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Pref  nce 

"%is r e p o r t  c o v e r s  t h e  f q r s t  s e . q s t ~ n ' s  r e ~ ~ - r c h  c- i r r ied  o u t  

a t  I C R I S A T  on Pigeonpen P h y s i n l r g y .  Very l i t t l e  w>rL h?s b i e n  

done on t h e  phys io logy  nf t h i s  c r o p  h e f o r c ,  ?nd 9 7  wc h-ive been 

p roceed ing  on a brnad f r o n t  i n  n r d c r  t n  o b t ~ i n  bqckground 

i n f n r r n l t i o n  fcrr f u t u r e  i n v e s t i g - i t i n n s  ~ n d  t n  p r w i d e  -I p e r s p e c t i v e  

w i t h i n  which t h z  p h y s i n l o g i c d  problems c-in bc  seen  and more 

c l e a r l y  d e f i n e d .  Much of t h e  wqrk r e p o r t e d  h e r e  is  d e s c r i p t i v e  

r a t h e r  t h a n  e x p e r i m e n t a l .  

The r e s e a r c h  be ing  c a r r i e d  o u t  a t  p r e s e n t ,  d u r i n g  t h e  

second season  (1975/6) ,  f o l l o w s  up s a m e  of t h e  f i n d i n g s  r c p n r t e d  

h e r e .  However, i n  t h e  f o l l a w i n g  pages  we have c o n f i n e d  o u r s e l f  t o  

p r e s e n t i n g  r e s u l t s ,  i n c l u d i n g  some of a v e r y  p r e l i m i n a r y  n a t u r e ,  which 

were  o b t a i n e d  bef o r e  Kzy 197 5.  

A comprehensive nnatnmicnl  s t u d y  of p igeonpeas  was begun 

i n  l a t e  1974 and i s  c o n t i n u i n g ,  b u t  t h e  r e s u l t s  a r e  n o t  r e p o r t e d  

h e r e ;  t h e y  w i l l  b e  p r e s e n t e d  s e p a r a t e l y  and s y s t c n n t i c a l l y  w i t h i n  

a y e a r  o r  two. 

T h i s  r e p o r t  i s  n o t  i n  any  way a fn rmal  p u b l i c a t i m  o r  a n  

o f f i c i a l  document o f  t h e  T n s t i t u t c .  It i s  in tended  f o r  l i m i t e d  

c i r c u l a t i o n  o n l y  and shou ld  n o t  be  c i t e d .  
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CHAPTER T 

A n a l y s i s  of Growth and Y i e l d  

1. GROWrll ANALYSIS 

I n t r ~ ~ t l u c  t i o n  

I n  c ~ r d e r  t n  l a y  t h e  f q u n d , ~ t i  Ins f f - r  ?n u n d e r s t ~ n d i n ; ?  , ) f  t h e  

c a r r i e d  n u t  11sin): t h e  mcthnds  n f  c l n s s i c ~ l  rcrowth ~ n n l y s i s .  Thcsc 

methods e n a b l e  t h e  n e t  - h f - t o s y n t h e t i c  ; ~ r n ( l u c t i v i t y  ?ncl t h e  , l i s t r i h u t i o n  

of d r y  m a t t e r  t c  be estimLq.ted a t  d i f f e r e n t  stages r , E  t h e  p l n n t s '  

d e v e l n p n e n t  . 

F i v e  c u l t i v a r s  r f  r l i f f e r e n t  r l u r a t i o n s  nnd g r ~ w t h  h n h i t s  

were  s e l e c t e d  f o r  t h i s  s t u d y .  They were  i n  l r d e r  of d e c r e ~ s i n q  

e a r l i n e s s :  T-21, Pusn A g e t i ,  ST-1, ICRISAT-! , ~ n d  HY-3C. 

Mrthqds  

The c u l t i v a r s  were  p l a n t e d  i n  b l a c k  ?nrl r e d  s o i l s  on 26-6-74 

and 4-7-74 r e s p e c t i v e l y ,  a f t e r  f e r t i l i z i n g  t h t  soil w i t h  50 K I T .  

P205/ha and 45  K{:. Zn s04 /hn  ( F - o n c a s t  nnc! i n c n r ; ) n r a t e t i ) .  Ni. 

n i t r o g e n o u s  f e r t i l i z e r  w ~ s  ~ y p l i e d .  A r?n(lnmisetl b l - c k  d e s i g n  w i t h  

two r e p l i c a t e s  w'as e m p l ~ y e d .  The  lot s i z e s  were  9 x 40 M. Two 

seeds were  ~ > l a n t e t l  p e r  h i l l  on r i c l r e s  75 c m  m a r t  and t h i n n e d  t n  

o n e  a f t e r  a week. The p l - ~ n t - t o - ? l ? n t  s p a c i n g  wqs 30 cm. The ern? 

was r a i s e d  e n t i r e l y  u n d e r  r 3 i n f e . l  c n n d i t i ~ n .  The weekly r a i n f a l l ,  

naximum ~ n d  minimum t e m p e r a t u r e s  were  ave raged  a c c n r d i n ~  t m  

s ampl ing  d a t e  and are ;:iven i n  F i s .  3 .  



D e s t r u c t i v e  srowth a n a l y s i s  was c a r r i e d  o u t  a t  weekly i n t e r v a l s  
, 

on a l l  f i v e  c u l t i v a r s  from b l a c k  s :> i l  and o n l y  on ICRISAT-1  from red 

s o i l .  F i v e  p l a n t s  pe r  r e p l i c a t e  were h a r v e s t e d  and s e p a r a t e d  i n t c  

l e a v e s ,  p e t i o l e s ,  s t ems ,  r o o t  nodulcs  (:.nly . ~ t  t h z  e a r l y  s t a g e s ) ,  buds 

f l a w e r s ,  p * , d s  and p d u n c l e s  ( - ~ t  l , ! tcr  stc:):.es). Leaf a r e a  w ? s  measured 

on a l l  thz f i v a  p l a n t s  a t  t h e  e a r l y  s t n g c s  and l ~ t e r  (Tn nne p l a n t  and 

cnlcul ,? tc ; l  f c r  t h e  r e s t  r>n t h e  b a s i s  cf tlry weif:ht :-lf l e a v e s .  Leaves 

w e r e  o u t l i n e d  ,rn s q u a r e  1)apcr and t h c  s q u a r e s  were counted t o  c a l c u l a t e  

t h e  area. This  was donc a t  t h e  e a r l y  sta:;es. L a t c r  on ,  l e n v e o  were 

e i t h e r  b l u e - p r i n t e d  and t h e  a r e n  was measured w i t h  p l a n i m e t e r  o r  a r e n  

was d i r e c t l y  measured by menns of a n  l e a f  a r c n  meter. The p l a n t  p a r t s  

from each p l a n t  w e i ~ h e d  s e p a r a t e l y  and d r i e d  n t  80'~ f c r  d r y  weight  

d e t e r m i n a t i o n .  A t  each  sampling,  t h e  l e n g t h  of main stem, number of 

leaves on t h e  main s t e m  and b r a n c h e s ,  t c t a l  number of l e a f  s c a r s ,  

number of l e a v e s  on t h e  main stem and branches ,  t o t a l  number of l e a f  

s c a r s ,  number s f  p r imary  and secondary b r a n c h e s ,  l e n g t h  of b ranches  

node by node on t h e  main s t e m  and number of pods were r e c o r d e d .  

Non-des t ruc t ive  growth a n a l y s i s  was a l s o  c a r r i e d  o u t  weekly on 

6 marked p l a n t s  p e r  c u l t i v a r .  Each week, t h e  h e i g h t  of t h e  p l a n t s ,  

number of l e a v e s ,  l e a f  s c a r s , b r a n c h e s ,  buds ,  f l o w e r s  and pods  were 

r e c o r d e d .  I n  a d d i t i o n  t o  t h e s e  o b s e r v a t i e n s ,  two market1 p l a n t s  of 

each  c u l t i v a r  were photographed e v e r y  week. 

Ni t rogen  a n a l y s i s  was performed by micro-and macro-Kjeldhal 

methods. 



R e s u l t s  

A .  Morphological  o b s e r v a t i o n s .  

Branching P a t t e r n :  

A diagram showing t h e  d i s t r i b u t i o n  of pr imarv hranches  on t h e  

main stem a t  t h e  m a t u r i t y  of some r e p r e s e n t a t i v e  p l a n t s  has  bcen given 

i n  Fig.l i . .  The l e n g t h s  of t h e  pr imary branches  a r e  p l o t t e d  on t h e  main 

s t e m  node by node.  Tlc lower b ranches  were l o n g e r  thnn t h e  upper 

b ranches  e x c e p t  i n  ICRISAT-1 grown i n  r e d  s o i l  where t h e  middle  branches  

were longer  thnn  t h e  lower and upper b ranches .  It can c l e a r l y  be seen 

from t h i s  f i g u r e  t h a t  t h e  b ranches  were produced i n  f l u s h e s .  

V a r i a t i o n  of l e a f  s i z e  on t h e  main st= 

I n  o r d e r  t o  unders tand  t h e  d i s t r i b u t i o n  of l e a f  s i z e  on t h e  main 

s t e m , - t h e  a r e a s  of i n d i v i d u a l  t r i f o l i a t e  l e a v e s  were determined node 

by node on t h e  main stem of a l l  t h e  c u l t i v a r s  a t  d i f f e r e n t  sampling 

t i m e s .  F i g . l B  shows t h e  d a t a  t aken  on T-21 a t  56 and 112 days  f r o m  

sowing. The lower and upper  l e a v e s  on t h e  main stem were s n s l l e r  than  

t h e  m i d d l e  ones .  T h i s  was t r u e  of a l l  t h e  c u l t i v > r s  and a s m a l l e r  

p a t t e r n  was found on t h e  b ranches  t o o .  It may be n o t i c e d  t h a t  t h e  

pr imary b ranches  were mos t ly  growing from nodes  10 t o  25  on t h e  main 

s t e m  i n  t h i s  c u l t i v a r  ( s e e  F i g .  1A).  

Leaves a t  m a t u r i t y :  

The number of g r e e n  l e a v e s ,  t h e i r  a r e a  and d r y  weigh t ,  and t h e  

number of l e a f  s c a r s  were determined a t  m a t u r i t y  and a r e  p resen ted  

i n  Table 1. 
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P # 4  

The e a r l y  c v s  T-21 and Pusn A g e t i  had a sm11 number c f  g r e e n  

l e a v e s  whereas  t h e  medium c u l t i v ~ r s  had more g reen  l e l v e s  r e t a i n e d  a t  

t h e  t i m e  of m a t u r i t y .  On t h e  b a s i s  of l e a f  a r e a ,  T-21 was t h e  l.-rwest 

b u t  on t h e  b a s i s  o f  l e a f  d r y  we igh t ,  Pusa A g e t i  w a s  t h e  l o w e s t .  Arnang 

t h e  medium c v s  ICRISAT-1 (Red s o i l )  had t h e  h i g h e s t  lc .?f  are,a b u t  t h e  

d r y  weight  was s i m i l a r  t o  HY-3C whose l e a f  nren was nn ly  h a l f  of 

ICRISAT-1. 

The t o t a l  number of l e a v e s  prnduced up t )  t h e  t ime of m a t u r i t y  

i s  shvwn i n  Tab le  1. The p e r c e n t a g e  of l e a v e s  which had f s l l e n  o f f  

by t h e  t ime  of m a t u r i t y  was l o w e s t  i n  HY-3C. 

Mean s p e c i f i c  l e a f  weight  d u r i n g  v e g e t a t i v e  and r e p r o d u c t i v e  phases :  

SLW was c a l c u l a t e d  by d i v i d i n g  l e a f  a r e a  by :en€ d r y  we igh t  a t  

e v e r y  sampl ing  t i m e .  The mean SLW d u r i n g  t h e  v e g e t a t i v e  phase  v a r i e s  

f o r  c v s  as ICRISAT-1 > ICRISAT-1 (Red s o i l ) )  HY-3C > ST-1 > Pusa Age t i  ) 

T-21 and d u r i n g  t h e  r e p r o d u c t i v e  p h a s e  a s :  

HY-3C > ICRISAT-1 ) ST-1) Pusa  A g e t i  > ICRISAT-1 (Red s o i l ) )  

T-21 (Table  2 ) .  

I t  i s  i n t e r e s t i n g  t q  n c t e  t h a t  t h e  mean SLTJ d u r i n g  t h e  

r e p r o d u c t i v e  phase  was more t h a n  during t h e  v e g e t a t i v e  phase  f o r  a l l  

c u l t i v a r s  e x c e p t  ICRISAT-1 (Red s o i l ) .  

Stem: 

The h e i g h t  of  t h e  main s tem and d r y  we igh t  of s tem,  i n c l u d i n g  

b r a n c h e s ,  a t  d i f f e r e n t  sampl ing  t i m e s  are g i v e n  i n  F i g . 2 .  



T a b l e  1. Leaves a t  m t u r i t y  i n  f i v e  P i g c m p c , ~  
c u l t i v n r s .  

, P e r  P l a n t  -- 
C u l t i v a r s  No.of Dry weigh t  Leaf N ) . l ~ f  T j t 2 l N o .  X 

g r e e n  of g r e e n  n r e ~  l e a f  7 f  l a v e s  l e a f  f a l l  
l e a v e s  l e n v c s  i n  g . cm 

7 

2 s c a r s .  ,)r ~ducer l  

ST- 1  1 5 3 . 2  3 . 5  1 7  34 4 4 0 . 8  535.0 74  

ICRISAT- 1 198.4 1 3 . 9  2643 434 .6  6 3 3 . 0  6 9 
(Red s c i l )  

T a b l e  2 .  Mean s p e c i f i c  leaf w e i g h t  (SLW) d u r i n g  t h e  v e g e t a t j v e  
and r e p r o d u c t i v e  p h a s e s  of g rowth .  

SLW (mg/crn2) d u r i n g  
C u l t  i v a r  s V e g e t a t i v e  p h a s e  K e ~ r o d u c t i v e  p h a s e  

Pusa  A g e t i  

ST- 1 

ICRISAT- 1 

ICRISAT- 1 
(Red s o i l )  



P 4 6  

In  a l l  f i v e  c u l t i v a r s  t h e  h e i g h t  of t h e  %?in s t c s m  inc rc3sed  

r a p i d l y  u:, t~ t h e  t h e  of f lower  bud i n i t i a t i ~ n .  T h e r e ~ f t e r  i t  

remaineq c o n s t a n t  i n  c v s  Puss A r e t i  and HY-3C w h 2 r c - i ~  i n  crthcrs t h e r e  

was ? s l L ~ w  i n c r e a s e  i n  h e i g h t .  I n  -111 c u l t i v ? r s  the d r y  w c i ~ h t  I-£ t h e  

stem incre-isad a f t e r  f l l w e r  bu1 i n i t i ? t i ~ r ,  r - f l z c t i n q  t h e  c . n t i n u c d  

? r r d u c t i , - n  - ~ f  n e w  br3nches  ( 'rqhlt 3 )  ~ n c i  71s > 3 c~Jntinu2tl  ):rowth i n  

th ic lcn~.ss  .f t h e  p r . ? v i  ~ u s l v  s x i s t i n  s tems.  

P re i iminnry  r>bserva t ions  indic ,? ted t h a t  i n  t h e  medium d u r a t i o n  

v a r i e t i e s  t h e  d i a m e t e r s  - f  t h e  F j t e m s  (main stems mensurcd hnlf-wsy up) 

i n c r e a s e d  by 30-65% between f lower  i n i t i a t i o n  and m a t u r i t y .  

The e a r l y  c u l t i v n r s  T-21 ?n(3 Pusn Age t i  produced n R r c n t e r  

p r o p o r t i o n  (73-86%) of t h e i r  t o t a l  stem d r y  weight a f t c r  f l ~ m e r  bud 

i n i t i a t i o n  than  t h e  medium d u r a t i o n  c u l t i v a r s  (35-55%). The l a t t e r  

produced fewer ,  o r  i n  t h e  c a s e  of ICRISAT-1, no new pr imary brnnches  

d u r i n g  t h e  r e p r o d u c t i v e  phase;  b u t  i n  a l l  c u l t i v s r s  t h e  p roduc t ion  nf 

new secondary b ranches  con t inued  d u r i n g  t h e  rci3roductive 2hase  (Table 4 )  

Cvs ST-1 and ICRISAT-1 prr.3uced a g r e a t e r  t o t a l  nunher nf 

pr imary and secondary b ranches  t h a n  t h e  o t h e r  c u l t i v a r s .  



FIGURE 2 
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Table 3 .  Mean p l a n t  h z i c h t ,  stem weight 2nd number nf branches  
a f t e r  f lower  bud i n i t i a t i c n  ( t m  ;Ter p l a n t  b a s i s ) .  

A t  ~ q t u r i t y  A f t e r  f l c w e r  2 n f  t e r  f 1 )wer N i l .  l ~ f  b ranches  produced 
bud h i t i l t i o n  ? ~ u d  i n i t i n t i n n  i f t e r  f lower  bud i n i t i l -  

C u l t  i v a r  -- - t i o n .  
Height Dry w t .  I l e i ch t  Dry w t  I I c i ~ h t  Drv w t .  Pr imary S e c o n d ~ r y  
cm. of stem cm. - f  stcr? cm I E  stem 

Puss  h q e t i  86.0 2 8 - 3  3 6 . 3  i . 7  0 7 .l 4 a 4 3.1 

ST- 1 203.8 116.4 172.1 65.6 15 4 4 1.9 5 . 3  

ICRISAT-1 226.0 152.1 180.4 67.9 2 0 5  5 0 6.2 
(Red s o i l )  

Table 4. Leaf a r e a  development i n  f i v e  pigeonpea c u l t i v n r s .  

Dnys from sowing 
C u l t i v a r s  Max. LA1 For Max. LA1 For f lower  bud 

- i n i t i a t i o n  

Pusa Ageti  1.68 112 70 

ICXISAT-1 12.70 119 
(Rsd soil) 



B .  Dry m ? t t e r  - 
The d r y  m a t t e r  d i s t r i b u t i n n  frl-m g e r m i n l t i c n  t y  m a t u r i t y  f o r  

a l l  t h c  f i v e  c u l t j v n r s  i s  ~ i v e r  i n  P i , r m  3 .  S i n c e  thc sc.mpling d . ~ t e s  

f o r  ST-1, ICXTSIiT-1 an! 1CF.ISAT-1 (::'(I s 7  i l )  1 i f f i . r ~  1.v 3 ~1?vs f r  -m the 

o t h e r  c u l  t i v l r s  ~ t ~ c  n 2 1 ~  r 2 in f  --ill 711.1 t~mperaturt wi 'rc  ?ver?: :~d 

~ c c q r d i n ~  t >  t h e  samplino y,;cck. Thdy ?re 1 1 s ~ .  s h ~ m  i n  Fib7.3- 

Thrce  ;>bases of rr ~ w t h  c a n  hc 3 i s c e r n c , l -  

The i n i t i a l  " lag ' '  phasc  ( c x t e n d i n p  up t n  56 d a y s  from s o w t n ~ )  , 

a r a p i d  grqwth  p h a s e  ( l r i s t i n g  up t n  l i 2  t o  125 d a y s  depending  on t h e  

d u r a t i o n  of  t h e  c u l t i v a r s )  and n f i n a l  phase  of  s l o w  n e t  nccumu1ntic)n 

of d r y  matter. 

Dur ing  t h e  i n i t i a l  "lag" p h a s e ,  t h e  l e a f  f r a c t i o n  c o n t r i b u t e t l  

more t o  t h e  t o t a l  d r y  m a t t e r  t h s n  t h e  ster,~. A f t e r  t h i s  phnse  o f  growth 

t h e  l e a v e s  made up :I s m a l l e r  p r o p o r t i q n  o f  t h e  t o t a l  d r y  m a t t e r  t h a n  

t h e  s t e m  o r  r e p r o d u c t i v e  s t r u c t u r e s .  

Leaves  : 

The l e a f  f r a c t i o n  inc luder l  ' ,nth lnminne  and p e t i 7 l e s .  It c a n  

b e  s c e n  from F i g .  3 t h a t  t h e r e  w-ts n n e t  d e c l i n e  i n  l e a f  d r y  we igh t  

d u r i n g  t h e  r e ~ r o d u c t i v e  phnse of 311 c u l t i v 2 r s .  

The s h o r t  c l u r l t i c ~ n  c v s  T-21 ?nd Pusn A ~ e t i  r eached  t h e i r  

maximum Leaf A r e \ ?  I n d e x  (LAT) much e a r l i e r  t h a n  t h e  mcdium an3 l a t e  

medium c u l t i v a r s  ( T a b l e  4 ) .  The maximum L k I s  f o r  T-21 and Pusa  A g e t i  

were  1 . 3  and 1.7 r e s p e c t i v e l y ,  whereas  f o r  ST-1, ICRISAT-1 and HY-3C, 
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t h e y  were abou t  3 . 6 .  I n  t h e  c a s e  of ICRISAT-1 grown i n  r e d  s c i l ,  

t h e  maximmi LA1 was t h e  h i g h e s t ,  1 2 . 7 ,  a l t h o u g h  t h e  number u f  d3ys 

t a k e n  ' 3  r e a c h  t h i s  LAT was t h e  same 1s t h x t  of  p l a n t s  i n  b l l c k  s o i l .  

Cons ider ing  t h e  p h y s i o l o g i c q l  s t ~ p c  ,>f th,? c r o p ,  T-21 and Pus? Age t i  

took  nbout 35 t -  4 2  d ~ y s  7 f t e r  f l ( ~ w c r  bud i n i t i , l t i o n  t ,  a t t z i n  t h e  

h i q h e s t  LA1 ST- 1 2nd TCRISAT-1 t ~ n k  c n l y  1 4  d ~ y s  b u t  1lY-3C r e l c h e d  

i t s  rnlxi-un r,;,I 1 4  days  Sef .rd f l o w t : r  bud i n i t i ~ t i  -11. 

The t r c n d  of LII, l e a f  d r y  weight 2nd t n t n l  number of  green 

l e a v e s  over  t ime  showed a c l o s e  s i m i l a r i t y  ( P i z .  4 ) .  

