t i o n s  of i n f e c t e d  p l a n t s  show t h a t  1 1 1 c  s t e r i l ~ t y  
mosaic  d i s e a s e  does not  i n  f a c t  r e o u l t  in c o q l e t e  n t e r l l l t y  v f  t h e  
p l a n t s ,  b u t  r a t h e r  d e l a y s  t he  onse t  of f lower ing .  

I n  o u r  e x p e r i m t ,  i n f e c t i o n  of t h e  s u s c e p t i b l e  c u l t ~ v a r ,  BUN-1, 

10 d a y s  a f t e r  soving i n  June led t o  a  very cons iderab :?  d e l a y  in 
f l o w e r i n g  of  74 d a y # ,  and i n f e c t i o n  a t  30 day8 delayed f  loverlny, by 47 
d a y s .  Bovever ,  i n f e c t i o n  a t  60 days or  more had n u  e f f e c t  I ~ a b l e  5 0 ) .  

The t o l e r a n t  c u l t i v r r ,  ICP-2376, vhich develops ' r i n g  s p o t '  
8ympt- on t h e  l e a v e s  a f t e r  i n f e c t i o n ,  shoved a  d e l a y  o f  9-10 days i n  
f l o v e r i n g  and Pro tur i ty .  I n f e c t  ion a t  30 days led t o  an p v r n  ~ m a l  l e r  
d e l a y ,  and i n f e c t i o n s  \la(; I ~ O  f . i g n i f i c a n t  e f f e c t .  In  t h e  



Table 50. E f f e c t s  o f  i n f e c t  i o n  o f  s u s c e p t i b l e  (BDH-I), t o l e r a n t  (ICP-2376) 
and r e s i s t a n t  (ICP-7035) c u l t  i v a r s  w i t h  the  s t e r i l i t y  mosaic 
d isease  a t  d i f f e r e n t  s tages o f  g rowth  on f l o w e r  bud i n i t i a t i o n ,  
f l o w e r i n g  and m a t u r i t y .  R e s u l t s  a re  g i v e n  i n  terms o f  days 
a f t e r  sowing. 

(June P l a n t  i  n?) Days a f t e r  p l a n t i n g  

i u l  t i va r -  C o n t r o l  10 days 30 days 60 days 80 days 100 days 

L4iJ- 1 bud i n i t i a t i o n  64 120 
F lower ing  86 I 60 
~ v a t u r i  t y  163 227 

ICP-2376 Bud i n i t i a t i o n  69 7 5 
F lower ing  9 5 1  Ob 
M a t u r i t y  166 176 

ICP-7035 Bud i n i t i a t i o n  74 75 
Flower i  ng 134 143 
A a t u r i  t y  192  210 

August p l a n t i n g  

C o n t r o l  10 days 

BDN- 1 Bud i n i t i a t i o n  55 100 
F lower ing  7 3 135 
Mat l r r i  t y  1 3 7  188 

ICP-2376 Bud i n i t i a t i o n  56 6  1 
F lower ing  7 7 8 7 
H a t u r i  t y  139 166 

ICP-7035 B u d i n i t i a t i o n  66 b8 
F lower ing  9 4  99 
t la tu r  i  t y  161 178 

October p l a n t i n g  

C o n t r o l  10 days -- 
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r e s i s t a n t  c u l t i v a r  a l s o ,  i n f e c t i o n  a t  10 and 30 days  a l s o  had a  s m a l l  106 
e f f e c t  i n  d e l a y i n g  f l o w e r i n g  and m a t u r i t y .  I n  t h e  Augurt and October  
p l a n t i n g e ,  i n f e c t i o n  of  cv BDN-1 a t  10 d a y s  a180 l e d  t o  long d e l a y 8  i n  
f l o w e r i n g ,  of 62 and 35 d a y s ,  r e s p e c t i v e l y ;  i n f e c t i o n  of t h e  tw, 
o t h e r  c u l t i v a r s  had much l e s s  e f f e c t ,  and d e l a y e d  f l o w e r i n g  by o n l y  1 0  
d a y s  ( T a b l e  5 0 ) .  

