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H I  = Harvest  lndex 

LA1 = Leaf Area lndex 

i i 

ABBREVIATIONS AND DEFINITIONS 

- - Gra in  Dry Weight 
To ta l  P l an t  Dry Weight a t  Harvest 

x 100 

- - To ta l  Leaf Area o f  Crop 
Ground Area Occupied by Crop 

LAD = Leaf Area Dura t ion  = Sum o f  Weekly Average LA1 throughout 
t he  Growing Season 

C G R  = Crop Growth Rate = Dry Weight gained by U n i t  Area a f  Crop 
i n  U n i t  Time. 

SLW = S p e c i f i c  Leaf Weight = Leaf Dry Weight 
Leaf Area 

Notes: 1 .  A t  Hyderabad the  k h a r i f  o r  monsoon season l a s t s  f rom 
June u n t i l  October and t he  r a b i  o r  w i n t e r  season f r c n  
October t o  March. 

2.  The ICRISAT numbers o f  c u l t i v a r s  a re  now proceeded by  
the  acronym I C P ,  s tand ing  f o r  ICRiSAT pigeonpea. 
Thus, f o r  example, cv .  ICRISAT-1 i s  now r e f e r r e d  t o  
as cv. ICP-1. 
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S U M M A R Y  

I  . ANALYS l S OF GROWTH AND YIELD: 

1. The e f f e c t s  o f  n i t rogenous f e r t i  l i z e r  and farm yard manure on 
growth, nodula t ion,  n u t r i e n t  uptake and y i e l d  o f  a  medium-duration 
c u l t i v a r  were inves t iga ted  on b lack  and red s o i l .  The ni t rogenous 
f e r t i  l i z e r  r esu l t ed  i n  f a s t e r  growth r a tes  i n  the e a r l y  stages o f  
growth, bu t  ne i t he r  the f e r t i l i z e r  nor farm yard manure had any s i g n i -  
f i can t  e f f e c t  on y i e l d .  The ni t rogenous f e r t i  1 i z e r  had r e l a t i v e l y  
1 i t t l e  e f f e c t  i n  i n h i b i t i n g  nodu la t ion  o r  n i  trogenase a c t i v i t y .  F e r t i -  
l i z a t i o n  w i t h  200 kg/ha n i t r ogen  resu l t ed  i n  an increased n i t r ogen  
uptake of  on ly  42 kg/ha on b lack so i  1 and 16 kg/ha on red so i  1 .  These 
n i t r o g e n - f e r t i  1 ized p l an t s  had more n i t r ogen  i n  the stems and fa1 len  
leaves than con t ro l s ,  but  no t  i n  the g r a i n .  I n  c o n t r o l  p l an t s  about 
30 kg/ha of  n i t r ogen  was re turned t o  the so i  l i n  fa1 l en  leaves. There 
was a  cons iderab le  remobi 1 i z a t  ion o f  n i  t rogen and phosphorus from leaves 
dur ing  t h e i  r senescence. 

2. The shoot / root  r a t i o s  o f  p l an t s  a t  the t ime o f  harvest were 
determined us ing p l an t s  grown i n  la rge  b r i c k  chambers from which the 
roo t s  could be more o r  less completely recovered. The shoot / root  r a t i o  
was 4 i n  b lack  s o i l  and 3 . 5  i n  red s o i l .  

I I .  EXPERIMENTAL INVESTIGATIONS ON SOURCE-SINK RELATIONSHIPS: 

1. Mechanical s t i m u l a t i o n  o f  the p l an t s  dur ing  the reproduc t i ve  
phase had no s i g n i f i c a n t  e f f e c t  on y i e l d  o r  y i e l d  components. 

2 .  Removal o f  a1 l f lowers  and young pods f o r  up t o  5-7 weeks had 
l i t t l e  o r  no s i g n i f i c a n t  e f f e c t  on f i n a l  y i e l d .  

3 .  Removal o f  f lowers from d i f f e r e n t  p a r t s  o f  the p l an t s  r esu l t ed  
i n  compensatory pod-set i n  o ther  p a r t s  o f  the p l an t s .  

4. The removal o f  h a l f  the  number o f  leaves on the p l an t s  throughout 
the reproduc t i ve  phase had o n l y  a  s l i g h t  and s t a t i s t i c a l l y  i n s i g n i f i c a n t  
e f f e c t  on y i e l d ,  and a l s o  had no s i g n i f i c a n t  e f f e c t  on seed number per 
pod o r  100-seed weight.  Y i e l d  was s i g n i f i c a n t l y  reduced by t o t a l  
d e f o l i a t i o n  and the 100-seed weights were s i g n i f i c a n t l y  a f f ec ted  by 
t h i s  t reatment.  

5 I n  cv. ICP-1 t o t a l  d e f o l i a t i o n  c a r r i e d  ou t  5 weeks a f t e r  f l ower ing  
began had no s i g n i f i c a n t  e f f e c t  on y i e l d  o r  y i e l d  components. To ta l  
defo l  i a t i o n  3 weeks a f t e r  f l owe r i ng  began resu l t ed  i n  a  reduced pod 
number per p l a n t  and reduced 100-seed weight bu t  had no e f f e c t  on seed 
number per pod, 



6 .  The de fo l  i a t  i on  o f  a  l t e r n a t e  branches throughout the  r e p r o d u c t i v e  
p e r i o d  r e s u l t e d  i n  a  s l i g h t l y  lower y i e l d  than the  d e f o l i a t i o n  of  
a1 t e r n a t e  nodes w i t h i n  branches, bu t  the  d i f f e r e n c e s  were n o t  s i g n i f i c a n t  
a t  t h e  5% l e v e l .  

7 The removal o f  senescent leaves th roughout  t h e  r e p r o d u c t i v e  phase 
had no e f f e c t  on y i e l d  o r  y i e l d  components. 

8. The removal o f  a p i c a l  buds f rom t h e  main stem and branches a t  t h e  
beg inn ing  o f  t h e  r e p r o d u c t i v e  phase had no e f f e c t s  on y i e l d  o r  ha rves t  
i ndex. 

9. Shading throughout  the  r e p r o d u c t i v e  phase o f  pigeonpeas grown as 
a  r a b i  c r o p  l e d  t o  s i g n i f i c a n t  r e d u c t i o n s i n  y i e l d .  

1 1 1 .  CULTIVARAL CHARACTERISTICS AND CULTIVARAL DIFFERENCES: 

1 .  The response o f  d i f f e r e n t  c u l t i v a r s  t o  row spacing i n  ' f a n '  
p l a n t i n g s  was i n v e s t i g a t e d  i n  t h e  k h a r i f  and r a b i  seasons. There were 
marked d i f f e r e n c e s  between c u l t i v a r s  i n  t h e i r  a b i l i t y  t o  y i e l d  w e l l  over  
a  wide range o f  spacings;  t h e  u p r i g h t  spa rse l y -b ranch ing  c u l  t i v a r  HY-3A 
was markedly l e s s  p l a s t i c  than more branch ing spread ing types.  Row 
spacing had l i t t l e  o r  no e f f e c t  on seed number per  pod o r  100-seed 
weight  b u t  h a r v e s t  index changed c o n s i d e r a b l y .  

2 .  I n  some c u l t i v a r s  d e f o l i a t i o n  d u r i n g  the  v e g e t a t i v e  phase had 
1 i t t l e  e f f e c t  on f i n a l  y i e l d  b u t  i n  o t h e r  c u l t i v a r s  t h e  y i e l d  was 
s i g n i f i c a n t l y  reduced. D e f o l i a t i o n  a t  t h e  beg inn ing  o f  t h e  r e p r o d u c t i v e  
phase tended t o  i nc rease  t h e  i nc idence  o f  t he  wi  1 t d isease,  e s p e c i a l  l y  
i n  cv .  H Y - 3 C .  

3 .  W i t h i n  the  racemes o f  a  range o f  c u l t i v a r s  t h e r e  was l i t t l e  o r  no 
d i f f e r e n c e  between t h e  pod we igh t ,  seed we igh t  and seed number pe r  pod 
i n  t h e  e a r l  ie r - fo rmed pods a t  t h e  basal  nodes o f  t h e  raceme and t h e  
l a te r - fo rmed  pods a t  t h e  a p i c a l  nodes. 

4. I n  a  range o f  c u l  t i v a r s  t h e r e  was 1 i t t l e  o r  no d i f f e r e n c e  
betdeen the  pod weights ,  seed we igh ts  o r  seed number pe r  pod i n  t h e  
pods from the  racemes a t  t h e  basal  and a p i c a l  p a r t s  o f  t h e  branches. 

5 .  S i g n i f i c a n t  c u l t i v a r a l  d i f f e r e n c e s  were found i n  t h e  s p e c i f i c  
l ea f  we ight  and t h e  d e c l i n e  i n  s p e c i f i c  l e a f  we igh t  and n i t r o g e n  con ten t  
d u r i n g  senescence, b u t  t h e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  between 
these v a r i a b l e s  i n  t h e  same c u l t i v a r s  grown on b l a c k  and red  s o i l s .  

6. S i g n i f i c a n t  c u l t i v a r a l  d i f f e r e n c e s  were de tec ted  i n  t h e  a b i  1 i t y  
o f  seeds t o  germinate  under a l k a l  i n e  and s a l  i n e  c o n d i t i o n s  i n  t h e  



l a b o r a t o r y .  There was no c o r r e l a t i o n  between c u l t i v a r a l  performance 
under t h e  two s e t s  o f  c o n d i t i o n s .  

, 
7 . No s i g n i f i c a n t  d i f f e r e n c e s  were found between the  ovu le  numbers 
i n  f l o w e r s  formed towards the  beg inn ing  and the  end o f  t he  r e p r o d u c t i v e  
phase. 

8. H e r i t a b l e  d i f f e r e n c e s  i n  seed s i z e  w i t h i n  c u l t i v a r s  were found,  
i n d i c a t i n g  the  g e n e t i c  he te rogene i t y  o f  these c u l t i v a r s .  

I V .  EFFECTS OF CULTURAL CONDITIONS AND CULTURAL PRACTICES ON GROWTH 
AND YIELD: 

I. Pigeonpeas grown a f t e r  pigeonpeas showed reduced growth  and y i e l d  
b u t  o t h e r  c rops  t e s t e d  were r e l a t i v e l y  una f fec ted .  The e f f e c t  o f  
pigeonpeas on subsequent crops o f  pigeonpeas was n o t  b rought  about by 
p i  geonpea res idues .  

2. The bes t  second-harvest y i e l d s  were ob ta ined  f rom p l a n t s  which 
were n o t  ratooned a t  t h e  t ime o f  t h e  f i r s t  ha rves t .  Ratooning r e s u l t e d  i n  
a  de lay  i n  t h e  second f l u s h  o f  f l o w e r i n g ;  ra toon ing  lower down r e s u l t e d  
i n  longer  de lays ,  and g r e a t e r  reduc t i ons  i n  second-harvest y i e l d s .  

3 + Second-year y i e l d s  were reduced by the  s t e r  i 1 i t y  mosaic d isease 
and t h e  w i l t  d isease.  Promis ing  r e s u l t s  were ob ta ined  i n  t h e  k h a r i f  
season w i t h  pigeonpeas which had a l r e a d y  produced a  c rop  i n  t he  p rev ious  
r a b i  season. 

4. E x c e l l e n t  y i e l d s  were ob ta ined  f rom pigeonpeas grown as a  r a b i  
c rop .  The bes t  c u l t i v a r ,  C-11, y i e l d e d  1700 kg/ha. The h i g h e s t  y i e l d s  
were ob ta ined  w i t h  a  p o p u l a t i o n  o f  12.5 p lants/m2. The ha rves t  index 
o f  t h e  r a b i  c rop  was h i g h e r  than i n  t h e  k h a r i f  c rop ;  t h e  100-seed weights 
were lower b u t  t h e  m i l l i n g - r e c o v e r y  and t h e  p a l a t i b i l i t y  o f  t h e  seed 
were norma 1 . 



I N T R O D U C T I O N  

I n  t h i s  r e p o r t  we present  r e s u l t s  o f  work c a r r i e d  o u t  between 
June 1976 and May 1977. 

The meteo ro log i ca l  da ta  f o r  1976/7 c o l l e c t e d  a t  t h e  ICRlSAT 
Agsoc? ima to log i ca l  obse rva to ry  a r e  shown i n  F ig .1 .  The dates o f  sowing, 
f l o w e r i n g  and ha rves t  o f  t he  k h a r i f  and r a b i  pigeonpea a r e  i n d i c a t e d  i n  
t h e  f i g u r e s .  The most s t r i k i n g  f e a t u r e  o f  t h e  weather f o r  t h i s  year was 
unusua l l y  e a r l y  c e s s a t i o n  o f  t h e  monsoon r e s u l t i n g  i n  ve ry  l i t t l e  r a  n- 
f a l l  i n  September. There was a  c y c l o n i c  s torm i n  t h e  month o f  November. 

Seeds were sown f o r  t h e  k h a r i f  exper iments between 25-6-76 and 
8-7-76. F e r t i l i z e r s  were broadcast  a t  t h e  r a t e  o f  50 kg P2O5 and 22 kg 
ZnSOq/ha and inco rpo ra ted  b e f o r e  t h e  f i e l d s  were f l a t t e n e d o r  r i dged .  
The e a r l y  cvs were sown i n  f l a t  seed beds w i t h  50 cms between roNs and 
30 cms p l a n t  t o  p l a n t .  The medium and l a t e  cvs weressbwn on r i d g e s  
(75 crn between r i d g e s  and 30 cm p l a n t  t o  p l a n t ) .  Two seeds per  h i  l 1 
were sown by hand; 2-3 weeks a f t e r  ge rm ina t ion  t h e  seed l i ngs  were 
th inned  t o  one pe r  h i l l .  

The s o i l s  were analysed a t  t h e  t ime  o f  ha rves t  f o r  pH, e l e c t r i c a l  
c o n d u c t i v i t y  and a v a i l a b l e  n i t r o g e n .  The r e s u l t s  a r e  shown i n  Tab le  1 ,  

Hand weeding was c a r r i e d  o u t  f r e q u e n t l y  t o  keep the  p l o t s  as 
weed-free as p o s s i b l e .  P e r i o d i c  i n s e c t i c i d a l  sprays (endosulphan) and 
o t h e r  p l a n t  p r o t e c t i o n  measures (such as the  removal o f  b l  Ester  b e e t l e s  
by hand) were c a r r i e d  o u t  w i t h  t h e  coopera t i on  o f  t h e  lCRlSAT P l a n t  
P r o t e c t i o n  U n i t .  

I n  t h e  red s o i l  p r e c i s i o n  f i e l d  R1 t h e r e  was cons ide rab le  
s e e d l i n g  m o r t a l i t y  owing t o  an a t t a c k  o f  ScZerociwn rolfsii. The fungus 
had m u l t i p l i e d  on sorghum s t raw which had been ploughed i n t o  t h e  s o i l .  
L a t e r ,  i n  t h e  same f i e l d ,  a  number o f  p l o t s  were bad ly  damaged by poor 
dra inage and f l o o d i n g .  There was a l s o  a  bad a t t a c k  o f  Ph3tophthora stem 
b l i g h t  which k i l l e d  many p l a ~ t s  o f  some c u l t i v a r s  w h i l e  o t h e r  c u l t i v a r s  
remained almost  una f fec ted .  Apar t  f rom these c a l a m i t i e s ,  p l a n t  g rowth  
was normal i n  a l l  o t h e r  t r i a l s .  Y i e l d s  were, however, g e n e r a l l y  lower 
t h i s  year than i n  t h e  preced ing years  p robab ly  because o f  m o i s t u r e  s t r e s s  
r e s u l t i n g  f rom t h e  e a r l y  c e s s a t i o ~ i  o f  t h e  monsoon. 

We have r e f e r r e d  t o  ou r  Pigeonpea Phys io logy  Reports f o r  1974/5 
and 3975/6 as PPR 1974/5 and PPR 1975/6. We have a l s o  r e f e r r e d  t o  t h e  
Chickpea Phys io logy  Reports (CPR) f o r  these years.  Copies o f  t h e  1975/6 
r e p o r t s  can be s u p p l i e d  on request .  



T h i s  r e p o r t  i s  n o t  a  fo rma l  p u b l i c a t i o n  b u t  a summary o f  work 
i n  p rogress .  I t  i s  i n 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 .  

Table 1. Soil analysis 

S o i l  and Depth o f  PH':' ECa Avai  l a b l e  
f i e l d  No. so i 1 (cm) N (ppni) 

B l ack  
( v e r t  i s o l )  
F i e l d  (ST-1) 

B l a c k  
( v e r t  i s o l )  
F i e l d  (8-5)  

Red 
( a l f i s o l )  
F i e l d  R - 1  

5: i n  1 : 2  s o i l  e x t r a c t  



FIG. 1 METEOROLOGICAL DATA (JUNE 1976 -APRIL 1977 ) 
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EFFECT OF NITROGEN FERTILIZER AND FARM YARD MANURE ON THE 
GROWTH YIELD AND NUTRIENT' UPTAKE OF PIGEONPEA 

I n  improved cereal-pigeonpea in te r -c ropp ing  systems, the re  i s  a  
need t o  apply  ni t rogenous f e r t i l i z e r  t o  the cerea l  crop. However I t  i s  
probably no t  poss ib le  t o  conf ine t h i s  f e r t i l i z e r  t o  the  cerea l  alone, 
even i f  i t  i s  banded i n  the cerea l  rows. We found 1 a s t  year i n  an 
I nvest i g a t  i on  o f  sorghum-pigeonpea in te rc rops  t h a t  the pigeonpea roots  
spread under the  sorghum rows, and t ha t  the pigeonpeas responded i n  
growth, bu t  no t  s i g n i f i c a n t l y  i n  y i e l d ,  t o  the ni t rogenous f e r t i  1 i z e r  
app l ied  t o  the sorghum (see PPR 1975/6 Sect ion 1.4).  Thl s  year we 
c a r r i e d  ou t  an experiment i n  c o l l a b o r a t i o n  w i t h  the M ic rob io logy  
Sect ion t o  study the e f f e c t s  o f  n i t rogenous f e r t i l i z a t i o n  and farm yard 
manure on the nodula t  ion, growth and y i e l d  o f  pigeonpeas grown as a  so l e  
crop on both b lack  and red so i  I s .  The nodules were sampled a t  regu la r  
i n t e r v a l s  and t h e i r  n i  trogenase a c t i v i t y  was measured by the Micro- 
b i o l ogy  Sect ion;  r e s u l t s  o f  these measurements w i  I1 be presented i n  
d e t a i l  I n  the ICRtSAT Microb io logy repo r t .  