I n  c ~ r d e r  t o  s t u d y  t h e  r e m ~ b i l i z ? t l r 3 n  nf n u t r i d n t s  from s e n e s c e n t  

l e a v e s ,  b ranches  f r m  c v s  ST-1, ICRISAT-1 and I n - 3 C  were s e l e c t e d  

which had y e l l o w  l e a v e s  a t  t h e  b a s e ,  m-iture l e a v e s  i n  thc* middle  nnd 

younF: l e a v e s  2 t  t h e  t o p .  The l e a v e s  were c n l l e c t e d  nr,de by node 

and t h e i r  are<? and d r y  weigh t  were determined and n i t r o ~ e n  a n ~ l y s i s  

were c a r r i e d  o u t .  The SLW and nitroy:cn c q n t e n t  n f  t h e s e  l e a v e s  a r c  

shown i n  F i g .  5. There  w a s  a p r o g r e s s i v e  d e c l i n e  i n  SLW a s  t h e  l e a f  

age  i n  r e a s e d  c n  a g i v e n  br-incI. of ST-1 and 1CRIS.iT-1 whereas i n  

HY3C, t h i s  t r e n d  was n o t  o b s e r v s b l e .  The n i t r o g e n  c o n t e n t  of t h e  

s e n e s c e n t  l e a v e s  was much l ~ w e r  t h a n  t h a t  of t h e  m2ture  and matur ing  

l e a v e s  i n  a l l  c u l t i v n r s .  The low SI,W of senescer. t  l e ~ v e s  may be  

accounted  f o r  i n  p a r t  by r e s p i r a t i o n  b u t  main ly  by t h e  m o b i l i z a t i o n  

of compounds l i k e  c n r b p h y d r a t e s ,  n i t r c ; sen  e t c .  towards  t h e  growing 

p a r t s  of t h e  p l a n t .  The a n a l y s i s  ?f n i t r o g e n  c l e s r l y  i n d i c a t e d  

t h a t  t h e  s e n e s c e n t  leaves had l o s t  s u b s t a n t i a l  q u l n t i t i e s  of n i t r o g e n  





FIGURE 5 
SPECIFIC LEAF WEIGHT ( S L W ) AND NITROGEN PERCENTAGE 
OF SENESCENT, MATURE AND YOUNG LEAVES ON A BRANCH 

4 I 12 
NODE NUMI€ R ( FAOM DASE 1 



which must have been t r a n s l n c a t e d  t o  o t h e r  p a r t s  f  t h e  p l . l n t .  

Stem: 

Durinv t h e  i n i t i a l  ' l a g "  phnsd,  t h e  r n < ? j ~ r i t y  of  t h e  d r y  

m ? t t e r  was i n  t h e  m-iin stem - n l y .  L n t c r  c n .  n KrcTter c ~ ~ n t r i b u t i c n  

was due t r l  .jr.Fmnrv , ~ n d  st.c-~ndary b r  Inches .  Thc ;3r 3ducti  in n f  

hr-nches  was n o t  unlf ~ r m  >vcr tht: i n d i v i t l u ? l  y l ? n i s  ant1 ccxnscqucntly 

in t rnducc~d  s ~ m p l i n c .  .> r ro rs  v h i c h  werc re f l .>c tcd  i n  the  !-r > w t l l  curves 

where i n s t e q d  of -1 .snto~t_h c u r v e  a t  l a t e r  stiqes, w e  endelf up w i t h  n 

z i g  z::g t r e n d .  Thc r a t i o  elf stem t !  l c n f  went cn  i n c r e ~ s i n f :  as t h e  

p l ~ n t  approached t h e  r e p r r ~ c l u c t i v ~  p h ~ s e .  The tlry w c i ~ , h t  of stem i n  

ICRISAT-1 crown i n  r e J  s o i l  was much h t g h e r  th?n  t h e  s,?nc c u l t i v n r  

grqwn i n  b l a c k  s o i l .  

I n  o r d e r  t c  g e t  sn a p p r c x i a a t e  c s t i r m t e  of t h c  s u r f a c e  a r e ?  

of t h e  sttq comrsred w i t h  t h e  l e a f  a r e ? ,  t h e  s t e m  d i a n e t e r  a t  t h e  

m i d d l e  of main s t e m  and pr imary  b ranches  and t h e  l e n g t h  of main s t e m  

and p r imary  b rznchcs  were t a k e n .  The a r e n  wzs calculated f o r  t h r e e  

sampl ing d a t e s  f o r  all c u l t i v a r s  and t h e  r e s u l t s  a r c  g i v e n  i n  Tab lc  5 .  

(The t o t a l  s t e m  a r e a  was divi l led  by two s i n c e  t h e  l e a f  a r e a  wns 

recorded  for o n l y  one s i d e  of t h e  l e a v e s ) .  Frnm 91 t o  105 clays Ernm 

sowing, t h e  s u r f a c e  3rec of s tem was between 17 and 292 )f  t h c  l c n f  

a r e a  p r e s e n t  a t  t h a t  p a r t i c u l a r  time. L a t e r  on, t h i s  pnpu la t ion  

i n c r e a s e d  u n t i l  i t  was e q u a l  t -  c r  g r e a t e r  t h l n  t h e  l e a f  a r e n ,  o w l w  

to t h e  growth of t h e  s t e m  and !,ranches and t o  t h e  senescence and 

l o s s  of leaves. The p h o t o s y n t h e t i c  c o n t r i b u t i ~ n  of t h i s  stem s u r f n c e  

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



Reproductive s t r u c t u r e s :  
I 

Reproductive s t r u c t u r e s  cnns is ted  rsf : ~ e d u n c l ~ s ,  ; \ c l i c e l s ,  

tu t l s ,  f ; ,~wers ,  Kreen an.! m-iture yo(!s. The fr3ct ic .n  of dry mat te r  

goinc t c -  t h c  r q i r n d u c t i v c  s t r u c t u r e s  s t a r t e d  when fl..weriny hecan 

-in4 s,T:n t h i s  f r a c t i  ln incre?scLl  r \? l ) idly.  

Tt.ic t i - 1 , :  taken f )r flower bucl i n i t i a t i o n  %nil f  \r matu r i ty  by 

J i f f e r c n r  c u l t i v a r s  i n  r L l n t f  rn t o  t h e  v ~ r , ~ t a t i v e  and rcproi luct ive crnp 

growth r a t e s  a r e  !~rcsente; l  i n  Tnblc 6 .  

Table 5 .  Stem a r e ?  (cm2) of ?iceonpen c u l t i v a r s  -it 
l i f f e r e n t  s t a p e s  <>f yrnwth. 

Cu l t  i v n r s  

T-2 1 

Pusa Acet i  

Days from 
sowinp, . 

Surface a rea  
of stem, cm2 

Stem a r e a  over 
l e a f  a r e a  (%) 

ICRISAT-1 
(Red soil) 



Table 6 .  Vegeta t ive  and reproduct ive  crop growth r a t e s  
' of pigeonpea c u l t i v a r s .  

Crop growth r a t e  ~(g. /ha/day D ~ y s  f r o m  
C u l t i v a r s  During vegeta-  During repro-  Sowing t o  Flower bud 

t i v e  phase.  duc t ive  phase flower bud i n i t i a t i o n  
i n i t i a t i o n  t o  ma tu r i t y  

Pusa Aget i  11.3 2 1 . 3  70 84  

ST- 1 4 1 . 3  44 .4  105 7 0 

ICRISAT-1 47 - 0  
(Red s o i l )  

The number of days t o  flower i n i t i a t i o n  were r e l a t e d  t o  t h e  

d u r a t i o n  of t h e  c u l t i v a r s .  On t h e  o t h e r  hand, t h e  medium (ST-1, 

ICRISAT-1) and late-medium (HY-3C) c u l t i v a r s  took ~ l m o s t  t h e  same time 

t o  complete t h e i r  reproduct ive  growth. Cv T-21  completed i t s  

reproduct ive  phase by 56 days ,  whereas Pusa Aget i  took about 84  days,  

which was a  f o r t n i g h t  longer  than  t h e  du ra t i on  of vege t a t i ve  growth 

phase.  Therefore  t h e  crop growth r a t e  dur ing  t h e  reproduct ive  phase 

of t h i s  p a r t i c u l a r  cul . t ivnr  was much l e s s  than o the r  c u l t i v n r s .  The 

reproduct ive  c rop  growth r a t e  of T-21 was 5.6 t i m e s  more than  t h e  

v e g e t a t i v e  c rop  growth r a t e  probably owing t o  t h e  fewer number of days 

f o r  r ep roduc t ive  growth. This  r a t i o  f o r  Piisa Ageti  was 1.9.  For 

cvs ST-1, ICRISAT-1 and HY-3C the r a t i o  tended t o  1, and was less 



t h a n  1 i n  th,e cqse  o f  ICRISAT-1 grown i n  red  s ~ i l ,  a l though  t h e  

number i.f days f o r  r e p r o d u c t i v e  grqwth was t h ~  s?mc 1s t h l t  m f  t h e  

n t h s r  rr dium c u l t i v a r s .  

The d r y  we iph t s  nf t h e  sepor,-.tcd s c a d s  and pod w n l l s  a r c  

p l ,> t t ed  zga ino t  t i m d  i n  F i q .  6 .  I n  111 c u l t i v q r c ,  excep t  I!Y-3C,  t h c  

d r y  wcight f pcd w1ll r??chcd i t s  mnxinur~i  whdn th; seed d r y  wcight 

s t ? r t e d  i n c r e - s i n g  r n p i d l l ~ .  This  .:greds well wi th  t h e  pi~d d ~ v e l l  pmcnt 

s t u d i e s  (Chapter I V ) .  I n  t h e  c a s e  n f  cv HY-3C, b o t h  pL>d w a l l  7nd sccd 

d r y  weight i n c r e ~ s e d  s i d e  by s i d e .  1'Jso t h z  r n t c  n f  i n c r c n s e  cf 

seed d r y  weight w2.s s lower  i n  t h i s  c u l t i v a r .  

I n  some c u l t i v a r s  a f a l l  i n  t h e  d r y  weight of pods <1nd seeds  

took p l a c e  a f t e r  m a t u r i t y ,  i . e . ,  a f t e r  t h e  t ime  a t  which t h e  c rop  

would normal ly  have been h a r v e s t e d  (F ig .  6 ) .  This  f a l l  w-18 p n r t i c u l s r l y  

s t r i k i n g  i n  t h e  c a s e  nf cv ICRISAT-1  and was nbserved on both  r e d  nnd 

b l a c k  s o i l s .  The f a l l  i n  d r y  weight  was n s s o c t a t e d  v l t h  a f a l l  i n  

t o t a l  pod and seed number p e r  p l a n t .   his w 2 s  ow in^ t o  t h e  

deh i scence  and /or  s h a t t e r i n g  of pads  and t h e  l o s s  of pods from t h e  

p l a n t  by t h e  bre?king of t h e  p e d i c e l s  which became v e r y  b r i t t l e .  
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2. YIELD ANALYSIS 

I n t r o d u c t i o n  

.a a n a l y s i s  of y i e l d  anc; y ie l t i  compments i . e .  pod numbcr/plnnt,  

seed number/pod and 100-seed weigh t ,  was c a r r i c d  out on each of  t h e  f i v e  

c u l t i v n r s  Ir,rown b o t h  i n  b l l c k  and red  s n i l s .  The r e l a t i v e  importance of 

t h e s e  y i e l d  conpnncnts  i n  d i f f e r e n t  c u l t i v n r s  was i n v c s t i g n t c d .  

Ye thr)~l  s 

A t  m a t u r i t y ,  50 p l a n t s  of e , x h  c u l t i v a r  were c u t  a t  t h e  ground 

l e v e l  and tagged.  Pods were removed from t h e  p l a n t ,  d r i e d  at 8 0 * ~  f o r  

48 h r s  and weighed. Seeds were s e p a r a t e d ,  counted and weighed. From 

t h e s e  r e c o r d s ,  y i e l d  components were c a l c u l a t e d .  The s t e m  was a l s o  

d r i e d  and weighed. 

Another s e t  of 100 p l n r t s  of c v s  ST-1, ICRISAT-1 ( b l a c k  and 

r e d  s o i l s )  and HY-3C ( red  s o i l  only)  were tagged i n  t h e  f i e l d  n f t e r  

h a r v e s t i n g  t h e  pods from ench p l a n t .  The p l a n t s  were al lowed t o  s t a y  

i n  t h e  f i e l d  where t h e y  produced n second f l u s h  qf pqds.  Yield and 

y i e l d  components were determined n s  b e f o r e .  

R e s u l t s  

Yield  snd y i e l d  components of c v s  T-21, Pus? Aget i ,  ST-1, 

ICRISAT-1 (b lack  and r e d  s n i l s )  HY-3C ( red  s o i l )  a r e  r e p r e s e n t e d  i n  

F i g .  7 .  The g r a i n  y i e l d  pe r  u n i t  ares? 2nd p r o d u c t i v i t y  p e r  day a r e  

shown i n  Tab le  7 .  

The grain y i e l d  of T-21, Pusa A g e t i ,  ST-1 and ICRISAT-1 was 
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3 4 % ,  34%,  31%,and 19% r e s p e c t i v e l y  more i n  red s c i l  thnn i n  b lack  scil, 

and t h e  p r n d u c t i v i t y  2 c r  day was a l s o  c o n s i d e r a b l y  hither i n  red s8 ) i l  

t h a n  i n  b l a c k  s o i l .  I n  b l a c k  s o i l  t h e  lower y i e l d ,  p , ~ r t i c u l , ? r l y  o f  

HY-3C may i n  p a r t  have bcen owins t o  water-l,)s!;in:. 

The mnln yiel,! ccmpnnent c o n t r i b u t i n c  yielc! W,TS pod number pe r  

p l a n t  b . ) t h  i n  s a r l y  and  nediuri c u l t i v ? r s ,  b u t  i n  HY--3C i t  seemed tc~ be 

t h c  sccll s i z c .  Pus? I',ycti h3c1 thc: minimum sc.>d.s/:) . . I .  

The h a r v e s t  i n d i c e s  c f  t h e  c u l t i v a r s  grown i n  b l a c k  ?nd red s o i l s  

s r e  g iven  i n  Tnble 8 .  The c a l c u l a t e d  h a r v e s t  index ( H I )  wcs n h t  n t r u e  

h a r v e s t  index  because t h e  r o o t s  and t h e  f a l l e n  l e a v e s  were n o t  t aken  

i n t o  account  f o r  t h e  c a l c u l a t i o n .  There was p r a c t i c a l l y  no d i f f e r e n c e  

i n  H I  between s o i l s  excep t  f o r  c v  ICRISAT-1.  For cv  HY-3C w e  had no 

d a t a  f o r  b l a c k  s ~ i l  owing t o  t h e  damage caused by water- logging.  

There was n v a r i a t i o n  i n  g r a i n  t o  pod w a l l  r a t i o  mong  c u l t i v a r s  

(Table  9).  ST-1 had t h e  h i g h e s t  r a t i c  b o t h  i n  b l a c k  and r e d  s o i l s .  

C u l t i v a r s  grown i n  r e d  s c i l  showed a  h i g h e r  r a t i o  compared w i t h  those  

grown i n  b l a c k  s o i l .  The average  weight  of t h e  pod w a l l s  on red ant1 

b l a c k  s o i l s  was n o t  v e r y  d i f f e r e n t  and s o  most of t h i s  change i n  g r a i n  

t o  pod w a l l  r a t i o  was owing t o  t h e  h i g h e r  seed numl,er per  pod .?nd h i q h e r  

seed weight on r e d  s o i l  (Table 10,  F i r s t  F l u s h  d a t a ) .  The seed numbers 

p e r  pod a r e  t h e  net seed numbers a t  h n r v e s t .  There nay have been 

d i f f e r e n t  d e s r e e s  of i n s e c t  a t t a c k  on r e d  and b l a c k  s o i l s ,  and hence 

a d i f f e r e n t i a l  l o s s  of  seeds  b e f o r e  harvest. 



The r e l a t i o n s h i p s  between f i r s t  an2 seccn,? f l u s h  viclcl i-f cvs 

S T - 1 ,  ICRISLZT-1 (b lack  and r e d  s o i l s )  ?n:l HY--3C ( red s , i l  *.nly) w ~ l r c  

c a l c u l a t e d  )r. t h e  h s i s  \.f aercen t?Se  i v e r  thc f i r s t  f l u s h  ?n! shglwn 

- --- - 
C r ? i n  y ie l - !  Kc: 7 h 3  C r ~ i n > i a l l  K 2 .  / h , ~ / r 1 3 ~  

C u l t i v a r s  Black R c  .J B lack  Reel 
s >il. s o i l .  scil. - s o i l .  

T.-21 768 1176 6 . 4  9 . 9  

Pusa A z c t i  824  1188 5 . 3  7 .7  

ST- 1 1790 - 10.2  - 
I C R I S A T - 1  1702 2440 9 . 3  13 .4  

HY-3C 518 - 2 . 4  - 

T a b l e  8 .  Harves t  Index ?f Pigeonpen c u l t i v n r s .  

Harves t  Index ( P e r c e n t )  
C u l t i v a r s  Black s o i l  R e d  s c i l  

T-21 

Pusn Ay,eti 

ST- 1 

ICRTSAT- 1 

HY-3C 



Table 9.  Var i a t i on  i n  g r a i n  t o  pod w a l l  r a t i o .  

Grain weight/pod wa l l  weight 
C u l t i v a r s  Black s o i l  P.ed s o i l  

Pusa Age t i  1.75 1.79 

ST- 1 2.31 2.88 

ICRISAT- 1 1.87 2.26 

- - - - - - 

Table 10. Y ie ld  a n a l y s i s  of  f i r s t  and second f l u s h  h a r v e s t s .  

- 
Number of  Number of Weight of 100- Y ie ld /p l an t  

C u l t i v a r s  Harvested pods /p l an t  seeds/pod seeds  I n  g .  
on Black R e d  Black R e d  Black Red Black Rcd 

s o i l  s o i l  s o i l  s o i l  s o i l  s o i l  s o i l  s o i l  

I Flush  

ST- 1 23-12-74 169.6 175.5 2.9 3 . 1  7 . 8  7.9 38.2 42.6 

I1 Flush  

ST- 1 6-3-75 59.8 63.2 2.7 2.6 7 . 1  7 . 1  11.6 11.9 



FIGURE 8 
YIELD AND YIELD COMPONENTS OF SECOND FLUSH 
(EXPRESSED AS PERCENTAGE OF FIRST FLUSH YlELO 
AND YIELD COMPONENTS) 
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The y i e l d / p l a n t  from f i r s t  f l u s h  was more i n  r e d  s o t 1  thqn 

i n  b l a c k  s o i l  f o r  ST-1 and ICRISAT-1; i n  t h e  sccond f l u s h  t h e  y i e l d  , ) f  

ICRISAT-1 fol lowed t h e  same t r e n d  whereas ST-1 y i e l d e d  a lmost  same i n  

b o t h  s o i l s  (Table  1 0 ) .  The seccnd f l u s h  y i e l d  was ~ l m o s t  20X ) f  t t ~ c  

f i r s t  f l u a h  y i e l d  f o r  tR-3C, 30% f o r  ST-1 and f i l r  ICRISAT-1 i t  was 

42% i n  r e d  s o i l  and 26% i n  b l a c k  s o i l .  

It L J - r s  s u r p r i s i n g  t h a t  t h e  y i c l d  of  the seccnd f l u s h  of 

ICRISAT-1 was h i g h e r  an  tha r e d  s o i l  which h a s  a lower water-holding 

c a p a c i t y  t h a n  b l a c k  s o i l ,  b u t  pe rhaps  t h i s  was nwing tc7 t h e  b c t t c r  

growth of  t h e  p l a n t s  i n  r e d  s o i l  which might  have cont inued t n  g i v e  rt 

good second f l u s h  y i e l d .  The t ime  taken  f o r  a second f l u s h  y i e l d  was 

o v e r  2 months f o r  ST-1 and ICRISAT-1 and over  one month f o r  HY-3C 

(Table  1 0 ) .  

The number of pods p e r  p l a n t  i n  t h e  s e c ~ n d  f l u s h  was abou t  

30% of t h e  f i r s t  f l u s h  for a l l  t h e  t h r e e  c v s  excep t  f o r  TCRISAT-1 

grown i n  r e d  s o i l  which had 70%. There  was - r e d u c t i o n  i n  t h e  

number ,3f s e e d s  p e r  pod and weight  nf LOO s e e d s  i n  t h e  second 

f l u s h  i n  a l l  c u l t i v a r s  (Table  l o ) ,  b u t  t h e  y i e l d  component which 

underwent t h e  g r e a t e s t  r e d u c t i o n  was t h e  number of pods p e r  p l a n t .  



I n t r o d u c t i o n  

The i n v e s t i g a t i ( 7 n  c n r r i e : i  n u t  w i t h  f i v d  c u l t i v . ? r s  w 1 s  i n  s ~ i l  

which w . 1 ~  nl>t f e r t i l i z e d  w i t h  n i t r o g e n .  The p l a n t s  d id  n L l t  sh)w any 

v i s u z l  l2f i c i e n c v  f;.r t h i s  n u t r i e n t .  Ap?rt frc n t h e  rcs idu- i l  11i t r i g e n  

of t h e  scil, t h e  r e s t  would hcve ccmc f r  lm t h e  f i x a t i o n  of .~ t rnnspher ic  

nitrql:cn h y  tile r : ~ u t  nt d u l e s .  A m- i j n r  12 jrti >n ~f t h e  ni t r , .gen fnund 

i n  t h e  p l a n t  a s y  be coning frnm t h i s  p r o c c s s .  

Ye thods  

Ti? s t u d y  t h e  p a t t e r n  of n i t r n g e n  uptnke a t  d i f f e r e n t  phases  of 

growth,  t h e  s ~ m p l e s  t aken  f n r  t h c  g r w t h  a n a l y s i s  s t u d y  was grnund 

t n  powder and annlysed for n i t r o g e n  by micrc  n r  macro-Kjeldhal ' s  

method (depending (In sample s i z e ) .  T h i s  a n a l y s i s  113s s o  f a r  been 

c a r r i e d  o u t  on one c u l t i v a r ,  namely T-21. 

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

s t r u c t u r e s  a t  d i f f e r e n t  times a r e  shown i n  F ig .  9 .  The t c l t a l  amount 

of n i t r o g e n  i n  t h e  l e a v e s  went on i n c r e a s i n g  u p t o  f lower  bud i n i t i a t i o n  

and remained c o n s t a n t  t h e r e a f t e r .  The amount of n i t r o g e n  i n  t h e  stems 

i n c r e a s e d  s l i g h t l y  a f t e r  f lower  bud i n i t i a t i o n .  The t o t a l  uptnke of  

n i t r o g e n  by t h e  r c ~ r n d u c t i v e  s t r u c t u r e s  was much more than by t h e  

leaves and stems. 



FIGURE 9 
DISTRIBUTION OF NITROGEN - C V T-2 l 

0 - 4 2  56 7 0 8 4 98  1 1 2  
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4.  DISCUSSION 

The d a t a  c o l l e c t e d  i n  t h e  growth a n a l y s i s  g i v e  r i  q u a n t i t a t i v e  

p i c t u r e  of t h e  accumulat inn and p a r t i t i o n i n g  of d r y  m a t t e r  throughout  

t h e  growth o f  t h e  c r o p ,  b u t  t h i s  p i c t u r e  is  n o t  complete  f o r  t w n  r e a s o n s ,  

F i r s t l y ,  d a t a  on r o o t  d r y  weigh t s  hnve been omi t t ed  because of t h e  

d i f f i c u l t y  nf meamr ing  them q u a n t i t n t i v e l y ,  and t h i s  ( m i s s i o n  h a s  

t o  be borne i n  mind when cnnsider inc ,  t h e  J i r e c t  and d e r i v e d  d n t n  from 

t h e  growth a n a l y s i s .  (StuRies  on t h e  dtvelopment of r o , ) t s  and nodules  

/ 

a r e  r e p o r t e d  s e p a r a t e l y  i n  Chapter  1 1 ) .  SeconJly ,  l i k e  many n t h e r  

d ico ty ledonous  c r o p s ,  p igeonpeas  l o s e  l e a v e s  n s  t h e y  grow and mature;  

t h e  d r y  m a t t e r  l o s t  i n  t h e  f a l l e n  l e a v e s  is  n o t  recorded  i n  t h e  growth 

a n a l y s i s .  Some d r y  m a t t e r  i s  a l s o  lost 9s a r e s u l t  of f lower  and 

pod d r o p ,  b u t  t h e  amount i s  r e l a t i v e l y  s m a l l  ( see  Chapter IV). 