S t u d i e s  on f lower  bud i n i t i a t i o n ,  (by  v i s u a l  o b r t r v r t i o n ,  r a t h e r  
t h a n  by d i s s e c t i o n )  l i k e  f l o w e r i n g  showed t h a t ,  i t  was d e l a y e d  by 
i n f e c t i o n s  i n  t h e  e a r l y  s t a g e s  of g rowth .  I n  t h e  r u s c e p t i b l e  
c u l t i v a r ,  BDN-1, i n f e c t e d  a t  10 d a y s ,  i t  was d e l a y e d  by 56 d r y s  a 8  
compared w i t h  t h e  h e a l t h y  c o n t r o l .  F l o v e r i n g ,  however, war d e l a y e d  by 
7 4  d a y s ,  so  i t  seems t h a t  t h e  s t e r i l i t y  m r a i c  d i s e r r e  n o t  o n l y  
r e t a r d e d  t h e  i n i t i a t i o n  of f lower  buds ,  bu t  a180 r e t a r d e d  t h e i r  
d e v e l o p a e n t .  A s i m i l a r  p a t t e r n  was apparen t  i n  t h e  o t h e r  t u o  
c u l t i v a r s ,  and a l s o  i n  t h e  August sowing ( F i g .  16). I t  is  p o s s i b l e  
t h a t  some of  t h i s  d e l a y  i n  f l o v e r i n g  was due  t o  t h e  c o o l e r  
t e m p e r a t u r e s  t h a t  fol lowed f lower  bud i n i t i a t i o n .  Delayed bud 
i n i t i a t i o n  meant t h a t  t h e  development of  t h e s e  buds w i t h  f l o w e r s  took  
p l a c e  i n  c o o l e r  w e a t h e r ,  but  t h i s  was probably  a l r o  a  d i r e c t  
consequence of  t h e  i n f e c t i o n ,  s i n c e  even when d e l a y s  i n  f l o v e r  bud 
i n i t i a t i o n  were q u i t e  s h o r t ,  3 o r  4  d a y s ,  t h e r e  war a  d i r p r o p o r t i o ~ t e  
d e l a y  i n  f l o w e r i n g .  

The d a t a  on seed y i e l d  were r a t h e r  v a r i a b l e ,  and perhaps  not  t o o  
r e l i a b l e .  I t  i s  d i f f i c u l t  t o  b e l i e v e ,  f o r  example,  t h a t  i n f e c t i o n  a t  
100 days cou ld  have led  t o  a  l a r g e  i n c r e a s e  i n  reed weight  i n  c v  WB-1 
( T a b l e  5 1 ) .  Moreover, t h e  seed y i e l d  d a t a  f o r  c v  ICP-7035 a r e  
d i s t o r t e d  a s  a  r e s u l t  of  human i n t e r f e r e n c e  - t h e  l a r g e  s e e d s  of  t h i s  
c u l t i v a r  t a s t e  good,  and u n f o r t u n a t e l y  pods were plucked from t h e r e  
p l a n t s  by p a s s i n g  l a b o u r e r s ,  The c o n t r o l s  s u f f e r e d  mort s i n c e  t h e y  
v e r e  n e a r e r  t h e  p a t h .  N e v e r t h e l e s s ,  i n  s p i t e  of  a l l  t h e  r e s e r v a t i o n s  
w i t h  which t h i s  d a t a  has t o  bp treated, ' t  c l o t . &  shov f a i r l y  c l e a r l y  
t h a t  i n f e c t i o n  i n  e a r l y  s t a g e r  of  growth no t  o n l y  d e l a y e d  f l o w e r i n g  
and podding i n  t h e  s u s c e p t i b l e  c v  BDN-1, bu t  a l s o  led t o  a  s e v e r e  
r e d u c t i o n  i n  y i e l d .  A c o r p a r a b l e  r e d u c t i o n  d i d  n o t  occur  i n  t h e  
t o l e r a n t  c u l t i v a r  ICP-2376. 