Ma te r i a l s  and Methods 

Cul t i v a r  ICRISAT-1 (ICP- I :  medium dura t ion )  was used i n  t h i s  
t r i a l ,  The land was f e r t ~ l i z e d  w i t h  s i n g l e  superphosphate (50 kg 
P205/ha) and z i nc  su lphate (22 kg/ha) before sowing. The treatments 
were: no n i t r ogen  f e r t  I Y i z e r  ( c o n t r o l )  ; 20 kg/ha N; 200 kg/ha N; and 
farm yard manure (FYM) a t  the  r a t e  o f  20 tons lha.  The n i t r ogen  f e r t i  1 i -  
mer was ca P c i um ammon i um n i t ra  t e  (CAN, 26% N) , The n i t rogenous 
f e r t i r  i z e r  and farm yard manure were broadcast and incorporated i n t o  
the s o i l  be fo re  sowing, The f ou r  t reatments were c a r r i e d  out  i n  a  
randomized b lock  design w i t h  f ou r  r e p l i c a t i o n s .  The p l o t  s i z e  was 7x9 M, 
w i r h  row t o  row spacing o f  75 cm w i t h  30 cm p l a n t  t o  p l a n t  spacing 
w i t h i n  rows. i n  the red s o i l  p i a n t i n g  was done on r idges ;  I n  the b lack  
so i  1 t he  seed bed was f 1 a t ,  The dates o f  sow i ng were 29-6-76 on b lack  
so i  1 and 3-7-76 on red so i  1 ,  

Des t ruc t i ve  growth ana lys is  was c a r r i e d  ou t  a t  monthly i n t e r v a l s .  
F ive  p l an t s  per p l o t  were sampled on each occasion, and roots  and 
nodules were ex t r ac ted  by Dr. Kumar Rao o f  the Microb io logy Sect ion f o r  
n i t rogenase assays. I n  t he  No and N200 t reatments a  9m2 sub-plot  w i t h i n  
each rep1 i c a t e  p l o t  was marked ou t  and from these sub-plots a l l  the 
fa1 l en  leaves, f l o ~ e r s  and pods were co l  l ec ted  a t  weekly i n t e r va l s .  



Tota l  shoot d r y  weight ,  y i e l d  and y i e l d  components were recorded 
a t  the t ime o f  harvest  (20-12-76 on b lack  s o i l ;  10-12-76 on red so i  I ) .  
The f a l l e n  leaves e t c .  w i t h i n  each p l o t  were a l s o  c o l l e c t e d  and weighed. 

The d r i e d  samples from the  growth ana l ys i s  o f  No and NzO0 
t reatments were ground t o  powder and analysed f o r  n i t r ogen  by the  
~ j e l d a h l  method and f o r  phosphorus (NO samples on l y )  i n  the  Central  
A n a l y t i c a l  Laboratory  by Mr. G .  Ravi Kumar under the  d i r e c t i o n  o f  
Dr. R .  Jambunathan. Samples from rep1 i ca tes  1 and 3 were pooled f o r  
ana l ys i s  and samples from the o ther  r e p l i c a t e s  were kept  i n  reserve f o r  
use i f  the o the r  samples were l o s t  o r  f o r  checking on any anomalous 
r e s u l t s .  The e n t i r e  stem system was ground f o r  the stem samples bu t  
f o r  the l a s t  two sampling dates the stem o f  o n l y  one p l a n t  per r e p l i c a t e  
was ground. 

Resul ts 

A .  Morphological  Observations 

(a) He igh t :  

The p l a n t s  grew t a l l e r  on b l ack  s o i l  than on red s o i l .  On the  
b lack  s o i l  du r i ng  the  e a r l y  stages o f  growth the  p l a n t s  supp l ied  w i t h  
n i t r ogen  o r  farm-yard manure grew t a l l e r  than the c o n t r o l s ;  i n  red sopi 
the g rowth -s t imu la t ing  e f f e c t  o f  the  N200 treatment was pronounced. On 
bo th  s o i l s  the he igh t  o f  the  N200-treated p l a n t s  was s l i g h t l y  g rea te r  
even a t  the  t ime o f  harvest  (Table 2 ) .  

(b) Leaf number and Leaf scars :  

The N200 t reatment r e s u l t e d  i n  an increased number o f  leaves per 
p l a n t  w i t h i n  t h i r t y  days o f  p l a n t i n g  on bo th  s o i l s ,  and a l s o  r e s u l t e d  
i n  a  g rea te r  t o t a l  number o f  leaves be ing re ta i ned  a t  the  t ime o f  
harvest   a able 2 ) .  The number o f  leaves which had fa1  len  was i nd i ca ted  
by the  number o f  l e a f  scars ;  i t  can be seen from Table 2  t h a t  the  p lants  
f e r t i l i z e d  w i t h  N200 had a l s o  l o s t  more leaves than the  o the r  p l a ~ t s  
and produced a  greater  t o t a l  number o f  nodes. 

Growth Ana lys is  

(a) Dry mat ter  p roduc t ion :  

A t  f i r s t  the  growth on b l ack  and red s o i l s  was comparable, bu t  
a f t e r  about 60 days growth on b lack  s o i l  was b e t t e r  than on r e d u  On 
bo th  s o i l s  N200 had a  s t i rnu la to ry  e f f e c t  from 30 days onwards; on b l a c k  
s o i l  N20 and FYM d i d  no t  r e s u l t  i n  increased d r y  mat te r  compared w i t h  
u n f e r t i l i z e d  c o n t r o l s  a f t e r  60 days; on red s o i l  9ken t reatments  had 
1 i t t l e  o r  no de tec tab le  e f f e c t  ( ~ i ~ .  2 ) .  



FIGURE 2 DISTRIBUTION OF DRY MATTER THROUGHOUT THE GROWING SEASON IN  CV ICP-1 GROWN ON RED AND BLACK SOILS AFTER NO FERTILIZATION AND FERTILIZATION WITH M AND 
200 Kg/ ha NITROGEN AND FARM YARD MANURE 
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The shoot / root  r a t i o  increased dur ing  the f i r s t  90 days o f  growth 
i n  a l l  the t reatments (Table 3 ) .  However on l y  the s u p e r f i c i a l  roo ts  
were ex t rac ted  f o r  weighing; as t ime went on more roo t  growth would have 
taken p lace i n  the deeper zones o f  the s o i l  (see PPR 1974/5 Chapter I I ;  
PPR 1975/6 Sect ion 1.4) . Hence the method we used would probably have 
resu l t ed  i n  a  progress ive underest imat ion o f  r oo t  weight,  and conse- 
que'ntly an overest imat ion o f  the shoot/root r a t i o .  

On both s o i l s  the NzOO t reatment r esu l t ed  i n  increased stem 
growth and a h igher  stem dry  weight a t  the t ime o f  harvest ,  The r e l a t i *  
p ropo r t i on  o f  dry  weight i n  the branches may a l so  have been increased 
s l  i g h t l y  by t h i s  treatment (Table 4 ) .  

(b) Leaf Area Index: 

On both so i  I s  the N200 treatment led  t o  an increased LAI from 60 
days onwards (F ig .  3 ) .  The LAls achieved on b lack  so l  l were h jgher  
than those on red s o i l  and were maintained f o r  longer;  the LA1 began 
d e c l i n i n g  sooner on the red s o i l ,  probably because o f  mois ture s t ress  
which developed dur ing the reproduct ive phase. As a r e s u l t  o f  these 
d i f f e rences  i n  LA1 the l e a f  area dura t ions  were greater on b lack  s o i l  
than on red; on both soi  1s they were increased by N200 treatments 
(Tab1 e 5 )  . 

Crop Growth Rate: 

On bo th  s o i l s  the N200 treatments had the h ighest  CGRs u n t i l  
about 75 days a f t e r  sowing; dur ing  the next month, however, the CGRs 
o f  the othe,a t reatments exceeded them (F ig .  4 ) .  Th is  may have been 
because the NzoO t r ea ted  p l an t s  achieved a h igher  LA1 sooner ( ~ i ~ . 3 )  
and may t he re fo re  have more r a p i d l y  been a f f ec ted  by mutual shading 
w i t h i n  the canopy. 

The CGRs on red s o i l  were i n i t i a l l y  h igher  than those on b lack  
s o i l  bu t  were lower a f t e r  the f i r s t  month and dec l ined sooner, probably 
because the  p l an t s  experienced more mois ture s t ress .  The r i s e  i n  CGRs 
towards the  end o f  the  reproduct ive qhase on red so i  1 may have been 
owing t o  the r a i n f a l l  which took p lace i n  November, around the 125th 
day a f t e r  sowing. 

(d) F a l l e n  P lan t  M a t e r i a l :  

The cumulat ive d ry  weights o f  the f a l l e n  leaves, f lowers and pods 
a t  weekly i n t e r v a l s  f o r  the No and N200 t reatments on b lack  so11 a re  
shown i n  F ig .5 .  Leaf f a l l ,  which was greater  i n  the N200 treatment 
occurred a t  a  f a i r l y  constant  r a t e  up t o  about 128 days a f t e r  sowing; 
from 135 days onwards t he  r a t e  was lower. A s l ! g h t l y  g rea te r  weight 
o f  buds and f lowers  f e l l  from the No p l an t s  whereas a s l z g h t l y  g rea te r  



Table 2. Morphological characters of cv. ICP-1 at the 
time of harvest. 

A B C D 
Treatments Height cm. No.leaves/plant No. o f  l e a f  No. o f  nodes/ 

scars/pl ant  p l a n t  (B+c) 
b l a c k  Red l3l aCk e ack Red Black Red 
soi 1 s o i l  s o i l  :otl :Ail 

No 155 138 143 159 268 148 411 307 
N20 167 136 177 153 311 149 488 301 
N200 172 142 200 194 308 165 508 359 
FYM 163 139 161 160 257 134 418 304 

Table 3. Shoot/root ratio of cv. ICP-1 throughout the growth 
period on black soil. 

SHOOT/ROOT RATIO 

Treatments D A Y S  F R O M  S O W I N G  
3 0 6 0 9 0 120 165 



Tab le 4. Total dry weight of stems at the time of harvest 
and the percentage of the stem dry weight present 
in the branches. 

T o t a l  stem d r y  w e i g h t  Percentage o f  stem d r y  
( d m 2 )  w e i g h t  i n  branches 

B l a c k  Red B l a c k  Red 
s o i  1 s o i  1 s o i  I s o i  1 

Table 5. Leaf area duration of cv. ICP-1 grown on black 
and red soils. 

Leaf  a r e a  d u r a t i o n  (weeks) 
Treatments 

B l a c k  s o i l  Red so i l 

No 
N20 

N200 

FYM 



FIGURE 3:  LEAF AREA INDEX OF CV ICP-1 THROUGHOUT THE GROWING SEASON 
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FIGURE 5. CUMULAT~VE WEIGHT OF FALLEN PLANT MATERIAL OF CV I C P - 1  GROWN I N  BLACK 
SOIL AT TWO LEVELS OF NITROGEN. 
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weight o f  pods f e l l  from the  NZo0-treated p l a n t s .  Th is  m ~ g h t  i n d i c a t e  
t h a t  t he re  was more pod se t  on the  N200 p l an t s ,  and a l s o  t h a t  more pods 
dropped o f f ,  mos t l y  a t  an e a r l y  stage. 

There was a  c y c l o n i c  storm 130 days a f t e r  sowing i n  t he  e a r l y  
r ep roduc t i ve  phase. The r a t e  o f  l ea f  f a l l  increased a t  t h i s  t ime, and 
there,  was a l s o  a  cons iderab le  amount o f  bud and f lower  drop. However 
t h e  r a t e  o f  bud and f l owe r  drop was even h igher  i n  the  f o l l o w i n g  week 
and i t  i s  more l i k e l y  t h a t  t h i s  r e f l e c t s  t he  peak f l owe r i ng  perrod o f  
the p l a n t s  r a t h e r  than t he  e f f e c t s  o f  t he  weather. 

The t o t a l  w e ~ g h t s  o f  the  fa1 len  p l a n t  ma te r i a l  a t  the t ime o f  
ha rves t  a re  shown i n  Table 6. The leaves made up 86-89% o f  the  t o t a l .  

C .  Y i e l d  

The y i e l d  da ta  from the  p l o t  harvests  a re  shown i n  Table 7, On 
ne i t he r  s o i l  d i d  the  f e r t i l i z a t i o n  t reatments have any s i g n i f i c a n t  
e f f e c t  on y i e l d .  

On the  red s o i l  t he  growth was patchy and v a r i a b l e  r e s u l t i n g  i n  
a h i gh  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  the  harvest  data,  none o f  wh'ch 
were s i g n i f i c a n t l y  d i f f e r e n t  as a  r e s u l t  o f  the n l t r o g e n  treatments.  

On the  b l a c k  s o i l  t he  p l a n t s  f e r t i l i z e d  w i t h  n i t r o g e n  produced 
a s i g n i f i c a n t l y  g rea te r  t o t a l  shoot weight and more f a l l e n  leaves than 
the u n f e r t i  I Ezed c o n t r o l s  (Table  7) ; because the  y i e l d s  were almost t he  
same,the n i t r o g e n - f e r t i l i z e d  p l a n t s  had lower harves t  i nd i ces  than t he  
c o n t r o l s ,  though the  d i f f e r e n c e s  were no t  s i g n i f i c a n t  a t  t he  5% l e v e l .  

The o v e r a l l  y i e l d  l e v e l s  were cons;derably lower on red  s o 1 1  
than on b l ack ;  and on b l ack  s o i l  they were lower than i n  prev ious years. 
For example i n  1974/5 i n  an nearby p a r t  o f  the  same f i e l d  we ob ta ined  
1700 kg/ha y i e l d  f rom cv  ICP-1, compared w l t h  o n l y  1000 kg/ha I n  the  
c o n t r o l  p l o t s  t h i s  year .  The low y i e l d s  t h ~ s  year a r e  probably  a  
consequence o f  mo is tu re  s t r e s s  r e s u l t i a g  f rom the  f a i l u r e  o f  the  
monsoon r a i n s  i n  September; t h i s  s t r ess  would have been more pronounced 
on red s o i l  than on b l ack  owing t o  t he  lower wa te r -ho ld ing  capac i t y  
o f  t he  red  s o i l .  

There was no s i g n i f i c a n t  e f f e c t  o f  n i t rogenous f e r t i  l l ze r  
on 100-seed weight  o r  seed number per pod on red s o i l ,  but  on b l a c k  
s o i l  the  N20 and FYM t r e a t e d  p l a n t s  had s l i g h t l y  h igher  100-seed 
weights  than t h e  c o n t r o l s  (Table  8 ) .  

The l a c k  o f  e f f e c t  o f  the  n i t rogenous f e r t i l i z e r  on y r e l d  
i n d i c a t e s  t h a t  i n  t he  c o n t r o l  p l a n t s  n ' t r o g e n  f l x a t i o n  by t he  nodules 
was p r o v i d i n g  s u f f i c i e n t  n i t r o g e n  t o  t he  p l a n t s .  



Table 6 .  Quantity and composition of plant material which 
had fallen by the time of harvest from plants of 
cv. ICP-1 grown on black soil (data from 9 m2 
subplots) . 
Quan t i t y  o f  f a l l e n  mate r ia l s  kg/ha % o f  t o t a l  

Leaf Flowers Pods Tota l  Leaf Flowers Pods 

Table 7, Effects of fertilization with nitrogen or farmyard 
manure on yield, total shoot dry weight, fallen 
leaves and harvest index of cv. ICP-1 grown on 
black and red soils. 

Treatments Y i e l d  Shoot t o t a l  Fa l l en  Shoot t o -  Harvest Corrected 
(kg/ha) d ry  weight leaves t a l  dry  Index H I  tak ing  

a t  harvest  (kg/ha) weight + (%) fa1 len  
(kglha) fa1 len  leaves 

1 eaves i n t o  
(kg/ha) account 

BLACK SOIL; 

NO 1007 394 1 2157 6099 25.6 16.6 
N20 1141 461 3 2515 7123 24.9 16.0 
N200 1072 481 8 3664 8281 22.5 13.2 
NM 1044 4300 2380 6680 24.3 15.6 

RED SOIL: 

No 696 4732 171 5 6448 14.3 10.5 
N20 571 4023 1486 5509 14.3 10.6 
N200 478 4244 1504 5748 11.1 8.2 
FY M 555 381 0 1071 4882 14.3 11.1 

LSD (5%) 230.5 (NS) 1389.0 (NS) 800 (NS) 2045.3 (NS) 4.06 (NS) 2.98 (NS) 
s E+ 144.1 868.4 500 1271.8 2.54 1.86 
C V ~  25.1 20.7 34.6 22.6 18.8 18.5 



Table 8, Effects of nitrogenous fertilizer and farmyard 
manure on seed number per pod and 100-seed weight 
of cv. ICP-1 grown on black and red soil. 

I I Cd L I I I C I I  L 5  
Seed number pe r  pod 100-seed we ight  ( 9 )  

B lack  s o i l  Red s o i l  B lack  s o i l  Red s o i l  

LSD (55) 0.128 0.244 (NS) 0.57 0.62 (NS) 
C V  ( X I  2.80 5.40 3.80 4.40 

D .  N i t r o g e n  -- uptake - - and - - - d i s t r i b u t i o n  - 

The percentage n i  t rogen content  o f  d i f f e r e n t  organs th roughout  t he  
growing season a r e  shown i n  F i g . 6  f o r  No and N200 t rea tments  on b l a c k  and 
red  so i 1 s .  

I n  a l l  cases the  n i t r o g e n  content  o f  l e a f  laminae, p e t ! o l e s ,  stems 
and peduncles d e c l i n e d  w i t h  t ime.  The p a t t e r n s  o f  d e c l i n e  and a l s o  t h e  
percentage n  i t rogen  con ten ts  o f  t he  c o n t r o l  ( N ~ )  p l a n t s  c l o s e l y  resemble 
those observed p rev ious  1 y  (see PPR 197516 F  i g  .20)  . 

The s o i l  t ype  seemed t o  have l ~ t t l e  e f f e c t  on n i t r o g e n  con ten t  
except  t h a t  on red  s o i l  i n  t h e  e a r l y  stages o f  g rowth  t h e  stems had a  
h i g h e r  n i t r o g e n  con ten t  than on b l a c k  s o i l .  On b o t h  s o i l s  n i t r o g e n  f e r t G -  
l i z a t i o n  r e s u l t e d  i n  a  h i g h e r  n i t r o g e n  con ten t  o f  t h e  stems and p e t i o l e s  
bu t  had l i t t l e  e f f e c t  on t h e  percentage o f  n i t r o g e n  i n  t h e  l e a f  laminae. 