I n  o r d e r  t o  c Q r r e c t  f o r  d r y  m a t t e r  l o s t  by l e a f - f a l l  t h e  f a l l e n  

leaves cou ld  have been c o l l e c t e d  ancl weighed, b u t  t h i s  was n o t  done. 

An i n d i r e c t  method of c o r r e c t i n g  f c r  t h i s  l o s s  was aclopted i n s t e , ~ d .  

I n  t h e  , r o w t h  a n a l y s i s  d a t a  t h e  number of l e a v e s  w'lich has been l o s t  

a t  each  t ime  gf sampling was measured (by count ing  t h e  l e ~ f  s c a r s ) .  

S i n c e  t h e  younger leaves d r o ~  vff f i r s t ,  t h e  a r e a  of t h e  l e a v e s  which 

hod f a l l e n  cou ld  be c a l c u l a t e d  from t h e  measurementscf l e a f  a r e a  on 

p l a n t s  a t  a n  earl ier  s t a g e ,  when t h e  t o t a l  l e a f  number corresponded 

approx imate ly  t o  t h e  number of f a l l e n  leaves i n  t h e  o l d e r  p l a n t s .  The 

d a t a  ahown i n  F i g .  5 g i v e  t h e  s p e c i f i c  l e a f  we igh t  of s e n e s c e n t  l e a v e s ;  

and so t h e  t o t a l  d r y  weight  l o s t  by t h e  a b s c i s s i o n  of a  g i v e n  number 
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of s e n e s c e n t  l e a v e s  could be c a l c u l a t e d .  I n  F i g .  10 t h e  t o t a l  l e n f  

d r y  weight  i n  c v s  ST-1, ICRISAT-1 and HY-3C is shown w i t h  and wi thou t  

t h e  c a l c u l a t e d  c o r r e c t i o n s  f o r  l e a f - f a l l .  I n  bo th  ICRISAT-1 and HY-3C 

t o t a l  l e a f  4 r y  weiqht  regached n r l z t e n u  s h o r t l y  a f t e r  flnwerinp, wherens 

i n  ST-1, i t  cont inued t? i n c r e ~ s c  f , > r  a longer  t ime.  The tqt,?l l e a f  

d r y  weight  f e l l  t -wards m a t u r i t y ,  a f a l l  which ?robnl-ly r e f l e c t s  t h e  

d e c r e a s e  in SLW (lur ing l e n f  senescence .  

The l e a f  a r e a  index  (MI) i n  a l l  v a r i e t i e s  was l e s s  thnn one 

up t o  about  70 days  a f t e r  sowing (Fiq .  4 ) ;  t h e r e a f t e r  t h e  grand 

per iod  of growth began. A more e f f e c t i v e  u s e  of t h e  l i r , h t  w m l d  be 

achieved i f  a h i g h e r  IAI  could b e  achieved e a r l i e r .  One way n f  do in^ 

t h i s  might  be by p r q v i d i n g  more n u t r i e n t s ,  such a s  n i t r o q e n ,  t c  r i v e  

a n  i n i t i a l  ' push ' .  An i n c r e a s e  i n  t h e  p l a n t  y o p u l a t i o n  may n o t  be a 

s o l u t i o n  because  t h e  p l a n t s  r e q u i r e  a wider spac ing  l a t e r  on f o r  

b e t t e r  branching and pod set .  T h i s  s low development of LA1 is  n o t ,  

h o w w e r ,  such a d i s a d v a n t a g e  i n  t h e  i n t e r c r o p p i n g  s i t u a t i o n  i n  which 

pigeonpea is  commonly grown; t h e  companion c r o p s  are ~ e n e r i l l l y  f a s t e r  

growing and develop a  l a r g e r  l e a f  a r e a  more r a p i d l y  s o  t h a t  a more 

e f f i c i e n t  u t i l i z a t i o n  nf l i g h t  by t h e  whole sys tem i s  ach ieved .  

The f i v e  c u l t i v a r s  v a r i e d  i n  t h e i r  LA1 and f o r  ICRISAT-1 a 

b i g  d i f f e r e n c e  w a s  found i n  L2I on  r e d  and b l a c k  s o i l s  (Fif;.  4 ) .  The 

low LIIs i n  t h e  e a r l y  c u l t i v a r s  s imply  r e f l e c t  i n  p a r t  t h e i r  e a r l i e r  

m a t u r i t y ;  t h e y  were p l a n t e d  a t  t h e  same spacings as  t h e  o t h e r  c u l t i v a r s .  

A h i g h e r  p o p u l a t i o n - d e n s i t y  would have been more a p p r o p r i a t e  f o r  such 



F I G U R E  10. D R Y  W E I G H T  O F  L E A F  L A M I N A E  C O R R E C T E D  A N 0  

U N C O R R E C T E D  F O R  L E A F  FALL 

WT C)F TOTAL I A M I N A C  

WT (>F TOlAL LAMRYAE 



P a 22 

v a r i e t i e s ;  and a t  h i g h e r  popula t ion-dens i ty  t h e y  wnuld hnve hot3 

h i g h e r  LAIs. 

L'h'he e a r l y  c u l t i v a r s  r e a c  led t h e i r  maximum iS,I lurinj: t h e  

f lowerinq an,l podding s t l ~ e :  gn t h e  o t h e r  hanJ i n  t h e  r n ~ ~ l i ~ n n  c u l t i v ? r s  

t h e  LA1 was d e c l i n i n ~  c:urinr, t h c  r e p r o d u c t i v e  phqsr?. Ths p ~ t t e r n s  nf  

l e a f  senescence and l e a f  f ? l l  v a r i e d  wi th  t h e  c u l t i v n r s  ( F i r .  4 ) .  

The p r o p c r t i o n s  of t h e  t o t a l  l e a v e s  7 rnduce l  s t i l l  ? r e s e n t  ?t m a t u r i t y  

a r e  shown i n  Tab le  1. Furthermore,  t h e  l o s s  i n  d r y  weipht d u r i n ~ :  l e a f  

senescence and t h e  r e m o b i l i z a t i o n  nf n i t r n q e n  from t h e  l e a v e s  showed 

s t r i k i n p  d i f f e r e n c e s  when c u l t i v a r s  were compared (F ip .  5 ) .  Less  d r y  

weight  was l o s t  by t h e  l e a v e s  of HY-3C and a l s o  l e e s  n i t r n q e n  was 

remobi l i zed  from t h e s e  l e a v e s .  

Although i n  t h e  e a r l y  s t a g e s  pigeonpeas  qrow s lowly ,  3 iv inE 

t h e  impress ion  of a  ' l a g  phase '  (FIR.  3)  i n  f a c t  i t  is  i n  t h i s  p e r i o d  

t h a t  t h e y  have t h e  h i g h e s t  r e l a t i v e  growth r a t e  (RGR) (FIR.  11). The 

f a l l  i n  r e l a t i v e  s rowth  r a t e  w i t h  t i m e  i s  a cnmmon f e a t u r e  i n  many 

c r o p s .  The d e c l i n e  i n  RGR occu*e a s  t h e  p r o p o r t i o n  of non-growing 

b u t  r e s p i r i n g  times i n  t h e  p l a n t  i n c r e a s e s ;  one r e a s o n  f o r  t h e  f a l l  

i n  RGR i e  t h a t  3 h i g h e r  and h i g h e r  p r o p o r t i o n  of p h o t o s y n t h e t i c  

a s s i m i l a t e s  have t o  bc used f o r  maintenance r e s p i r a t i o n .  

While RGR g i v e s  some i d e a  of t h e  ' s i n k '  a c t i v i t y  o f  t h e  whole 

p l a n t ,  t h e  n e t  a s s i m i l a t i o n  r a t e  (NAR) can be used  a s  a measure of 

'source' a c t i v i t y .  L ike  RGR, NAR d e c l i n e s  with time @ l g .  11) b u t  
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i n  t h e  medium and medium-late c u l t i v a r s ,  i t  r i s e s  aga in  s h o r t l y  

be fo re  maturity. The i n i t i a l  decrense  i n  NAR m a y  bc a t t r i b u t e d  t o  t he  

p r o g r e s s f v e  shading of t h e  lower by the  ?Jpper l c a v c s  and/or  t o  t he  

dec reas ing  photosynthe t ic  e f f i c i e n c y  % ~ f  the  t - n r l i c r - f o r m b ~ d  l cnvcs  ,-is 

they  grow o l d c r .  The risd 9s t h e  p l a n t s  n p p r o ~ c h  mntu r l ty  could be 

e x p l i c a b l e  i n  one o r  mpre of t h e  fo l lowing  ways: 

(i) P a  i n c r a s e  i n  pho tosyn the t i c  e f f i c i e n c y  townrds t h ~  end of 

t h e  r ep roduc t ive  p h ~ s e .  

( i f )  A reduced p a r t i t i o n i n g  of d r y  m? t t e r  i n t o  t h e  r o o t s  g iv ing  

an  apparent  incre,qse i n  pho tosyn the t i c  e f f i c i e n c y  which, i n  t h e s e  

c a l c u l a t i o n s ,  t a k e s  I n t o  account  on ly  t h e  weight of t h e  shoot  system. 

But t h i s  e f f e c t  would have t o  be l a r g e  t o  e x p l a i n  mnre than  a small 

p a r t  of t h e  r i s e  i n  NAR, and i t  may be more than  o f f s e t  by ano the r  

sou rce  of e r r o r ,  namely t h e  l o s s  of l e a v e s .  Leaf f a l l  w i l l  lend t o  

an  underes t imate  of t h e  d r y  weight of t h e  shoot  system and hence t o  

a n  underes t imate  of NAR. Hqwever, when t h e  NAR i s  r e c a l c u l a t e d  

t s k i n g  i n t o  account  t h e  c o r r e c t i o n  f o r  l e a f  f a l l ,  t h e  n v e r n l l  

p a t t e r n  remains much t h e  same (F ig .  1 2 )  . 
( i i i )  An i n c r e a s e  i n  t h e  p ropor t ion  af t q t n l  pho tosyn thes i s  c a r r i e d  

o u t  by organs  o t h e r  than  l e a v e s .  Only l e a f  a r e ?  i s  taken i n t o  

account  i n  c a l c u l a t i n g  NAR, ~ n d  i f  t h e  ~ r - ? o r t i o n  of t o t - i l  photc- 

s y n t h e s i s  c a r r i e d  nu t  by organs  n t h e r  t han  l e a v e s  i n c r e a s e s  t h e  

l e a v e s  w i l l  be c r e d i t e d  w i t h  p r o g r e s s i v e l y  more pho tosyn the t i c  

a s s i m i l a t i o n  than  they  have a c t u a l l y  c a r r i e d  nu t  and hence t h e  

c a l c u l a t e d  NAR w i l l  rise. There i s  indeed a l a r g e  i n c r e a s e  i n  t h e  
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propor t ion  of non-leaf pho tosyn the t i c  s u r f a c e  during thc  

r ep roduc t ive  perio!  . The stem nren (Llivi:lerl l y two t- makc i t  

compnrahle t q  l e a f  -ire3 where m l y  one s i d c  qf t h e  leaves is takcn 

i n t o  'account) r i s e s  frnm around LOX of t h e  leaf a r e ?  , ~ t  t h e  t ime nf 

f lower inp  t o  a s  much a s  1022, i n  t h e  c ~ s c  nf ST-1, z t  t h e  t i n e  1-f 

mytur i ty  (Takle 5 ) .  This  r e l a t i v e  c h i ~ n ~ e  is n r e s u l t  both of an 

i n c r e a s e  i n  stem a r e a  and a recluctinn nf l e a f  area nwincv t c  l cn f  f a l l .  

Furthermore t h e  ~ h n t c s y n t h e t i c  a c t i v i t y  of t h e  stems may i n c r e a s e  ns 

l e a f  f a l l  t a k e s  p l a c e :  t hey  a r e  subjec ted  t o  l e s s  shading.  During t h e  

r ep roduc t ive  phase t h e r e  i s  prnbably a l s o  a  s i g n i f i c a n t  i>hoto- 

s y n t h e t i c  c o n t r i b u t i o n  from t h e  pods .  

Of t h e s e  ex? l ana t inns  t h e  t h i r d  seems l i k e l y  t o  be t h e  most 

impor tan t  and i t  h i g h l i g h t s  t h e  probable  s i g n i f i c a n c e  of t h e  stems 

and pods a s  pho tosyn the t i c  organs.  However, i t  i s  d i f f i c u l t  t o  know 

why a comparable r i s e  i n  NAR w a s  no t  found w i t h  T-21 and Puso Aget i .  

One p o s s i b l e  r ea son  i s  t h a t  du r ing  t h e i r  r ep roduc t ive  phases t h e  

weather  was cloudy f n r  most of t h e  tinie ( l a t e  r a i n s  occurrecl throuyh- 

o u t  October;  s e e  F i g .  3) and t h e  s o i l  was waterlogqed i n t e r m i t t e n t l y .  

These f a c t o r s  mieht  w e l l  have reduced t h e  r a t e  of pho tosyn thes i s  

p e r  u n i t  area and hence reduced NAR. 

The f i r s t  p o s s i b i l i t y ,  t h a t  p a r t  of t h e  r i s e  i n  HAIZ i n  t h e  

medium d u r a t i o n  v a r i e t i e s  n i p h t  he  due t o  a r i s e  i n  pho tosyn the t i c  

e f f i c i e n c y  of t h e i r  l e a v e s  dur ing  t h e  r e p r o d u c t i v e  phase,  cannot  be  

excluded.  Such e f f e c t s  have been claimed t o  occur  i n  c e r t a i n  o t h e r  
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c rops  as a  response  t o  increased  demand from ' s i n k s ' .  

For many y e a r s ,  t h e  p o s s i b i l i t y  of i nc reas ing  crop  y i e l d s  by  

i n c r e a s i n g  pho tosyn the t i c  e f f i c i e n c y  has been d i scussed .  The b e s t  

i n t e g r a t e d  measure of n e t  pho tosyn the t i c  e f f i c i e n c y  i n  t h e  f i e l d  i s  

NAR. This  v a r i e s  cons ide rab ly  throughout t h e  growing season a s  can 

be seen  from F i g .  11. I n  o t h e r  c r o p s ,  where s i g n i f  i c n n t  v a r i e t a l  

d i f f e r e n c e s  i n  NAR have been d e t e c t e d ,  l i t t l e  o r  no c o r r e l a t i o n  has  

been found between NAR and t o t a l  d r y  m a t t e r  product ion .  The 

v a r i a t i o n  i n  l e a f  a r e a  f r e q u e n t l y  accounts  f o r  much more of t h e  

d i f f e r e n c e  i n  d r y  m a t t e r  product ion  than  v a r i e t a l  d i f f e r e n c e s  i n  t h e  

pho tosyn the t i c  e f f i c i e n c y  per  u n i t  a r e a  of leaf s u r f a c e .  

I n  t h i s  connec t ion ,  n o t  on ly  t h c  LA1 i s  r e l e v a n t  bu t  t h e  

p e r s i s t e n c e  of l e a f  a r e a  over  t ime.  This  i s  g iven  by t h e  l ea f  a r e a  

d u r a t i o n  (LAD) which i s  nn i n t e g r a l  of t h e  LAX cve r  t h e  growth pe r iod .  

I n  a wide v a r i e t y  of c r o p s  LAD h a s  been found t o  be c o r r e l a t e d  w i t h  

t o t a l  d r y  ma t t e r  produced. We a l s o  found t h a t  t h i s  was t h e  c a s e  

(F ig .  13; r = .844**) . 

Although t h e  wood of t h e  pigeonpeas has  some economic v a l u e ,  

t h e  most impor tan t  a s p e c t  of y i e l d  i s  of c o u r s e  t h e  g r a i n .  The y i e l d  

of s e e d s  depends both  on t o t a l  d r y  m a t t e r  p roduc t ion  and on t h e  

p r o p o r t i o n  of t h i s  d r y  m a t t e r  which i s  p a r t i t i o n e d  i n t o  seeds .  

Th i s  p ropor t ion  i s  g iven  by t h e  h a r v e s t  index  ( H I ) .  Data 

from t h e  y i e l d  on a p l o t  b a s i s  have been g iven  i n  Table 8 .  The low 



FIGURE 13. RELATION BETWEEN LEAF AREA DURATION 
( L A D )  A M )  DRY MATTER PRODUCTION 

O 7-21 A ICRISAT-I (RED SOIL) 
PUSA AGETI V ST-I 

A ICRISAT- I (BLACK SOIL ) a Hy 3 C 

C 

t 
(3 
.li 

U1 

s o -  
0 

6- 10 20 30 40 so 60 
L A D  ( W E  E K S )  



P 1: 26 

v a l u e  f o r  HY-3C may l a r g e l y  be a cqnsequence 3f p130r and abnormal , 

grcwth i n  t h e  p l o t s  of t h i s  c u l t i v n r  owing t c ,  bad pa tches  of e o i l  

and w?te r - lugs ing .  The H I  of HY--3C c a l c u l a t e d  from t h e  prnwth 

a n a l y s i s  d a t a  was n o t  so 1 3 w  (Table 11 cc.rlumn A ) .  

One problem i n  measuring H I  i n  nnn-cerenl c r o p s  is  t h a t  t h e  

t n t a l  d r y  m a t t e r  produced by t h e  pL?nt is  g r e a t e r  than t h e  t o t a l  

d r y  m a t t e r  p r e s e n t  a t  h a r v e s t  hecriuse c\f lcnf-€211.  Theref( - re  n 

comparison of H I S  i n v o l v e s  e r r g r  owing to  d i f f e r e n t i a l  l e a f - f a l l  

b e f o r e  h a r v e s t ;  t n  o b t s i n  t h e  t r u e  h a r v e s t  index a c o r r e c t i o n  would 

have t o  be made f o r  t h e  weight of t h e  l e a v e s  and p e t i o l e s .  A l t e r n a t i v e l y  

t h e  e f f e c t s  of d i f f e r e n t i a l  l e a f  f a l l  could be e l imina ted  by removing 

a l l  l e a v e s  b e f o r e  ineasuring t h e  t o t a l  d r y  m a t t e r  st h a r v e s t ,  which -- 

would then  r e p r e s e n t  t h e  r a t i o  of  seed weight t o  stem wcightfpod 

w a l l  weight+seed weight .  The e f f e c t  of t h e s e  c o r r e c t i o n s  on t h e  

H I  can be seen i n  Table 11. The H I  i s  of course  lower a f t e r  f,,r 

c o r r e c t i o n  f o r  f a l l e n  l e a v e s  and h igher  i f  l e a v e s  a r e  e l i m i n a t e d  

t o g e t h e r ,  bu t  t h e  d i f f e r a n c e s  ? r e  n o t  v e r y  g r e a t ,  and most impor tan t ,  

t h e  rank ing  of H I  i s  n c t  a l t e r e d  by t h e s e  c o r r e c t i o n s  i n  s p i t e  nf 

t h e  f a c t  t h a t  t h e r e  were c o n s i d e r a b l e  d i f f e r e n c e s  i n  l e n f  f a l l  b e f o r e  

h a r v e s t  ( s e e  F i g .  4 ;  Tab le  1 ) .  Th i s  i n d i c a t e s  t h a t  f o r  a  camparison 

of h a r v e s t  i n d i c e s  a good i d e a  Ljf t h e  r e l a t i v o  v a l u e s  can be 

o b t a i n e d  simply by t a k i n g  t h e  r a t i o  of seed weight t o  t o t a l  d r y  

weight  a t  h a r v e s t ,  i g n o r i n g  t h e  e r r o r  owing t o  d i f f e r e n t i a l  l e n f  

f a l l .  
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I n  t h e  column D of  Tab le  11 t h e  r a t i o  of seed weiqht  t ( .  

seed  weight + stem weight  i s  shown. Pod w a l l s  were n o t  t,?ken i n t ?  

nccoun' t h i s  makes a c . ~ n s i d e r n 5 l e  d i f f e r e n c e  t r .  t h e  H I ,  bu t  q ; a i n  

t h e  r-inking is n o t  a f f e c t e d .  I n  p r q c t i c c  t h i s  i s  n v t  n c c ~ n v e n i r ~ n t  

i n d e x  t o  u s e ,  s i n c c  i t  i n v o l v e s  r e n o v i ~ : :  l c n v e s  anll p,)ds from t h ~  

stern and  t 1 ; ~ ; l  t h r i . sh i r ; :  t * ; ~  s e p n r l t e d  ynds, ~ n d  i t  1 ~ 1 3  nl- p n r t i c u l a r  

n d v l n t ?  -. . It i s  i ? c l u i ~ t i  here )nly for Fur;,ost:s r ) €  c o m p . ~ r i s ~ n .  

I n  TaSles  8 and 11 d i f f e r e n c e s  i n  H T  between c u l t i v n r s  a r e  

q u i t e  marked. Howevcr, HT i s  a l s o  s t r o n g l y  i n f l u e n c e d  by t h e  

env i ronment ,  I n  t h e  case of ICRISAT-1, t h e  H I  was much lower 1.n r e d  

s o i l  t h a n  :>n Slack s o i l  ( T a b l e s  8 and 11) w h i l c  t h e  s o i l  t y p e  h ~ d  

l e s s  e f f e c t  on t h e  H I  cf t h e  o t h e r  c u l t i v n r s  ( T a b l e  8). One 

s u r p r i s i n g  e f f e c t  o f  the s o i l  t y p e  on n compcnent s f  t h e  H I  was t h e  

d i f f e r e n c e  i n  t h e  r a t i o  of g r a i n  weight  t o  pod w a l l  we igh t  (Tab le  9 ) .  

But we do n o t  know t o  what e x t e n t  t h i s  r e p r e s e n t s  d i f f e r e n t i a l  

i n s e c t  damage. (Pod b o r e r s ,  f o r  example,  r e d u c e  ~ r n i n  weight  by 

e a t i n g  s e e d s  b u t  have r e l a t i v e l y  l i t t l e  e f f e c t  on pod w a l l s ) .  

However, i f  d i f f e r e n t i a l  i n s e c t  attack ( g r e a t e r  on b l a c k  s o i l  t h a n  

r e d )  were r e s p o n s i b l e ,  a c o r r e c t i o n  f o r  t h i s  would g i v e  nn 

i n c r e a s e d  H I  on b l a c k  s o i l  and i n c r e a s e  f u r t h e r  t h e  d i f f e r e n c e  

i n  H I  of  ICRISAT-1 on r e d  and b l a c k  s o i l s .  Harvest i n d e x  was 

a l s o  i n f l u e n c e d  by t h e  c u l t u r a l  p r a c t i c e .  The seed  t o  s t emtseed  

i n d e x  c a l c u l a t e d  f r m  t h e  d a t a  i n  T a b l e  18 on p igecnpeas  i n t e r -  

cropped with c e r e a l s  o r  legumes was f o r  hT-3C, 7.8% w i t h  p e a r l  n i l l e t  

and 12 .5% w i t h  cowpea and f o r  TCRISAT-1, 1 9 . 5 %  w i t h  s e t a r i a  and 



Table 11. Harvest  Index of Pigeonpen c u l t i v n r s  
, (c- i lculnted from ~ . r ? w t h  a n a l y s i s  d a t a ) .  