The d a t a  on stem weight  a t  t h e  t ime of h a r v e s t  i n d i c a t e  t h a t  
i n f e c t i o n  o f  t h e  p l a n t s  a t  10 and 30 days  a f t e r  sowing led t o  
c o n s i d e r a b l e  r e d u c t i o n s  i n  g r o v t h  of 40-50%. Thin e f f e c t  was a p p a r e n t  
t o  a  s i m i l a r  e x t e n t  i n  a l l  3 c u l t i v a r r  (Table  5 1 ) .  These r e s u l t s  a r e  
s u p r i s i n g .  Although i n  t h e  c a s e  of t h e  s u s c e p t  i b l e  c u l t i v a r ,  t h e  
yel low b l o t c h e r  on t h e  l e a v e s  might  w e l l  be expec ted  t o  r e s u l t  i n  
reduced p h o t o s y n t h e t i c  e f f i c i e n c y ,  and t o  some e x t e n t  t h e  r i n g  s p o t s  
on t h e  l e a v e s  of t h e  t o l e r a n t  c u l t i v a r ,  no e f f e c t  vould have been 
expec ted  i n  t h e  r e s i s t a n t  c l i l t  i v s ~ .  I t  i s  p o s s i b l e  t h a t  t h e s e  r e s u l t s  
a r e  due t o  chance e f f e c t s .  Due t o  t h e  l a r g e  v a r i a b i l i t y  from p l a n t  t o  
p l a n t ,  bu t  t h e  p a t t e r n  seems t o o  c o n s i s t a n t  t o  be e x p l a i n e d  away i n  
t h i e  way. Another  p o u s i b i l i t y  i s  t h a t  t h e  environment vhen t h e  
i n f e c t e d  p l a n t s  were k e p t  was l e s s  f a v o u r a b l e  f o r  growth than  vhen t h e  
u n i n f e c t e d  p l a n t s  were k e p t .  Although in bo th  c a s e s ,  t h e y  were 
s u f f i c i e n t l y  f a r  from b u i l d i n g  not  t o  be shaded d u r i n g  tlre d a y ,  i t  i s  
p o s s i b l e  t h e y  were s u b j e c t  t o  o t h e r  i n f l u e n c e s  which a f f e c t e d  t h e i r  
growth - perhaps  d i f f e r e n t l y  exposed t o  wind. I t  i s  even p o s s i b l e  
t h a t  t h e  i n f e c t e d  p l a n t s  were not  v a t e r e d  a s  r e g u l a r l y ,  a l t h o u g h  we 
t h i n k  t h a t  t h i s  has  i n  f a c t  c a r r i e d  o t ~ t  r - p l i a b l y  and i n  t h e  same way 
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Table 51 .  Seed y i e l d  and s tem d r y  weight ( g l p l a n t )  of b ~ e ~ ~ p t  l h l ~ ,  
t o l e r a n t  and r e s l r t r n t  pigconpea c u l t i v a r s  i n t r c t r d  
w i t h  e t e r i l i t y  ~nosaic d l r e a r e  a t  d i f f e r e n t  t lwa 
a f t e r  sowing i n  June 

-- - - -- 
I n f e c t e d  ( d a y s  a f t e r  s o ~ ~ ~ )  

Yie ld  o r  
~ u l t i v a r  ntem v e i g h t  C o n t r o l  10 3 0  6 0 PO 100 

( g l p l a n t  1 

BDN-1 Y i e l d  1 2 . 9  3 . 9  4 .9  Q.4 14.3 2 4 . 9  
Stem weight  46.3 26 .4  26.4 41.3 40.3 YO.? 

ICP-2376 Y i e l d  1 9 . 2  1 7 . 1  14.7 1 9 . 9  1 9 . 2  25 .6  
Stem v e i g h t  46.7  2 7 . 6  22.9  35.9 40.3  49.7 

ICP-7035 Y i e l d  3 .1  6 . 9  8 .1  14.7 13 .1  8 .0  
S t em v c i g h t  7 3 . 9  40.7 4 2 . 2  6 9 . 3  6 2 . h  6 7 . 3  

SE f o r  comparing means v i t h i n  a c u l t i v a r  
f o r  y i e l d  1 .8  
f o r  stem weight  6 . 2  



a t  bo th  l o c a t i o n r .  108 

But i t  i s  a l r o  p o s s i b l e  t h a t  t h e  s t e r i l i t y  r o r a i c  d i r e a r e  r e a l l y  
does reduce t h e  growth of t h e  r e 8 i s t a n t  c u l t i v a r ,  by i n f e c t i n g  i t  i n  
such a  vay t h a t  t h e r e  a r e  no v i s i b l e  symptom. T h i r  r e q u i r e *  f u r t h e r  
invee t  iga t  ion .  