The uptake and d i s t r i b u t i o n  o f  n i t r o g e n  i n  t h e  d i f f e r e n t  p a r t s  o f  
t h e  p l a n t s  a r e  shown i n  F i g . 7 .  The g r e a t e r  amount o f  n i t r o g e n  i n  t h e  
n i  t r o g e n - f e r t i  1 i zed  p l a n t s  l a r g e l y  r e f l e c t s  t h e i r  g r e a t e r  g rowth  (compare 
F l g . 7  w i t h  t h e  d r y  m a t t e r  accumula t ion  curves i n  F i g . 2 ) .  I t  i s  p a r t i c u ! a ,  
l y  n o t i c e a b l e  t h a t  t h e  N200 t rea tmen t  r e s u l t e d  i n  much l a r g e r  amounts o f  
n i t r o g e n  i n  t h e  stems; moreover, n i t r o g e n  con t i nued  t o  accumulate I n  t h e  
stems th roughout  t h e  r e p r o d u c t i v e  phase whereas i n  t h e  c o n t r o l s  t h e  
n i t r o g e n  c o n t e n t  o f  t h e  stems d e c l i n e d  s l i g h t l y .  
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FIG. 6 : CHANGES IN PERCENTAGE NITROGEN CONTENT OF 
PLANT PARTS OF PIGEONPEA CV. ICP-1 GROWN AT TWO LEVELS 
OF NITROGEN 
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FIGURE7. UPTAKE AND DISTRIBUTION OF NITROGEN BY PIGEONPEA CV ICP-1 GROWN AT TWO LEVELS OF 
NITROGEN 



Both i n  t h e  c o n t r o l s  and the  N200 t r e a t e d  p l a n t s  up to 60 day5 
t e r  sowing t h e  n i t r o g e n  con ten t  was g rea te r  i n  the p l a n t s  grown on red 
i l  than Dn b l a c k .  A r e l a t i v e  advdntage o f  p l a n t s  grown on red  b o i l  i n  

n i t r o g e n  uptake a t  l e a s t  i n  the  e a r l i e r  stages o f  g rowth  ht3s bccn obhcrvcrl 
i n  p rev ious  years  (see PPR 1975/6 F i g .  19 and Table 1 5 ) .  Thcsc d i  f f c r cnccs  
may be r e l a t e d  t o  the  f a c t  t h a t  the nodules produced i n  r e d  so i  1 ,Ire 
g e n e r a l l y  b i g g e r  and b e t t e r  than those i n  b l a c h  so i  I .  

The n i t r o g e n  con ten t  o f  the  f a l l e n  leaves,  f a l l e n  f lower4  and 
fa1 l e n  pods froni t he  c o n t r o l  and N200-t reated p l a n t 5  grow11 on b l a c k  5 0 1  l 
i s  shown i n  Table 9 .  There was a  c e r t a i n  arnount o f  v a r i a t i o n  i n  the 
percentage o f  n i t r o g e n  i n  these f a l l e n  organs c o l l c c t c d  a t  t l l f f e r e n t  
t imes b u t  no c l e a r - c u t  t r e n d  was apparent .  

The r a t e s  o f  n i t r o g e n  uptake and a l s o  t h e  c rop  growth r d t c s  f o r  
t he  c o n t r o l  and N200- t rea ted p l a n t s  grown on b l< lch  s o i l  wcrc c,3 lculatcd 
t a k i n g  t h e  d r y  m a t t e r  a ~ d  n i t r o g e n  content  o f  tt ie f , l l l c n  p l a n t  p a r t s  
i n t o  account .  The r e s u l t s  a r e  shown i n  F i g .  8 .  Both i n  the c o n t r o l 5  
and the  n i t r o g e n  f e r t i  l i zed  p l a n t s ,  the  r a t c  o f  n i  t rogcn uptaL.c w ~ ~ s  a t  a 
maximuni 90-120 days a f t e r  sowing when the  c rop  growth r a t e  w a 5  f , l l l  i ng ;  
n i t r o g e n  uptake was n o t  p a r a l l e l  t o  o v e r a l l  growth.  Dur ing thc  rep ro -  
d u c t i v e  phase (120-165 days) the  r a t e  o f  n i  t royen uptake,  t l ~ough  lower 
than i n  t he  immediate ly  p reced ing p e r i o d ,  was 5 t i  1 l f ~ i r l y  h i q t ~ ,  si111i l a r  
t o  t h a t  i n  t he  60-90 day p e r i o d  d u r i n g  the  vegetat  l ve  phasc. The r a t c  
o f  phosphorus uptake (see below) was c a l c u l a t e d  f o r  the c o n t r o l  p l d n t b ;  
t h i s  r a t e  changed i n  a  s i m i l a r  way t o  the  r a t e  o f  n i t r o g e n  uptake 
( ~ i g .  8 ) .  

The t o t a l  d r y  m a t t e r  produced and the t o t a l  anxlunt o f  n , t r o g e n  
taken up by the  c o n t r o l  and tJ200-treated p l a n t s  grown on b lock  s o i l  1s 
shown i n  Table 10. F e r t i l i z a t i o n  w i t h  200 kg/ha n i t r o g e n  r e s u l t e d  i n  a 
increased n i  t r ogen  uptake o f  o n l y  42 kg/ha on b l a c k  so i  l and 16 kg/ha on 
red  s o i l .  There was l i t t l e  o r  no increase i n  the  n i t r o g e n  content  o f  
the  seeds; t he  e x t r a  n i t r o g e n  taken up was present  i n  the sterns and, on 
the  b l a c k  s o i l ,  i n  t he  f a l l e n  leaves.  

Las t  year we found t h a t  cv .  ICP-1 grown on b l a c k  s o i l  w l t h o u t  
n  i t rogenous f e r  t i I i ze r  took  up 108 kg/ha n  i t rogen (see PPR 1975/6 
Table 13 ) ;  t he  uptake t h i s  year o f  82 kg/ha r e f l e c t s  the  l esse r  growth 
o f  t he  stems and the  reduced seed y i e l d .  I n  b o t h  yeJrs j u s t  over  
2 tons/ha o f  fa1 l e n  leaves were r e t u r n e d  t o  t h e  so l  1 c o n t a i n i n g  32 kg/ha 
n  i t rogen. 

On b o t h  red  and b l a c k  s o i l s  than m a j o r i t y  o f  the  n i t r o g e n  i n  the 
green leaves was remobi l i zed  i n t o  the  p l a n t  d u r i n g  the  process o f  
senescence. The a c t u a l  percentages remob I l i zed can be c a l c u l a t e d  from 
t h e  changes i n  s p e c i f i c  l e a f  we ight  and the  n  t rogen percentages o f  
green and fa1  l e n  leaves (see Tables 40 and 4 2 )  ; f o r  cv .  ICP-1 grown 



Table 9. Percentage nitrogen content of fallen plant 
parts collected at different t imes.  

Days a f t e r  NO 
sowing 

N200 
Leaves Flowers Pods Leaves Flowers Pods 

Table 10. Dry matter production and nitrogen uptake by cv. 
ICP-1 a t  t h e  time of harvest on black and red 
soils without nitrogenous fertilizer and with 
200 kg/ha M.  

No N200 
P lan t  Dry mat ter  Ni t rogen Ni t rogen Dry mat ter  Ni t rogen Ni t rogen 
p a r t  ( k g / h d  percent-  (kg/ha) (kg/ha) percent-  (kglha) 

aoc aae 
BLACK S O 1  L :  

Seed 1007 
Pod wa 1 1 428 
S t e~n  2 4 2 3  
Fa l l en  leaves 2157 

RED SOIL: - 
Seed 696 
pod wa 1 1  296 
Stem 3 740 
F a l l e n  leaves 1715 

To ta l  6447 

Note: (a) Not analysed: values shown a re  f o r  n i t r ogen  percentage i n  pod 
w a l l s  o f  cv.  I C P - 1  grown i n  1975/6 w i thou t  n i t r ogen  f e r t i l i z e r  

(b )  Not analysed: the values shown a re  taken from ana l ys i s  of  
f a l l e n  leaves o f  cv. ICP-1 grown on red s o i l  i n  f i e l d  R-1  
w i t hou t  n i t r o g e n  f e r t i l i z e r .  





w i t h o u t  n i t r o g e n  f e r t i l i z e r  on red  s o i l  t he  percentage o f  n 1 t r o g e n  r e -  
m o b i l i z e d  was 78% and on b l a c k  s o i l  84%. Thus the  n i t r o g e n  i n  the  
f a l l e n  leaves rep resen ts  l ess  than a  q u a r t e r  o f  the  amount p resent  i n  
t h e  same leaves when they  were green. Thus more than th ree  t imes the  
amount I n  t h e  f a l l e n  leaves was remob: l i zed I n t o  the  p l a n t .  Th s  comes 
t o  about 90 kg/ha f o r  the  No p l a n t s  on b l a c k  s o : l  and about 70 kg/ha 
fo r  those on r e d  s o i l .  These quantities a r e  s J : g h t l y  g rea te r  than the  
t o t a l  amount o f  n i t r o g e n  i n  t h e  whole o f  t h e  shoot system, i n c l u d ~ n g  
f a l l e n  leaves (Tab le  1 0 ) .  This I S  a  s u r p r i s i n g  r e s u l t  and suggests 
n i t r o g e n  r e m o b i l i z a t i o n  may have been overestimated But even ~f o n l y  
about h a l f  t h e  n i t r o g e n  were r e m o b ~ l i z e d  from leaves as they senes- 
cenced, t h r s  would be a b l e  t o  account f o r  a l l  t h e  n i t r o g e n  I n  the  seeds, 
cnd c a t ~ n g  the  importance o f  n i t r o g e n  r e r n o b i l ~ z a t ~ o n  from the  
leaves.  Las t  year ,  when y i e l d s  were h i g h e r ,  we es t ima ted  t h a t  83% o f  
t h e  n i t r o g e n  i n  t h e  g r a i n  cou ld  have been remob, l i z e d  f:om t h e  ;eaves 
(see PPR 1975/6 Sect i o n  1 . 5 )  . 

Perhaps the  most Impor tan t  reason why these c a l c u l a t i o n s  may 
have ove res t ima ted  n i t r o g e n  reniobi l  ~ z a t i o n  i s  t h a t  they i n d i c a t e  the  
g r o s s  r e m o b i l i z a t i o n  o f  n i t r o g e n .  Since some o f  t he  leaves f a l l  e a r l y  
i n  t h e  reproductive phase ( ~ i g .  5) w h i l e  new leaves a r e  s t  i l l  be ing  
formed, n i t r o g e n  c o u l d  be re~ i lob i  1 i zed  f rom o l d  1 n t o  new leaves;  subse- 
quen t 1 y i t c o u l d  be reniob I l i zed aga in  from these leaves as they 
theniselves senescence. Thus ne t  r e m o b i l i z a t i o n  o f  n ~ t r o g e n  from - 
leaves to o t h e r  p a r t s  o f  t h e  p l a n t  would be l ess  than gross  
remob, I ; za t i on .  

E .  Phosphorus uptake and d ~ s t r i b u t l o n  

The uptake and d i s t r i b u r i o n  o f  phosphorus were i n v e s t i g a t e d  i n  
t h e  c o n t r o l  ( N ~ )  p l a n t s  grown on b l a c k  and red  so l  I s .  

The percentage p h o s p h o ~ u s  con ten t  o f  t h e  leaves,  p e t i o l e s  and 
stenis d e c l i n e d  th roughout  t h e  growing season, and the  percentage i n  t h e  
peduncles a l s o  dec l  ined b e f o r e  ha rves t  ( ~ i g .  9 ) .  The uptake o f  phos- 
phorus c o n t ~ n u e d  up until the  t 'me o f  ha rves t  ( F i g  9 ) .  There was a  
remobi 1 i z a t  \ o n  o f  P f rom leaves and stems dur i ng  the  reproduct  i v e  
phase, presumably i n t o  t h e  deve lop ing  pods. The r a t e  o f  phosphorus 
uptake was c a l c u l a t e d  f o r  t h e  p l a n t s  grown on b l a c k  s o i l ,  t a k i n g  t h e  
f a l l e n  leaves i n t o  accoun t .  T h i s  r a t e ,  l i k e  t h a t  o f  n , t r o g e n  uptake,  
was a t  a  niaxinium d u r i n g  t h e  90-120 day p e r i o d  when t h e  c r o p  growth  
r a t e  was dec reas ing  (Fig. 8 ) .  

The t o t a l  phosphorus uptake by t h e  above-ground p a r t s  o f  t h e  
p l a n t s  grown on b l a c k  s o i l  was 5 , 6  kg/ha (Tab le  11 ) .  Of t h i s  1.3 k g l h a  
was r e t u r n e d  t o  t h e  s o , ]  i n  t h e  form o f  f a l l e n  leaves.  Since mature  
green leaves c o n t a i n  about 0.30% phosphorus and f a l l e n  leaves o n l y  0.06%, 
over  5 kg/ha o f  phosphorus c o u l d  have been remob) 1  zed f rom the  leaves 



FIGURE 9 .  PHOYJiORUS CONTENT AND DISTRIBUTION IN DIFFERENT PLANT PARTS OF PIGEONPEA C V  ICP-1 
ON RED AND BLACK SOILS THROUGHOUT THE GROWING SEASON. 



as they  senesced. T h i s  would have been more than enough t o  account  
f o r  a11 t h e  phosphorus i n  t h e  seeds. 

N i t r o g e n  and Phosphorus c o n t e n t  o f  d i f f e r e n t  p a r t s  o f  t h e  stem. 

I n  ' the l a t e r  s tages o f  g rowth  t h e  l a r g e  amount o f  stem m a t e r i a l  
pe r  p l a n t  l i m i t s  t h e  number o f  p l a n t  samples wh ich  can be poo led f o r  
g r i n d i n g  p r i o r  t o  chemica l  a n a l y s i s .  The optimum sampl ing procedure  
would depend on t h e  v a r i a t i o n  between and w i t h i n  p l a n t s .  T h i s  year we 
s t u d i e d  t h e  v a r i a t i o n  w i t h i n  p l a n t s  by comparing t h e  n i t r o g e n  and 
phosphorus c o n t e n t  o f  (a )  main stems and branches,  and ( b )  t h e  upper,  
m i d d l e  and basa l  p a r t  o f  t h e  stem i n c l u d i n g  b o t h  main stem and branches. 
For  each o f  these comparisons two o r  t h r e e  p l a n t s  per  sampl ing d a t e  per  
t rea tmen t  were used, The e n t i r e  stem o f  ano the r  p l a n t  was ground up t o  
g i v e  a  " t o t a l "  stem sample. The r e s u l t s  o f  t h e  a n a l y s i s  f o r  n i t r o g e n  
a r e  shown i n  Tab le  12 and f o r  phosphorus i n  Tab le  1 3 .  

I n  g e n e r a l ,  t h e  branches con ta ined  a  h i g h e r  percentage o f  
n i t r o g e n  than the  main stems and t h e  upper p a r t s  o f  t h e  p l a n t s  con ta ined  
more than t h e  m i d d l e  p a r t s  wh ich  i n  t u r n  c o n t a i n e d  more than t h e  basa l  
p a r t s .  A s i m i l a r  p a t t e r n  was found f o r  phosphorus, b u t  t h e  d i f f e r e n c e s  
were l e s s  pronounced. 

Table 11. Phosphorus uptake at the time of harvest by 
pigeonpea cv. ICP-1 grown on black soil without 
nitrogenous fertilizer. 

P l a n t  Dry m a t t e r  Phosphorus Phosphorus 
(kg/ha)  percentage (kg/ha) 

Seed 1007 0.29 

Pod wa 1 l 428 0.03 

Stem 2423 0.05 

F a l l e n  leaves 2157 0.06 

T o t a l  601 5  - 



Table 12. Percentage of nitrogen in total stcrll m:ltcri;il 
, in branches and main sten1 a n d  in the  upper, 

middle and basal parts of r h c  stern of p l ; ~ n t s  
of cv. ICP-1. 

T r e a t -  So i  1 Days 14,: i n  ster:i n i a t c r i ~ l  Root 5 

nen t a f t e r  T o t a l  t h i n  Bran-  i l ppc r  f \ i d J l e  U,I~JI 
sow ing  s tem chcs  

B l a c k  
B l a c k  
B  1 ac  k  

B l a c k  
B l a c k  
B l a c k  

Red 
Red 
Red 

Red 
Red 
Red 

Table 13. Percentage of phosphorus in total stem mate r i a l  
in branches and main stems and in the u p p e r  
middle and basal parts of plants of cv. ICP-1 
grown without nitrogenous fertilizer on black 
and red soils. 

S o i l  Days a f t e r  T o t a l  Ma in  Branches  Upper M i d d l e  Basa l  Roots 
sow i n g  s tem 

B l a c k  90 0.12 0.12 0.15 0.17 0.1 1 0.11 - 
120 0.07 0.08 0.08 0.10 0.06 0.06 0.06 
165 0.05 0.04 0.04 b.04 0.04 0.03 0.04 

Red 100 0.11 0.12 0 .13 0.11 0.13 0.14 - 
130 0.05 0.05 0.05 0.08 0.05 0.04 - 
160 0.05 0.04 0.04 0.05 0 .05 0.04 - 



The branches and the  upper pa r t s  o f  the p l a n t s  probably con ta in  
more n i t r ogen  and phosphorus because they have a  h ~ g h e r  p ropo r t i on  o f  
l i v i n g ,  cy top lasm-conta in ing c e l l s .  The o l d e r  woodier pa r t s  o f  the 
p l an t s  have a  h igher  p r o p o r t i o n  o f  dead, l i g n i f i e d  t i s s u e .  The dec l i ne  
w i t h  t ime o f  n i t r o g e n  and phosphorus percentages i n  a l l  p a r t s  o f  the 
stem probably r e f l e c t s  a  mobi 1 i z a t  ion o f  compounds from storage t i s sues  
(e.9. xylem parenchyma) and perhaps a l s o  a  decl  i ne  i n  the p ropo r t i on  o f  
cy top lasm-r ich cambial c e l l s .  

The r e s u l t s  i n d i c a t e  t h a t  i n  prepar ing stem samples fo r  ana lys is ,  
a l l  p a r t s  o f  the stem should be included i n  the c o r r e c t  p ropo r t i ons .  
The p r e f e r e n t i a l  use o f  easy- to-gr ind branches o r  upper pa r t s  o f  the 
stem w i l l  i n t roduce  s u b s t a n t i a l  e r r o r s .  

From the b l ack  s o i l  the roo ts  from the sur face zones o f  the 
s o i l  were a l s o  analysed. The i r  n i t r ogen  and phosphorus contents  were 
s i m i l a r  t o  those o f  the " t o t a l "  stem m a t e r i a l .  

The upper p a r t  o f  the r oo t  system, l i k e  the lower p a r t  o f  
the stem system, con ta ins  o l d e r ,  woodier ma te r i a l  w i t h  a  lower n i t r ogen  
percentage than t h a t  found i n  the deeper zones o f  the so i  l (see Sect ion 
1.2 below),  

G .  Nodula t ion and n i t roaenase a c t i v i t v  

The f o l l o w i n g  i s  a  sunimary o f  the observat ions which w i l l  be 
descr ibed i n  d e t a i l  i n  the ICRISAT Pigeonpea M ~ c r o b i o l o g y  Report f o r  
1976/7. 