Seed wt.x 100 SLed w t .  x 100 - Seed wt.x 100 Sccd wt.x 100 -- 
C u l t i v a r s  T o t a l  p l a n t  w t  . Tot21 p l n n l  w t  . Stcm w t  . + P \ 1 Seed w t  . -+ 

c o r r e c t e d  f o r  wall w + .  + Stem wt .  
f a l l e n  l ~ ~ ~ v . 2 ~ .  Secd w t .  

T-21 28.6 

Pusa Aget i  32.1 

ST - 1 18.4 

ICRISAT- 1 26.6 

ICRISAT- 1 15.7 
Red s o i l  

Table  12.  Pe rcen tage  of Dry Mat ter  Accunulnted During 
Reproductive Phase P a r t i t i o n e d  i n t o  Seeds  

i . e .  Seed Weight 
T o t a l  d r y  weight produced a f t e r  flowerin: 

X 100 

Cul t  i v a r  s 

T-2 1 

Pusa Age t i  

ST- 1 

ICRISAT-1 

ICRISAT- 1 
Red s o i l  

Not c o r r e c t e d  f o r  
f a l l e n  leave , 

Corrected f o r  
f n l l e n  l e a v e s  
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2 6 . 6 %  wi th  soyobeans. These f i q u r e s  a g a i n  d i f f e r  frnm those  

f o r  t h e  same c u l t i v s r s  erown i n  mono-culture ( s ee  Tnhlc 1 1 ,  c.>lumn D ) .  

h e  envirlxunentnl e f f e c t s  on H I  d i scussed  above r e f e r  t - 
p l a n t s  grown i n  t h e  same season ,  but  t h e  e f f e c t s  of d i f f e r e n t  t imes 

of p l an t ing  a r e  even more s t r i k i n r , .  The ha rves t  i n d i c e s  o f  cvs  

Muktn and ST-1 grown i n  t h e  monthly p l a n t i n g  t r i n l  incrc?scd  

p r o ~ r e s s i v s l y  f r o n  t h e  January p lnnt in , .  nnw~r?.:;. T n I ~ r y c  cxtcnt 

t h i s  r e p r e s e n t s  t h e  e f f e c t  ?f photoper iodic  s e n s i t i v i t y ,  s i n c c  t h e  

l e n g t h  of t h e  v e g e t a t i v e  ~ r o w t h  p e r i d ,  and a l s o  t h e  he igh t  of t he  

p l a n t ,  dec l ined  p r o g r e s s i v e l y  i n  p l a n t s  plant,>cI between January 

and September ( s e e  p 8 1  of ICRISAT Pigcc\npcn breed in^ Annual 

Report 1974/5). 

The e f f e c t  of t h e  t ime of p l a n t i n g  cn H I  i s  not  on ly  n 

consequence of t h e  p h o t o p e r i o l i c  response .  Th i s  i s  shorn by 

comparing t h e  M I  of s h o r t  d u r a t i o n  c u l t i v a r s  Pusa Ap,cti -nd T-21 

p l an ted  i n  June and i n  December when t h e s e  c u l t i v a r s  show no phctn- 

per iod-c  response  and t h e  leng: h of t h e  v e g e t a t i v ~  phase i s  

p r a c t i c a l l y  t h e  ssme i n  both  seasons  ( see  Chapter V I I ) .  The 

h a r v e s t  i n d i c e s ,  de r ived  i n  bo th  c a s e s  from t h e  growth a n a l y s i s  

data, were f o r  T-21 29% and 44% and f o r  Pusn Aget i  32% and 41% f o r  

June  and December p l a n t i n g s  r e s p e c t i v e l y  (Table 19) .  

These obse rva t ions  serve t o  emphasize t h a t  H I  i s  s t r o n s l y  

a f f e c t e d  by environment.  To some e x t e n t  i n  a c t u a l  a g r i c u l t u r a l  

p r a c t i c e  yield might be increased  by i n c r e a s i n g  t h e  H I  of exist in^ 
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v a r i e t i e s  by aqronomic p r a c t i c e s .  One p o s s i b i l i t y  is  i n  e x p l o i t i n , ,  

t h e  a b i l i t y  c f  t h e  p l a n t s  t o  produce 3 second f l u s h  of pods .  Even 

i f  t h e  p l a n t s  are s i m p l y  l e f t  untouchctl i n  t h e  f i e l d  n f t c r  ~ ) l u c k i n c  

t h e  f i r s t  f l u s h  of pods ,  up t o  40% more y i e l d  c a n  ! )e  ~ b t n i n e ~ i  f r o m  

t h e  second f l u s h  ( T a b l e  10: Fi;:. 8 ) .  P r e l i m i n a r y  c > b s e r v a t i ~ . n s  

sugRest  t h a t  t h e  second f l u e h  y i e l d  can  be  i n c r e n s c J  f u r t h e r  1)y 

r a t o o n i n g  a f  t c r  t h e  f i r s t  h a r v e s t .  There  may a l s o  be  a p n s s 1 l ) i l i t y  

of r e d u c i n g  e x c e s s i v e  vegetative r,rnwth and inc reas iny ,  sect1 yiclcl  

i n  medium and l o q  d u r a t i o n  v a r i e t i e s  by p r u n i n c  o r  r a t o o n i n ~ :  

b e f o r e  f l o w e r i n g  b e g i n s .  

V a r i e t a l  d i f f e r e n c e s  i n  H I  may be i n f l u e n c e d  b o t h  by t h e  

r e l a t i v e  d u r a t i o n  of t h e  v e c e t a t i v e  and r e p r o d u c t i v e  p h a s e s  nnd by 

t h e  p r o p o r t i o n  of d r y  m a t t e r  p a r t i t i c n e d  i n t i '  s e e d s  i n  t h e  l a t t e r .  

The h i g h e r  H I  of  t h e  e a r l y  t h a n  of t h e  ncdium d u r a t i o n  v a r i e t i e s  

i n  t h e  k h a r i f  s e a s o n  (Tab le  8) may be i n  p a r t  ow in^ t o  t h e  

r e l a t i v e l y  h i g h e r  p r o p o r t i o n  of t h e i r  whole grc~wth p e r i o d  which 

was occupied by t h e  r e p r o d u c t i v e  phase  ( T a b l e  6 ) .  

D u r i n ~  t h e  r e p r o d u c t i v e  p h a s e  i t s e l f ,  t h e  c u l t i v , ~ r s  d i f f e r e d  

i n  t h e  p r o p o r t i o n  of accumulated d r y  m a t t e r  which was p a r t i t i o n e d  

i n t o  seed  (Ta51e 1 2 ) .  A c o r r e c t i c n  f o r  t h e  d r y  weigh t  l o s t  i n  

f a l l i n g  l e a v e s  d i d  n o t  change t h e  o v e r a l l  p a t t e r n  of t h e  r e s u l t s  

which was t h a t  RY-3C p a r t i t i o n e d  t h e  h i g h e s t  p r o p o r t i o n  of d r y  

m a t t e r  i n t o  s e e d s ,  o r  i n  o t h e r  words r e - i n v e s t e d  t h e  l o w e s t  p r o p o r t i o n  

of d r y  m a t t e r  i n  v e g e t a t i v e  growth. O n  b l a c k  s o i l ,  ST-1 p a r t i t i o n e d  

a lower  p r o p o r t i o n  of d r y  matter i n t o  seeds t h a n  ICRISAT-1. 



When c o n s i d e r i n g  t h c  p a r t i t  ic-minr* of d r y  m ? t t e r  dur ing  t h e  
3 

r e p r o d u c t i v e  phase i n  more d o t a i l  we can use  t w ~  i n d i c e s  of cont inued 

v e g e t a t i v e  growth. Ons is t h e  i n c r e a s e  i n  t h e  w e i g h t  ~ . f  s t e m  nnd 

branches  an3 t h e  number c.f n e w  hrznches  ( s e e  T 2 l : l c  3) nn.1 t h e  ~ ) t h e r  

is  t h e  number of new n r d e s  produce.! by t h e  vecret? t ive  meris tems.  

Th is  i s  g iven  by t h e  sun of t h e  nunbcr ~ > f  l e a v e s  nnil t h e  number of 

f a l l e n  l e a v e s  ( i  . c .  t h e  number , ) f  le.?f s c n r s )  nn(l i s  s h ~ w n  i n  Fir , .  1 4 .  

Although t h e  d e t e r m i n a t e  c v  Pusn & e t i  stopped prow in^: i n  

h e i g h t  a f t e r  t h e  beg inn ing  of t h e  r e p r o d u c t i v e  ~ h a s e  and produced 

r e l a t i v e l y  few new l e a v e s ,  t h e  weight  of t h e  stem and t h e  number of 

b ranches  con t inued  t o  i n c r e a s e  a lmos t  3 s  much as i n  T-21 which, h e i n s  

i n d e t e r m i n a t e ,  con t inued  t o  grow i n  h e i g h t  and formed many new 

l e a v e s .  The H I  of T-21 was s l i g h t l y  h i x h e r  t h a n  t h a t  r>f Yusn Age t i  

(Table  8 ) .  

Among t h e  o t h e r  v a r i e t i e s  HY-3C behaved i n  a semi-determinate  

manner i n  t h a t  a f t e r  t h e  beg inn inc  of f l o w e r i n s  r e l a t i v e l y  few new 

l e a v e s  were formed and t h e r e  was n o t  much i n c r e a s e  i n  h e i c h t .  

However, h e r e  a g a i n  t h e  i n c r e a s e  i n  s t e m  weight  nnil branch number 

was c o n s i d e r a b l e .  The c v s  ST-1 and ICRISAT-1, b o t h  i n d e t e r m i n a t e  and 

of s i m i l a r  d u r a t i o n  t o  each  o t h e r ,  con t inued  t o  grow i n  h e i g h t  d u r i n g  

the r e p r o d u c t i v e  p e r i o d  b u t  showed i n t e r e s t i n g  d i f f e r e n c e s  i n  t h a t  

ST-1 produced more pr imary and secondary  b ranches  and c o n s i d e r a b l y  

more new l e a v e s  t h a n  ICRISAT-1 on b l a c k  s o i l .  

The r e s u l t s  of t h e  n i t r o g e n  a n a l y s i s  of cv  T-21 i n d i c a t e  t h a t  

n e t  n i t r o g e n  u p t a k e  con t inued  th roughout  t h e  r e p r o d u c t i v e  pe r iod  (Fig.9) 
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There  was l i t t l e  n e t  l o s s  from t h e  l e a v e s  n r  stems, an1 t h e  remo1,ili- 

z a t i o n  of n i t r c ~ e n  from l e a v e s  t o  pods  cannot  account  f o r  more t h ~ n  

a small p r o r o r t i o n  of t h e  n i t r o g e n  f n  t h e  l a t t e r .  The continu.>;\ 

u p t a k e  o f  n i t r o g e n  i n t o  t h e  s h o o t  durinl: t h e  reproductive phase  w h i l c  

n a l u l e  numbers w e r e  d e c l i n i n c ,  (see  Chapte r  11) i s  s u r p r i s i n i -  and ,  if 

conf i rmed with , ; the r  c u l t i v n r s ,  n e e d s  f u r t h e r  inves t ip :n t i r>n .  



The Develc?pment of R ~ m t s  & Nndules 

The pur;?ose of t h e s e  i n v c r s t i ~ n t i r m s  w a s  t 1 1  o b t n i n  h n s i c  

d e s c r i p t i v e  d- i ta  on t h e  i r o w t h  ~inil c i tvel>;mz.nt  n f  t h e  r a p t  sys tem 

znc! >f t h e  n n d u l c s .  

M e  th;rd s 

l < e ~ u l a r  n b s c r v a t i q n s  were  c a r r i e d  o u t  on two c u l t i v n r s ,  Pusn 

A g e t i  and ST-1,  rowin in^ i n  t h e  e x p e r i m e n t a l  ? l o t s  i n  b l n c k  s o i l .  

Ssm>les werc  t n k e n  a s  descr ibet f  i n  t h e  s e c t i o n  nn c h i c k p e a  

r o o t  and n o d u l e  s t u d i e s  ( s e e  Chickpea Physinlop,y R e p o r t ,  Chapter  TI). 

The p r o c e d u r e  d i f f e r e d  o n l y  i n  t h e  followin;: r e s p e c t s :  

( i )  t h e  s o i l  c o r e s  werc d i v i d e d  i n  15 cm i n t e r v . 2 1 ~  o n l y  f o r  t h e  

f i r s t  30 c m  d e p t h  of  s o i l ,  and t h e r e a f t e r  30 cm i n t e r v a l s  were  tnken .  

( i i )  n o d u l e s  were  on  t h e  whole  s m a l l  and d i s c r e t e ,  anif nodu le  

numbers i n  d i f f e r e n t  s i z e  c a t e g o r i e s  were  r e c o r d e d .  The n o d u l e  mass 

was t o o  s m a l l  f o r  a c c u r a t e  w e i g h i n ~ s  t o  be made. 

1. ROOTS 

R e s u l t s  & D i s c u s s i o n  

There  was a good c o r r e l o t i , m  between r o o t  l e n g t h s  and r o o t  

numbers i n  t h e  v a r i o u s  samples .  Root l e n g t h  d a t a  a r e  p r e s e n t e d  h e r e .  

Root d r y  w e i g h t s  were  v e r y  v a r i a b l e  and h c r e  l i t t l e  r e l a t i o n  t o  r c o t  

numbers o r  r o o t  l e n g t h s ,  p r o b a b l y  b e c a u s e  of t h e  h i g h  e r r o r  caused 

b y  t h e  a d h e r e n c e  of s o i l  p a r t i c l e s .  
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Regula r  o b s e r v a t i o n s  were mads on c v s  Pusn A ~ e t i  and ST-1, 

b o t h  of which germina ted  on 27-6-1974. Owing t o  heavy r a i n s  t h e  s o i l  

was i n  such  a c o n d l t i c ~ n  that s o i l  c o r e s  cou ld  nt3t be  tnkdn between 

t h e  m i d d l e  of S e p t m h e r  an11 t h e  end of October. The  r e s u l t s  a r c  

shown i n  F i ~ s .  15 and 16.  

For the c a r l y  c v  Pusn A g e t i ,  t h e  w a t e r  c o n t e n t  3 f  t h e  s u r f a c e  

zones  of t h e  s m i l  remained w e l l  nlinve permanent wl l t inc . ,  p o i n t  (1SX) 

up t o  t h e  t h e  o f  m a t u r t t p ,  and a t  t h i s  t ime  t h e r e  was a l s o  n h i g h  

w a t e r  c o n t e n t  i n  t h e  lower  p a r t s  of t h e  s c i l  p r o f i l e .  Ront develop-  

ment seems t o  have c o n t i n u e d  t o  some e x t e n t  a f t e r  f l o w e r i n g ,  and 

t h e r e  may have been a d e c l i n e  i n  t h e  r o o t  sys tem i n  t h e  few weeks 

p r e c e d i n g  m a t u r i t y .  Hnwwer,  t h e  root d a t a  show n number of 

i n e x p l i c a b l e  fluctuations, e s p e c i a l l y  i n  t h e  s u r f a c e  r e y i o n s ,  s u g g e s t -  

i n g  t h a t  l n r ~ c  sampl ing  e r r o r s  may have been involvcc!. 

Cv ST-1, a medium d u r a t i o n  v a r i e t y ,  matured under  c o n d i t i o n s  

o f  p r o g r e s s i v e  w a t e r  d e p l e t i o n  f rom t h e  t o p  90 cm or  SQ of t h e  s o i l .  

A f t e r  f l o w e r i n g ,  r o o t  developmLnt c o n t i n u e d  f o r  some t ime  b u t  d e c l i n e d  

a few weeks b e f o r e  m a t u r i t y  ( i . e .  t h e  s t a c e  a t  which t h e  p l a n t s  a r e  

normal ly  h a r v e s t e d ) .  However, i f  t h e  p l a n t s  a r e  l e f t  i n  t h e  f i e l d ,  

a second f l u s h  n f  crowth  t a k e s  - > l a c e  and t h i s  w a s  a s s o c i a t e d  w i t h  a  

resumpti , .>n of r o o t  d e v e l o p n e n t  i n  t h e  lnwer  zqnes of t h e  s o i l  where 

R c o n s i d e r a b l *  amount o f  m o i s t u r e  was s t i l l  a v a i l a b l e .  

F l o w e r s  were  removed c o n t i n u o u s l y  from p l a n t s  qf c v s  T-21, 

ST-1, ICRISAT-1 and HY-3C t o  p r e v e n t  t h e  development of pods .  
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These p l a n t s  showed con t inued  v e g e t a t i v e  growth.  S o i l  c o r e s  were 

t a k e n  a f t e r  6-8 weeks o f  f lower  removal ,  and i n  c o n t r o l s  a f t c r  6-8 wc<ks 

of pod development.  I n  a l l  v a r i e t i e s  more r o o t  devclopmcnt had taken 

p l a c e  i n  t h e  p l a n t s  wi thou t  deve lop ing  pods thnn i n  c o n t r o l s ,  

e s p e c i a l l y  i n  t h e  lower zones of t h e  s o i l .  Thesc. r e s u l t s  i n d i c a t d  

t h a t  d u r i n g  t h e  r e p r o d u c t i v c  p h a s e  t h e r e  i s  compet i t ion  hctwccn pot1 

development and r o o t  development.  

A s m a l l  number of c o r e s  were t aken  between, r a t h e r  thnn 

immediately o v e r ,  t h e  p o s i t i o n  of t h e  main s t e m s  and t a p - r o o t s .  The 

p a t t e r n  of r o o t  development was found t o  be  snmewhnt d i f f e r e n t :  t h e  

c o r e s  t aken  between t h e  rows con ta ined  n lower p r o p o r t i o n  of r o o t s  

i n  t h e  s u r f a c e  zones .  

Measurements were made of t h e  wa te r  c o n t e n t  of the s o i l  

i n s i d e  and o u t s i d e  t h e  p l o t s  t o  o b t a i n  an  i n d i c a t i o n  of th*  p a t t e r n  

of wa te r  d e p l e t i o n  owing t o  t h e  a c t i v i t y  of  t h e  r ~ o t s .  The d a t a  f o r  

cv ICRISAT-1 on 11-2-1975 d u r i n g  t h e  second f l u s h  of growth i n d i c a t e  

t h a t  w a t e r  e x t r a c t i o n  by t h e  r o o t s  had been t a k i n g  p l a c e  down t q  

120  cm (F ig .  1 7 ) .  
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2 .  NODULES 

R e s u l t s  and D i s c u s s i o n  

N o d u l a t i o n  w a s  o b s e r v e d  w i t h i n  10 d a y s  of g e r m i n a t i o n  on a l l  

f i v e  c u l t i v a r s  i n  t h e  f i e l d .  Nodule g rowtb  and d c v c l o p r n ~ n t  i n  r ed  

s o i l  and b l a c k  s o i l  f o l l o w e d  n v e r y  d i f f e r e n t  p a t t e r n .  I n  t h ~  r c d  

s o i l  e l o n g a t e d  , o c c n s i o n - ~ l l v  b r a n c h i n g  nodul  u s  dc.velor>cd and c o n t  inut:tl 

t o  grow t o  3 l ~ r g e  s i z e  (> 1 c m  i n  l z n g t h ) .  I n  th,-  ! ) l ~ c k  ~ i l  

r e l ~ t i v e l y  s m a l l ,  s p h e r i c ~ l  n o d u l ~ . ;  iwr,: found ;.nd d c p ~ u c r l t i n g  n o d u l c s  

were  f r q u e n t l y  o b s a r v c d ,  s u g g e s t f n q  t h a t  t h c  l i f e - s p 7 n  of t h c s c  

n o d u l e s  wzs r e l a t i v e l y  shor: and t h a t  ncw n o d u l c s  w e r e  i n i t i n t u d  3nd 

o l d e r  n o d u l e s  d i c d  t h r o u g h o u t  t h c  growth  of  t h e  p l q n t s .  

R e g u l n r  o b s e r v n t i o n s  o f  n o d u l e  numbers w c r e  m - ~ d ~  o n l y  i n  t h e  

b l a c k  s o i l  c;n c v s  Pus?  A g c t i  ~ n d  S T - I .  Tha ? v c r ? g c  number of n o d u l d s  

p e r  p l a n t  (i.e. i n  t h e  s3i l  c o r e )  n t  d i f f e r e n t  d ? t u s  i s  shown i n  

F i g s .  1 5  ~ n d  16. U n f o r t u n ~ t e l y  i t  i s  d i f f i c u l t  tr> knnw t n  w h ~ t  

e x t e n t  th13 f l u c t u a t i o n s  i n  n o d u l e  numbdrs r e f l e c t  s ampl ing  e r r o r s  

o r  r ea l  f l u c t u ? t i o n s .  The p l a n t - t o - p l a n t  v - t r i n t i > n  wns h i g h ,  ?nd t h e  

c o r e  method e m p l ~ y a d  w3uld h ~ v e  mc?nt  t h a t  n o d u l e s  on t h e  l a r g e r  

l a t e r a l  r o o t s  were  m i s s e d .  Thc s n ~ l l  s i z e  and m-iss o f  t h a  n o d u l e s  

n e a n t  t h a t  s c c u r ? t c  d r y  w i g h t s  c,)ulc! n o t  be t ~ k z n ,  >wing t o  t h c  

h i g h  e r r o r  caused  by a d h e r i n g  sllil p ; . _ r t i c l e s .  

I n  s p i t e  of  t h e s e  d i s ? d v a n t ? ~ e s ,  two f s i r l y  c l e n r  c f > n c l u s i : n s  

c o u l d  b e  d r l w n .  One i s  th?t t h c  n o d u l e  numbers d e c l i n e  b e f o r e  t h e  

p e r i d  of  m a t u r i t y ,  t hough  i n  ST-1 1t l a s t ,  by no  meens Fnmed in te ly  
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a f t e r  f lowering began. The o t h e r  c l ea r - cu t  f i nd ing  was t h a t  nodules 

a r e  no t  confined t o  t h e  s u r f a c e  15 cm n r  so  of t h e  r o o t  system. Small 

nodules  were not  uncommon i n  the 120-150 cn  zone and were sometimes 

found even below 150 cm. Some r c p r e s c n t a t i v c  da t a  o r e  shown i n  

F ig .  19. Although t h e  m a j o r i t y  of the  nodules  were found i n  t he  

f i r s t  30 cm up t o  35% were p re sen t  i n  t h e  lower zones. 