These f i n d i n g s  taken t o g e t h e r  shov t h a t  i n  t h e  r u r c e p t i b l e  
c u l t i v a r ,  t h e  s t e r i l i t y  w s a i c  d i s e a r e  had a  r p s c i f i c  e f f e c t  on 
reproduc t ive  grov th  - n o t ,  however, by prevent ing  i t  a l t o g e t h e r ,  but  
by leading t o  a  d e l a y  i n  f l o v e r  bud i n i t i a t i o n ,  and t o  r d e l a y  i n  
f lower development from s e e d s ,  and t o  a  r e d u c t i o n  i n  y i e l d .  The vay 
i n  which t h e  d i s e a s e  b r i n g s  t h i s  about i s  completely unlmovn, but  i t  
i s  of cons iderab le  p h y s i o l o g i c a l  i n t e r e s t .  Fundamental r t u d i e s  of 
t h i s  problem, f o r  example a t  a  u n i v e r s i t y ,  r i g h t  shed v a l u a b l e  l i g h t  
on t h e  mechanism of c o n t r o l  of f  lover ing  i n  pigeonpea,  and of t h e  
f a c t o r s  c o n t r o l l i n g  t h e  ba lance  betveen v e g e t a t i v e  and r e p r o d u c t i v e  
g r o v t h .  



XIV. K C  P e r e n n i a l  Cropping System 

The f e a e i b i l i t y  o f  a p e r e n n i a l  c ropping  oystcm s t a r t i n g  i n  t h e  
p o s t - r a i n y  ( r a b i )  s e a s o n ,  and c o n t i n u i n g  u n t i l  t h z  fo l lowing  r a b i  
s e a s o n  was d e m o n s t r a t e d  i n  an e x p e r i w n t  we colidurtttl  a t  Cal~garcddy 
(PPR 1981-82, C h a p t e r  XI). T h i s  involved a vil~-resistant and 
s t e r i l i t )  ~ S a i c  t o l e r a n t  c u l t i v a r ,  ICP-1-6. The ; 1 1 ~ - l d  o b t a i n &  in 
t h e  second p o s t - r a i n y  sea6011 was s i m i l a r  t o  t h e t  obt.cl lnf i i  from s 
normal  c r o p  s o w n a t  t h e b e g i n n i n g  of t he  r a i n y  seasor . .  711 o r d e r  t o  
t e s t  t h e  r e p e t l t a b i :  l t y  o f  t h e s e  r e s u l t s ,  a  eiwiL3i ~ h p e r i n w ~ t  wus 
e s t a b l i s h e d  a t  ICRISAT C e n t e r  i n  a  f a i r l y  l a r g e  a r p t  ' a b o u t  0 . 3  h a )  
b o t h  i n  t h e  p e s t i c i d e - f r e e  p a r t  of t h e  fa rm,  n;ld ;:I tlr;.?ther a r e a  in  
which s p r a y i n g  i s  p e r m i t t e d .  In  a d d i t i o n ,  smal l  tt-i l!  6 * e r r  conducted 

. , I  t o  comparr  tlic 11 t1 i  ! , ] I :  ' i , '  , t , t ( q 1 aud jLer!lity moeaic 
r e s i s t a n t  c u l t i v a r s  i n  t h i s  sys tem.  