I n  b l ack  s o i l  30 days a f t e r  sowing the N ~ o  t reatment r e s u l t e d  
i n  a  r educ t i on  o f  about 252, and N200 i n  a  reduc t ion  o f  about 50%, i n  
nodule number, nodule weight and n i t rogenase  a c t i v i t y  per p l a n t .  The 
p l a n t s  i n  the  farm yard manure treatment d i d  no t  d i f f e r  s i g n i f i c a n t l y  
from the  c o n t r o l s .  A t  bo th  60 and 90 days a f t e r  sowing there  were no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  nodule numbers, nodule mass o r  n i t rogenase  
a c t i v i t y .  

0r-1 red s o i ' ,  samples were taken a t  30, 60 and 125 days a f t e r  
sowing; i n  a l l  the re  was some reduc t ion  ir, nodule numbers and nodule 
mass i n  the  N200-treated p l a n t s  b u t  the  reduct ions were small 
(around 25%) and no t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the  5% l e v e l .  There 
were no s i g n i f i c a n t  e f f ec t s  o f  the  t reatments on n i t rogenase  
a c t i v i t y .  



THE SHOOT/ROOT RATIO OF PLANTS AT THE TIME OF lWI\KVl+:ST -- 

I t  i s  d i f f i c u l t  t o  o b t a i n  an a c c u r a t e  e s t  in ia te  o f  t h e  mass o f  t h e  
r o o t  system o f  a  deep - roo ted  c r o p  such as p igconpea .  I t  i s  u s u a l l y  o n l y  
f e a s i b l e  t o  excava te  t h e  more s u p e r f i c i a l  woody p a r t  o f  t h e  r o o t  system; 
t h e  p r o p o r t i o n  o f  t h e  r o o t  system wh ich  i s  l e f t  beh ind  i s  unhnown. 

I n  o r d e r  t o  o b t a i n  some e s t i m a t e  o f  t he  t o t a l  mJ5S o f  t h e  r o o t  
system, t h e  s h o o t / r o o t  r a t i o  and t h e  r e l a t i v e  w e i g h t s  o f  t h e  s u p e r f i c i a l  
woody e a s i l y - e x t r a c t a b l e  r o o t s  ar,d t he  r e s t  o f  t he  r o o t  systcrn, we grew 
p l a n t s  o f  c v .  T-21 i n  b l a c k  and r ed  s o i l s  i n  b r i c k  chambers 1 . 5  111 deep 
( o f  c r o s s - s e c t i o n  50 x  70 cms f o r  b l a c k  s o i l  and 50 x 50 cms f o r  r e d  
s o i l ) .  The s o i l  was f e r t i l i z e d  w i t h  ZnS04 and 5 i n g l c  superphosphate a t  
r a t e s  e q u i v a l e n t  t o  40 kg/ha and 4 5  k g / h a  r e s p e c t i v e l y .  Sccds were 
sown i n  t h e  chambers a t  t h e  onse t  o f  t h e  monsoon. The s e e d l i n g s  were 
n o d u l a t e d .  The p l a n t s  were grown t o  m a t u r i t y .  At t h e  t ime  o f  h a r v e s t  
one w a l l  o f  t h e  b r i c k  chamber was removed and t he  s o i l  was c a r e f u l l y  
washed away f r o m  t h e  r o o t s ,  expos i ng  t h e  e n t i r e  r o o t  system. The upper  
p a r t  o f  t h e  r o o t  system, co r respond ing  t o  r o o t s  e x t r a c t a b l e  by supc r -  
f i c i a l  e x c a v a t i o n  i n  t h e  f i e l d ,  and t h e  remainder  o f  t hc  r o o t  sy3tcrn 
were c o l  l e c t e d  sepa ra te1  y  . Lengths o f  t h e  r o o t s  and s  t c~ i l s  were rriensured 
and t h e  d r y  w e i g h t s  o f  t h e  v a r i o u s  p l a n t - p a r t s  were taken .  The r e s u l t s  
a r e  shown i n  T a b l e  14  f o r  f o u r  p l a n t s  grown i n  b l a c k  s o i l  and f o r  t h r e e  
p l a n t s  grown i n  r e d  s o i l .  

\ '7- \ t 

About two t h i r d s  t o  khwe q u a r t e r s  o f  t h e  t o t a l  r o o t  mass were 
i n  t h e  upper  r e a d i l y - e x t r a c t a b l e  p a r t  o f  t h e  r o o t  system. The shoo t /  
r o o t  r a t i o s  were h i g h e r  on  b l a c k  s o i l  t han  on r e d .  I n  b o t h  s o i l s  t h e  
s h o o t / r o o t  r a t i o s  were o v e r e s t i m a t e d  c o n s i d e r a b l y  when t h e  lower  p a r t  
o f  t h e  r o o t  sys tem was i g n o r e d .  

The pe r cen tage  o f  n i t r o g e n  was g e n e r a l l y  h i g h e r  i n  t h e  lower  
p a r t  o f  t h e  r o o t  sys tem than  i n  t h e  more woody upper  r o o t s  (Tab le  15 ) .  
T h i s  i s  ana logous  t o  t h e  h i g h e r  pe r cen tage  o f  n i t r o g e n  .found i n  t he  
upper  p a r t  o f  t h e  s tem sys tem than  i n  t h e  wood ie r  lower  p a r t  (see 
Tab le  1 2 ) .  
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T a b l e  1 5 . )  N i t r o g e n  p e r c e n t a g e  i n  upper  a n d  lowcr  r o o t s  
a t  t h e  t ime  o f  h a r v e s t  o f  p l a n t s  of c v .  T-21 
grown i n  b l a c k  and r e d  s o i l  i n  b r i c k  chambers 

PERCENTAGE NITROGEN 
-- 

S o i l  and p l a n t  I n  upper r oo t s  I n  lower r oo t5  
number 

B 1 ack 1 
Black 2 

Mean 

Red 1 
Red 2 
Red 3 
Red 4 



EXPERIMENTAL INVESTIGATIONS ON SOURCE-SINK RELATIONSHIPS 

We.ca r r i ed  o u t  a  number o f  i n v e s t i g a t i o n s  on p l a n t s  grown i n  t he  
f i e l d  i n  an a t tempt  t o  f i n d  o u t  more about t he  f a c t o r s  c o n t r o l l i n g  pod- 
s e t  and y i e l d .  The s i z e s  o f  t h e  p h o t o s y n t h e t i c  source and the  reproduc- 
t i v e  and v e g e t a t i v e  s i n k s  were a l t e r e d  by d e f o l i a t i o n  d u r i n g  the  
r e p r o d u c t i v e  phase o f  t he  p l a n t s ,  by t h e  removal o f  f l o w e r s  and by t h e  
removal o f  v e g e t a t i v e  mer is tems. Some p r e l i m i n a r y  exper iments o f  these 
types were desc r i bed  i n  PPR 1975/6, Sec t i on  l l ;  t h i s  year t he  exper iments 
were c a r r i e d  o u t  i n  more d e t a i l  i n  r e p l i c a t e d  p l o t s  w i t h  f i v e  c u l t i v a r s ,  
Pusa a g e t i ,  T-21, ICP-1, ICP-6997 and HY-3A. 

Methods 

i )  Exper irnents i n v o l v i n g  f l o w e r  removal and d e f o l  i a t i o n :  

The f l o w e r  removal and d e f o l i a t i o n  exper iments were c a r r i e d  o u t  i n  
b l a c k  s o i l  i n  f i e l d  8-5. The d a t e  o f  sowing was 1-7-76. Two e a r l y  
c u l  t r v a r s  (T-21 and Pusa a g e t i )  were sown i n  f l a t  seed beds a t  a  spacing 
o f  50 x  30 cm. F i f t e e n  p l o t s  (9  x  6  m) o f  each c u l t i v a r  were sown. Two 
ad jacen t  rows o f  p l a n t s  ( t o g e t h e r  c o n t a i n i n g  about 60 p l a n t s )  were used 
f o r  each t rea tmen t  w i t h i n  each r e p l i c a t i o n ;  l e a v i n g  one row on e i t h e r  
s i d e  as a  bo rde r  row. 

Three med i um d u r a t  i on  c u l  t i vars  ( I CP-1, I CP-6997 and HY-3A) were 
sown on r i d g e s  spaced 75 cms a p a r t  a t  a  p l a n t  t o  p l a n t  spacing o f  
75 x 30 cms i n  9  x 9  m p l o t s .  F i f t e e n  p l o t s  o f  cv.  ICP-1, 7 o f  ICP-6997 
and G o f  HY-3A were sown. Each t rea tment  was c a r r i e d  o u t  on two ad jacen t  
rows o f  p l a n t s  ( t o g e t h e r  c o n t a i n i n g  about  60 p l a n t s )  w i t h i n  each r e p l  ;ca- 
t i o n .  For cvs .  ICP-1 and HY-3A f o u r  r e p l i c a t e s  were used; f o r  c v .  
ICP-6997 t h e r e  were t h r e e  r e p l  i c a t i o n s .  No border  rows were l e f t  
between t h e  t r e a t e d  rows w i t h i n  t h e  p l o t s ,  b u t  t h e  border  robs o f  t h e  
p l o t s  themselves were n o t  t r e a t e d  and were d i sca rded  a t  t h e  t ime  o f  
h a r v e s t .  

I n  a l l  cu l : i vars ,  t h e  t rea tmen ts  were randomly ass igned w i t h i n  
each r e p l i c a t i o n :  t hus  t h e  des ign  was an RBD. W i t h i n  each c u l t i v a r ,  
s t a t i s t i c a l  ana lyses  o f  t h e  f l o w e r  removal and l e a f  removal exper iments  
were c a r r i e d  o u t  s e p a r a t e l y .  

The dates  a t  which 50% o f  t he  p l a n t s  began f l o w e r i n g  and t h e  
dates  o f  h a r v e s t  o f  t h e  d i f f e r e n t  c u l t i v a r s  a r e  shown i n  Tab le  16. 



Table 16. Dates of 5 O X  flowering and of harves t  of t h e  
plants used for experiments on source-sink 
relationships. 

CULTIVAR Date of 50:* flowering Date of tlnrvcst 

Pusa a g e t i  

1-2 1 

I C P - 1  

I CP-6997 

H Y - 3 A  

I n  f l o w e r  removal t r ea tmen ts ,  a l l  f l o w e r s  (and young pods i f  any) 
were removed by hand on t h e  dates  g i v e n  below, and the  oven -d ry  we igh ts  
o f  t h e  removed f l o w e r s  were recorded.  I n  l e a f  removal t rea tn ien ts ,  
d i f f e r e n t  p r o p o r t i o n s  o f  leaves were removed as  desc r i bed  i n  PPR 1975/6, 
Tab le  17 f rom t h e  t ime  o f  50Z f l o w e r i n q  onwards on the  dates  i n d i c a t e d  
below. The oven-dry  we igh t  o f  t h e  removed leaves was recorded.  

The senescent  l e a f  removal t r ea tmen t  i n v o l v e d  removing the  lower 
leaves wh ich  were senescent  o r  had j u s t  begun t o  t u r n  y e l l o w .  T h e i r  
oven-dry  w e i g h t s  were recorded.  The a b s o l u t e  c o n t r o l s  were n o t  t r e a t e d  
i n  any way. I n  t h e  ' c o n t r o l s '  t h e  leaves o f  each p l a n t  were counted 
on t h e  da tes  i n d i c a t e d .  

The t r e a t m e n t s  i n  t h e  d i f f e r e n t  c u l t i v a r s  were 3s  f o l l o w s :  

Cv. Pusa a g e t i :  

A b s o l u t e  c o n t r o l  

C o n t r o l  ( l e a f  c o u n t i n g  on 25-9-76; 10-10-76; 24-10-76) 
Flower  removal f o r  1 week (on 20-9-76) 
Flower  removal f o r  2 weeks (on 20-9-76; 28-9-76) 
Flower  removal f o r  3 weeks (on  20-9-76; 29-9-76; 6-10-76) 
Flower  removal f o r  4 weeks (on 20-9-76; 30-9-76; 7-10-76; 13-10-76) 
Flower  removal f o r  7 weeks (on 20-9-76; 30-9-76; 6-10-76; 12-10-76; 

20-1 0-76; 29- 10-76; 3-1 1-76) 
Removal o f  senescent  I eaves (on 24-9-76; 1 - 1  0-76; 7-10-76; 13-10-76; 

20- 10-76) 



Cv. T-21: 

(a)  F 1 ower remova 1 exper i men t s : 

Contro l  ( l e a f  count ing on 29-9-76; 10-10-76; 23-10-76) 
Flower removal f o r  1 week (on 21-9-76) 
Flower removal f o r  2 weeks (on 21-9-76; 30-9-76) 
Flower removal f o r  3 weeks (on 21-9-76; 1-10-76; 7-10-76) 
Flower removal f o r  7 weeks (on 21-9-76; 1-10-76; 7-10-76; 13-10-76; 

20- 10-76 ; 28- 10-76; 3- 1 1-76) 
Flower removal from a l  t e r n a t  i v e  f l owe r i ng  nodes (on 23-9-76; 5-10-76; 

12-1 0-76; 18-10-76) 
Flower remova l from a1 t e r n a t e  branches (on 22-9-76; 5-10-76; 12-10-76; 

18- 10-76) 

(b) Defol  i a t i o n  exper iments:  

Absolu te  Cont ro l  

Cont r o  1 ( 1  ea f count i ng on 29-9-76; 10- 10-76; 23-1 0-76) 
1/3 leaves removed (on 22-9-76; 5-10-76; 11 -10-76; 18-10-76) 
1/2 leaves removed (on 22-9-76; 4-10-76; 11-10-76; 18-10-76) 
2/3 leaves removed (on 23-9-76; 4-10-76; 12-10-76; 18-10-76) 
3/4 leaves removed (on 23-9-76; 4-10-76; 12- i0 -76;  18-10-76) 
A1 1 leaves removed (on 21 -9-76; 29-9-76; 7-10-76; 13-10-76; 20-10-76) 
A l l  leaves removed from a l t e r n a t e  branches (on 22-9-76; 4-10-76; 

11-10-76; 18-10-76) 
Senescent 1 eaves removed (on 4-9-76; 5-1 0-76; 11 -10-76; 18-10-76) 

Cv. ICP-1: 

Absolute  Cont ro l  

Cont ro l  ( l e a f  coun t ing  on 31-10-76; 13-11-76; 5-12-76) 

(a) Defo l  i a t  i on  exper iments:  

1/3 leaves removed (on 27-10-76; 4-11-76; 11-11-76; 18-11-76; 25-11-76; 
29-1 1-76) 

1/2 leaves removed ( d i t t o )  
2/3 leaves removed ( d i t t o )  
3/4 leaves removed ( d i t t o )  
A l l  1 eaves removed (d i t t o )  
A1 1 leaves removed from a1 t e r n a t e  branches (d i t t o )  
Senescent 1 eaves removed (on 27-1 0-76; 3-1 1-76 ; 10-1 1-76; 18-1 1-76; 

23-1 1-76; 30-1 1-76; 6-12-76) 



A l l  leaves removed 3 weeks a f t e r  50% f l owe r i ng  (on 1 1 - 1  1-76; 18-11-76; 
24-11-76; 30-11-76; 6-12-76) 

A1 1 leaves removed 5 weeks a f t e r  50% f l owe r i ng  (on 24-1 1-76; 30-1 1-76; 
6- 12-76) 

(b) Flower remova 1 exper i men t s : 

Flower removal f o r  2 weeks (on 25-10-76; 1 - 1  1-76) 
Flower removal f o r  3 weeks (on 25-10-76; 1 - 1  1-76; 18-1 1-76) 
Flower removal f o r  4 weeks (on 26-10-76; 2-1 1-76; 9-1 1-76; 16-1 1-76) 
Flower removal f o r  5 weeks (on 26-10-76; 2-11-76; 9-11-76; 16-11-76; 

23-1 1-76) 
Removal o f  racemes from a1 te rna te  nodes (on 30-10-76; 8-1 1-76; 12-1 1-76; 

18-1 1-76; 24-11-76; 30-11-76) 
Flower removal from a l t e r n a t e  branches (on 26-10-76; 3-11-76; 10-11-76; 

18-11-76; 23-1 1-76; 30-1 1-76) 
Flower removal from a1 1 the lower branches o f  the p l an t s  ( d i t t o )  
Flower removal from a l l  the upper branches o f  the p l an t s  ( d i t t o )  

Cv. iCP-6997: 

Absolute Cont ro l  

Cont ro l  ( l e a f  coun t ing  on 1-11-76; 13-11-76; 5-12-76) 
1/2 leaves removal (on 26-10-76; 3-11-76; 10-11-76; 17-11-76; 

29-1 1-76) 
A1 I leaves removed ( d i t t o )  
A l l  leaves removed from a l t e r n a t e  branches ( d ' t t o )  
Senescent 1 eaves removed (on 27-10-76; 3-1 1-76; 10-1 1-76; 17-1 1-76; 

23-1 1-76; 29-1 1-76; 6-12-76) 
Flower removal f o r  2 weeks (on 20-10-76; 1 - 1  1-76) 
Flower removal f o r  3 weeks (on 20-10-76; 1-1 1-76; 8-1 1-76) 
Flower removal f o r  4 weeks (on 20-10-76; 1 - 1  1-76; 8-1 1-76; 15-1 1-76) 
Flower removal f o r  5 weeks (on 20-10-76; 1-11-76; 8-11-76; 15-11-76; 

23- 1 1  -76) 
Flower removal from a1 t e r n a t e  branches (on 27-10-76; 3-1 1-76; 10-1 1-76; 

17-11-76; 23-11-76; 29-11-76) 

Cv. HY-3A: 

Absolute Cont ro l  

Cont ro l  ( l e a f  coun t ing  on 13-1 1-76; 5-12-76; 2-1-77) 
1/2 leaves removed (on 12-1 1-76; 19-1 1-76; 25-1 1-76; 3-12-76; 10-12-76; 

17-12-76; 29-12-76). 
A1 l leaves removed ( d  i t t o )  
A1 1 leaves removed from a1 t e rna te  branches ( d  i t to )  
Senescent 1 eaves removed (d i t t o )  
Flower removal f o r  2 weeks (on 15-11-76; 22-11-76) 



Flower removal f o r  3 weeks (on 15-11-76; 22-11-76; 29-1 1-76) 
Flower removal f o r  4 weeks (on 15-1 1-76; 22-1 1-76; 29-1 1-76; 6-12-76) 
Flower removal f o r  5 weeks (on 15-1 1-76; 22-1 1-76; 29-1 1-76; 6-12-76; 

13-12-76). 
Flower removal from a1 t e r n a t e  branches (on 12-1 1-76; 18-1 1-76; 3-12-76; 

10-12-76; 17-12-76; 29-12-76). 