In p l a n t s  where pod development was presented by f l o w e r  removal, 

no c l e a r  evidence was qbtained t h a t  t h e  removal of competi t ion by the  

developing pods enhanced nodule development. On t h e  c o n t r a r y ,  t h e  

nodule numbers p r o g r e s s i v e l g  dec l ined  bo th  i n  c o n t r o l s  and i n  p l a n t s  

from which f lowers  had been removed (Table 1 3 ) .  I n  chickpeas a l e o ,  

a l though t h e  cont inuous  removal of f l owers  l e d  t o  enhanced nodule 

development at f i r s t ,  t h e  nodules  t h e r e a f t e r  dec l ined  ( see  Chickpea 

Physiology Report Chapter 11). These r e s u l t s  i n d i c a t e  t h a t  

compet i t ion  from developing pods f o r  pho toasa iml l a t e s  cannot bc t h e  

on ly  reason f o r  t h e  r e g r e s s i o n  of nodules  du r ing  t h e  r ep roduc t ive  

phase. 



T a b l e ' l 3 .  Nodule numbers ( a v e r a g e  p e r  p l a n t )  a f t e r  
t h e  o n s e t  o f  f l o w e r i n g .  

D a t e  Sampl ing  Nodule numbers p e r  p l a n t  
f 1 ower i n g  d a t e .  C o n t r o l  Cont inuorls  

C u l t i v a r s  began. f l o w e r  r cmov l l  

Pusa A g e t i  12-9-74 4-9-74 
30-10-74 
19-11-74 

ICRISAT- 1 21-10-74 12-12-74 
26-12-74 
30-1-75 

ST- 1 21-10-74 30-10-74 
12-11-74 
19-11-74 
4-12-74 
2-1-75 



FIGURE 18 
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E f f e c t s  of Seed S i z e  on t h e  Growth of S e e d l i n g s  

I n t r o d u c t i o n  - -- 

There  a r e  c o n s i d e r a b l e  v a r i e t a l  d i f f e r e n c e s  i n  ~ z e d  s i z e  i n  

p igeonpeas .  Hundred seed w e i g h t s  r a n g e  f r ~ m  n b ~ ~ t  5 t o  2 2  p s .  There 

a r e  a l s o  v a r i a t i o n s  i n  seed s i z ~  w i t h i n  t h e  seed l o t s  of n g i v e n  

c u l t i v n r .  Some p r e l i r o i n a r y  exper iments  were c a r r i e d  nu t  t o  investigate 

t h e  e f f e c t s  of seed s i z e  on s e e d l i n g  growth.  

Met hods -- 
Seeds  were sown i n  p l a n t - p o t s  c o n t a i n i n g  sand t o  which s 

s m a l l  amount of s o i l  t a k e n  from a f i e l d  i n  which pigeonpeae were  

growing had been added t o  serve a s  a s o u r c e  of R h i z o b i a l  inoculum. 

They were grown o u t d o o r s  and watered r e g u l a r l y .  Those grown i n  da rk-  

n e s s  were  p l a c e d  under ca rdboard  boxes  i n  a shaded p l a c e .  For  

e x p e r i m e n t s  i n v o l v i n g  half s e e d s ,  s e e d s  were soaked i n  w a t e r  o v e r n i g h t  

and  t h e n  b i s e c t e d  w i t h  a s c a l p e l  i n  such  a way t h a t  t h e  c o t y l e d o n s  

were  cu:, b u t  n o t  t h e  plumule  -,r r a d i c a l .  C o n t r o l s  were s i m i l a r l y  

soaked b u t  n o t  b i s e c t e d .  At t h e  t imeof h a r v e s t  t h e  r o o t s  of t h e  

p l a n t s  were c a r e f u l l y  washed o u t  of t h e  p o t s  w i t h  a j e t  of w a t e r .  

The s e e d l i n g s  were measured and s e p a r a t e d  i n t o  s e e d s  ( c o t y l e d o n s  

p l u s  t e s t a )  r o o t s ,  s t e m s  and l e a v e s  f o r  weighing.  Ten p l a n t s  were 

t a k e n  p e r  sample.  The f i r s t  exper iment  was c a r r i e d  o u t  by 

MissCarol  Green d u r i n g  h e r  v a c a t i o n  from High School .  
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R e s u l t s  -- 
( i >  I n  t h e  f i r s t  experiment ,  t h e  growth of s e e d l i n e s  of ICRISAT-1 

(100 seed weight  = 9.5 g )  and HY-3C (100 seed weight  = 18.5 p) wns 

compared i n  bo th  l i g h t  nnd da rkness .  The s e e d l i n g s  nf t h e  l l r ~ e r  

seeded c u l t i v a r  grew f a s t e r  i n  bo th  l i z h t  and da rkness ,  rwts  and 

s h o o t s  were longe r  and more nodules  developed,  a l t hough  thc  s n ? l l c r  

seeded v a r i e t y  had more n o d u l ~ s  a t  f i r s t  i n  tot11 l i g h t  and ~ l ~ r k n e s s  

(Table 1 1 4 ) .  I n  darkness  t h e  seed1iny.s o f  17nt.h c u l t i v a r s  h?cl 3 

h ighe r  shoot  : r o o t  r a t i o .  

( i i )  A s tudy  of t h e  e f f e c t s  of seed s i z e  w i t h i n  a c u l t i v a r  was 

made by s e l e c t i n g  l a r g e  and small seetls of cv ICRISAT-1: aga in  i t  was 

found t h a t  t h e  l a r g e r  s eeds  produced l a r g e r  s e e d l i n g s ,  which zrew 

f a s t e r .  

( i i i )  I n  a t h i r d  experiment s e e d l i n ~ s  of c v s  T-21 (100 eecd weip,ht 

= 6.5 g )  and HY-3C (100 seed w e l ~ h t  = 18 - 5  q )  were grown from whole 

and from h a l f  s e e d s .  Again t h e  l a r g e r  seeded v a r i e t y  produccd 

l a r g e r  s e e d l i n g s  than  t h e  s m a l l e r  s e e d e l  v a r i e t y ,  w i th  m o r e  ant1 

l a r g e r  r o o t s ,  l a r g e r  s h o o t s ,  l a r g e r  l e a f  a r e n  and more nodules .  

Within each  v a r i e t y ,  t h e  h a l f  s e e d s  Rave r i s e  tr: s e e d l i n g s  t h a t  were 

approximate ly  h a l f  t h c  s i z e  and weight ,  w i th  apprqximately h a l f  t h e  

l e a f  a r e a ,  of c o n t r g l s .  Data f q r  d r y  we igh t s  and nodule numbers a r e  

shown i n  Fig. 19.  There was a  tendency f o r  t h e  s e e d l i n g s  from h a l f  

s e e d s  t o  form more nodules  a t  f i r s t ,  b u t  soon t h i s  i n i t i a l  advantage  

w a s  l o s t  and t h e  nodules  fol lowed t h e  same t r e n d  as t h e  o t h e r  para-  

m e t e r s  measured, w i t h  more nodules  on t h e  l a r g e r  s e e d l i n g s  which 

had developed from t h e  l a r g e r  s eeds .  
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D i s c u s s i n n  

The r e l a t i v e l y  l a r c e  s i z e  of ;>igec-npen seeds  w i t h  r c l : ~ t i v e l y  

l a m e  s u p p l i e s  of r e s e r v e  m a t e r i a l s  e n a b l e s  them t , ~  m ~ k e  nn iml \or tnnt  

c o n t r i b u t i o n  t o  the e a r l y  growth c ~ f  t h e  s c e d l i n i : ~ .  S e e ~ l l i n q s  

con t inued  t o  er-w i n  d a r k n e s s  a t  t h e  expense of  t he  r e s e r v e  m a t e r i a l s  

i n  t h e  c o t y l z d n n s  f o r  abou t  t w t j  weeks ( T n b l ~ >  1 4 ) .  

Table  14. Dry wdights  elf .rcecls, rnoLs nntl ~ h 0 ~ 7 t s  nn,i nodule  
nwnlers  ? f  s e c l l i n g s  3f ICRISkT-1 <?nd HY-3C - Avera!:e 
r e s u l t s  on p e r  p l a n t  b a s i s .  

I C R I S A T - 1  HY-3C 
Day Dry weight  (mg) Nodule Dry weight  (mg) Nodule 

Seeds  Roots Shoo t s  number Seeds Roots Shoo t s  number 

1111 

DARK 

0 95 - - - "" 18 5 - - - 



FIGURE 19 
DEVELOPMENT Of SEDLWGS FROM WHOLE AND HALF 
SEEDS Of CVS 1-21 AND Hy-3C 
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The weigh t  of t h e  s e e d l i n g s  produced was r o u g h l y  proportione.1 t c \  

t h e  we igh t  o f  t h e  s e e d s  e i t h e r  when c u l t i v a r s  were compnreJ (HY-3C 

w i t h  ICRISAT-1 and T-21) o r  l a r g e  nnd s m a l l  s e e d s  nf t h e  s ~ m c  cu l t iv . : r  

(ICRISAT-1) o r  whole and h e l f  s e e d s  o f  t h e  s m c  c u l t i v n r s  (HY-3C 

and T-21). The s i m p l e s t  e x p l a n a t i o n  n f  t h e s e  f i n d i n s s  is t h - i t  t h c  

most i m p o r t a n t  f a c t o r  which a f f e c t e d  seed l in : .  growth i n  t h e s e  

c u l t i v n r s  W ~ S  t h e  amount jf r e s e r v e  r n 3 t e r h l  i n  t h e  ~ c c ~ l s .  Thc 

ccmparison between whole and h a l f  s e e d s  shows t h a t  l a r g e r  s e e # l s  were 

n o t  g i v i n g  r ise t n  l a r g e r  s e e d l i n g s  s imply  becsuse  t h e y  had l a r ~ t r  

embrycs . 

The s l i g h t  i n i t i a l  a d v a n t a g e  i n  n o d u l n t i o n  o f  t h e  s e e d l i n g s  

d e v e l o p i n g  from smsller s e e d s  o r  h a l f  s e e d s  may be e x p l i c a b l e  i n  

term8 of a lower  i n t e r n a l  s u p p l y  of n i t r o g e n o u s  compounds. It is 

known t h a t  n o d u l a t i o n  c a n  b e  i n h i b i t e d  by e x t e r n a l  s o u r c e s  of 

n i t r o g e n ;  i n t e r n a l  n i t r o g e n  s u p p l i e s  from t h e  c o t y l e d o m r y  r e s e n r e 8  

may have t h e  same e f f e c t .  However t h e s e  i n i t i a l  e f f e c t s  w e r e  soon 

superceded  and ,  l a t e r  on ,  n o d u l a t i o n  was r o u g h l y  p r o p o r t i o n a l  t o  

s e e d l i n g  s i z e :  t h e  f a s t e r  growing s e e d l i n z s  w i t h  more l e a f  a r e a  had 

n o r e  n o d u l e s .  

S i m i l a r  e f f e c t s  of seed  s i z e  on s e e d l i n g  growth a r e  a l s o  

o b s e r v a b l e  i n  t h e  f i e l d .  I n  t h e  growth q n a l y s i s ,  t h e  r a n k i n g  of seed-  

l i n g  w e i g h t ,  l e a f  area and n o d u l e  numbers c l o s e l y  fo l lowed  t h e  

r a n k i n g  of seed s i z e  ~f t h e  f i v e  v a r i e t i e s  f o r  a t  l e a s t  

6 weeks. 
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The selection gf l a r g e r  s e e J s  by seed-grading for p lan t inc  

in the f i e l d  i s  l i k e l y  t~ qive l a r g e r  s e e d l i n s s ;  but whether 

or no t  higher y i e l d s  w i l l  be obtained as a consequence remains 

to b e  seen. 



CHAPTER TV 

Flower Drop, POL! S e t  and Pod Deve1~~pmer.t 

I n t r ( 3 d u c t  i o q  - 

Pigeonpe.% gener311y f lqwer : ) r r ~ f u s c l y ,  5 u t  t h e  m? J . r i t - 7  2f 

t h e  f l o v e r s  s i n ~ l y  ? r o r ~  1,f f t h e  p l a n t  and wi t t lcr  nn t h e  ~ r r o u n d .  O f  

t h e  youn- pt>r1s which Jcvclo;> frocl t 5 e  rem.?inin;r fl , w a s  -I c ~nsiLlcrnt ,Lc.  

nuzber  ? F l o r t  lncl f c r l l  ~ f f  . ,^,n$l even hrfc l re  t h c v  Jcvel i n t o  f  l o w c r s ,  

many f l o r a l  LuJs  a r e  l l s t .  

The p a t t e r n  of : lowering , f lower-drop nnd pod-set  was stuciieci 

i n  t h e  same f i v e  c u l t i v n r s  used i n  o u r  o t h e r  i n v e s t i g a t i o n s .  I n  

a d d i t i o n ,  t h e  c o u r s e  of pod and seed development ,  once p r d - s e t  

had t a k e n  p l q c e ,  was i n v e s t i g a t e d .  

Methods 

The p a t t e r n  o f  pod s e t  and f l o w e r  d r o p  c o u l d  c o n v e n i e n t l y  

b e  s t u d i e d  by examining t h e  p l a n t s  a t  t h e  r ime of m a t u r i t y .  The 

p o s i t i o n s  a t  which pods  hzd deve loped  were  s imply  i n d i c a t e d  by t h e  

p r e s e n c e  o f  pods ;  t h e  p o s i t i o n s  a t  which f l o w e r s ,  buds  o r  ymnR 

pods  had a b s c i n d e d  were  i n d i c a t e d  by s c a r s .  30-80 br2nches  were 

u s e d  i n  e a c h  samplz ,  and f o r  t h e  s t u d y  of racemes 75-200 w e r e  t a k e n .  

The t ime-sequence of f l o w e r i n g  and pod d e v e l o w e n t  was g i v e n  

by t h e  d a t a  c o l l e c t e d  i n  n o n - d e s t r u c t i v e  growth a n a l y s i s .  

The n e t  e f f e c t  of seed  p o s i t i o n  w i t h i n  t h e  pod on seed  

development  was s t u d i e d  by c o l l e c t i n g  pods a t  m a t u r i t y  and s e p a r a t i n g  

t h e  s e e d s  f r o m  all pods  of a g i v e n  c a t e g o r y  (e.g. 4-seeded pods) 
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i n  sequence, s o  a l l  t h e  f i r s t ,  second, t h i r d  and f o u r t h  seeds  were 

c o l l e c t e d  t o g e t h e r .  

For t h e  s tudy  of pod development, a  l a r g e  number of f lowers  

which were open on a g iven  day were tagged and pods which dcvclopzd 

from t h e s e  f lowers  were sampled at approximately wet-kly i n t t . r v n l s .  

They were sepa ra t ed  into p e d i c e l s ,  s eeds  and pod walls. The lL>ngth.c: 

o f  the  p e d i c c l s  and pod w a l l s  were' mensurcd, 311d the compon,-nts 

were weighed s e p a r a t e l y ,  be fo rc  and n f t z r  d ry ing .  

The Nitrogen c o n t e n t  of grcund-up seed samples was de t e rn incd  

by t h e  micro-Kheldahl method. Thd v a l - ~ e s  were m u l t i p l i e d  by 

6.25 t o  g ive  t h e  p r o t e i n  percentage .  

R e s u l t s  
p- 

1. P a t t e r n  of  f l ower ing  and pod s e t  

( a  ) I n  t h e  de t e rmina te  c u l t i v a r  Pusa Age t i ,  f l ower ing  and pod 

set began and cont inued  more o r  l e s s  synchronously i n  a x i l l n r y  and 

t e r m i n a l  i n f l o r e s c e n c c s .  I n  t h e  inde te rmina te  c v s  T-21, ST-1 and 

ICRISAT-1 f lower ing  and pod set began on t h e  love r  6 n i d d l c  brnnchcs 

and l a t e r  spread  t o  t h e  (younger) upper branches .  I n  IR-3C f l ower ing  

and pod set were more o r  l e s s  synchronous on upper and lower brnnches .  

On t h e  g iven  branch cf cvs T-21, ST-1 and ICRISAT-1 f l ower ing  

and pod s e t  p rogressed  a c r o p e t a l l y ,  and g r l~wth  of t h e  branches  and 

t h e  consequent  p roduc t ion  of new f lower ing  nodes con ta ined  f o r  some 

time a f t e r  f l ower ing  began. I n  HY-3C t h e  a c r o p e t a l  p rog res s ion  of 



f lower ing  and pod-set  was l e s s  c l e a r - c u t ,  t h e  whole p rocess  wxs 

condensad i n t o  a s h o r t e r  p e r i o d  of  t ime ,  and t h e  c e s s a t i o n  ~f vcge- 

t a t i v e  growth was more r : ~ p i d  than  i n  t h e  o t h e r  i n d e t e r m i n a t e  

v 3 r i e t i e s .  I n  911 v a r i e t i e s  t h e  main s t e m  behaved i n  a s i m i l a r  way 

t o  t h e  br3nchcs .  Scme rep resen tn t i : -n  r e s u l t s  f i r r  i n d i v i d u a l  branches  

of  TCRISAT-1 and HY-3C a r c  shewn i n  Table  15 .  

T ~ b l i .  1 5 .  Pndc s e t  a t  d i f f e r e n t  flowering nqdes (numbered from t h e  
ruost h s c l  f lower ing  node on t h e  branch)  on i n d i v i d u a l  
b ranches  of  ICRISAT-1  6 HY-3C p l a n t s  a t  d i f f e r e n t  t imes .  

ICRISAT-1  ( P l a n t  B-2, Black S o i l )  

POD NO/NODE 
Date BRk'JCH 5 

Node No. 
1 2 3 4 5 6 7  8 9 10 11 1 2  13 1 4  

0 0 0 0 0 0  
1 1 1 0 0 0  
2 3 1 1 I 3 
2 3 1 1  1 4  
2 3 1 3 1 5  
2 3 1 2 1 5  
1 3 1 2  1 4 

BRANCH 6 
0 0 0 0 0 0 
1 1 2 0 0 0  
1 2 2 0 0 0  
1 2 4 0 2 3  
1 2 4 9 2 3  
1 2 4 0 2 3  

HY-3C ( P l a n t  B-1,  Black s o i l l  
BRANCH 5 

0 0 f) 

2 0 0 0 0 0  
3 4 2 3  1 0  
3 1 2 1 0 0  

BRANCH 6 
0 3 0 
6  2 3 3 2 0  
6 2 2 3 2 0  
1 1 1 3 2 0  
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Within  a g i v e n  inflorescence, f l o w e r i n g  began a t  t h c  lgwer n ~ ~ ~ l c s  

of t h e  raceme and progressed  a c r o p e t n l l y .  The same p a t t e r n  was 

observed i h  a l l  v a r i e t i e s .  

Some of t h e  pods  which s t a r t e d  developing a b o r t e d .  Th is  

phenomenon was p a r t i c u l a r l y  pronounceci i n  IiY-3C ( s ~ e  Tnble 1 5 ) .  

(b) The t l i s t r i h u t i n n  of p o d s  which h:,th set ::nd .Ievcltlpcil w:ls 

s t u d i e d  a t  t h e  t i m e  of o la t t i r i ty .  

Branchwise:  T h i s  was s t u d i e d  by p o o l i n g  a l l  br- lnches  and i n f 1 , ~ r e s c c n c e s  

subtended by t h 2  f i r s t  12 nodes  of t h e  main s t e m ,  t h e n  t h e  s e c ~ n d  12 

nodes  and s o  nn. The t o t a l  number of p.,ds, s e e d  number p e r  pod an+ 

10q seed  w e i g h t s  are shown i n  F i g .  2 3  f o r  c v s  ST-1 and ICRISAT-1 

grown on b l a c k  s o i l  ( s e e  a l s o  Fig. 2 3 ) .  Conparable  r e s u l t s  were 

o b t a i n e d  w i t h  p l a n t s  grown on r e d  s o i l .  The lower anci n i d d l e  brnnches  

(which w e r e  l o n g e r  and older) bore  more pods t h a n  t h e  upper  dries, 

b u t  t h e r e  were no c o n s i s t e n t  differences between upper  and lclwer 

b ranches  i n  seed number p e r  ~ o d  o r  1 Q O  seed weigh t .  

Nodewise -&thin t h e  b r a n c h e s :  The a v e r s g e  pqd number p e r  node d e c l i n e d  

a c r o p e t s l l y  i n  a l l  4 i n d e t e r m i n a t e  v a r i e t i e s  ( F i g s .  21-3) .  Ilowever, 

t h e  seed number p e r  pod and hundred seed weight  remained more o r  l e s s  

t h e  s a m e  £ram node t o  node i n  c v s  T-21, ST-1 and ICRISAT-1 ( ~ i ~ s . 2 1 - 3 ) .  

These  p a r a m e t e r s  were n o t  measured i n  HY-3C. 

Nodewise w i t h i n  t h e  racemes t h e r e  was a lso an a c r o p e t a l  d e c l i n e  i n  

the  number of pods.  I n  racemes from the  lower  p a r t s  of t h e  b r a n c h e s  



FIGURE 20 DISTRIBUTION OF YIELD COMPONENTS BRANCHWISE c V S 
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FIGURE 21 NOOfWlSE ANALYSIS W YIELD WITHIN 8RANCHES:CV. ICRISAT-I 
( AVERAGE Of 30 BRANCHES 1 

3 1  
POD NuMIER PER NOOE 

100 SEED WEIGHT 

@ 47  
SEED NUMMR PER POD 

0 1 2 -  3 4 S 4 7 8 9 10 11 12 13 14 1 1 6  17 8 ?9 2C 
NOM NUMm ON BRANCH I W I L D  FROM B A S  I 



X U R E  22 NOOEWISE ANALYSIS OF YIELD WITHIN BRANCHES 
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ftGURE 23 
NODEWISE ANALYSIS OF YIELD WITHIN BRANCHES 
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of ST-1 and ICRTSAT-1 and n l s a  i n  t h e  t e r m i n a l  i n f l o r e s c e n c e s  of 

t h a  d e t e r m i n ~ t e  cv  Pusn A g e t i  t h e  maximum pod number w ? s  f,.un,t j u s t  

abave t h e  % a n a l  end of t h e  racems;  i n  r a c m e s  from t h e  upyer part o f  

t h c  b r l n c h e s  of S T - I ,  ICRTSAT-1  t h e  maximum pod nunSer occur red  nn 

t h e  most b a s a l  n n d t .  The same p a t t e r n  wns found i n  T-21 (rncemes 

f r  ~ r n  1;oth uppcr  2nd lower p a r t s  >f branches  mixed) , ~ n d  HY-3C (Fit. 2 4 )  . 

(c)  Yt unc ~Ic.vttlL-pi:l~~ n > d s  r ~ e r c  e i t h e r  ccm~letcl y r e m ~ v e t l ,  t ~ r  

p a r t i c l l y  renovctl 5 y  bisecting them t r c ? n s v e r s e l y ,  from t h e  lowest  

nodes  of racemes of ICRISAT-1. A f t e r  t h i s  t r e a t m e n t  a hi):her p ropor -  

t i o n  of f l o w e r s  a t  more ? p i c a 1  nodes  w i t h i n  t h e  raceme gave rise t n  

pods which were r e t a i n e d  and matured ( F i g .  25) .  