- a e  p&_t _tr.iai w i t h  cy ICP-1-6: Cv ICP-1-6 was aoml on 153 cm broad 
b e d s  and fur rows  on 21-9-82 (sowing 1) and ; .8-0--82 ( s c w ~ n g  1 )  on 
V e r t i s o l  f i e l d  BUS-6B i n  t h e  p e e t i c i d r  f re t .  a r e s  ~ l i  ~ 1 . ~ .  larnt,  and on 

28-9-1982 on a  V c r t i s o l  f i e l d  BR-4. Sowiug wa? c i i n r  in rovs 30 cm 
a p a r t  u s i n g  a  t r a c t o r  mounted s e e d e r .  P l a n t  t o  p l a n t  d j u t e n c e  van 
6-10 cm. There  were f o u r  rovs on each b r o a d b e d .  Thr: n r r a  sown wns 
0.38 ha i n  BUS-6B and 0 .29  ha in  BR-4. No i r r l e a t  ion vae g i v e n  pithel- 
a t  t h e  t ime  of  sowing o r  s u b s e q u e n t l y .  No f e r t  i l l z c r s  vrr-t. t ipplied t o  
t h e r e  f i e l d s .  

One hand weeding was done on 10-11-82 111 P,R- I + .  ' I  r i p  reached 
50% f l o w e r i n g  on 28-12-82 in BB-4 and 6-1-P.3 I n  BL1: i - t i r i .  k r p ~  a y  o f  
e n d o s u l f a n  was g i v e n  on 14-1-82 i n  BR-4. The c r u y  ~ ~ d t i l i t d  un 12-2-83 
i n  BR-4 and was h a r v e s t e d  on t h e  same d a y ,  and mtu! u,l 2 8 - 2  -83 i n  

BUS-6B and was h a r v e s t e d  on 3-3-83. 

At m a t u r i t y ,  i n  one p a r t  of each f i e l d ,  18 ( 6  x 4  ol: p l o t s  wrre  
marked o u t  i n  which t h e  c r o p  wee harvee ted  i n  d i f  f r r c r ! ~  nlanriers, by 
pod p i c k i n g ,  and r a t o o n i n g  a t  30 o r  15 cm above g r o u n d  1 t . v r . l .  These 

t r e a t m e n t s  vere randomieed i n  s i x  r e p l i c r t  ions. Percen t  m o r t a l i t y  
r e c o r d e d  a t  m a t u r i t y  and i n  A p r i l  and June i s  g i v e n  i n  ' fable  5 2 ,  The 
r e m a i n i n g  a r e a e  (0.24 ha on BB-4 and 0.33 ha on B U S - 6 E ) a i  t h e  f i e l d s  
were h a r v e s t e d  u n i f o r m l y  by r a t o o n i n g  p l a n t 8  a t  30 c u  p l a n t  h ~ i g h t .  
I n e e c t  damage t o  pods vas  monitored by e n t o m l o g l n t ~ .  

C u l t i v a r  c_onrparision: These t r i a l s  v e r e  p l a n t e d  ~ L I  /+-10-62 !idjacrrlt  
above t r i a l s  i n  t h e  game f i e l d s .  S i x  c u l t i v a r e ,  ICP-6x58 ,  (1CP-1-6 
s e l e c t i o n  by ~ a t h ~ l ~ ~ i s t o ) ,  ICP-1-6 (Breeders  ' 3e ,.st i u i i ; ,  :CP-I(Bb1, 
-8859, -8860, and -7119 were sown a t  30 x 10 cm ~ J P Y C I ~ Z ,  L:, tiand o r 1  150 
cm broadbed  and f u r r o v s .  These 



Table 52, Plant  atand and m o r t a l i t y  a t  t h e  time of harves t ing 
the  r a b i  crop,  and e f f e c t  of d i f f e r e n t  methods of 
harves t ing on the  subsequent m o r t a l i t y  of cv  ICP-1-6 
grown i n  f i e l d s  BR-4 and BUS-bB. 

P l an t  m o r t a l i t y  
P lan t  stand At On Apri l  15 On June 15 

Harvest method a t  harves t  harves t  

F ie ld  BR-4 (harves ted  Feb 22) 

Pod picking 3 0 

Ratooning a t  30 cm 30 

Ratooning a t  15 cm 30 

F ie ld  BUS-6B (harves ted  March 3 )  

Pod picking 29 0.2 2.6 10.2 

Betooning a t  30 cm 28 0.3 4.9 15.1 

Ratooning a t  15 cm 2 7 0.4 7 .1 21 $9 

Table 53. Phenology of s t e r i l i t y  m s a i c  r e s i s t a n t  c u l t i v a r r  
grown in rabi -khar i f - rabi  t r i a l  i n  f i e l d s  BR-4 and 
B U S d B .  Days a f t e r  sowing as  given in  pa ren thes i s .  