I n  a1 1 c u l  t i v a r s  samples o f  5 ad jacen t  p l a n t s  f rom each rep1 i c a t e  
were taken f o r  growth a n a l y s i s  a t  t h e  t ime  o f  50% f l o w e r i n g  and f rom 
each t reatment  i n  each r e p l i c a t e  d u r i n g  t h e  m id - rep roduc t i ve  phaze. 
At  t he  t ime o f  h a r v e s t ,  t o t a l  d r y  we ight  o f  t h e  shoot system, pod r,umber, 
pod d r y  we igh t ,  seed number and seed d r y  we ight  were recorded.  I n  
cvs.  Pusa a g e t i  and T-21 the  p l a n t s  f rom which f l o w e r s  were removed f o r  
7 weeks were l e f t  t o  mature a f t e r  t he  o t h e r  p l a n t s  had been harvested;  
these p l a n t s  were b a d l y  damaged by i n s e c t s  s i n c e  i n s e c t i c i d e  sprays were 
a c c i d e n t a l l y  o m i t t e d .  The damaged and undamaged pods were c o l l e c t e d  
s e p a r a t e l y  and the  y i e l d  c o r r e c t e d  by m u l t i p l y i n g  t h e  number o f  damaged 
pods (which were 33% o f  t h e  t o t a l  i n  cv .  T-21 and 53% i n  Pusa aget  i )  
by t h e  seed y i e l d  per  pod i n  t h e  undamaged pods. 

(i i) Experiment on the  e f f e c t s  o f  t h e  removal o f  v e g e t a t i v e  meristems 
d u r i n g  t h e  r e p r o d u c t i v e  phase: 

The exper iment was c a r r i e d  o u t  w i t h  cv .  T-21 grown on red  s o i l  
( f i e l d  R-1) . The d a t e  o f  sowing was 7-7-76. The p l a n t s  were sown on 
f l a t  s o i l  a t  a spacing o f  50 x 30 cms i n  9 x 6 m p l o t s .  F i v e  p l o t s  were 
used i n  t h i s  exper iment.  Two rows o f  p l a n t s  w i t h i n  t h e  p l o t s  were used 
f o r  each t rea tment  and t h e  t rea tmen ts  were r e p l i c a t e d  5 t imes i n  a 
randomized b l o c k  des ign.  The t rea tmen ts  were as f o l l o w s :  

I .  Cont ro l  

2 .  Removal o f  a p i c a l  buds f rom t h e  main stem and branches a t  t h e  t:me 
o f  f l o w e r  bud I n i t i a t i o n  (9-9-76).  

3. Removal o f  a p i c a l  buds from t h e  main stem and branches a t  t h e  t ime 
o f  50% f 1 ower i ng (21 -9-76) . 

A t  t h e  t i m e  o f  h a r v e s t  (2-11-76) t o t a l  shoot  d r y  we igh t ,  y i e l d  and 
y i e l d  components were recorded.  



EFFECT OF THE PLANTS ON 

Mechanical  s t i m u l a t i o n  brought  about by handl  i n g  o r  r l , l n i p i ~ l ~ ~ t  i ng  
p l a n t s  i s  known t o  have an e f f e c t  on the  growth  and deveI(~pn~r.nt  o f  young 
p l a n t s  o f  a  number o f  spec ies ,  p robab ly  as a  conscqucncc o f  t hc  produc- 
t i o n  o f  e t h y l e n e  (see J a f f e ,  M.J. (1973))  'Th ignwn~~rphogc.nc .s is  : TIK. 
response o f  p l a n t  g row th  and devolopnient t o  niecliani c , ~ l  b t  i ~nu l , l t  i o n  ' 
P l a n t a  - 114, 143-157).  The re fo re ,  i t  secmed poss i b l c  t h ~ t  the  111ani pul , -~-  
t i o n s  i n v o l v e d  i n  o u r  v a r i o u s  d e f o l  i s t i o n  and f lower-rcr1,ov~2l c x p c r i m c n t ~  
m igh t  have an e f f e c t  on growth  and y i e l d  over  and ,~bovc the  c f f e c t s  o f  
t h e  a c t u a l  t r ea tmen ts  g i v c n .  We t h e r c f o r e  incorpor , l rcJ  a t  Iec1st tim 
c o n t r o l  t r ea tmen ts  i n  csc l i  s e t  o f  e x p e r i m e n ~ s .  The pl,ants i n  uric o f  t t ~ c  
c o n t r o l s ,  t h e  ' a b s o l u t e  c o n t r o l ' ,  were n o t  touchcd o r  nl, l r j ipul,~tcd a t  
a l l ;  i n  t h e  o t h e r  c o n t r o l  t h e  leavcs  o f  t he  p l ' ln ts  wcre countcd  <at 
r e g u l a r  i n t e r v a l  s .  The boys who d i d  the  l eaf -coun t  i ncj rituvcd betwccr~  
t h e  p l a n t s ,  bent  t h e  stems and touched the  leavcs  d u r i n q  t h i s  process, 
and hence these p l a n t s  were mechan ica l l y  s t i m u l a t e d .  

I n  none o f  t h e  c u l t i v a r s  d i d  t h i s  ~nechan ica l  s t i m u l , ~ t i o n  h,lve 
any s i g n i f i c a n t  e f f e c t  on y i e l d  (Tab le  17) o r  on t o t a l  >hoot  d r y  we ight  
a t  h a r v e s t ,  o r  on y i e l d  components. Probab ly  t he  m i l ~ l s t i o i u l ~ t i o n  
b rough t  about  by t h e  m a n i p u l a t i o n  o f  t he  p l a n t s  was r e l a t i v e l y  
i n s i g n i f i c a n t  compared w i t h  t h a t  exper ienced by the  p l a n t 3  every  d'ly 
as a  r e s u l t  o f  t h e  w ind,  i f  indeed mechanical  s t i ~ r i u l a t i o n  has any e f f e c t  
on p igeonpeas.  

I n  t h e  expe r imen ta l  r e s u l t s  d e s c r i b e d  below t h e  c o n t r o l  va lues  
shown a r e  t h e  mean o f  t h e  ' a b s o l u t e '  and m e c h a n i c a l l y - s t i m u l s t e d  c o n t r o l  
va lues  g i v e n  i n  Tab le  17.  



Table 17. Yields per plant of absolute controls and control 
plants which were manipulated during the repro- 
ductive phase. 

YIELD PER PLANT (g) 

Cult ivar Absol ute Manipulated LSD (5%) 
con t ro 1 control 

Pusa age t I 17.3 17.0 2.88 

7-21 (Flower removal 13.6 15.0 3.10 
experiments) 

T-21 (Defol iation 13.6 14.6 3.98 
experiments) 

Mean 18.0 18.2 



FIGURE 10. EFFECT OF DIFFERENT PERlODS OF FLOWER R€MOVAL ON TOTAL SHOOT DRY WEIGHT. 
YIELD AND YIELD COYPONENTS OF CVS T-21  AND PUSA AGETI. L S 0 ' ( 5 \ )  ARE 
INDICATED BY BARS. 



1 1 . 2  

EFFECTS OF FLOWER REMOVAL FOR DIFFERENT LENGTHS OF TIME 

Pigeonpeas general 1 y  cont Fnue f lower ing  f o r  several weeks, but  the 
great  m a j o r i t y  o f  the f lowers drop o f f  w i thou t  s e t t i n g  pods. The per-  
c,entage of  pod-set i s  the h ighest  w i t h  the e a r l  ier-formed f lowers. 
However i f these e a r l  ies-formed f lowers a re  removed and hence prevented 
from s e t t i n g  pods, a  h igher  p ropor t ion  o f  the la ter - formed f lowers set  
pods; fur thermore, i f  pod set  i s  prevented by f lower  removal f o r  a  
p ro t rac ted  per iod,  the growth o f  the racemes and the product;on o f  
f lowers cont inues f o r  a  longer per iod  than usual ,  Thus the p lan ts  a re  
ab le  t o  compensate by s e t t i n g  pods from la ter - formed f lowers when pod- 
set Ys prevented dur ing  the e a r l i e r  p a r t  o f  the reproduct ive phase 
(see PPR 1975/6 Sect ion 1 1.2) . 

This  year, f lowers were removed from p lan t s  o f  the e a r l y  c b l t i v a r s  
T-21 and Pusa age t i  f o r  up t o  7 weeks. These f lower-removal tyeatments 
r esu l t ed  i n  a  p r o t r a c t i o n  o f  the f l ower ing  per iod  and a marked delay i n  
lea f  sepescence compared w i t h  the con t ro l s .  The ma tu r i t y  o f  the p l an t s  
was consequent l y  delayed i n  propot,t ion t o  the 1 ength o f  the f l ower ing  
per iod;  the t o t a l  shoot dry  weight increased s i g n i f i c a n t l y  as a  r e s u l t  
o f  t h i s  longer per iod  o f  growth before harvest ( ~ i g .  10).  i n  cv, T-21 
none o f  the f lower -removal treatments had any s i g n i f i c a n t  e f f e c t  on pod 
number per p l a n t  o r  y i e l d ,  bu t  i n  cv, Pusa agetf  def lower ing r,eswlted 
i n  a  s ~ g n l f i c a n t  dec l i ne  i n  both pod number and y i e l d  (F ig .  10).  

Thbs i n  the indet,erminate cv. T-21 the  plancs were ab le  t o  
compensate completely f o r  the f lower  removal, bht  t h i s  was not  the  case 
i n  cv .  Pusa aget i , which i s  morphological l y  determinate.  The poss ib le  
disadvantage o f  the determinate h a b i t  i n  t h i s  respect i s  no t  owing t o  
an inab i  1 i t y  t o  go on producing f lowers,  s ince the racemes cont inue t o  
grow i n  an indeterminate manner (see PPR 1975/6 Sect lon ! i .2) ;  t h i s  
cont inued pr,oduction o f  f lowers i s  ind ica ted  by the data on the 
cumuiat r be weight o f  f lowers removed from p lan t s  o f  cv. Pusa aget i 
(Table 1 8 ) .  Nor, d i d  the determinate h a b i t  dhket seem t o  put  cv, Pusa 
a g e t i  a t  a  disadvantage compared w i th  cv. T-21 i n  the  maintenance 
o f  l e a f  area dur ing  the f l owe r i ng  per iod  (Table 19) .  I n  both the 
c u l t i v a s s  l ea f  area, l e a f  number and l e a f  d ry  weight declYned t o  a  
c,ompar,able ex ten t ,  and i n  both the  decl  i ne  was less a f t e r  p ro t r ac ted  
f lower- removal ,  So the  reasons f o r  the d i f fe rences  i n  the a b j l i t y  t o  
compensat,e f o r  f lower  removal a re  no t  c, l ea r .  

The de f lower ing  treatments had 1 F t t , l e  e f f e c t  on seed number per 
pod i n  e i t h e r  c u l t i v a r ,  bu t  i n  both t,here was a significant increase 
i n  100 seed weight a f t e r  flower-removal f o r  7 weeks, bo th  i n  lnsec t -  
damaged pods and i n  undamaged pods" Poss ib ly  t h i s  increase o c x ~ r r e d  



Table 18.,Total dry weight of flowers ren~oved from cvs. Pusa 
ageti and T-21 by deflowering from 1-7 weeks. 

Mean total dry weight of flowers removed (g/plant) 

Cul tivar Deflowering Period (weehs) 
1 2 3 4 7 

Pusa aget i 1.1 4.0 8.3 11.1 16.3 

T-2 1 1.3 6.9 11.5 - 19.2 

Table 1 9 .  Effects of flower removal on l e a f  fall (cs t in ia teJ  
from the number of leaf s c a r s  p e r  p l n n r )  leaf iircn, 
leaf number and lamina dry weight in cvs. I'usn 
ageti and T-21. 

No. of Leaf No./ Leaf area/ Lani!n;l 
fallen plant plant d r y  

Treatment Date leaves/ (c,n2 ) wt./ 
plant plant 

PUSA AGETl  

Control 20-9-76 17 

Con t ro 1 15-10-76 53 
Flower removal unti 1 6-10-76 15-10-76 44 

Con t ro 1 10-11-76 93  
Flower removal until 6-10-76 10-11-76 91 
Flower removal until 3-11-76 10-11-76 80 

T-2 1 - 
Control 21-9-76 19 

Control 16-10-76 106 
Flower removal until 7-10-76 16-10-76 61 

Control 15-11-76 164 
Flower removal unt i l 7-10-76 15-1 1-76 220 
Flower removal until 3-11-76 15-11-76 82 



because the p l an t s  bene f i t t ed  from the r a i n f a l l  i n  e a r l y  November a t  the 
beginning o f  t h e i r  p o d - f i l l i n g  per iod,  a  few days a f t e r  the l a s t  f l ower -  
remova 1 t reatment . 

A l l  t h ree  medium-duration c u l t i v a r s  were ab le  t o  compensate 
completely i n  pod number and y i e l d  a f t e r  f lower  removal f o r  as long as 
5 weeks ( ~ i g .  11) .  Indeed i n  cv .  ICP-6997 there  was a s i g n i f i c a n t  
increase i n  y i e l d  a f t e r  def lower ing f o r  2 and 3 weeks and i n  cv. HY-3A  
a f t e r  def lower ing f o r  3 weeks. We cannot suggest any explanat ion f o r  
these increases. 

There was no s i g n i f i c a n t  e f f e c t  o f  the def lower ing treatments on 
t o t a l  d r y  weight o f  the shoot system a t  harvest  i n  cvs. I C P - 1  and 
ICP-6997. I n  cv. HY-3A a f t e r  two, th ree  and f i v e  weeks' def lower ing,  
the re  was a s i g n i f i c a n t  increase ( f rom 71 g i n  con t ro l s  t o  86,  91 and 
91 g r e s p e c t i v e l y ) .  However the re  may a l s o  have been an increase i n  
the t o t a l  d ry  weight produced by cvs. ICP-I and ICP-6997 i f  the f lowers 
were taken i n t o  account (see Table 20).  The q u a n t i t y  removed a f t e r  5 
weeks was cons iderab le ,  e s p e c i a l l y  i n  ICP-1 (19.4 g l p l a n t ) .  However 
these f i g u r e s  cannot s imply be added t o  the  t o t a l  shoot weights a t  
harvest  t o  i n d i c a t e  the t o t a l  amount o f  d ry  mat ter  produced, because 
fa1 len f lowers and fa1 l en  leaves would a l s o  have t o  be included Jn the 
sum, and we do no t  have these data. 

Table 20. Total dry weight of flowers removed from cvs. 
ICP-1, ICP-6997 and HY-3A by deflowering from 
2-5 weeks. 

Mean t o t a l  d ry  weight o f  f lowers removed (g /p l an t )  

Cul t i v a s  Def lowering Per iod (weeks) 

2  3 4 5 



FIGURE 11 EFFECT OF FLOWER REMOVAL FOR DIFFERENT LEhJGT){S O F  TIM€ ON VlElD PER PlANT AND 
Y l a D  COMPONENTS L S D ' ( ~ ~ ~ )  ARE INDICATED BY BARS 



I n  cvs. 1CP-6997 and HY-3A,  the  100-seed welghts dec l ined  
s ; g n i f l c a n t l y  a f t e r  the  longer  per iods  o f  de f lower ing  and there  was a 
s i m i l a r  tendency i n  cv.  ICP-1 (F i g .  11).  These dec l ines  may r e f l e c t  an 
:nceeas ing water s t r e s s  t o  which these l a t e r -ma tu r i ng  p l a n t s  may have 
been exposed, analogous t o  the  lower 100-seed weights observed i n  the  
second harvest  o f  seeds, e s p e c i a l l y  when the  second harvests  were 
delayed by ra toon lng  (see Sect ion 1 v . 2 ) .  

We do no t  know why the  seed number per pod incveased s i g n i f i c a n t -  
l y  I n  ICP-6997 and decreased s i g n i f i c a n t l y  i n  H Y - ~ A ( F ; ~ , ~ ! )  a f t e r  
longer per iods  o f  de f lower ing .  

A t  t he  t ime af f l o w e r i n g  began, a l l  c u l t i v a r s  conta ined 
cons iderab le  amounts o f  s t a r c h  i n  t h e i r  stems, as revealed by the  b lue-  
b lack  co lour  o f  the  c u t  stems a f t e r  t reatment w i t h  iod ine  s o l u t i o n .  I n  
the  c o n t r o l s  t he  amount o f  s t a r c h  dec l ined  du r i ng  the  r e p r o d u c t ~ v e  
phase u n t i l  l i t t l e  o r  none was de tec tab le  a t  the  t ime of  ha rves t .  I n  
t he  p l a n t s  from which f lowers  were removed, the stems conta ined l a rge  
amounts o f  s ta rch .  These r e s u l t s  i n d i c a t e  t h a t  pod development leads 
t o  a  mobi l i z a t  i on  o f  t he  s t a r c h  reserves from the  stems. The 
def lowered p l a n t s ,  e s p e c i a l l y  o f  cvs.  T-21 and Pusa a g e t i ,  a l s o  
developed a deeper pegmentat ion o f  the  stems, suggest ?ng t h a t  the  
format ion  o f  t he  anthocyan i n  pigment was enhanced when compet " t ion f o r  
asstms l a t e s  by develop ing pods was prevented. 

I n  c v .  ICP-1 the  n i t r o g e n  percentages i n  t he  stems, leaves and 
seeds o f  c o n t r o l  p l a n t s  and p l a n t s  from which f lowers  had been removed 
f o r  5 weeks were compared a t  the  t ime o f  ha rves t .  The n i t r o g e n  percen t -  
age I n  t he  seeds was the  same I n  both,  bu t  t he  def towered p l a n t s  had a 
lower percentage o f  n i t r o g e n  tn  the  stems and branchesu 

The remarkable a b i l  i t y  o f  the  p l a n t s  o f  ar l t he  indeterm;nate 
cu'r t i \ i a r s  t o  compensate complete ly  a f t e r  a1 1 pod-set was prevented f o r  
up t.o 5-7 weeks seems l i k e l y  t o  be an impor tant  f a c t o r  i n  t h e i r  
response t o  pest a t t a c k .  These de f  loher  i n2 exper iments probably  
p rov i de  a d i r e c t  i n d i c a t i o n  o f  the  response o f  t he  p l a n t s  t o  pes ts  
which a t t a c k  f l owers  o r  young pods, lead jng  t o  f l owe r  and pod abo r t i on .  
We cannot be sure t h a t  t he  same type  o f  compensation occurs  when pes ts  
l5uc.h as pod bore rs  and the  pod f l y )  damage seeds w : t h i n  pods which 
have a l r eady  s e t u  However i t  i s  c l e a r  t h a t  the  a b ~ l i t y  o f  t h e  p l a n t s  
t o  compensate ~s a s y m m e t r ! ~  i n  t ime:  e a r l y  damage can be compensated 
f o r  by t he  s e t t i n g  o f  pods from la te r - fo rmed f lowers ;  bu t  damage 
occwrc ing l a t e r  i n  t he  r ep roduc t i ve  phase i s  un : i ke l y  t o  be compensated 
For , n  t h i s  way. Th is  suggests t h a t  nf 1 i m ~  ted  q u a n t i t i e s  o f  i n s e c t i -  
c.lde a r e  t o  be used, p r o t e c t i o n  o f  the  p l a n t s  i n  t he  l a t e r  p a r t  o f  t he  
r ep roduc t i ve  phase i s  l i k e l y  t o  be more impor tant  than i n  t he  e a r l f e r  
per rod, soon a f t e r  f l o w e r i n g  begins,  



EFFECTS OF FLOWER REMOVAL FROM DIFFERENT PARTS OF THE PIANTS 

I n  these exper iments f l owers  were repea ted l y  renmvcd froni 
d i f f e r e n t  p a r t s  o f  the  p l a n t s  w h i l e  i n  o t h e r  p a r t s  o f  the  same p l a n t > ,  
f l o w e r  and pod development were n o t  d  s tu rbed .  The purpose o f  rtIc5e 
i ~ v e s t i g a t i o n s  was t o  f t n d  o u t  t o  what e x t e n t  l o c a l  d ib turbanceb o f  
pod-set  c o u l d  be compensated f o r  elsewhere i n  the  p l a n t s  

Flower removal from a l t e r n a t e  nodes 

I n  t h e  f i r s t  type o f  experiment, c a r .  ed out  w f h  c d 5  1-21 and 
ICP-1, pod development dds prevented a t  a l t e - n a t e  f l o w e r , n g  nodes on thc  
branches and maln stem Thus on every branch and on the main 3tern the 
ndrnber o f  nodes a t  which pod-set cou ld  take p l a c c  was rcduced by one 
h a l f  I n  c v .  T-21 t h i s  had no e f f e c t  on the y i e l d  (Tab le  21) o: on 
components o f  y i e l d  Thus the re  was a complete compensation which 

nvo l ved  s e t t : n g  on average tw ice  as  many pods a5 usual  a t  the  a l t e r n a t e  
nodes f rom which f l o w e r s  were no t  removed Th 5 ' n d l c a t c 5  tha t  the  
number o f  flowering s l t e s  w t b l n  t he  b-anches and mdtn 5tem w'ls no t  
I l m i t i n g  y l e l d  i n  cv .  T-21. 