2. Pod and Seed Development: 

(a) I n  a l l  t h r e e  c u l t i v a r s  s t u d i e d ,  ST-1, ICRISAT-1 and HY-3C,  a 

s i m i l a r  p a t t e r n  o f  pod w a l l  and seed development was found (F igs .26  

& 27).  The pod w a l l  grew r a p i d l y  a t  f i r s t  and reached  i t s  f i n a l  

s i z e  w h i l e  t h e  s e e d s  were s t i l l  a t  a n  e a r l y  s t n q e  of t h e i r  development.  

T h e r e a f t e r  t h e  pod w a l l  began t o  d r y  w h i l e  t h e  s e e d s  c o n t i n ~ ~ e d  t h e i r  

development .  The s e e d s  themse lves  began t o  l o s e  f r c s h  weight  whi le  

t h e i r  d r y  we igh t  was s t i l l  i n c r e a s i n g .  

C v  HY-3C had l a r g e r  pods  and more and h e a v i e r  s c e d s  t h a n  t h e  

o t h e r  two c u l t i v n r s ;  i n  t h i s  c u l . t i v a r  pod development took  p l a c e  a t  

a h i g h e r  r a t e  and a l s o  o v e r  a l o n g e r  p e r i o d  ( F i g .  2 7 ) .  

The n i t r o g e n  p e r c e n t a g e  of pod w a l l  and s e e d s  was measured 

i n  cv ICRISAT-1. The n i t r o g e n  c o n t e n t  of pod w a l l s  f e l l  as t h e y  
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FIGURE 25  
POD DlSTRlBUTlON ON RACEMES OF ICRISAT- I 
AFTER PARTIAL OR COMPLETE REMOVAL OF 
YOUNG PODS FROM BASAL NODE 
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FIGURE 2 6 . 9 0 0  WALL AND SEED DEVELOQMENT 
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FIGURE 27 
POD WALL AND SEE0 D€VELOPMCJI C V S  ST- l  AND HV-3C 
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dsveloped and then  remained f a i r l y  s t e a d y  a t  ,ahout 1%. The percent -  

ag,e of n i t r o g e n  i n  t h e  d c v e l o p i n ~  s e e d s  d e c l i n e d  u n t i l  t h c  

l a t e r  - t a p e s  of cleveloprnent whr.1 i t  rma inw3  aore c r  l e s s  c o n s t a n t  

(F ig .  2 6 ) .  

(b) fm effect n f  s e e ?  p ~ > s i c i n n  w i t h i n  t h e  pod on see(1 

development w a s  :~bservc~_l i n  n l i  c u l t i v a r s  s t u i i e d .  The f i r s t  

( i . e .  most pro?c im?l)  seetls wrrz  ,saxlllcr t h ~ n  t h c  s e e d s  i n  t h e  

middle of t h e  pod, 2nd t h e  l a s t  s e a d s  a l s o  tended tc be s m a l l e r  

(Table 16) .  However t h e r e  w e r e  no c o n s i s t e n t  d i f f e r e n c e s  i n  t h e  

p r o t e i n  percent*?ges of t h e  s e e d s  t a k e n  f rom d i f f e r e n t  p a r t s  n f  

t h e  pods (Table  1 6 ) .  

D i scuss ion  

In t h e  c u l t i v a r s  s t u d i e d  h e r e  t h e  g r e a t  m a j o r i t y  of t h e  

f l o w e r s  dropped o f f .  Only 10-20X gave r i s e  t o  pods. I f  a l l  t he  

f l o w e r s  had developed i n t o  pods,  could  t h e  y i e l d s  have been 

i n c r e a s e d  p r o p o r t i o n a t e l y ,  i . e . ,  f i v e - t o  t en - fo ld?  The answer t o  

t h i s  q u ~ s t i o n  i s  : no. The h a r v e s t  i n d i c e s  of t h e s e  c u l t i v a r s  

l a y  i n  t h e  r ange  20-34% ( s e e  Table  8 ) .  A f i v e - t o  ten- fo ld  i n c r e a s e  

i n  seed p r o d u c t i o n  would g i v e  h a r v e s t  i n d i c e s  of over  10q%, which 

i s  imposs ib l e  s i n c e  t h e  seed y i e l d  cannot  exceed t h e  t o t a l  d r y  

matter produced by t h e  p l a n t s .  It i s  t h e r e f o r e  i n e v i t a b l e  t h a t  

t h e  o n l y  a r e l a t i v e l y  s m a l l  pe rcen tage  of t h e  numerous f l o w e r s  

cou ld  g i v e  rise t o  n a t u r e  pods of normal s i z e .  



Tabla 16. Weight and protein content , f s t ~ d s  q t  Jifferent 
positions within the p ~ d s .  (Results Arc the 
aversEc a£ between 40-10(' j )< t t i s  in c l c h  category). 

Cvs Year Suil Seed lr1'1 sze:' w t ,  & X ;,r2;tcirl c lntent(in br~~c i cc t s )  
harvested type No/p>c? Seed ;r;bsit ioi.! (nuvi!~r.!re;! f r ,  )m b,-.snl, i . e . 

prl~xim.a? en,! 1.f 1 7 ' 3 ' 1 )  

ICRISAT- 
46 13 

ICRISAT- 
2518 

ICRISAT- 
4665 

ICRISAT- 
2 5 

ICRISAT- 1 1975 Red 

ST- 1 
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I n  t h e  i nde t e rmiha t e  c u i t i v a r s  t h e  p r o g r e s s  of f lower ing  was 

a c r o p e t a l .  The lower branches began flower in^ be fo re  t h e  upper 
, 

branches ;  w i t h i n  a branch t h e  lower p a r t  of t h e  branch began f lower ing  

b e f o r e  t h e  upper  p a r t ;  and w i t h i n  a n  i n f l o r e s c e n c e ,  i n  ~ 1 1  c u l t i v a r s ,  

t h e  lower nodes began f l ower ing  b e f o r e  t h e  upper nodes. A higher  

p ropor t i on  of t h e  ea r l i e r - fo rmed ,  more b a s a l ,  f l ower s  formed pods; 

t h e r e  was an  a c r o p e t a l  d e c r e a s e  of pod set from lower branches t o  

upper  branches  (F ig .  20), from lower nodes w i t h i n  t h e  branch t o  

upper  node (F igs .  21-23) and from t h e  lower nodes of t h e  l n f l o r e s -  

cence  t o  t h e  upper  nodes (F ig .  24) .  

From a p r a c t i c a l  p o i n t  of view t h i s  i n fo rma t ion  i n d i c a t e s  

t h a t  i n  making c r o s s e s  f o r  b reeding  pu rposes ,  n h ighe r  r a t e  of 

s u c c e s s  could  be achieved by u s i n g  t h e  ea r l i e r - fo rmed ,  m c > r e  b a s a l  

f l ower s .  From n t h e o r e t i c a l  p o i n t  of view, t h e  n c r o p e t c l  d e c l i n e  i n  

pcd set  s u g g e s t s  t h a t  pods deve loping  from t h e  ear l ie r - formed 

f l o w e r s  tend t o  i n h i b i t  t h e  development of pods from l a t e r  formed 

f lower s .  Th i s  s u g g e s t i o n  i s  suppor ted  by t h e  f i n d i n g  that t h e  

p a r t i a l  o r  complete  removal of  t h e  ear l ie r - formed pods from o raceme 

l e a d s  t o  a compensatory i n c r e a s e  i n  pod-se t t ing  f r m  la te r - formed 

f l o w e r s  which wculd o t h e r w i s e  has  dropped o f f  (Fifl .  2 5 ) .  

The s i m p l e s t  i n t e r p r e t a t i o n  of t h i s  i n h i b i t i o n  of e f f e c t i v e  

pod set by a l r e a d y  d e v e l q i n g  p o d s  i s  i n  t e r n s  cf compe t i t i on  f o r  

~ i u t r i e n t s  such  as p h o t o a s s i m i l a t e s .  I n  p r e l i m i n a r y  exper iments  i t  

w a s  found t h a t  complete  d e f o l i a t i o n  of t h e  p l a n t s  l e d  t o  a  r e d u c t i o n  



i n  pod s e t ,  which i s  h a r d l y  s u r p r i s i n g  ( s e e  Chapter V ) .  What i s  

perhaps s u r p r i s i n g  i s  t h a t  wh i l e  a r e d u c t i o n  i n  t h e  n u t r i e n t  supply 

e i t h e r  by d e f o l i a t i o n  o r  by campe t i t i on  from ea r l i e r - fo rmtd  p ) d s  

r educes  t h e  numbers of pnds which a r e  s e t ,  i t  has l i t t l c  e f f e c t  t3n 

t h e  s i z e  of t h e  pods n r  t h e  sizc ,)f t h e  seed produced. The pods 

formed on lower and upper branches  (F ig .  20)  and lower and upj3er 

p a r t s  of t h e  same branch ( F i ~ ; s .  21-23) show no c o n s i s t e n t  t rend  

towards n r e d u c t i o n  i n  e i t h e r  average seed number per  p l ~ d  c.lr .?verar:c 

100 seed weight .  Comparable p r e l i m i n a r y  r e s u l t s  have obta ined  i n  t he  

d e f o l i a t i o n  exper iments :  even t r t a l  d e f o l i a t i o n  which l e d  t o  a 

c o n s i d e r a b l e  r e d u c t i o n  i n  t h e  numbers cf pods s e t  had r e l a t i v e l y  

l i t t l e  e f f e c t  on seed number pe r  pod o r  100 seed weight  ( s ec  Table 17 

and F ig .  2 8 ) .  

It t h e r e f o r e  seems l i k e l y  t h a t  t h e  s e t t i n g  and development 

of a pod is n o t  u n l i k e  a n  " a l l  a r  noner '  p roces s  and t h a t  whether 

o r  n o t  t h i s  t a k e s  p l a c e  depends on whether o r  n o t  t h e  n u t r i e n t  

(e .g . p h o t o a s s i m i l a t e s )  supply  a v a i l a b l e  t o  t h e  f lower and/or  

young pod du r ing  a c r i t i c a l  p e r i l ~ d  is  above o r  helow n t h r e sho ld  

l e v e l .  The cont inued  development on t h e  one hand, o r  on t h e  o t h e r  

hand t h e  fo rma t ion  of a n  a b s c i s s i o n  l a y e r  and t h e  a b o r t i o n  of t h e  

f lower  o r  young pod no doubt  iierend on t h e  l e v e l s  of hormones 

l o c a l l y  produced i n  t h e  more o r  less r a p i d l y  developing  o v u l e s .  But 

w h i l e  t h e s e  hormonal ba l ances  a r e  involved i n  t h e  c o n t r o l  of pod 

development o r  pod a b s c i s s i o n  and a r e  p a r t  of a c h a i n  of c a u s a l i t y ,  

hormonal f a c t o r s  a l o n e  cannot  "explairz" t h e  phenomena. 



It i s  p ~ s s i b l e  t o  d i s t u r b  t h e  i n t e r n a l  hormanal  b n l n n c z s  

w i t h i n  t h e  r l a n t  by s p r a y i n g  t h e  p l - ~ n t  w i t h  v a r i o u s  chemlc.?l ~ n n l n q u e s  

o f  ho rnones  o r  an t i -hormones .  But t c v ~  l i t t l e  i s  k n w n  ribout t h e  

i n t e r n a l  h o r m ~ n n l  b a l a n c e s  Ir t h e  d i s t r i b u t i m  w i t h i n  t h e  p l a n t  of t h e  

n a t u r a l  hormones o r  nf t h e  n r t i f i c i : ~ l l y  : ~ p p l i e d  c h e n i c a l s  f o r  t h i s  

t o  be clone nn any  o t h e r  b n s i s  t h a n  t r i a l - 2 n d - e r r o r .  Fmper i ca l  

i n v e s t i g a t i o n s  of t h i s  t y r e  a r e  1)einc cnrr ic? t i  o u t  n t  :I number ,>f 

c e n t r e s  i n  I n d i a  and sometimes s t i m u l n t o r y  e f f e c t s  on l>c)cl set and 

y i e l d  have  been  r e p o r t e d .  However, a t t e m p t s  t n  i n c r e a s e  y i e l d  by t h e  

u s e  of  such  s p r a y s  i n  a number of  c o - o r d i n a t e d  t r i a l s  th roughou t  t h e  

c o u n t r y  have  n o t  s9 f a r  m e t  w i t h  a n y  c o n s i s t e n t  s u c c e s s .  

A p o i n t  t h a t  may h e  of some imyor tnnce  emerges  f rom t h e  s t u d y  

of pod development .  From F i g s .  26 & 27 i t  c a n  c l e i l r l y  be s e e n  t h a t  

t h e  pod w a l l s  a t t a i n  t h e i r  f i m l  s i z e  w h f l e  t h e  s e e d s  a r e  s t i l l  

mll. T h i s  pod s i z e  i s  t h e r e f o r e  nc,t de te rmined  by t h e  f i n a l  s i z e  

o f  t h e  s e e d ;  i t  m3y be unde r  a more o r  l e s s  i ndependen t  c o n t r o l .  

On t h e  one  hand scme c u l t i v a r s  mny r leveln? pc~1s  c o n ~ i ~ l e r a b l y  lnry ,er  

t h a n  t h e  s e e d s  which  t h e y  c o n t a i n ;  (7n t h c  q t h e r  hand o t h e r  c u l t i v a r s  

may produce  pods  t o o  small which m,?y p h y s i c a l l y  r e s t r a i n  t h e  s e e d s  

and p r e v e n t  them f o r  r e a c h i n c  t h e i r  f u l l  i ~ i l t e n t i a l  s i z e .  T h i s  c o u l d  

impose a l i m i t a t i o n  on y i e l d .  

So f a r  o n l y  t h e  p h y s i o l o p , i c a l  a s p e c t s  o f  f l o w e r  d r o p ,  pod set 

and pod development  have  heen  d i s c u s s e d .  The problem t a k e e  on  a n  

extra d imens ion  when we c o n s i d e r  t h e  real w o r l d  i n  which  t h e  p l a n t s  grow. 
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Under c o n d i t i o n s  of v s r i a b l e  c l i m a t e  ( e . g .  p a r i n d s  of bad wea ther )  

and pesf  a t t a c k s  on e i t h e r  f l o w e r s  o r  J e v u l o p i n c  7 c ) L l ~ ,  o r  e v ~ n  on 

i n d i v i  !ual s e e d s  w i t h i n  devel ,>i i inq nods, would i n c v - i t a b l y  l c a d  to n 

r e d u c t i o n  i n  y i e l d  i f  t h e  "s ink"  cnp,?ci ty  1)f t h e  , > l a n t  were f i x e d .  

H>wrver ,  t h e  con t inued  p r o ~ ? u c t i o n  of f l r \wcrs  which c a n  s e t  pods i f  

e a r l i e r  fnnned f l o w e r s  o r  p t > J s  1 r e  damaced o r  l o s t  p r o v i d e s  t h c  

p l a n t  w i t h  a n  infiur,?nce,  and a l s o  ncnns  t h n t  i t  i s  a b l e  t o  t-ikc 

a d v . ~ n t ~ ~ e  of more f n v o u r n b l c  c ~ > n ( ! i t i o n s  which may a r i s e  a f t e r  t h e  

o n s e t  of t h e  r e p r n d u c t i v e  ? e r i c ~ d  (e .!:. l s t e  r a i n s ) .  

A more " t l e te rmina te f f  r e p r o t l u c t i v e  p e r i o d ,  conf ined  to a s h o r t e r  

p e r i o d  of t i m e ,  would n e c e s s a r i l y  r e s u l t  i n  a l o s s  of t h i s  p o t e n t i a l  

t o  ~ d ~ p t  t~ an  u n p r e d i c t a b l e  environment .  

The o n l y  a p p a r e n t  d i s a d v a n t a g e  of t h e  e x c e s s i v e  prorluction 

of f l o w e r s  i s  t h a t  i t  is  w 3 s t e f u l  of t h e  p l a n t s '  r e s o u r c e s .  A 

measure of t h i s  w a s t e f u l n e s s  i n  t e r m s  of , l ry weigh t  can  he  ob ta ined  

by c a l c u l a t i n g  t h e  p r o p o r t i o n  of t h e  t o t a l  nxwirnun d r y  wcipht 

a t t a i n e d  by t h e  p l a n t s  which is  l o s t  by f l o w e r  d r o p .  The r e s u l t s  

f o r  t h e  f i v e  c u l t i v a r s  s t u d i e d  a r e :  

Pusa A g e t i :  5.5%; T-21: 5 . 9 Z i  ST-1. 3 . 9 ? ;  ICRISAT-1: 4.4%;  HY-3C: 1.8%. 

So t h e  w a s t e  i s  s m a l l ,  a l t h o u g h  n o t  n e ~ l i g i b l e .  

I n  c o n s i d e r i n g  whether  y i e l d  s cou ld  be i n c r e a s e d  by b r e e d i n g  

f o r  a r e d u c t i o n  i n  f l o w e r  d r o p ,  w e  have t o  b e a r  i n  mind t h e  

p o t e n t i a l l y  a d v e r s e  e f f e c t  on y i e l d  s t a b i l i t y  under v a r i e d  c o n d i t i o n s  

which might  r e s u l t  from a r e d u c t i o n  i n  t h e  e x t e n t  and ( 'Ora t ion  



of f l c ~ w e r i n g .  Th i s  i s  n o t  t o  say t h a t  an  i n c r e a s e  i n  e f f e c t i v e  pad 

s e t  w ~ u l 2  be im?oss ib le :  i n  f a c t  t h e  i n d i c a t i a n s  a re  t h a t  poc! set  

may be a major l i m i t i n g  f a c t o r  for y i e l d  (see Chapter V). But even 

i f  e f f e c t i v e  pod s e t  were to be inc reased  Sy loo%, t h e  m a j o r i t y  

of t h e  f lowers  would s t i l l  drop  o f f  i n f r u c t u o u s l y .  Bree,?fnq f o r  

i nc reased  pod s e t  and breeding  f o r  reduced f lower  d r c ~ p  ? r e  n  3 t  

n e c e s s a r i l y  t h e  sane t h i n g ,  s i n c e  i t  m-iy 1.e 7 n s s i t l l e  t o  r e l u c e  t h e  

l a t t e r  v i t h o u t  i n c r e a s i n p  t h e  former s i m ~ l y  by r cduc inp  the extent  

and d u r a t i o n  of f l ower ing .  So t h e  b e s t  s e l e c t i o n  c r i t e r i o n  f o r  

more e f f e c t i v e  pod set woul<-l be pod s e t  i t s e l f ;  t h e r e  nay  l ~ e  

l i t t l e  to be gained and perhaps  some thin^ t o  11e 1 n s t  i n  t e r n s  of 

y i e l d  s t a b i l i t y  by s e l e c t i n g  f o r  reduced f lower  drop  per s e .  



CHAPTER V 

E f f e c t s  of Defo l i a t i on  

In t roduc t ion  -- --- 
Some i n v e s t i s a t i o n s  were cnde of t h e  e f f e c t s  of d e f o l i a t i o n  

a t  the  t ime of f lowering on pcd s e t  and pod tlevelopment. ~\lthouo,h 

t h e s e  experiments were ~ n l y  n f  n pre l iminary  na tu re  and cnrr ie , i  out  

on a  smal l  numSer of p l a n t s ,  t h c  r e s u l t s  were f a i r l y  c o n s i s t e n t .  

Met hr7d s 

The p l a n t s  were d s f o l i a t e d  s h o r t l y  a f t e r  f lowering began by 

plucking o f f  t he  l eaves .  Thereaf te r  new l eaves  which appeared were 

a l s o  removed a t  r e g u l a r  i n t e r v a l s  i n  a  manner app ropr i a t e  t o  the  

d e f o l i a t i o n  t rea tment .  The t r ea tmen t s  were, i n  t he  f i r s t  experiment : 

t o t a l  d e f o l i a t i o n  ( a l l  l e aves  removed) and 50Z d e f o l i a t i o n  ( a l t e r n a t e  

l e a v e s  removed); and i n  t h e  second experiment t o t a l  d e f o l i a t i o n  

( a l l  l e a v e s  removed) and 50% d e f o l i a t i o n  by removal of a l t e r n a t e  

l e a v e s ,  o r  by removal of a l l  t h e  l eaves  from the  upper ha l f  of t h e  

p l a n t ,  o r  by removing a l l  t h e  l e a v e s  from t h e  lower half  of t he  p l a n t .  

A f u r t h e r  d e f o l i a t i o n  t rea tment  was t h e  removal of t he  two s i d e  

l e a f l e t s  from a l l  t h e  l eaves ;  t h i s  r e s u l t e d  i n  a reduct ion  of t h e  

l e a f  a r e a  by approximately 602. Untreated p l a n t s  were used a s  c o n t r o l s .  

The f i r s t  experiment was conducted wi th  l a t e  d u r a t i o n  c u l t i v a r s  

i n  t h e  b reede r s '  ACT-3 t r i a l  on black s o i l .  Four p l a n t s  p e r  t rea tment  

were used.  D e f o l i a t i o n  began on 13-12-1974. 

The second experiment was c a r r i e d  o u t  on t h e  e a r l y  c u l t i v a r s  



Puea A g e t i  and T-21 sown i n  January  1975 i n  grey-black s o i l  i n  t h e  

RA-25 a r e a  ,and i r r i g a t e d  a t  r e g u l a r  i n t e r v , ? l s .  D e f o l i a t i o n  bcgnn 

on 11-3-1975. The exper iment  was c a r r i e d  o u t  i n  t h r e e  r e p l i c 3 t e s  <qnd 

f i v e  p l a n t s  were sampled f ron  each r e p l i c a t e .  

I n  bo th  e x p e r i n e n t s  y i s l d  and y i e l d  components wGre mdnsured 

on i n d i v i d u a l  p l a n t s  a t  m a t u r i t y .  The a v e n g e d  r e s u l t s  ,arc expressed 

below on a per  p l s n t  b a s i s .  

R e s u l t s  
( i )  Experiment 1 

The y i e l d  p e r  p l a n t  and average  pod weight of c o n t r o l ,  t o t - i l l y  

d e f o l i a t e d  and 50% d e f o l i a t e d  p l a n t s  of 1 0  c u l t i v a r s  a r e  shown i n  

T a b l e  1 7 .  

Table 1 7 .  E f f e c t s  of 50% and t o t a l  d e f o l i a t i o n  a t  t h e  t ime df 
f l o w e r i n g  on y i e l d  and average  weight  p e r  pod i n  t e n  
l a t e - d u r a t i o n  c u l t i v s r s  . 

Y i e l d / p l n n t  (gm) Average weight lpod (p) 
C u l t i v a r s  Cont ro l  50% T o t a l l y  Cont rn l  50% T o t a l l y  

d e f o l i a -  d e f n l i a -  
t e d  . t e d  . 

d e f o l i a -  d e f o l i a -  
t el3 . t e d .  
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Because of t h e  s m a l l  samples involved i t  is  n o t  p o s s i b l e  t o  know 

whether t h e  d i f f e r e n t  r e s p o n s e s  of d i f f e r e n t  c u l t i v q r s  n r e  s i g n i f i c a n t .  