-- 
Date of 50% flower& Date of ma tu r i ty  

Cult ivar  BR-4 B I J S d B  98-4 W I S d B  

c u l t i v a r s  have been i d e n t i f i e d  by ICPISAT Pulse  P a t h o l o g i s t s  a s  
r e s i s t a n t  or  t o l e r a n t  t o  r t e r i l i t y  mosaic d i s e a s e ,  and a l e o  t o  t h e  
w i l t  dioeaoe.  There were four row8 on each broadbed and furrows and 
the  p l o t  s i z e  f o r  each c u l t i v a r  waa 3 x 4 6q.u. r-1 P 1 i t , ? t ,  4 1 ~ ~ e e  
r e p l i c a t i o n s .  The design of the  t r i a l  was BED, l o  i r r i g a t i o n  was 
g iven.  Other opera t  ions such as  veeding and spraying vere  done a s  in  



t h e  above e x p e r i ~ e n t s .  
1 1 1  

Days t o ! % %  f l o v e r i n g  and ~ t u r i t y  a r e  g i v e n  i n  Table  53. 
~ ~ r v e r t i n g  was on 3-3-83 i n  BB-4 and on 15-4-83 i n  BDS-6B. 

R e s u l t s  & D i a c u s s i o ~  
Y i e l d  qf ICP-1-6: 

I n  f i e l d  BR-4, t h e  mean y i e l d  of cv . ICP-14  h a r r e r t d  by 
d i f f e r e n t  methods (pod p i c k i n g ,  r a t o o n i n g  a t  30 cm and a t  10 cr) war 
673  k g l h a ,  and t h e  mean y i e l d  i n  t h e  remaining 0.24 ha war 660 kg /ha .  
T h i s  is  a  f a i r l y  low y i e l d  f o r  en e a r l y  p l a n t e d  r a b i  c rop .  For 
example,  t h e  mean y i e l d  o b t a i n e d  t h i s  year  v i t h  a  l a t e  p lan ted  r a b i  
p igeonpea  c r o p  i n  a n o t h e r  f i e l d  (BP-11C) was 780 k g / h a ) ( c h a p t e r  121,  
and September o r  October  p l a n t  i n g s  u s u a l l y  g i v e  h igher  y i e l d #  than 
November p l a n t i n g 8  (PPR 1980-81, Chapte r  VIII). 

One r e a s o n  f o r  t h e  r e l a t i v e l y  low y i e l d  could be i n s e c t  damage, 
which v a s  c o n d i r e r a b l e  i n  r p i t e  of  t h e  f a c t  t h a t  t h e  c r o p  var  sprayed 
w i t h  i n e e c t i c i d e  on one o c c a s i o n .  An examina t ion  of ramples by t h e  
P u l s e  Entomologis t s  r e v e a l e d  t h a t ,  on a v e r a g e ,  32% of  t h e  pods were 
damaged by i n s e c t s  . 

A f u r t h e r  r e a s o n  f o r  t h e  low y i e l d  could be t h a t  pigeonpeas had 
been grovn  i n  t h i s  f i e l d  t h e  p rev iouo  y e a r ,  and hence t h e r e  cou ld  had 
been a  b u i l d - u p  of nematodes a n d / o r  o t h e r  p r r a r i t e r  i n  t h e  s o i l .  T h i s  
seems q u i t e  l i k e l y  i n  v i e v  of t h e  h i g h e r  n o r t a l i t g  i n  t h i s  f i e l d  t h a n  
i n  BUS-6B ( s e e  below) and r a t h e r  pa tchy  and r e l a t i v e l y  poor g r o v t h  of 
t h i s  c r o p  i n  t h e  f o l l o w i n g  k h a r i f  s e a s o n ,  

I n  f i e l d  BUSdB, t h e  g r o v t h  of  t h e  c r o p  var  g e n e r a l l y  b e t t e r  than 
i n  88-4, b u t  t h e  y i e l d s  were l o v e r .  I n  t h e  p l o t r  i n  which d i f f e r e n t  
h a r v e s t  methods were compared, t h e  mean y i e l d  War 460 kg /ha .  I n  t h e  
l a r g e  p l o t s  aovn on September 21,  t h e  r a n  y i e l d  war o n l y  74 kg /ha ;  
i n  t h e  l a r g e  p l o t  sown on September 28 t h e  mean y i e l d  war 370 k g / h a .  