Table 21. Effects of flower removal from alternate 
flowering nodes or alternare branches of 
pigeonpeas on yield (g/plant). 

F lower remova 1 F tower remova I 
Cu l t  ~ v a r  Con t ro l  f rom a ! t e r n a t e  t . ~ m  a ' (  ; r w t e  L S D ( 5 Z )  

nodes b ~ a n c  he5 



I n  cv. ICP-1 there was a s i g n i f i c a n t  reduct ion i n  y i e l d   a able 21). 
However, the f a c t  tha t  the reduct ion o f  the number o f  f l ower ing  s i t e s  by 
50% resu l t ed  i n  a decrease i n  y i e l d  o f  on l y  17% again ind ica tes  t h a t  the 
normal numbe'r o f  f l ower ing  s i t e s  was superopt imal,  but  no t  so much so as 
i n  cv. T-21. The decreased y i e l d  i n  cv. ICP-1 was owing t o  a lower pod 
number per p l a n t .  There was a s i g n i f i c a n t  increase i n  100-seed weight 
( f rom 8.3 t o  8.9 g ) .  

2. Flower removal from a1 t e rna te  branches: 

Th is  t reatment had no e f f e c t  on y i e l d  o r  y i e l d  components i n  
cv. ICP-1. I n  cv.  ICP-6997 there  was a s i g n i f i c a n t  increase i n  y i e l d  
(Table 21) as a r e s u l t  o f  a g rea te r  number o f  pods per p l a n t .  By 
con t ras t ,  i n  cvs. T-21 and HY-3A  y i e l d  was s i g n i f i c a n t l y  reduced 
(Table 21) as were the number o f  seeds per pod ( f rom 3 . 1  t o  2.3 i n  cv 
T-21 and from 3 . 3  t o  2.9 i n  cv. H Y - 3 ~ ) .  These lower y i e l d s  were 
associated w i t h  a lower pod number per p l an t  which was s i g n i f i c a n t  a t  
the 5% l eve l  i n  cv. T-21. 

Ten ta t i ve  i n t e r p r e t a t i o n s  o f  these r e s u l t s  a re  as f o l  lows: 

(a) I n  cv. ICP-1 assimi l a t es  may have moved f r e e l y  from the de- 
f lowered branches t o  the branches on which pod-set was tak ing  place, 
r e s u l t i n g  i n  add i t i ona l  pod-set which compensated completely f o r  the 
lack  o f  pod-set on the o ther  branches. 

We cannot t h i n k  o f  a p l a u s i b l e  exp lanat ion f o r  the increased 
y i e l d  i n  cv. ICP-6997. 

(b) The ha l v i ng  o f  the y i e l d  by the def lowering o f  a l t e r n a t e  
branches i n  cv. T-21 cannot be explained as a consequence o f  the reduc- 
t ion o f  the number o f  pod-bearing nodes, because o f  50% reduct ion 
brought about by def lower ing a l t e r n a t e  nodes had no e f f e c t  on y i e l d  
(Table 21) .  Perhaps i n  t h i s  c u l t i v a r  t r ans l oca t i on  d i d  no t  take p lace 
readi  l y  between the  branches. This conc lus ion i s  a1 so suggested by the  
e f f e c t  o f  d e f o l i a t i n g  a l t e r n a t e  branches o f  t h i s  c u l t i v a r  (see Sect ion 
11.6). 

(c )  The y i e l d  reduct ion i n  cv. HY-3A  cou ld  r e f l e c t  an i n a b i l i t y  t o  
compensate because of  the l i m i  ted number o f  pod-bearing s i t e s ;  i n  t h i s  
c u i t i v a r  fewer f lowers a re  produced than i n  the o thers ,  and the f l owe r i ng  
pe r i od  i s  sho r t e r .  

Flower removal from upper o r  lower branches: 

I n  cv. ICP-1 racemes were repeatedly removed from a l l  the  upper 
branches ( i n c l u d i n g  the  main stem) o r  from a1 l the  lower branches. 



The y i e l d  and pod numbers produced i n  t he  upper and lower p a r t s  o f  t h c s c  
p l a n t s  a r e  shown i n  F i g . 1 2 .  I t  i s  c l e a r  t h a t  t he  p reven t i on  o f  pod s c t  
on t he  lower branches r e s u l t e d  i n  a compensatory s e t t i n g  o f  pods on ihc 
upper branches, and v i c e  versa .  



FIGURE 1 2 .  EFFECT OF RACEME REMOVAL FROM UPPER OR LOWER BRANCHES OF 
CV ICP - 1 ON POD NUMBER AND YIELD ( CONTROL PLANTS PRODUCED 
135 PODS/ PLANT AND YIELDED 28.4g/ PLANT ) . 

POD NUMBER/ PLANT YIELDIPLANT (G) 



EFFECTS OF DIFFERENT DEGREES OF DEFOLIATION - 

I n  the  e a r l y  c u l  t i v a r  T-21, the removal o f  o r e  t h i r d  o r  08.c h a l f  
o f  the  t o t a l  number o f  leaves throughout  the reproductive phahe r c q u l t e d  
i n  o n l y  s l i g h t  and s t a t i s t i c a l l y  i n s i g n i f i c a n t  d e c l i n c s  i n  y i e l d  
F i g .  I ) .  Even the  removal o f  two t h i r d s  o r  t h ree  q u a r t e r s  o f  thc  
leaves r e s u l t e d  i n  y i e l d  reduc t i ons  o f  less  than 50:. There w ~ s ,  I i o ~ c v c r ,  
a d r a s t i c  d e c l i n e  i n  y i e l d  a f t e r  t o t a l  d e f o l i a t i o r i .  

The o n l y  y i e l d  component which was b i g n i f i c a n t l y  reducckd by thv  
h i g h e r  degrees o f  d e f o l i a t i o n  was pod nun~bctr p e r  p l a n t  ( ~ i ~ .  1 3 ) .  S4.c.d 
rlurnber per  pod was u n a f f e c l e d .  T o t a l  d e f o l i a t i o n  r c s u l t c d  i n  a  b i y r i i -  

f i c a n t  increase i n  100-seed we igh t .  

I n  cv .  I C P - 1  t h e r e  was no s i g n i f i c a n t  e f f e c t  o f  d c f o : i a t ' o r ~  dl; 1.2 

674 on y i e l d  o r  pod number pe r  p l a n t  ( F i g .  14) .  Evcn 7 5 ;  d c f o l i c l t : o n  
r e s u l t e d  i n  a  dec l  i n e  i n  y i e l d  o f  l ess  than 2 5 4 .  The nuniber o f  \cedi, 

per  pod was s i g n i f i c a n t l y  reduced compared w i t h  the c o n t r o l  b y  t t ic.  7 5 1  
and the  t o t a l  d e f o l i a t i o n  t rea tmen ts ;  t he  l a t t e r  t reatn ient  a l  ,c rc::uifcd 
i ?  a  s i g n i f i c a n t  d e c l i n e  i n  100-seed we ight .  

I n  cvs .  ICP-6997 and HY-JA o n l y  5 0 /  and 1001 dcfo1iat io1-5 W ~ C  

c a r r i e d  o u t .  I n  b o t h  c u l t i v a r s  50Z d e f o l i a t i o n  Icd t o  o n l y  J \ l i g h t  ~ n d  
s t a t i s t i c a l l y  i n s i g n i f i c a n t  d e c l i v e  i n  y i e l d  and pod number pLr  plat7:  
(Tab le  2 2 ) .  However, t he  y i e l d  and pod number p c r  p lan t  were great i y  
reduced by t o t a l  d e f o l  i a t i o n ;  t he re  was a l s o  a  cons ide rab le  rcduc t ' v  i~ 
100-seed we igh t  i n  b o t h  c u l t i v a r s  and i n  c v .  H Y - 3 A  t he re  ws: a  ; ; g n + f t -  
cant  r e d u c t i o n  i n  seed number per  pod (Table 2 2 ) .  

The 50% and 100% d e f o l i a t i o n  t rea tments  d i d  n o t  have any : i edV  

e f f e c t  on t h e  percentage o f  n i t r o g e n  i n  t h e  stems, leaves o r  seed5 a t  
t he  t ime  o f  h a r v e s t  except  i n  t he  case o f  cv.  T-21 where the  n l t r s g e n  
percentage i n  t h e  seeds increased a f t e r  1002, d e f o l  i a t  i o n  (Table 2 2 5 ) .  

Discuss ion  

i n  a l l  f o u r  c u l t i v a r s ,  h a l f  o r  more than h a l f  o f  the leave: ~ o u l d  
be r e m v e d  th roughout  t h e  reproduct ;ve  phase w i t h  o n l y  a  s l i g h t  and 
s t a t i s t i c a l l y  i n s i g n i f i c a n t  e f f e c t  on y i e l d  and y i e l d  components. T h i s  

i n d i c a t e s  t h a t  l e a f  a rea was n o t  a  l i m i t i n g  f a c t o r  f o r  pod se t  and y l i ! d .  

The s i m p l e s t  i n t e r p r e t a t i o n  o f  these r e s u l t s  i s  t h a t  the photo- 
s y n t h e t i c  f u n c t i o n i n g  o f  t h e  leaves was l i m i t e d  by some o t h e r  f a c t o r ;  
removal o f  h a l f  t h e  leaves r e s u l t e d  ;n a  g r e a t e r  supply o f  t h i i  f a c t o r  



FIGURE 1 3 .  EFFECTS OF DIFFERENT DEGREES OF DEFOLIATION ON YIELD AND YIELD 
COMPONENTS OF CV T -21 .  LSDS (5%) ARE INDICATED BY BARS. 
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F I G U E  14 EFFECTS OF OIFFERENT DH;IILES OF M H X l A T K M l  ON YlRD A N D  
r l a o  COYP~NENTS OF cv ICP-i  CSOS(S\) ARE INUCATED 
BT BARS 



Table 22, Effect of 50% and 100% defoliation throughout the 
reproductive period on yield and yield components 

. of cvs. ICP-6997 and HY-3A. 

Y ie ld /  Pod Number/ Seeds/ 100-seed 
Treatments p l a n t  p l a n t  pod weight (9) 

(9) 

Cv. ICP-6997 

Contro l  

50% d e f o l i a t i o n  

100% d e f o l i a t i o n  

LSD ( 5 % )  

Cv. H Y - 3 A  

Con t r o  l 

50% d e f o l i a t i o n  

100% d e f o l i a t i o n  

LSD (5%) 



Table 22a. Effect of 50% and 100% defoliation throughout 
the reproductive phase on nitrogen percentage 
in different plant parts at the time of h a r v e s t  

Cul t i  var P lan t  
NITROGEN PERCENTAGE 

Contro l  50% 1 OOZ 
p a r t s  d e f o l i a t i o n  d e f o l i a t i o n  

T-2 1 Main stem 
Branches 
Leaves 
Seeds 

I CP- 1 Main stem 
Branches 
Leaves 
Seeds 

ICP-6997 Main stem 
Branches 
Leaves 
Seeds 

HY - 3A Main stem 
Branches 
Leaves 
Seeds 



t o  t he  remain ing  leaves and a  consequent increase i n  p h o t o s y n t h e t i c  
a c t i v i t y  which more o r  l ess  compensated f o r  t he  l o s s  o f  h a l f  o f  t h e  
l e a f - a r e a .  T h i s  f a c t o r  was p robab ly  n o t  l i g h t ,  f o r  two reasons. 
(a )  The LAls  were n o t  particularly h i g h .  A t  t h e  t ime  o f  f l o w e r ~ n g  the  
LAls  were as f o l l o w s :  T-21, 2.5;  I C P - 1 ,  3 . 1 ;  ICP-6997,2.4; HY-3A, 1 . 7 ;  
and t h e  LA ls  dec l  ined d u r i n g  t h e  r e p r o d u c t i v e  phase. Hence t h e r e  would 
have been l i t t l e  mutual shading and i t  u n l i k e l y  t h a t  t h e  p l a n t s  were 
s u f f e r i n g  f rom a  l i m i t a t i o n  o f  l i g h t .  (b)  The r e s u l t s  o b t a i n e d  t h i s  
year d i f f e r  f rom those o b t a i n e d  l a s t  year i n  s i m i l a r  exper iments ,  where 
d e f o l i a t i o n  t rea tmen ts  o f  even 33% brought  about more o r  l e s s  p ropo r -  
t i o n a l  r e d u c t i o n s  i n  y i e l d  (see PPR 197516 Sec t i on  1 1 . 1 ) .  

The d i f f e r e n c e s  between the  response t o  d e f o l  l a t  I on  r q  t he  two 
years  i n  cv .  T-21 can be seen i n  F ig .15 .  I t  i s  n o t i c e a b l e  t h a t  t h e  
y i e l d  l e v e l s  o f  t h e  c o n t r o l s  were h i g h e r  I n  1975 than i n  1976. 

I n  general  , t h e  o v e r a l  l y i e l d s ,  o f  pigeonpeas were c o n s i d e r a b l y  
lower i n  1976/7 than i n  1975/6. These d i f f e r e n c e s  most 1 i k e l y  seems t o  
have been a  consequence o f  t h e  d i f f e r e n t  amounts o f  water  a v a i l a b r e  t o  
t h e  p l a n t s .  I n  1975 t h e  monsoon ended unusua l l y  l a t e ,  hal f -way th rough 
t h e  r e p r o d u c t i v e  phase o f  t h e  medium c u l t i v a r s ;  whereas i n  1976 t h e  
monsoon ended u n u s u a l l y  e a r l y .  R a i n f a l l  da ta  f o r  t h e  two years  a r e  
shown rn Tab le  23.  

Table 23. Monthly rainfall at ICRISAT farm (Hyderabad) from 
May to December in 1975 and 1976 and the long- 
term average for 30 years at Hyderabad, 

RAlNFALL (mm) 

M o n t h  

May 
June 
J u l y  
August 
September 
October 
November 
December 

T o t a l  

Y E A R  

30 y e a r s  1 9 7 5  1 9 7 6  
a v e r a g e  



FIGURE 15. EFFECT OF DIFFERENT DEGREES OF DEFOLIATION 
ON THE YIELD PER PLANT OF CV T -21 IN THE 
KHARIF SEASONS OF 1975 AND 1976 



Hence t h e  f a c t o r  wh ich  was l i m i t i n g  t h e  p h o t o s y n t h e t ; ~  e f f e c t ~ v e -  
ness o f  t h e  leaves i n  t h i s  y e a r ' s  exper iments  was p robab ly  wa te r .  A l so  
I n  1974/5 we found t h a t  p l a n t s  which were p robab ly  under m o i s t u r e  s t r e s s  
( l o n g  d u r a t i o n  c u l t i v a r s  grown i n  t he  k h a r i f  season and s h o r t - d u r a t i o n  
c u l t i v a r s  grown i n  t h e  o f f - season  wh ich  were m a t u r i n g  i n  t h e  summer) 
showed no r e d u c t i o n  i n  y i e l d  a f t e r  50% d e f o l i a t i o n  th roughout  t h e  
r e p r o d u c t i v e  p e r i o d  (see PPR 1974/5 Chapter V and PPR 1975/6 s e c t i o n  
1 1 . 1 ,   isc cuss ion). 

A  p o s s i b l e  e x p l a n a t i o n  i s  as f o l l o w s :  when t h e  p l a n t s  a r e  under 
water  s t r e s s ,  t h e  stomata o f  t h e  leaves may c l o s e  around o r  b e f o r e  the  
m idd le  o f  t h e  day as a  r e s u l t  o f  f a i  l u r e  o f  t h e  wa te r - supp ly  t o  t h e  
leaves t o  keep pace w i t h  t r a n s p i r a t i o n .  As t h e  water  s t r e s s  increases,  
t h e  stomata may c l o s e  e a r l i e r  and e a r l i e r ,  r e s u l t i n g  i n  l e s s  and l e s s  
pho tosyn thes i s  b e i n g  c a r r i e d  o u t  per  day. Under such c o n d i t i o n s ,  t he  
removal o f  some o f  t h e  leaves i s  l i k e l y  t o  r e s u l t  i n  a  g r e a t e r  a v a i l a -  
b i l i t y  o f  wa te r  t o  t h e  rema in ing  leaves,  and hence t o  a  de lay  i n  t h e  
c l o s u r e  o f  t h e i r  s tomata and an i nc rease  i n  t he  amount o f  p h o t o s y n t h e t i c  
a s s i m i l a t i o n .  The e x t e n t  t o  wh ich  a  r e d u c t i o n  i n  l e a f  number per  p l a n t  
c o u l d  be compensated f o r  by increased pho tosyn thes i s  i n  t h e  remain ing  
leaves would be a  f u n c t i o n  o f  t h e  s e v e r i t y  o f  t he  m o i s t u r e  s t r e s s .  

I t  seems p r o b a b l e  t h a t  t h e  g r e a t e r  e f f e c t s  o f  67% and 75% de fo -  
l i a t i o n  i n  reduc ing  y i e l d  i n  cv .  ICP-1 ( F i g . 1 4 )  compared w i t h  cv .  T-21 
( F i g .  13) may have been because T-21 i s  an e a r l y - d u r a t i o n  c u l t i v a r  which 
matured sooner a f t e r  t he  end o f  t h e  monsoon and p robab ly  exper ienced 
l e s s  m o i s t u r e  s t r e s s  as a  consequence. 