But t h e  g e n e r a l  tendency i s  summarized i n  t h e  average  r e s u l t s  f r im 311 

c u l t i v a r s  : t h e  removal of h a l f  t h e  l e a v e s  hnd l i t t l e  o r  n3 e f f e c t  

on y i e l d  o r  pod s i z e ,  whi le  t o t a l  d e f o l i a t i ~ n  reduced t h e  v i e l d  by 

about  802 b u t  a g a i n  had l i t t l e  e f f e c t  on pnd s i z c .  A m 7 r t 7  d c , t . c i l ~ l  

a n a l y s i s  of t h e  y i e l d  cnmyonents c ~ n f i r m s d  t h n t  t o t a l  J c f - l i ? t i l \ ; l  h ~ ( i  

o n l y  a s l i g h t  e f f e c t  on seed nunber p e r  pqd ?nd seed weigh t .  

( i i )  Experiment 2 

The t o t a l  g r a i n  y i e l d s  per  p l a n t ,  2nd t h e  averngz 100 szed 

weight and seed numbers per  pod af ter  t h e  vclrious d e f o l i a t i o n  t r e n t m e n t s  

a r e  shown i n  F i g .  2 8 .  The r e s u l t s  from t h e  t w ~  c u l t i v s r s  ,-ire i n  

r e a s o n a b l e  agreement w i t h  each o t h e r  and shgw t l ln t  a l t e r n s t e  l e a f  

removal f a r  from d e p r e s s i n g  y i e l d  may even h v r  s t i m u l a t e d  i t .  Removal 

of 50% of t h e  l e a v e s  by removing a l l  upper or  a l l  lower l e a v e s  gave 

some d e p r e s s i o n  of y i e l d  compared w i t h  c o n t r o l s ,  a s  d i d  t h e  removnl 

of s i d e  l e a f l e t s  from a l l  l e a v e s  ( l e a d i n g  t o  a r e d u c t i o n  i n  l e a f  

a r e a  of abou t  60%).  T o t a l  d e f o l i a t i o n  had a markedly d e p r e s s i n g  e f f e c t  

on y i e l d ,  more so i n  T-21 t h a n  Pusa A g e t i .  There was, however, 

r e l a t i v e l y  l i t t l e  e f f e c t  of any of t h e s e  t r e a t m e n t s  on weight  p e r  

pod, 100 seed weight  o r  seed number p e r  pod. 

Discuss ion  

Because o f  t h e  smal l  sample s i z e s  t h e  v a r i e t a l  d i f f e r e n c e s  i n  

r e s p o n s e  t o  d e f o l i a t i o n  i n  Experiment 1 and t h e  d i f f e r e n c e s  between 
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d i f f e r e n t  methods of p s r t i a l  d e f c l i n t i o n  i n  E q e r i m e n t  2 c3n be 

regarded s s  noth ing  more t h a n  i n d i c n t i q n s  th?t such J i f f  ~ r e n c e s  m?y , 

e x i s t .  However, t h e  c o n s i s t e n t  r e s u l t s  which m e r g e  Erc3m both  

exper iments  a r e  t h n t  t h e  renova1 d f  h a l f  of t h e  l e a v e s  h i d  l i t t l e  o r  

no e f f e c t  on y i e l d  ,)r y t e l d  com?.ments. w h i l e  t o t 2 1  d e f L r l i a t i o n  

depressed  y i e l d  b u t  s g a i n  had r e l ~ t i v e l y  l i t t l e  e f f e c t  on seed s i z e  o r  

seed number 9er pcd .  T h i s  c o n s i s t c n c y  i s  rcfi*?rk?ble because of t h e  

v c r y  d i f f d r e n t  t y p e s  of p l a n t s  used i n  t h e  two exper iments  : i n  

Experiment 1, lnr; ;e,  f u l l v  grown, l a t e - m a t u r i n g  v a r i e t i e s ;  i n  

Experiment 2 e a r l y  v a r i e t i e s  which werp even s m a l l e r  t h a n  usuq l  s i n c e  

t h e y  were grown i n  t h e  o f f - scasnn .  

n o t  
It i s l s u r p r i s i n p ;  -- t h a t  t o t a l  d e f o l i a t i o n  of t h e  p l a n t s  l e d  t r ,  

a r e d u c t i o n  i n  y i e l d  b u t  what i s  perhaps  s u r p r i s i n g  i s  t h a t  t h e r e  was 

any y i e l d  a t  a l l ;  i n  Experiment 1 t h e  average  y i e l d  was 20% of t h e  

c o n t r o l .  The c a r b o h y d r a t e s  which s u p p l i e d  t h e  deve lop ing  pods must have 

come from r e s e r v e s  w i t h i n  t h e  s t e m s  a n d / o r  from c u r r e n t  pho tosyn thes i s  

by t h e  stems and pod w a l l s  themse lves ;  t h e  n i t r o g e n  must h,?ve comc 

from reserves i n  t h e  s t e m  and /or  from r o o t  o r  nodules .  The y i e l d  

o b t a i n e d  a f t e r  t o t a l  d e f o l i a t i o n  g i v e s  some i d e a  of t h e  e x t e n t  [)f 

t h e s e  p r o c e s s e s  s i n c e  t h e  p h o t o s y n t h e t i c  c o n t r i b u t i o n  of t h e  l e a v e s  

and a l s o  t h e  r e m o b i l i z a t i o n  of n i t r o ~ e n  from senescen t  l e a v e s  

( s e e  F i g .  5) a r e  comple te ly  e l i m i n a t e d .  

By c o n t r a s t ,  t h e  l a c k  cf e f f e c t  of 50% d e f o l i n t i m  i n d i c a t e s  

t h n t  t h e  remain ing  50% of t h e  l e a v e s  were a b l e  t o  p rov ide  3 s  much 
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p h o t o s y n t h e t i c  a s s i m i l s t e  a s  was n e c e s s a r y  f o r  n o m l  prd 

development;  and a l s o  e i t h e r  d i r e c t l y  (by r ~ m o b i l i z ~ t i ~ n  from senes -  

c e n t  l e a v e s )  o r  i n d i r e c t l y  (by p r o v i d i n g  ~ s s i m i l a t e s  t n  power n i t r q g e n  

f i x a t i o n  by nodules  o r  up take  by r o o t s )  7s much n i t r o g e n  as was 

needed f a r  pod development i n  c o n t r o l s .  This  uncxpectcd conc lus ion  

f u r t h e r  s u g g e s t s  t h n t  n e i t h e r  r i i t r o s c n  s u p p l y  nor  ph>tc.synthesis nrc 

t h e  l i m i t i n g  f a c t c r s  f ~ r  pod s e t  and devel\~;)roent i n  c a n t r o l s  b u t  t h n t  

sonc o t h e r  f a c t o r s ,  i n t e r m l  o r  cnv i ronmentn l ,  a r e  invo lved .  

The s m a l l  e f f e c t  of p a r t i a l  o r  even complete  d e f o l i a t i o n  on 

seed number p e r  pod o r  seed s i z e  shows t h n t  t h e  number of pods which 

set and develqped was e i t h e r  approx imate ly  e q u a l  t o ,  o r  l e s s  t h a n ,  

t h e  number which t h e  p l a n t  was c a p a b l e  of s u p p o r t i n g  t o  m i ~ t u r i t y .  

I f  more pods had s e t  and developed t h a n  t h e  p l a n t  was a b l e  t o  supp ly  

w i t h  c a r b o h y d r a t e s ,  n i t r o g e n  o r  o t h e r  n u t r i e n t s ,  t h e n  t h i s  supp ly  would 

have r u n  o u t  b e f o r e  t h e  pods reached  m a t u r i t y ,  r e s u l t i n g  e i t h e r  i n  

seed a b o r t i o n  ( l e a d i n g  t o  fewer s e e d s  p e r  pod) and /or  t o  a  r e d u c t i o n  

i n  seed s i z e .  

There fore  i n  some way t h c  p l a n t  must l d j u s t  t h e  amount of pod-set 

t o  a l e v e l  equ-11 t o  o r  lower t h a n  i t s  c a p z c i t y  t o  suppor t  t h e  pods t o  

m a t u r i t y .  The l a c k  of e f f e c t  of 50% d e f o l i a t i o n  suEgests  t h a t  i n  

c o n t r o l  p l a n t s  t h e  amount of pod-set  i s  i n  f n c t  c o n s i d c r ~ b l y  lower 

than t h e  c a p a c i t y  of t h e  p l a n t  t o  f i l l  t h e  pods ;  t h s  p l n n t  l e a v e s  

i t s e l f  a l a r g e  m a r ~ i n  af s a f e t y ;  t h e  r e s u l t  i s  t h a t  t h e  o n l y  component 

of y i e l d  t h a t  shows a major v e r i s t i o n  i n  t h e s e  e x p e r i m e n t a l  t r e a t m e n t s  



i s  pod number p e r  p l a n t ,  and n o t  seed number p e r  pod o r  100 s e e d  

w e i g h t .  A s i m i l a r  c o n c l u s i o n  i s  s u g ~ ; e s t e d  by t h e  Sranchwtse  ,?nl node- 

wise a n a l y s e s  d i s c u s s e d  i n  C h ~ p  ter I V ;  jn I n t e r - f  onned i n f l ~ ~ r e s c c n c e s  

on upper  b r a n c h e s  o r  cln t h e  upper  i n f l n r e s c c n c e s  ,)f I };iven br2nch 

t h e  p?1 number d e c l i n e ( $ ,  but. n ,> t  t h e  number or s f ?c  of  sceds w i t h i n  

t h e  p r d s .  T h i s  i s  ir, s t r i k i n r ;  contr rns t  t,. t h e  s i t u a t i o n  i n  c h i c k p e a s  

where I n t e r - f  o m e d  f  l(.wers p r o  luc r  ;>c)cl s w i t h  fewer  and  s m a l l e r  s e e d s  

( s e e  Chick: P h y s i - $ 1 3 ; ~  Rc?, , r t ,  C h ~ p t e r  T )  . A t l e c l i n c  i n  t h e  s i z e  

and number n f  s e e d s  i n  la ter- formei l  :x>ds m-iy be  a good l n ~ l i c a t i o n  

t h a t  what i s  l i m i t i n g  y i e l d  i s  t h e  < - i b i l i t y  of t h e  p l s n t  t o  supp ly  t h e  

d e v e l o p i n g  pods w i t h  n u t r i e n t s  (Chickpea Phys io logy  R e p o r t ,  Chap te r  I )  

Converse ly ,  a  r e l a t i v e  c o n s t a n c y  of a v e r a g e  seed s i z e  and number b o t h  

i n  In te r - fo rmed  pods  on normal p l a n t s  ( F i g s .  20-23) and a f t e r  

d e f a l i a t i o n  ( T a b l e  1 7 ;  Fis. 28)  s u g z e s t s  that t h e  l i m i t i n g  f a c t o r  

f o r  y i e l d  i s  e f f e c t i v e  p a d - s e t .  



CHAPTER VI 

I n t e r c r o p p i n g  i n  r e l a t i o n  t o  p l a n t  morphology and y i e l d  

I n t r o d u c t i o n  

I n t e r c r o p p i n g  i s  one of t h e  c ropp ing  p a t t e r n s  adopted i n  tile 

semi-ar id  t r o p i c s  where pigeonpea may be i n t e r c r o p p e d  w i t h  p e a r l  m i l l c t ,  

sorghum and /or  o t h e r  c r o p s .  P r e l i m i n a r y  i n v e s t i c a t i o n s  trer:: carried 

o u t  on pigeonpeas  i n t e r c r o p p e d  w i t h  p a r 1  m i l l e t ,  s e t a r i a ,  soyabeans 

and cowpeas by sampling m a t e r i n l  from t r i a l s  conducted by t h e  Farming 

Systems group. The e f f e c t s  of i n t e r c r o p p i n g  on t h e  morphology and 

y i e l d  of pigeonpea were observed .  The Pigconpeas  were shaded when 

grown w i t h  p e a r l  m i l l e t  o r  setaria, b u t  h e n  grown w i t h  cowpea and 

soyabean t h e y  w e r e  n o t  shaded.  

Methods 

P l a n t  samples f o r  t h i s  i n v e s t i g a t i o n  was c o l l e c t e d  from t h e  

i n t e r c r o p p i n g  exper iments  c a r r i e d  o u t  by Farming System groups i n  

b l a c k  s o i l .  F i f t y  t o  hundred p l a n t s  of pigeonpe.2 c v s  ICRTSAT-1 and 

HY-3C grown e i t h e r  w i t h  cereals ( s e t a r i a ,  p e a r l  m i l l c t )  o r  w i t h  

legumes (cowpea, soyabean) were  sampled a t  t h e  t ime  of h a r v e s t .  The 

main s t e m  of each  p l a n t  was d i v i d e d  i n t o  n s e r i e s  of 12-node segments.  

s t a r t i n g  from t h e  b a s e ,  and t h e  d r y  weight  and g r a i n  y i e l d  of t h e  

b r a n c h e s  borne  on t h e s e  segments were measured.  

R e s u l t s  & D i s c u s s i o n  

The d r y  weigh t  of m a i n  stem, b r a n c h e s  and g r a i n  y i e l d  

segment-wise are p r e s e n t e d  i n  Tab le  18 and F i g . 2 9 .  The 0-12 node 

segment of t h e  main s tem w a s  t h i c k e r  and had a h i g h e r  d r y  weight  
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i n  p igeonpea grown w i t h  cowpen o r  soyabenn compared w i t h  t h e  c e r e s l  

combina t ion ,  and t h e  d r y  weigh t  of b ranches  bnrne st t h e  b , -~sa l  

nodes  r3f t h e  main s t e m  was more i n  pigeonpen grown w i t h  c w p e n  and 

scyabean.  T h i s  was due  t o  t h e  s u p r e s s i q n  of b ranch ing  by t h e  

shad ing  caused by t h c  v i g o r o u s l y  growing, enr ly -matur ing  c e r e n l s .  

I n  t h e  c a s e  of cowpea and soynbenn enough l i g h t  ws ~ v ? i l ~ ? b l ~  t c  

t h e  pigennpe? f o r  development r>f br. lnchcs from t h e  e a r l y  ~ t n g e s  onwards 

When we c o n s i d e r  t h e  t o t a l  d r y  ~leic;!lt c - f  t h e  mnin stem a f t e r  t h e s e  two 

t r e a t m e n t s  t h e r e  was n c t  much d i f f z r e n c e ,  b u t  t h e r e  was n c o n s i d e r a b l e  

d i f f e r e n c e  i n  t h e  t o t a l  d r y  weight  c>f t h e  b r l n c h c s .  The t o t a l  g r a i n  

y i e l d  p e r  p l a n t  was reduced when pigeonpen F ~ I S  grown w i t h  t h e  m i l l e t  

o r  s e t a r i a .  T h i s  r e d u c t i o n  i n  p.:rt have been owing t c  c t m p c t i t i n n  

f o r  n u t r i e n t s ,  w a t e r  and s p a c e ,  b u t  l i g h t  was p robab ly  t h e  major  

l i m i t i n g  f a c t o r .  

The s u p p r e s s i o n  of b a s a l  b ranch ing  as a  r e s u l t  of shad ing  

by t h e  c e r e a l s  was s t r i k i n g  i n  b o t h  c u l t i v a r s  even though one of 

them, ICRISAT-1, under  unshaded c o n d j t i o n s  u s u a l l y  b r a n c h e s  

p r o f u s e l y .  T h i s  p h y s i o l o g i c a l  s u p p r e s s i o n  of b ranch ing  by shrxding 

s u g g e s t s  t h a t  t h e r e  i s  no need t o  b reed  s p e c i a l  c u l t i v a r s  w i t h  

1 i t t l . r  o r  no b a s a l  b ranch ing  f o r  u s e  i n  i n t e r c r o p p i n g  sys tems  

w i t h  cereals. 



Table 18.  E f f e c t  of i n t e r c r o p p i n g  on branching and 
y i e l d  of two pigeonpea c u l t i v a r s .  

Node n m h e r  on t h e  main S t e n  
0 - 1 2  13-24 25-36 37-48 49-60 61-72 7 3 - 0 4  ~ l t x  

P l a n t  
p a r t .  

Dry we izh t  g / p l a n t  

HY-3C w i t h  P e a r l  m i l l e t  (HB-3) 

Main s t e m  35.2 35 .4  2 3  .O 11.8 

Branches 0 1 1 . 1  2 3 . 1  1 5 . 5  

Seeds  0 0.8 2 - 9  4 . 5  

HY-3C w i t h  Cowpea ((2-152) 

Main stem 4 6 . 5  36 .7  20.7 14 .O 

Branches 36.4 54 - 5  1 7 . 3  1 5 . 4  

Seeds 4 . 1  8 . 1  2 . 8  9 . 4  

TCRISAT-1 w i t h  S e t n r i a  (H-1) 

Main stem 1 6 . 3  1 6 . 2  3 - 4  3 . 2  

Branches 3 . 3  25.7  14.1. 3.9 

Seeds  C. 3 4 . 3  7 - 3  4 . 8  

ICRISAT=l w i t h  Soyabean ( U P S S  38)  

Main stem 20.2 1 2  - 2  5 .6  2 . 2  

Branches 4 6 . 9  24 .O 10.8 1.1 

Seeds  11 .O 6.6 24 .8  1 . 6  





CHAPTER V I I  

Some obse rva t ions  on an off-season crop 

I n t r  l d u c t i c ~ n  

~n Hyderabad tha  e a r l y  c ~ l t i v n r s  Pus3 zl!;ctl nnd T-21 have .? 

v e g e t a t i v e  phase  wh(-se d u r a t i o n  i s  2lr;lr-st thc snmc 3f t e r  p l n n t i n ~  n t  

any time be,twcen Jurl.: nnd 1,t.l rch (sc.c TCR1S;s.T Pi[;c~!npe,? Brccdinj: Annul 1 

Report 1974/5  ;.;. 79-8 1) . Tn ~thcr i . r , ) r c i s ,  un l ike  t h e  medium-duratim 

c u l t i v n r s ,  rlurinq t t ~ f  s ~- , , r i od  the nu-nX:er ) f  clays f r o m  p lnnt inq  t o  

f lowering is indepsndent of day-length and t h e s e  c u l t i v a r s  behave a s  

i f  they  a r e  "photo-insensi t ive".  

The growth and development of t h e  p l a n t s  is ,  however, very 

d i f f e r e n t  i n  t h e  d i f f e r e n t  seasons.  This  year  we m . ~ d e  nbservnt inns  

on an off-season crop p lan ted  i n  December. 

Me t hod s 

Cvs T-21 and Pusa Aget i  were sown on 4-12-1974 i n  t h e  grey- 

rb tack  s o i l  i n  t h e  RA-25 reg ion  of t h e  farm. The s o i l  was f e r t i l i z e d  

wi th  z i n c  s u l p h a t e  and s i n g l e  superphosphate a t  t h e  same r n t e s  used 

f o r  t l ie main-season crop  (Chapter I ) .  The seeds  were plnntec? on 

r i d g e s  7 5  cm a p a r t  and a t  a  p lan t - to-p lan t  spacing of 30 cms. The crol) 

was i r r i g a t e d  i n  t h e  furrows a t  r e g u l a r  i n t e r v 3 l s .  

R e s u l t s  

Although t h e  d u r a t i c n  of t h e  v e e e t a t i v e  phase tras much t h e  

same RS i n  t h e  normal season,  t h e  off-season p l a n t s  grew more s lowly,  

were f a r  ~ m a l l e r  h ~ d  fewer l eaves ,  t h e  l eaves  were s m a l l e r  (bu t  had 

a h ighe r  s p e c i f i c  l e a f  weight)  and t h e  t o t a l  d r y  weight per  p l a n t  and 

y i e l d  w e r e  much l e s s  (Table 19 ) .  The ha rves t  index was h ighe r .  

100 seed weights  were more o r  l e s s  t h e  same. 



Table 19. Comparison s f  characters cf pigeonpe? cultiv?rs 
grmm i n  n~rmal and o f f - s e a s - n  (sown on 27-6-74 
and  4-12-74 respectively). 

-- 
T - 21 Pusn Age ti------ 

Chnracters Norms1 Off --sensnn Nc ma 1 O f  f-senscm 
season seasen - - --- 

Days to flower bud 7 0 7 3 7  0 7  0 
initiaticm 

Days to maturity 120 120 154 120 

Plant height 3t 126 4 5 
maturity (crr,) 

Total number of 
leaves at flowering 9 4 11 

SLW in vegetative 3.9 7 .O 3 . 8  7.7 
phase (7 w e e k s )  
(ma lcrn2) 
Average area of single 3.0 2.1 4.4 2.7 
leaf in vegetative 
phase ( 7  weeks) (ern2) 

Total dry weight/~lant 76.4 12.1 7 2  - 6  1 4 . 2  
at maturity (a) 
Total seed yield/ 21.8 5.3 23.3 5.8 
plant ( G )  

100 seed w t .  ( g )  5 - 7  6 -0 7 - 8  7.8 

Discussion 

The far smaller size and yield r1f the off-season ~lants were 

not surprising since similar effects are well-known in other crops 

grown in the off-season. It is probable that the size o f  the plant 

is reduced because of the lower temperatures prevailing during the 

earlier part of the off-season. In the monthly ~lanting data 

(ICRISAT Pigeonpea Breeding Report 1 9 7 4 / 5 ,  pp 79-80) there w a s  a 
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r e d u c t i o n  i n  h e i g h t  (measured st t h e  t ime  of f lower ing)  of c v s  

T--21 and Pusa Age t i  i n  p l a n t i n g s  s f  ter Sep teml~er ,  i n c r e a s i n ~  aqn in  

o n l y  a f t e r  t h e  February  p l a n t i n g s .  A l l  o r  p a r t  of t h e  veye t r i t ive  

phase  of t h e  p l a n t s  p l a n t e d  d u r i n q  :his p e r i o d  would have been spen t  

st lower t emper3 tures  thqn t h 3 s c  ancnuntcretl  ilurinc: the summer .?nil 

monsoon seasgns .  The day-1enc:ths a r e  a l s n  sonewhqt s h v r t c r  

( a t  !lyr'r?raF;a,l, l a t i tuc ' z  17"N, t h e  s h o r t e s t  I7y i n  December i s  10 h  56 m, 

t h e  1 ~ n y : t ) s t  day i n  June 1 3  h  4 n) l u t  i n  s p i t e  ilf the s h o r t e r  J a y s  

t h e  i r r a d i a t i o n  is  K r e a t e r  i n  t h e  o f f - s e a s o n  than  i n  t h e  monsoon 

3ecause  t h e  sky i s  f a r  l e s s  c loudy .  (Th is  $ : renter  i r r a d i a t i o n  may 

have been r e s p o n s i b l e  f o r  t h e  r e d u c t i o n  i n  l e a f  area and i n c r e n s c  

i n  SLW, i n  a  manner similar t o  t h e  e f f e c t  of i r r a d i a t i o n  on 

I '  sun- leaves"  compared w i t h  "shade-leaves") . S n  t h e  reduced r rowth 

i n  t h e  o f f - s e a s o n  was n o t  a r e s u l t  of reduced i r r a d i a t i o n .  Nar 

was i t  l i k e l y  t o  be s consequence of wa te r - shor tage  i n  t h e  s o i l  

s i n c e  i r r i g a t i o n s  were f r e q u e n t .  