These l o v  y i e l d a  a r e  l a r g e l y  e x p l i c a b l e  i n  t e r m  of i n r e c t  
daoulge, which was v e r y  heavy. No p e r t i c i d e r  were a p p l i e d ,  r i n c e  t h i r  
t r i a l  was grow i n  t h e  p e s t i c i d e - f r e e  a r e a  of t h e  farm. Pod d a u g e  
a s s e s s m e n t s  by t h e  P u l s e  E n t m o l o g i r t r  v e r e  72% i n  t h e  f i r r t  rowing 
and 61% i n  t h e  second rowing. The i n r e c t  damage, hovever ,  had more 
s e v e r e  e f f e c t s  than t h e s e  f i g u r e s  s u g g e r t ,  r i n c e  u n y  f lowers  v e r e  
e a t e n  by b l i o t h i s  c a t e r p i l  l a r r ,  and pod a c t  was reduced a s  a  r e s u l t .  
The l a t e r  m a t u r i t y  of t h i r  c r o p  t h m  i n  f i e l d  BR-4 was probably due 
r a i n l y  t o  d e l a y e d  p o d - s e t t i n g  a r  a  r e n u l t  of i n s e c t  damrgc t o  u n y  o f  
t h e  f l o w e r s ,  

S u r v i v a l  & tbp 

There  v a r  a l n o r t  no p l a n t  m o r t a l i t y  i n  f i e l d  BUS-6B a t  the t i r e  

o f  f i r s t  h a r v e s t  (Table  5 2 ) .  Hovever by mid-Apri l ,  a  fev  o f  t h e  
p l a n t s  had d i e d .  The e x t e n t  of w r t a l i t y  was in f luenced  by t h e  way 
t h e  f i r s t  f l u s h  bad been t u r v o t e d  - v i t h  pod p ick ing  m o r t a l i t y  v s s  
l e a s t  (2 .62)  and was moat a f t e r  r a t o o n i n g  c l o s e  t o  t h e  ground (7 . I % ) .  
F u r t h e r  d e a t h  had occur red  by mid-June, v i t h  10.2% in t h e  p l a n t s  from 
which pods had been p icked ,  and 21.9% i n  those  ratooned c lone  t o  t h e  

ground ( T a b l e  5 2 ) .  



In  f i e l d  BR-4, m o r t a l i t y  was cons ide rab ly  h igher  - about 81 a t  1 1 2  

t he  time of harveet  of the  r a b i  c rop ,  a d  over 502 by mid-June. 
Again, t h e r e  ms l e a r t  m o r t a l i t y  a f t e r  pod pickiug,  and r o r t  a f t e r  
ra tooning c l o s e  t o  the  ground; indeed by June t h e  m r t r l i t y  i n  t h e  
l a t t e r  p l a n t s  was a s  high a s  87% (Table 5 2 ) .  

In  our previour t r i a l  a t  Sangareddy, ra tooning c l o r e  t o  t h e  
ground a l s o  led t o  more m o r t a l i t y  than r r toon ing  h igher  up (PPR 
1981-82, Chapter X I ) ,  a l though t h e  d i f f e r e n c e s  ve re  r a t h e r  8-11 (57% 
m o r t a l i t y  a s  opposed t o  5 2 % ) .  The rearon f o r  t h e  higher  n o r t a l i t y  in  
f i e l d  BR-4 probably include damage by nematodes and o t h e r  r o i l  
p a r a s i t e s .  The g r e a t e r  su rv iva l  of the  p l a n t s  in BUS-6A could r l n o  be 
r e l a t e d  t o  t h e i r  low y ie ld  due t o  insec t  damage, r i n c e  t h e  r d u c e d  
development of reproduct ive  s inks  could have led t o  more a r s i m i l a t e r  
being d ive r t ed  i n  vege ta t ive  s t r u c t u r e s  and r o o t r ,  making the  p l a n t s  
b e t t e r  ab le  t o  survive  t h e  h o t ,  d ry  e m r ,  