The decreased 100-seed we igh t  i n  cvs .  ICP-1, ICP-6997 and HY-3A  
a f t e r  t o t a l  d e f o l i a t i o n  i n d i c a t e s  t h a t  s l i g h t l y  more pods were s e t  than 
t h e  p l a n t s  were capab le  o f  s u s t a i n i n g  t o  t h e  normal degree o f  deve lop-  
ment. However t h e  reve rse  seems t o  have been t r u e  o f  cv .  T-21 where 
t h e  100 seed we igh t  increased a f t e r  t o t a l  d e f o l  i a t i o n  ( ~ i g .  13) and 
t h e r e  was a l s o  an i nc rease  i n  t he  n i t r o g e n  percentage i n  t h e  seeds 
(Tab le  22a) .  T h i s  suggests t h a t  i n  c o n t r o l  p l a n t s  o f  cv .  T-21, 100- 
seed we igh t  may be reduced because s l i g h t l y  more pods a r e  s e t  than can 
be f u l l y  f i l l e d .  And indeed t h i s  i s  t h e  o n l y  c u l t i v a r  examined so f a r  
where t h e r e  was some i n d i c a t i o n  f rom t h e  r e l a t i v e  we igh ts  o f  e a r l i e r  
and l a t e r  formed pods t h a t  pod-se t  may n o t  be t h e  p r i m a r y  l i m i t a t i o n  
on y i e l d  (see S e c t i o n  1 1  1 .3 ) .  



EFFECTS OF TOTAL DEFOLIATION AT DIFFERENT STAGLS OF T11E 
REPRODUCTIVE PltASE 

T o t a l  d e f o l i a t i o n  o f  t h e  p l a n t s  f ro r r  t h C  t i r ~  o f  f lo\rrcr i11g 
onwards had a d r a s t i c  y i e l d - r e d u c i n g  e f f e c t ,  I ,~rc jc%ly t t ~ r a u o t i  ,I r e t l u c t i o r i  
i n  pod number p e r  p l a n t ,  b u t  i n  a l l  t h e  mediu~i i  d u r ~ t i o n  c u l t  ;v,lr.<, t t i c r e  
was a l s o  a  r e d u c t i o n  i n  100 seed w c i g t i t  ( F i i l .  1 4 ,  T;ll)lc, 2 2 ) .  

I n  c v .  I C P - 1  t h e  e f f e c t s  o f  s t a r t i n g  the tot,11 dcbfol ~ , l t  io r l  t r .c,>t-  
rnent 3 weeks and 5 w e e k  s f  t e r  t h e  beg i nn i rig o f  t hc  r - c ~ r  otluc t  I vt. pti,~br' 
were i n v e s t i g a t e d .  

The t r e a t m e n t  b e g i n n i n g  5 week5 a f  t c r  t IL)WL.I i r ~ o  I1ad o n l y  v c a l b  
5 1  i g h t  e f f e c t s  on y i e l d  and y i e l d  corlytoncnt., wt i icr i  i ? l s r c  i 5 t  ILJ I  l y  
i n s i g n i  f i c s n t  ( T a b l e  2 4 )  . T h i s  indicate.., th,lt the. Ic,)vec, r i ~ ~ d c  l I t  t l c  
c o r l t r i b u t i o n  t o  p o d - s e t t i n g  o r  p o d - f i l l i n q  3 t t t . l  1I11', ~ I I I I C , .  

When t h e  t o t a l  d e f o l  i a t  ; on  w a 5  beclun 3 i ~ e c k ~ ,  , ~ f  t c r  f lowc.r rlcl t t ) ~ .  

pod number pe r  p l a n t  was reduced  hy 36 corri l),~rctl \,I t l l  t l r t .  c o r l t r o l ,  1 ) ~ 1  

t h e  y ~ e l d  was reduced  by 47 .  . Thc r e , u l  t \  \ugclca\t tI1,1t Il1,lriy o f  tlic. ~ ) o d s ,  
were s e t  and t h a t  t h e i r  5eed number i.i,15 e \ t< l t , l  i \ h c t l  1)t.f01 c5 t t ~ c  clc.fol i t ) -  
t i o n  began,  b u t  t h a t  t hey  c o u l d  not  bc f i l l c t l  prol ]c8r l y  , ~ f  t c r  t lrc 
d e f o l  ~ a t ~ o n  t r e a t m e n t ;  hence t h e  100 5ccd i ~ c i c l t ' t  d r . ~ l t ~ ) c - t f  (T, l l , lc 214). 

Table 24. E f f e c t s  of 100rL d e f o l i a t i o n  ; i t  t h e  tirne o f  
flowering and 3 and 5 weeks a f t e r  flowering 
on y i e l d  and y i e l d  components of  c v .  I C P - 1 .  

Y i e l d /  Pod tiumber / Scc.ri\/  100 > c ~ c l  
T rea  trnen t s  

p l a n t ( g )  p l a n t  pod rrc i q  tl t ( 9 )  

C o n t r o l  2 8 . 4  135.2  2 5 0 . 3  
D e f o l  i a t  i o n  a t  f l o w e r i n g  6 . 3  3 7 . 3  2 . 2  7 . 3  
D e f o l i a t i o n  3 oeekt: l a t e r  15 .1  86.5  2 . 6  6 9 
D e f o l i a t i o n  5 weeks l a t e r  2 5 . 9  110 .8  2 . U  8 . 5  

LSD ( 5 0  3 68 25.91 0 . 3 3  0.44 



The d e c l i n e s  i n  t h e  100 seed we igh t s  a f t e r  these  d e f o l i a t i o n  
t r ea tmen ts  i n d i c a t e  t h a t  more pods were s e t  than t h e  p l a n t s  were 
capab le  o f  f i l l i n g  t o  t h e  normal e x t e n t .  By c o n t r a s t ,  i n  u n t r e a t e d  
p l a n t s ,  even l a t e - f o rmed  pods were f u l l y  f i l l e d  ( s e c t i o n s  1 1 1 . 3  & 
I v . 4 )  i n d i c a t i n g  t h a t  t h e i r  y i e l d  was p r i m a r i l y  l i m i t e d  by pod-se t  
r a t h e r  than  t h e  a b i l  i t y  o f  t h e  p l a n t s  t o  f i  1 1  t h e  pods. 



EFFECTS OF THE DEFOLIATION OF ALTEJUIATE BRANCHES 

I n  t h i s  t rea tment  a l t e r n a t e  branches and the  main stems o f  t he  
p l a n t s  were d e f o l i a t e d .  The t o t a l  l e a f  area would t h e r e f o r e  on average 
have been reduced by over  50%. I n  a l l  c u l t i v a r s ,  t h i s  t rea tment  r e s u l t e d  
i n  lower y i e l d s  than 50% d e f o l i a t i o n  by a l t e r n a t e  l e a f  removal (Tab le  25)  
b u t  t h e  d i f f e r e n c e s  were no t  s i g n i f i c a n t  a t  t he  5% l e v e l .  We have 
a l  ready suggested ( i n  Sect i o n  1 1 .4  above) t h a t  50% d e f o l  i a t  i on  had o n l y  
a  smal l  e f f e c t  on y i e l d  o r  y i e l d  components because the  remaining leaves 
rece i ved  a  l a r g e r  supp ly  o f  water  and were thus a b l e  t o  compensate photo- 
s y n t h e t i c a l l y  f o r  t h e  reduced l e a f  area.  The same reasoning would app ly  
whether t h e  leaves were removed f rom a l t e r n a t e  nodes o r  a l t e r n a t e  
branches. The tendency f o r  a l t e r n a t e  branch d e f o l i a t i o n  t o  g i v e  g r e a t e r  
y i e l d  r e d u c t i o n s  than a l t e r n a t e  node d e f o l i a t i o n  may be because the  
r e d u c t i o n  i n  I s a f  area was g r e a t e r ;  i t  might  a l s o  r e f l e c t  a  tendency f o r  
t r a n s l o c a t i o n  t o  occur l ess  r e a d i l y  between branches than w i t h i n  
branches. However we do no t  have data  on t h e  r e l a t i v e  p r o p o r t i o n  o f  t he  
t o t a l  y i e l d  which was borne on d e f o l i a t e d  and u n d e f o l i a t e d  branches. 
Las t  year we found t h a t  when a l t e r n a t e  nodes were d e f o l i a t e d  w i t h i n  
branches, pod s e t  occu r red  e q u a l l y  w e l l  a t  nodes w i t h  and w i t h o u t  leaves, 
i n d i c a t i n g  a  ve ry  e f f e c t i v e  t r a n s l o c a t i o n  f rom node t o  node w i t h i n  t he  
branches (see PPR 1975/6 S e c t i o n  I I .  I ) .  

Table 25. Effect of defoliation of alternate nodes and 
alternate branches throughout the reproductive 
phase on yield of pigeonpea cultivars. 

Cul t i v a r  Con t r o  1 D e f o l i a t i o n o f  D e f o l i a t i o n o f  LSD(S%) 
a l t e r n a t e  nodes a l t e r n a t e  

branches 



EFFECTS OF THE REMOVAL OF SENESCENT LEAVES 

The removal o f  senescent leaves throughout the reproduc t i ve  phase 
had no s i g n i f i c a n t  e f f e c t  on y i e l d ,  except i n  the case o f  Pusa age t i  
where the re  was a s l i g h t  reduc t ion  which was j u s t  s i g n i f i c a n t  a t  the 
5% l eve l  (Tab l e  26) . 

The weights o f  leaves removed per p l a n t  and the amounts o f  t r a n s l o -  
catable. n i t r o g e n  in them are shown i n  Table 27.The amount o f  n i t r ogen  removed 
i n  t h i s  way was small and could  have accounted f o r  on ly  3-13% o f  the 
n i t r ogen  i n  the g r a i n  o f  the p l an t s .  Therefore,  the  removal o f  senescent 
leaves would no t  have been expected t o  have much e f f e c t  on y i e l d  by 
reducing the amount o f  n i t r ogen  remobi l ized from the leaves t o  the gra in .  
The removal o f  h a l f  o r  more o f  the green leaves would have had a much 
g rea te r  e f f e c t  i n  reducing the amount o f  remob i l i zab le  n i t r ogen  i n  the 
p l a n t  bu t  a l s o  had l i t t l e  e f f e c t  on y i e l d  ( sec t i on  1 1 . 4 ) ,  suggesting 
t ha t  n i t r ogen  supply was no t  the  pr imary l i m i t i n g  f a c t o r  f o r  y i e l d .  

I n  cv.  ICP-1 the  c o n t r o l  and t rea ted  p l an t s  were analysed f o r  
n i t r ogen  a t  the t ime o f  harvest.. The removal o f  senescent leaves was 
found t o  have had l i t t l e  o r  no e f f e c t  on the percentage o f  n i t r ogen  
i n  the stems, remaining leaves o r  seeds* 

Senescent leaves a re  known t o  produce a number o f  hormones 
i nc l ud ing  aux in ,  absc i s i c  ac i d  and ethy lene.  I t  seemed poss ib le  tha t  
these might  move back i n t o  the p l an t s  and a f f e c t  t h e i r  development; 
hence senescent l e a f  removal might prevent these hormonal e f f e c t s .  
However we found l i t t l e  o r  no e f f e c t s  o f  t h i s  t reatment on y i e l d  or 
y i e l d  components, so the hormonal e f f e c t s  o f  senescent leaves do no t  
seem t o  have been important i n  t h i s  connect ion,  i f  indeed the senescent 
leaves had any hormonal e f f e c t s  upon the  p l an t s  a t  a l l .  



Table 26. Effect of the removal of senescent leaves through. 
out the reproductive phase on yield of pigeonpea 
cultivars. 

Y i e l d  ( g / p l a n t )  

C u l t  i v a r  C o n t r o l  Senescent leaves  L S D ( 5 X )  
removed 

Pusa a g e t i  17.1 

T-21 14.1 

ICP-1 28 .4  

l CP-6997 21.3 

HY-3A 13.1 

Table 27. Total weight of senescent leaves removed from 
plants of pigeonpea cultivars, percentage of nitro- 
gen in senescent and fallen leaves, the calculated 
amount of translocatable nitrogen in senescent. 
leaves and this amount of nitrogen removed 
expressed as a percentage of the amount of nitrogen 
in the grain of control plants. 

Weight o f  N% i n  N% i n  N i t rogen Amount. o f  
senescent  senescent  f a 1  l e n  removed i n  N removed 

C u l t i v a r  l e a v e s r e -  l eaves  l eaves senescent as % o f  N 
moved 1 eaves/ ~n g r a ~ n  
( g / p l a n t )  p l a n t  (mg) 

Pusa a g e t i  5.27 2,30 1.45k 4 5 8 .7  

T-21 3 .84  2.05 1 .45?( 2 3 4.9 

* Value assumed on  t h e  b a s i s  o f  mean n i t r o g e n  percen tage  i n  
f a l l e n  leaves  o f  o t h e r  c u l t i v a r s ,  



I1,8 

EFFECTS OF APICAL BUD REMOVAL 

Las t  year  we a t tempted t o  a1 t e r  t h e  balance between v e g e t a t l v e  
growth and r e p r o d u c t i v e  growth  d u r  Dng t h e  r e p r o d u c t i v e  phase o f  an I n -  
de te rm ina te  c u l t l v a r  by rernovlng t h e  apPcal buds o f  t h e  main stem and 
branches a t  t h e  tPme o f  flowering, ThPs t rea tmen t  reduced t h e  growth  
o f  t h e  t r e a t e d  branches bu t  had no s l g n l f l c a n t  e f f e c t  on y i e l d  o r  y i e l d  
components (see PPR 1975/6 Sec t l on  11.3). T h l s  yea r  a  s i m i l a r  e x p e r i -  
ment was c a r r i e d  o u t  w i t h  t h e  i nde te rm ina te  c u l t i v a r  T-21, The a p i c a l  
buds o f  t h e  main stems and branches were removed e l t h e r  a t  t h e  t ime  o f  
f l o w e r  bud i n i t i a t i o n  o r  a t  t h e  t fme t h a t  50% o f  t h e  p l a n t s  began t o  
f l o w e r .  N e i t h e r  t rea tmen t  had any s i g n i f i c a n t  e f f e c t  on y i e l d ,  ha rves t  
index,  o r  t o t a l  d r y  we igh t  a t  t h e  t lme  o f  ha rves t  (Tab le  289, I n  e a r l y  
c u l t i v a r s  such as T -21  o v e r  75% o f  t h e  t o t a l  stem welght  i s  added a f t e r  
f l o w e r  bud i n i t i a t i o n  and a  c o n s i d e r a b l e  number o f  new pr imary  and 
secondary branches a r e  produced (see PPR 197415 Tab le  3 1 ,  The l a c k  o f  
e f f e c t  o f  t h e  a p i c a l  bud removal t r ea tmen ts  on t h e  p a r t i t i o n i n g  o f  d r y  
m a t t e r  between v e g e t a t l v e  and r e p r o d u c t i v e  growth  can p robab ly  be 
e x p l a i n e d  i n  terms o f  a  compensatory increase ;n t h e  growth  o f  new 
branches wh ich  were formed d u r i n g  t h e  r e p r o d u c t i  ~e  phase, 

Table 28 .  Ef fec t  of a p i c a l  bud removal a t  the  time of 
flower bud initiation and a t  the  time of f lowering 
on harvest  index, y i e l d  and t o t a l  dry mat ter  
produced by cv.  T - 2 1  grown on r ed  s o i l ,  

Treatments Harves t  Y i e l d /  T o t a l  d r y  
lndex (2) p l a n t  (g) w t o / p l a n t  (g)  

Con t ro l  28,b l 4 , 6  5 1 , l  

aemoval o f  a p i c a l  mer i s tem 
a t  f l o w e r  bud i n i t i a t i o n  s tage 24,9 12,4 49.7 

Removal o f  apPcal mer is tem 
a t  50% f l o w e r i n g  s tage 25,2 14,6 5Br  9 

LSD (5%) 6 , l  (NS)  2 , 9 6 ( ~ S )  1 0 ~ 9 7 : ~ s )  



E F F E C T S  O F  S H A D I N G  THROUGHOUT T H E  R E P R O D U C T I V E  P H A S E  ON RABI 
3 P I G E O N P E A S  

Las t  year i t  was found t h a t  t h e  shading o f  chickpeas throughout  
t h e  r e p r o d u c t i v e  p e r i o d  r e s u l t e d  i n  delayed senescence and m a t u r l t y  o f  the  
p l a n t s .  W i th  50% shading,  t he  y i e l d  was s i g n i f i c a n t l y  h ighe r  than the  
unshaded c o n t r o l  (CPR 1975/6 Sec t i on  11.3) .  S i m i l a r  r e s u l t s  were ob ta ined  
aga in  t h i s  year (see CPR 1976/7). 

We c a r r i e d  o u t  a  s i m i l a r  shading t r i a l  w i t h  pigeonpeas grown i n  
t he  r a b i  season i n  o r d e r  t o  compare the  e f f e c t s  o f  shading on the  two 
c rops  when they  were bo th  grown under t h e  same c l i m a t i c  c o n d i t i o n s  and 
bo th  dependent e n t i r e l y  on r e s i d u a l  s o i l  mo is tu re .  

Met hods 

The t r i a l  was conducted i n  a  s p l i t - p l o t  des ign  (3 r e p l i c a t i o n s )  
w i t h  c u l t i v a r s  C-11, ICP-1 an3 NP(WR)-15 i n  t he  main p l o t s  and shading 
t rea tments  i n  sub -p lo t s .  These t rea tments  were: c o n t r o l  (no shade), 
50% shade ( w h i t e  c o t t o n  c l o t h  i n t e r c e p t i n g  50% pho tosyn the t i ca l  l y  a c t i v e  
r a d i a t i o n  (PAR) a t  noon) and 80% shade ( t h i c k  w h i t e  c o t t o n  c l o t h  i n t e r -  
c e p t i n g  80% PAR a t  noon).  The sub -p lo t  s i z e  was 3 x 4 m.  

The t r i a l  was sown on 20-10-76 wr  t h  spacing o f  40 x 10 cms and 
t h e  shades were f i x e d  h o r i z o n t a l l y  above the  p l o t s  (supported by a  
frame-work o f  h o r i z o n t a l  w i r e s  1 M above ground l e v e l  a t tached t o  
bamboo s takes)  when 50% o f  t h e  p l a n t s  had begun t o  f l o w e r .  These dates 
were: C-11, 9-1-77; ICP-1, 13-1-77;  NP(WR)-15,  25-1-77. U n f o r t u n a t e l y  
some o f  t h e  c l o t h  shades on ICP-1 and C - 1 1  were s t o l e n  on 17-1-77. A 
complete s e t  o f  t h e  remain ing  shades were p laced over  the  ICP-1 p l o t s  on 
18-1-77 and C-11 remained unshaded un t  i 1 25-1-77 when new shades were 
obta ined.  