I n  s p i t e  o f  t h e  r e d u c t i o n  i n  p l a n t  s i z e  i n  t h e  o f f - season ,  

p robab ly  because  o f  t h e  lower  t e m p e r a t u r e s ,  t h e  number of days t o  

f l o w e r i n g  were u n a f f e c t e d ;  and t h e  same is t r u e  of t h e  t i m e  t aken  

from f l o w e r i n g  t n  m a t u r i t y  i n  c v  T-21. Th i s  s u g z e s t s  t h a t  t h e  

d u r a t i o n  of t h e  j u v e n i l e  o r  v e e e t a t i v e  phase  was n o t  d e t e m i n e d  by 

"degree-days", n o r  by t h e  p l a n t  s i z e  r e a c h i n g  a t h r e s h o l d  l e v e l ,  nor  

by node number, b u t  s imply by t h e  passage  of a g iven  number of days .  

" B i o l c g i c a l  Clocks" a r e  u s u a l l y  c o n s i d e r e d  t o  be cencerned w i t h  
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measuring time on t h e  s c a l e  of hours ,  hu t  t h e  concept of R 

B i o l o g i c a l  Clock i s  no t  r e a l l y  a p p r o p r i a t e  i n  th ink ing  s h u t  

phenomena on a  much longer  t ime s c a l e ;  t h e s e  pigeonpens appear  t n  

have n " 5 i o l o g i c a l  Calendar1' which enab les  them t o  c.7unt t h e  number 

of days .  I f  t h i s  i s  indeed t h e  c a s e  i t  i s  extremely interest in^ 

from a p h y s i o l o ~ i c a l  p o i n t  of view. 

The smzl l  s i z e  of the p l ~ n t s  suqqes t s  t h a t  i f  pir.eijnpe?s 

a r e  grown as an off-scnson o r  r a b i  c r o p  they should be p lanted  

a t  much h igher  popula tTcn-densi t ies  than those  u sed  i n  t h e  normal 

season.  



CHAPTER V I I I  

Some P r e l i m i n a r y  Observa t i t , n s  

In  t h i s  c h a p t e r  w s  p r e s e n t  a number of 1 ) re l iminary  o h s c r v n t i o n s  

on d i f f e r e n t  a s p e c t s  nf t h e  ; )hysiolngy cf t h e  p l : ? n t s .  

1. The s e c r e t o r y  d u c t s  of t h e  pigconpe? 

A f t e r  pigennpea p l a n t s  ? r e  wounded, t h e  wound bectimcs CrlVererl 

w i t h  a r e d d i s h  s u b s t a n c e .  T h i s  i s  p a r t i c u l a r l y  c v i < l e n t  i:~ clam?l:ed 

s t ems  and pods. In some c u l t i v n r s  n f t c r  hr t rves t  q u i t e  l n r ~ c  amounts 

of t h i s  s u b s t a n c e  a p p e a r  on t h e  c u t  stamp, nnd s o l i d i f i e d ,  t r a n s p a r e n t  

lumps of i t  cnn  he  c o l l e c t e d .  

The chemica l  n a t u r e  of t h i s  s u b s t a n c e  is  nc.t known. The red 

c o l o u r a t i o n ,  however, i s  n o t  i n i t i a l l y  p r e s e n t  h u t  np!je%lr a f t e r  some 

t ime  perhaps  as  a r e s u l t  of o x f d n t i v c  r e a c t i o n s .  

When a young s h o o t  t i p  i s  c u t ,  2 d rop  of c c l o u r l e s s  l i q u i d  

r a p i d l y  a p p e a r s  on t h e  c u t  s u r f a c e .  I f  i t  i s  p laced  on the  tongue 

even  i n  v e r y  s m a l l  amounts,  i t  has an u n p l e a s a n t ,  b i t t e r  t a s t e .  

I f  i t  is c o l l e c t e d  on f i l t e r  paper  i t  t u r n s  r ed  or  r e d d i s h  brown w i t h i n  

a day o r  two. The same o c c u r s  when i t  ::ets o n t o  c l o t h i n g ,  which 

i n e v i t a b l y  happens  when one i s  working i n  t h e  f i e l d .  The s t a i n s  

which deve lop  on s h i r t s  e t c .  canno t  be  washed r-ut by any mclthod 

ye t  t e s t e d .  

An a n a t o m i c a l  examina t ion  o f  s e c t i o n s  of pigeonpen t i s s u e s  

r e v e a l e d  t h a t  t h e r e  is  a  sys tem of  s e c r e t o r y  d u c t s  which a r e  p r c s e n t  



n e a r  t h e  phloem t i s s u e  and a l s o  i n  t h e  p i t h  reg i f in  ,?f t h e  s tem;  t h e s e  

d u c t s  a r e  a l s o  p r e s e n t  i n  p e t i o l e s ,  l e a v e s  ancl pods .  I n  f r e s h  s c c t i ~ ~ l s  
I 

t h e  c o n t e n t s  of t h e s e  d u c t s  a r e  c o l o u r l e s s ;  bu t  i n  fixed, s e c t i \ ) n e ~ l  

material, a reddish-brown c o l o u r a t i o n  is  p r e s e n t .  

I t  seems v e r y  p robnblc  t h a t  t h e  b i t t e r  f l u i d  which exudes 

from wounded t i s s u e s  comes from t h e s e  s e c r e t o r y  d u c t s  and t h a t  t h i s  

f l u i d  c o n t a i n s  a s u b s t a n c e  o r  s u b s t a n c e s  which unIc?ry:- oxi:lntion on 

t h e  wounded s u r f a c e s .  

The f u n c t i o n ,  i f  any ,  of t h i s  s e c r e t o r y  sys tem i s  unknown; 

i t  seems p o s a i h l c  t h a t  i t  m y  ha-JC -I r o l e  i n  prcvidin;: mechanism 

of r e s i s t a n c e  t n  p e s t s  a n d / o r  d i s e a s e s .  

2 .  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  I n c i d e n c e  o f  t h e  W i l t  D i s e a s e .  

The w i l t  d i s e a s e  commonly a f f e c t s  p i g e < > n i ? c 3 ~  d u r i n g  t h e  

r e p r o d u c t i v e  phase  zncl lcar ls  t o  t h e  d e a t h  qf  t h e  p l a n t s  b e f o r e  pod- 

f i l l i n g  c z n  t a k e  p l a c e .  T l ~ e  p l a n t s  r e l a t i v e l y  r a r e l y  show s i ~ n s  of t h e  

d i s e a s e  d u r i n g  t h e  v e g e t a t i v e  phase. 

During t h e  off-seascln,  i n  a c r o p  p1antc.d i n  December, v e r y  

h i g h  i n c i d e n c e  of w i l t  d i s e a s e  o c c u r r z d  d u r i n ~  t h e  r e p r o d u c t i v e  phase 

of t he  p l a n t s  b o t h  i n  t h e  b r e e d e r s '  p l o t s  and i n  t h e  phys io logy  

p l o t s  i n  RA-25. 

In b o t h  sets of  p l o t s  i t  was observed that p l a n t s  w i t h  t h e  

s t e r i l i t y  mosaic  d i s e a s e ,  which p r e v e n t s  o r  g r e a t l y  i n h i b i t 8  f loweriny, ,  

were u n a f f e c t e d  by wil t  w h i l e  a l l  around them o t h e r  p l a n t s  were k i l l e d .  



Moreover, i n  our experimental  p l o t s ,  p l a n t s  which v e r e ~ e v e n t e d  

from forming pods by t h e  r e g u l a r  removal of f lowers  were almost un- 

a f f e c t e d  by w i l t .  This is  i l l u s t r a t e d  by t h e  r e s u l t s  shown i n  

Table 2 0 ,  which r e f e r  t o  rows of p l a n t s  from which f lowers were 

removed, and t h e  neighbouring rows of c o n t r o l  p l a n t s .  

Table 20.  Inc idence  of w i l t  of p l a n t s  from which f lowers  
were removed a t  r e g u l a r  i n t e r v a l s  compared with 
c o n t r o l s  growivg i n  ad jacen t  rovs .  

Cul t  i v a r  s Treatment No.of p l a n t s  No.wilted 
observed. 

) Control  1 7 7 
) 

PANT-A2 ) Control  2 8 4 
1 
) Flowers removed 89 

) Control  1 92 
) 

Prabhat  ) Control  2 103 
1 
) Flowers removed 97 

Percentage 
w i l t e d  
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A f u r t h e r  o b s e r v a t i o n  which seems r e l e v a n t  i s  t h a t  t h e  

inc idence  of w i l t  was h ighe r  i n  p l a n t s  which had been ra tc~aned  

than  i n  nnn-ratooned p l n n t o .  

One p o s s i b l e  e x p l a n a t i o n  cf t h e s e  r e s u l t s  is t h a t  t h e  w i l t  

d i s e a s e  can  a f f e c t  t h e  p l n n t  c n l y  i f  t h e  r o o t  system i s  weakened. 

Th i s  may be brought  a b ~ u t  by compe t i t i on  from developing pods, which 

may reduce  t h e  supp ly  of a s s i m i l ~ t e s  t o  t h e  r cmts ,  o r  by n sudden 

r e d u c t i o n  of t h e  l e a f  a r e a  by r a toon ing  which m y  a l s o  reduce t h e  

supp ly  of a s s i m i l a t e s  t o  t h e  r o o t s .  It may be t h a t  t h i s  s i t u a t i o n  

l e a d s  t o  t h e  d e a t h  of sme of t h e  r o o t s  and nodules  which could  

e n a b l e  t h e  pathogen t o  e n t e r  more e a s i l y ;  o r  a l t e r n a t i v e l y  t h e  

pathogen may a l r e a d y  be  p r e s e n t  w i t h i n  t h e  p l a n t  b u t  be kept  i n  

check u n t i l  t h e  a b i l i t y  of t h e  r o o t s  t o  r e s i s t  t h e  pathogen i s  

weakened by a  s h o r t a g e  of a s s i m i l a t e s .  P re l imina ry  r e s u l t s  

ob ta ined  by t h e  p l a n t  pathology s e c t i o n  i n d i c a t e d  t h a t  t h e  w i l t  

pathogen was n o t  p r e s e n t  i n  t h e  p l a n t s  f rom which f l o w e r s  had been 

removed o r  which were a f f e c t e d  by t h e  s t e r i l i t y  mosaic d i s e a s e .  

3 .  Morphological  E f f e c t s  of Wind 

Throughout t h e  monsoon season  t h e r e  are r e l a t i v e l y  s t r o n g  

winds which h e r e  a t  ICKISAT,  Pntancheru are a lmos t  i n v a r i a b l y  

Wester ly .  The wind of c c u r s e  h a s  immediate e f f e c t s  on t h e  p l a n t s  

which a r e  b e n t  by i t ;  b u t  t h i s  bending l e a d s  t o  permanent ana tomica l  

and morphnlogica l  changes which p e r s i s t  even when t h e  wtnd i s  n o t  

blowing. The bending of  t h e  s t e m  l e a d s  t o  a n  a symet r i c  d i s t r i b u t i o n  
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of wood, w i th  mcre on t h e  s i d e  towards t h e  wind. A m i c r o s c n p i c ~ l  

examination ,revealed t k t  t h e  s t r u c t u r e  of  t h e  xylem f i b r e s  was 

a l t e r e d  on t h e  windward s i d e  and t h e  c e l l  wa l l s  were t h i c k  ~nc1 

g e l a t i n o u s .  These f e a t u r e s  a r e  c h a r n c t c r i s t i c  o f  dicqtyledenous 

9 1  t e n s i o n  wnc.d". 

Mcrph(-logically t h e  m j o r  e f f e c t  nf t h e  wind was on the  

developmer,t I ,£  t h e  branches ,  t h e  m n j o r i t y  ~ > f  which nppcclrcd cln the 

windward s i d e  of t h e  p l n n t .  S ince  t h e s e  early-formed branches i n  

t ime becone t h e  l a r g e s t  o f  t h e  pr imary branches of t h e  p l n n t ,  t h e  

morphological  e f f e c t s  of t h e  wind p e r s i s t  r i g h t  throughout t h e  life 

of t h e  p l a n t ,  and a r e  c l e a r l y  v i s i b l e  i n  t h e  asymmetrical morpholggy 

of  t h e  p l a n t s  many months I n t e r .  I n  t h i s  way t h e  p r e v a i l i n g  d i r e c t i o n  

of t h e  wind d u r i n g  t h e  mcnsoon season  h a s  a perm3nent e f f e c t  on 

t h e  s t r u c t u r e  of t h e  c rop  canopy; and,  consequent ly ,  t h i s  s t r u c t u r e  

d i f f e r s  acco rd ing  t o  t h e  o r i e n t a t i o n  of t h e  rows. 

4. P r e l i m i n a r y  Observa t ions  on t h e  Angles gf t h e  Leaves 

The angles of t h e  l e a v e s  and l e a f l e t s  a r e  n o t  f ixed  but  change 

con t inuous ly  depending on t h e  time ?f day o r  n i g h t  and on the  

envi ronmenta l  condi t io t l s .  These changes a r e  brought about by t h e  

p u l v i n i .  One pu lv inus  i s  l o c a t e d  a t  t h e  base  of t h e  p e t i o l e  and 

c o n t r o l s  t h e  p e t i o l n r  angle :  t h e  o t h e r  p u l v i n i  a r e  l oca t ed  between 

t h e  p e t i o l e  and t h e  l e a f l e t s  and c o n t r o l  t h e  a n g l e s  of t h e  l e a f l e t s .  

The a l t e r a t i o n s  of t h e s e  ang le s  were observed br)th by day 

and n i g h t ,  and i n  t h e  day-time a  number of l e a v e s  were p h o t o ~ r a p h e d  

at r e g u l a r  i n t e r v a l s .  



The r e s u l t s  of o b s e r v a t i o n s  made a t  d i f f e r e n t  t h e s  through- 

o u t  t h e  growing season  can  be summarized a s  f o l l o w s :  

_ILrL?und s u n s e t  t h c  p e t i o l e s  and l e a f  l e t s  move tnwnrds n 

v e r t i c a l l y  u p r i g h t  p o s i t i o n  w i t h  t h e  s i d e  l e a f l e t s  f,\lded inwnrcls I n  

such n way t h ~ t  t h e i r  upper s u r f n c c s  a r e  a y p n s e d .  I f  t h e  nnule  of 

t h e  branches  i s  then  ch..rn,?ec!, e . g .  ;>y t y i n y  them clown, so t h a t  

t h e  l a v e s  p r o j e c t  f r o n  t h e  branches  1t a n  ~n.:le tc- t h e  v e r t i c a l ,  

w i t h i n  a n  hour o r  s n  t h e  p u l v i n i  change t h e i r  p o s i t i o n  such t h a t  t h e  

l e a v e s  a r e  once a g a i n  hold v e r t i c a l l y  u p r i g h t .  Th i s  u p r i c h t  

"s leep" p o s i t i o n  of t h e  l e a v e s  t h e r e f o r e  a p p e a r s  t o  i n v ~ l v c ?  a  

q r a v i t a t i o n a l  response .  

The l e a v e s  remain i n  t h i s  u p r i g h t  p o s i t i o n  t h r o u ~ h o u t  t h e  

n i g h t .  S h o r t l y  b e f o r e  s u n r i s e  t hey  beg in  t o  open up a g a i n ,  and t h e  

l e a f l e t s  s w i v e l  round s o  t h a t  t h e i r  s u r f a c e  f a c e s  t h e  r i s i n g  

sun  i . e . ,  t h e y  a t  r i g h t  a n ~ l e s  t o  t h e  r a y s  of t h e  sun.  A s  t h e  

sun  moves h i g h e r  i n  t h e  sky t h e  l e a f l e t s  f o l l ~ w  i t  a t  f i r s t  w i t h  

t h e i r  s u r f a c e s  f a c i n g  t h e  sun ,  b u t  l a t e r  i n  t h e  r n o r n i n ~  they  f o l d  

upwards u n t i l  t h e y  a r e  more o r  l e s s  p a r a l l e l  t o  t h e  r a y s  of t h e  sun.  

The p e t i o l e s  and l e a f l e t s  move t o  m a i n t a i n  t h i s  p a r a l l e l  o r i e n t ~ t i o n  

w e l l  i n t o  t h e  a f t e r n o o n .  It i s  o n l y  i n  t h e  e a r l y  evening  t h a t  t h e  

l e a f l e t s  once a g a i n  open o u t  u n t i l  t h e y  a r e  at r i g h t  a n g l e s  t o  t h e  

sun. Around s u n s e t  once a g a i n  t h e y  agsume t h e i r  u p r i g h t  "s leep" 

p o s i t i o n .  
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Only l e a v e s  which a r e  expnsed ti., t h e  s u n l i c h t  respfjnd t o  t he  

d i r e c t i o n  of t h e  sun a s  descr i t )ed  nhnve. Leaves which n r e  s h ~ d e d  

assume more o r  l e s s  ho r i zon t? l  p o s i t i o n .  I n d i v i ~ l u ~ ~ l  l c ~ f  l e t s  can 

behave inde?endent ly  and i t  i s  no t  u n c 8 m r t \ n  t o  f i n d  wf t h i n  thd cnnc>;)y 

cne  l w - £ l e t  o f  a l e a f  i l l u m i n a t e d  1-17 n sun f l eck  f a c i n ~  t h e  sun ,  

wh i l e  t h e  o t h e r  l e a f l e t s  a r e  i n  t h e  shade and remain h o r i z o n t a l .  

On h e a v i l y  o v e r c a s t  days  a l l  t h e  l e a v e s  assume n more o r  l e s s  

h o r i z o n t a l  p o s i t i o n .  

The movements of t h e  l e a v e s  a l s o  appear  t o  be in f luenced  

by t h e  wa te r  s t a t u s  of t h e  p l a n t .  A f t e r  r a i n  when t h e r e  i s  p l e n t y  

of wa te r  a v a i l a b l e  t o  t h e  p l a n t  t h e  l e a v c s  tend t o  remain h o r i z o n t a l  

even under b r i g h t s n l i g h t ,  and a t  n i g h t ,  on some occas ions ,  a t  l e a s t  

t h e  p e t i o l e s  and l e a f l e t s  h3ve been observed t o  p o i n t  donward, 

r a t h e r  t h a n  upwards. Conversely i f  t h e  p l a n t s  a r e  s u b j e c t e d  t o  

wa te r  stress, t h e  tendency f o r  t h e  l e a v e s  t o  assume an u p r j g h t  

p o s i t i o n  d u r i n g  t h e  day i s  a c c e n t u a t e d .  A s i m i l a r  r e sponse  i s  

found i n  p l n n t s  s u b j e c t e d  t o  s t r e s s  by wate r logg ing .  

The d i u r n a l  rhythms of s l e e ~  movements of t h e  l e a v e s  i n  

o t h e r  legumes such as Phaseolus  have been found t o  be eqdogenous 

and t o  p e r s i s t  f o r  s e v e r a l  days even i f  t h e  p l a n t s  a r e k p t  i n  a 

c o n s t s n t  environment .  It seems probab le  t h a t  t h e  p u l v i n a r  

movements of p igeonpeas  mqy also be c o n t r o l l e d  by a n  endogenous 
t h e  

rhythm. In a d d i t i o n  t h e y  are in f luenced  byLd i rec t ion  and i n t e n s i t y  



of l i g h t ,  by g r a v i t y ,  qnd by t h e  water  s t q t u s  1 - f  t h2  p l q n t .  Their  

physiology i s  b r t h  i n t e r e s t i n g  2nd cl?mplex. 
, 

Unf o r t u w - t e l y  ve ry  l i t t l e  i s  known sbc.ut th,: f unc t i ,>nn l  

~ i g n i f i c ~ ~ n c e  nf p u l v i n a r  m ,vements. The reas13n why t h e  1e;lvc.s of s \ 

many s p e c i e s  nssume n sleepin,. p i ~ s i t i n n  st n i g h t  i s  v e r y  c~bscure .  

However, t h e  s i g a i f i c o n c e  of t h e  dayt ime mtvements lnny be sim:ller t o  

e x p l a i n .  I n  l n w  l i g h t  i n t e n s i t i e s  t h e  ~ r i e n t a t i o n  of thr? l c n f l e t s  n t  

r i g h t  a n ~ l e s  t o  t h e  i n c i d e n t  l i g h t  w i l l  a ch ieve  mnximurn l i g h t  i n t e r -  

c e p t i o n ,  wh i l e  ~t h igh  li??tt i n t e n s i t i e s  t h e  n r i e n t a t i o n  elf t h e  

upper l e a v e s  of t h e  canopy p a r a l l e l  t o  t h e  s u n l i g h t  w i l l  a l l o w  a 

g r e a t e r  p e n e t r a t i o n  of l i ~ h t  t o  t h e  lower l e a v c s  and a more e f f i c i e n t  

u se  of t h e  i n c i d e n t  r a d i a t i o n .  Under c n n d i t i n n s  of s t r e s s  t h e  

s t r o n g e r  o r i e n t a t i o n  c f  t h e  l e a v e s  p a r a l l e l  t c  t h e  s u n l i q h t  w i l l  

r e s u l t  i n  R r e d u c t i o n  i n  t h e  s u r f a c e  a r e a  e x ~ o s e d  t o  r a d i a n t  energy 

and t h u s  t c l  3 r e d u c t i o n  i n  heat in^ nf t h e  l e a v e s  and a r e d u c t i o n  

i n  t r a n s p i r a t i o n .  But a t  p r e s e n t  such e x p l a n a t i o n s  a r e  merely 

s p e c u l a t i v e .  

Some a t t e n t i o n  is  be ing  pa id  by c e r e a l  p h y s i o l o ~ i s t s  and 

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

On t h e o r e t i c s 1  grounds,  i n  c r o p s  w i t h  a h i g h  l e a f  area index ,  

a v e r t i c a l  o r i e n t a t i o n  of  t h e  l e a v e s ,  e s p e c i a l l y  t h e  upper  l e a v e s ,  

would be  expected t o  g i v e  a more e f f i c i e n t  u s e  of l i g h t  and t h u s  

a h i z h e r  n e t  a s s i m i l a t i o n  r n t e .  There i s  some evidence  t h a t  

a t  l e a s t  i n  t h e  c a s e  of r i c e  t h i s  i s  t r u e .  But f o r  a legume 



crop such as pigeonpea where the  l e a f  ang le  i s  not f i x e d  but 

changes cont'inuously i t  would c l e a r l y  be i r n p ~ ~ s s i b l e  to hrced f,?r 

a given l e a f  a n g l e .  There may be v a r i e t a l  d i f f e r e n c e s  i n  pulvi11.-.r 

response ,  but u n t i l  m r x e  i s  known about l e a f  movements rind thc i r  

p h y s i o l o g i c a l  s i g n i f i c a n c e ,  l i t t l e  can be done about t h c  a n s l e s  

of the leaves i n  n p r a c t i c a l  ~ 1 a n t  breed in^^ programme. 
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