I n  s p i t e  of t h e  high m o r t a l i t y  i n  f i e l d  BE-4, t h e r e  vas r t i l l ,  on 
average,  a  h igher  p l a n t  popula t ion than is u r u a l l y  employed f o r  a  
r an iy  season crop (48,000 ~ l a n t s / h a ) ,  becaure t h e  d e n s i t y  a t  vhich t h e  
r a b i  crop vae sown was so  much higher  (around 350,000 p l a n t s / h a ) .  

However, these  r e s u l t s  i n d i c a t e  t h a t  r i n c e  w r t a l i t y  i r  l i k e l y  t o  
be increaeed by ra tooning the  p lan to  c l o r e  t o  t h e  ground, the  f i r r t  
crop sbould be harvested by c u t t i n g  t h e  p l a n t r  a r  h igh up a r  p o r r i b l e ,  
i .e .  j u s t  below the  lowest pod-bearing noder . Altbough pod-picking 
g ives  s t i l l  lover m o r t a l i t y ,  t h i s  i s  probably too  time conrvr ing t o  be 
f e a s i b l e  i n  farmers '  f i e l d s .  

The rurviving p l a n t s  put on good growth v i t b  t h e  onset  of the  
mnsoon r a i n r .  Eovever i n  f i e l d  B U S d B  a number of t h e  p l a n t r  (up t o  
20%) shoved s p p t m  of s t e r i l i t y  m r r i c  d i r e a r e ,  a d  a8 a  p recau t ion  
a g a i n r t  t h e  d i e e a r e  spreading t o  o t h e r  p igeoaperr  grovn nearby,  t h e  
experiment n s  terminated i n  June 1983. In  f i e l d  RP-41 t h e r e  var  u c h  
lover d i s e a s e  incidence,  The p l a n t s  vere  rprryed i n  June a s  a  
precaut ionary a g a i n r t  the  bu i ld  up of mi te r  on t h e  p l a n t r ,  because 
they a c t  a s  vec to r s  of the  s t e r i l i t y  m r a i c  d i r e a r e .  Data on t h e  
y ie ld  of of t h i n  crop w i l l  be given i n  our 1983-84 r e p o r t .  
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Table 5 4 ,  Yie ld  (kg lha )  and p lan t  stand s t  t h e  time of ha rves t  of 

t h e  r a b i  crop from s t e r i l i t y  mosaic r e r i r t u r t  c u l t i v a r r  
grown i n  f i e l d s  EiR-4 and BUS-6B. 

- - - - -  - . . . . . - . . . . - -  . .  . - 
Yield ( k g / h a )  P l a n t s  per  rq.8.  

Cu l t  ivar BR-4 BUS-6B BR-4 B U 8 d B  

Cpoorr ison of d i f f e r e n t  g p l t i v a r s :  

I n  f i e l d  BUS-6B y i e l d s  were extremely low - an a v e r q e  of only  60 
kg/ha (Table  5 4 ) .  This vas d u e  to  v e r y  heavy in rec t  a t t a c k ,  heav ie r  
than i n  t h e  o t h e r  p l o t s  in  t h i s  f i e l d ,  probably because of t h e  l a t e r  
p l a n t i n g  of  t h i s  t r i a l .  I n  BB-4 y ie ld  l e v e l r  r e r e  h igher  ( w a n  335 
kg/h. )  than in  BUS-6B,  but lover  t h a n  in t h e  o the r  p l o t #  in  t h i r  
f i e l d .  h e  r ea ron  f o r  t h i s  may be t h e  r e l a t i v e l y  poor p lant  r tand due 
t o  poor e e t a b l i r k n t  (Table 54), and t b e  f a c t  t h a t  t h i r  t r i a l  var  
p l a n t e d  i n  a p a r t  of t h e  f i e l d  when grovth s a r  gene ra l ly  poor.  The 
h i g h e s t  y i e l d 8  were obtained from cvs. ICP-1-6 and ICP-8858, which 
have bo th  been s e l e c t e d  from a cormnon source .  
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