Cvs, ICP-1 and C - 1 1  were harves ted on 15-3-77 and cv .  NP(WR)-15 
on 1-4-77.  

The shaded areas were open a t  t he  s ides  and the re  was a  f r e e  
c i r c u l a t i o n  o f  a i r  beneath t h e  shades. The day- t ime a i r  temperature 
and a l s o  t h e  minimum temperatures a t  n i g h t  i n  t he  shaded p l o t s  were the  
same o r  s l i g h t l y  h i g h e r  ( l o  - 2 '~ )  than i n  t he  unshaded c o n t r o l  p l o t s .  

Resu l t s  and d; scuss i o n  

The shading t rea tments  caused some de lay  i n  the  senescence o f  
t h e  leaves,  b u t  t h e  senescence-retard inq  e f f e c t s  o f  shading were f a r  



l e s s  spec tacu la r  than those observed w i t h  chickpeas.  

I n  a l l  c u l t i v a r s  t h e  80% shading t rea tmen t  l e d  t o  a  s u b s t a n t i a l  
and s i g n i f i c a n t  decrease i n  y i e l d  (Tab le  29) .  The 50% shading t rea tment  
a l s o  l e d  t o  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  mean y i e l d .  The r e d u c t i o n  
w i t h  bo th  shading t rea tments  was g r e a t e s t  i n  cv.  NP(WR)-15. The p l a n t s  
o f  t h i s  c u l t  i v a r  were t a l  l e r  than those o f  t h e  o t h e r  two and the  shoot 
t i p s  i n  some cases grew up a g a i n s t  t h e  shade, I t  i s  t h e r e f o r e  p o s s i b l e  
t h a t  t h e  g r e a t e r  r e d u c t i o n  i n  y i e l d  by shading w i t h  t h i s  c u l t i v a r  was 
owing i n  p a r t  t o  mechanical e f f e c t s .  However, when the  y i e l d  data  were 
analysed s t a t i s t i c a l  l y  e x c l u d i n g  t h i s  c u l t i v a r  t he  r e d u c t i o n  i n  y i e l d  
by 50% shading was s t i l l  s i g n i f i c a n t  a t  t h e  5% l e v e l  (Table 29).  

Table 29. Effects of shading throughout the reproductive 
period on yield of pigeonpeas grown in the rabi 
season. 

Y i e l d  (kg/ha) 

CULT l VAR Mean ( f o r  Mean f o r  
C-I1 ICP-1 NP(WR)-15 a l l  cvs.)  cvs .  C-11 

and .ICP-1 
o n l y  

Con t ro l  (No shade) 1198 1125 

50% Shade 1068 976 

808 Shade 732 680 

Mean - 
LSD (5%) 

For c u l t i v a r s  

For t rea tmen ts  (means o f  a l l  
cul t i v a r s  

For t rea tmen ts  (means o f  cvs .  
C - 1 1  and ICP-1 o n l y )  

For shading t rea tments  w i t h i n  
a  c u l t i v a r  

For comparison o f  means between 
groups 

C V  = 14.2% 



Both  shad ing t rea tmen ts  a l s o  l e d  t o  r e d u c t ! o n s  i n  t h e  t o t a l  d r y  
w e i g h t  o f  t h e  shoot  system (Tab le  30 ) .  The h a r v e s t  Index was no t  
s i g n i f i c a n t l y  a f f e c t e d  by 50% shading.  (The H. I .  was 30.85 i n  c o n t r o l s ,  
30.3% i n  50%-shaded p l a n t s )  b u t  was reduced by t h e  80% s h a d ~ n g  (HI  o f  
25.3% LSD (5%) = 1 .71 ) .  There was no s i g n i f i c a n t  e f f e c t  o f  t h e  s h a d ~ n g  
t r e a t m e n t s  on 100-seed we igh t  o r  seed number per pod. 

The most obv ious  and s t r a i g h t f o r w a r d  e x p l a n a t i o n  f o r  t h e  growth-  
and y i e l d - r e d u c i n g  e f f e c t s  o f  t h e  shades i s  i n  terms o f  reduced photo-  
s y n t h e s i s  ( p l u s  a  p o s s i b l e  mechanical  e f f e c t  o f  t h e  shades i n  t h e  case 
o f  cv .  N P ( W R )  - 15 ) .  The e f f e c t s  o f  t h e  50% shades may have been snlal l 
because t h e  h i g h  l e v e l s  o f  r a d i a t i o n  I n  t h e  r a b i  season ( o f t e n  1700- 
2 0 0 0 p  E i n s t e ~ n s  mm2 set.-' p h o t o s y n t h e t i c a l l y  a c t ~ v e  r a d ~ a t  i o n  a t  
noon) may be more than enough t o  s a t u r a t e  pho tosyn thes i s  th roughout  
t h e  canopy, and so a  50% r e d u c t ~ o n  may have r e l a t i v e l y  l i t t l e  e f f e c t  

On t h e  o t h e r  hand t h e  shad ing would have l e d  t o  l e s s  h e a t i n g  o f  
t h e  leaves,  and p r o b a b l y  a l s o  t o  l e s s  t r a n s p i r a t i o n  as a  consequence. 
I n  ch i ckpea  t h e  marked senescence-delaying e f f e c t s  o f  shading and t h e  
s l i g h t l y  s t i m u l a t o r y  e f f e c t s  o f  508 shad ing on g rowth  and y i e l d  may be 
e x p l i c a b l e  e i t h e r  i n  terms o f  a reduced m o i s t u r e  s t r e s s  owing t o  
reduced t r a n s p i r a t i o n ,  and/or  t o  a  r e d u c t i o n  i n  d i r e c t  h e a t - s t r e s s .  
Un less  ch ickpeas a r e  s u b j e c t  t o  much more m o i s t u r e - s t r e s s  than r a b i -  
grown pigeonneas,  t h e  d i f f e r e n c e  i n  response t o  s h a d ~ n g  between t h e  
two c r o p s  suggests a  d ~ f f e r e n t i a l  s e n s i t i v i t y  t o  h e a t .  

The c o n c l u s i o n  i s  suppor ted  by t h e  f a c t  t h a t  ch ickpeas a r e  
known t o  be s e n s i t i v e  t o  h a g h  tempera tures .  For example they cannot  
be grown s u c c e s s f u l 1 y ,  even under i r r i g a t i o n ,  d u r i n g  t h e  hot  season 
i n  I n d i a ;  bu t  p igeonpeas can grow under these c o n d i t i o n s  q u ~ t e  w e l l ,  
i n d t c a t i n g  t h a t  t hey  a r e  much more h e a t - t o l e r a n t  than ch ickpeas.  



Table 30. Effect of shading throughout the reproductive 
phase on total dry weight of the shoot system 
at harvest of pigeonpeas Erown in the rabi 
season. 

T o t a l  shoot  d r y  we igh t  -- (kg/ha) 

CULT l VAR 

C - 1 1  I C P -  1 NP (WR) - 15 Mean 

C o n t r o l  (NO shade) 3630 3 3 92 4089 3704 

50% shade 3142 2874 3449 3156 

80% shade 2483 2310 3170 2654 

Mean 3085 2859 3570 

LSD ( 5 % )  

Cul t i v a r s  : 1487 (NS) 

Shading t rea tmen ts  : 518 

Shading t rea tmen ts  w i t h i n  a c u l t i v a r  : 897 

Comparison o f  means between groups : 1378 

C V  = 15.9% 



CULTIVARAL DIFFERENCES I N  RESPONSE TO ROW SPACING 

I n  a  preliminary t r i a l  c a r r i e d  o u t  l a s t  year  we found t h a t  t h e r e  
was a  l a r g e  c u l t  i v a r a l  d i f f e r e n c e  i n  response t o  a  range o f  row spacings 

(see PPR 197516 S e c t i o n  1 1 1 , 5 ) ,  T h i s  year  we compared 9 m e d ~ u n ~  and 
l o n g - d u r a t p o n  c u l t i v a r s  grown i n  t h e  k h a r , f  season on b o t h  r e d  and 
b l a c k  s o ~ l s ,  The p l a n t i n g s  were made i n  rows wh ich  d i v e r g e d  f rom a  
c e n t r a l  p o i n t  ( ' f a n '  p l a n t ~ n g s ) .  We a l s o  compared 10 c u l t i b a r s  i n  ' f a n '  
p l a n t i n g s  i n  t h e  r a b i  season, 

Met hods 

Each ' f a n '  c o n s i s t e d  o f  s i x  rows 10 m l ong  wh ich  d ~ v e r g e d  f rom 
a  c e n t r a i  p o l n t  t o  2 row- to - roh  spac lng  a t  t he  p e r i p h e r y  o f  3 rn. W ~ t h -  
i n  t h e  rows t h e  p l a n t - t o - p l a n t  spac ing  was 30 crn (see F 1 g . 1 6 ) .  On 
b l a c k  s o i  1 t h e r e  were f o u r  r e p l  i c a t e  fans  o f  each c u l t  i v a r  and on r e d  
sor t h r e e  r e p l  i caces  i n  an RBD, The dates  o f  p l a n t i n g  were:  b l a c k  
s o v  1 ( F i e l d  8 5 ) :  8-7-76 and r e d  so ,  l ( f i e l d  R 1 )  6-7-76. 

A t  t h e  t l rne o f  h a r v e s t  t h e  border rows and the  l a s t  p l a n t s  I n  
each were d i sca rded .  The f a n  was d i v ~ d e d  i n t o  t e n  1 m s e c t o r s ;  
t h e  f r r s t  i m  s e c t o r  was d i s c a r d e d  and the  rema,n ing  s e c t o r s  were 
numbered 1-9 f rom t h e  c e n t r e  outwards (see F i g , 1 6 ) ,  The p l a n t s  were 
ha rves ted  s e c t o r w : s e  and p l a n t  numbers, stem we igh ts ,  y ;e id  and y ~ e l d  
comDonents were recorded.  

The c u l t i v a r s  used and t h e : r  da tes  o f  ha rves t  on b l a c k  and red  
s o . i s  were as f o l l o w s :  

DATE OF HARVEST 
- - 

CULTIVAR ON BLACK SmC-- ON RED Sol L. 



FIGURE 16. DESIGN OF FAN PLANTINGS ( KHARIF SEASON ) 

U ORDER 
It OW 



Because o f  water - logg ing  damage i n  red s o i l  f i e l d  R 1  two r e p l i c a t e s  o f  
cvs . I CP-6997 and HY -3A and one rep l i ca te  o f  HY -2 were bad 1 y damaged 
and had t o  be abandoned. The data  f o r  these c u l t i v a r s  a re  based on the  
remainiAg rep1 i c a t e s ,  

The diameters o f  t he  main stems o f  each p l a n t  i n  two rows o f  
each fan  were measured 10 cm above ground l e v e l  w i t h  v e r n i e r  c a l l i p e r s  
on 10-1 2-76 on b lack  so i  1 and 12-1 2-76 on red s o i l  . The mean stem 
diameter  w i t h i n  each sec tor  was c a l c u l a t e d  from these data .  

The e x t e n t  o f  canopy cover a t  a row spacing on 2.6 m was 
es t imated around noon on 29-11-76 i n  each fan  on b lack  s o i l  by s t r e t -  
ch ing  a  10 m tape around an a r c  9  m from the  cen t re  o f  the  fan ,  The 
t o t a l  l e n g t h  o f  t h e  tape which was shaded was recorded. 

2. Rabi P l a n t i n g s :  

The ' f a n s '  p lan ted  i n  t he  r a b i  season cons is ted  o f  6 d i ve rgen t  
rows 5 m long w i t h  a row-to-row spacing a t  the  pher iphery  o f  1 m.  
The p l a n t  t o  p l a n t  spacing w i t h i n  t he  rows was 10 cm. The seeds were 
sown on 20-10-76 i n  b lack  s o i l  ( f i e l d  85) and l ~ g h t l y  i r r i g a t e d  w i t h  
s p r i n k l e r s  t o  ensure good germinat ion .  Thereaf te r  no i r r i g a t i o n  was 
g i ven ,  The germinat ion  o f  cv.  HY-3A was poor owing t o  fungal  i n f e c t i o n  
o f  t he  seeds (a s i m i l a r  problem was encountered w i t h  l a rge  white-seeded 
chickpeas i n  t h e  same f i e l d )  and t h i s  c u l t i v a r  was resown. There were 
4 r e p l i c a t i o n s  and 10 c u l t i v a r s  were p lan ted  i n  a  randomized d e s ~ g n ,  

A t  the  t ime o f  harves t  the  procedure used was s i m i l a r  t o  t h a t  
o f  k h a r i f  ' f a n s ' ,  The fans were d i v i d e d  i n t o  50 cm sec tors ;  the  
c e n t r a l  sec to r ,  t h e  border rows and the  l a s t  p l a n t  'in each row was 
d iscarded.  P l a n t  number, stem weights ,  y i e l d  and y i e l d  components 
were recorded a t  t he  t ime o f  ha rves t .  

The c u l t i v a r s  used and t h e i r  dates o f  harves t  were as f o l l o w s :  

C u l t  i v a r s  

I CP-1 
C - 1 1  
AS 71-37 
PM- 1 
HY -3A 
I CP-7065 
l CP-7375 
G W - 3  
NP (WR) -1 5 
T-7 

Date o f  harves t  



Results 

1 ,  K h a r i f  p l an t i ngs  

(a) Growth: 

There were s t r i k i n g  d i f f e rences  between the c u l t i v a r s  i n  t h e i r  
response t o  row spacing: some branched and grew more as the  row spacing 
increased, producing a canopy which was almost c losed even a t  3 m row- 
to-row spacings; o thers ,  espec ia l  l y  cv. HY-3A, showed l i t t l e  o r  no 
e x t r a  growth a t  the wider row-spacings, Some i n d i c a t i o n  o f  the ex ten t  
t o  which the canopy developed a t  a wide row-spaci ng i s  prov ided by the 
data on 1 i g h t  i n t e r c e p t i o n  i n  Table 31. 

C u l t i v a r a l  d i f f e rences  i n  the ex ten t  t o  which more branches were 
produced on the  row spacing increased a re  shown i n  Fig,17, On both red 
and b lack  so i  1s cv ,  ICP-7375 branched most and HY-3A branched l e a s t ;  
cvs, I CP-7065, I C P - 1 ,  AS-71 -77 and BDN-1 responded t o  the e x t r a  space 
i n  the wider row-spacings by p rogress ive ly  more branching, bu t  the  
a b i l i t y  o f  cvs,  HY-2, ICP-6997 and NP(WR)-15 t o  respond i n  t h i s  way 
was l i m i t e d ,  

The main-stem diameter increased a t  the wider row spacings 
( ~ i g , l 8 )  i n  a manner s i m i l a r  t o  the branching, bu t  d i f f e rences  between 
c u l t i v a r s  i n  t h i s  charac te r  were less  pronounced, 

Table 31, Percentage of ground shaded by pigeonpeas grown 
in fan plantings in zone 8 (row-to-row spacing: 
2,6 m), Observations taken on 29th November 1976 
around noon, 

Cul t i v a r  Percent shade 

I CP-7065 
1 CP-7375 
BDN-1 
AS-71 -37 
I CP- 1 
NP (WR) - 15 
HY -2 
l CP-6997 
HY -3A 

LSD (5%) 
cv  (%> 



FIGURE 17. EFFECT OF SPACING ON BRANCHES/MAIN STW DRV WEIGHT wnos OF P I G ~ N P E A S  
GROWN ON RED AND BLACK SOlL ( M A R I F  1976-77 ) 
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FIGURE 18 . EFFECT OF ROW SPACING ON MAIN STEM DIAMETER OF PIGEONPEAS GROWN ON 
RED AND BLACK SOlL ( KHARIF 1976-77 ) 
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(b) Y i e l d :  

On bo th  b l ack  and red so i  1s most c u l t  i v a r s  responded t o  the 
wider  row spacing by producing p rog ress i ve l y  more y i e l d  per p l a n t  
(F i gs . ' 19  E 20 ) ,  However cvs. ttY-3A and ICP-6997 reached a  maxirnunl 
4-6 m f rom the  cen t re  o f  the  fan and t h e r e a f t e r  the y i e l d  d i d  no t  
increase. 

When the  g r a i n  y i e l d s  were ca l cu l a ted  on the bas is  o f  y i e l d  per 
u n i t  area s t r i k i n g  d i f fe rences  between b lack  and red s o i l s  cou ld  be 
seen (F i gs ,  21 & 22) .  On red s o i l  the y i e l d  per u n i t  area o f  a l l  
c u l t i v a r s  f e l l  o f f  a t  the  wider  row spacings, though i n  some more 
s teep l y  than o the rs .  By c o n t r a s t  on b lack  s o i l  the  y i e l d  per u n i t  
area remained more o r  less  constant  o r  even increased a t  the wider  
row spacings i n  cvs.  ICP-7375,  NP(WR) -15, ICP-7065 and ICP-1. There 
was a  tendency f o r  the y i e l d  t o  d e c l i n e  a t  the wider spacings i n  
cvs. AS-71-37, BDIJ-1, HY-2 and ICP-6997 and there  was a  d e f i n i t e  and 
p rogress ive  d e c l i n e  i n  cv.  HY-;A. 

Al though the  y i e l d s  per u n i t  area a t  the wider row spacings 
were g e n e r a l l y  lower on red so i  1 than on b lack ,  the reverse was t r u e  
o f  t h e  c l ose  row spacings. A t  these c l o s e r  spacings the t o t a l  d ry  
weight  produced per  p l a n t  was a l s o  g rea te r  on red s o i l  than on b l ack .  

( c )  Harvest index: - 
On b lack  s o i l  the re  was a  general  tendency f o r  the harvest  index 

t o  r i s e  as the  row spacing increased ( ~ i ~ . 2 3 ) ;  indeed i n  some c u l t i v a r s  
VJP(WR) -15, ICP-7375, HY-2, ICP-1) i t  approx imate ly  doubled. The excep- 
t i o n s  were cvs.  H Y - 3 A  and ICP-6997 where the harvest  index d i d  no t  
increase a f t e r  sec to r  5.  

On red s o i l  i n  a l l  c u l t i v a r s  (except ICP-7065) the harvest  
i nd i ces  a t  t h e  c l o s e r  row-spacings were h igher  than on b lack  so i  l 
( ~ i g . 2 3 ) .  Only i n  a  few c u l t i v a r s  (e.g. ICP-7065, ICP-1) d i d  the 
harves t  index show a  c l e a r l y  de f ined  tendency t o  increase a t  the wider 
spacings; i n  the  o the rs  i t  increased o n l y  s l i g h t l y  o r  remained more o: 
l e ss  cons tan t ,  

(d )  Components o f  y i e l d :  

I n  most c u l t i v a r s  t he re  was l i t t l e  o r  no e f f e c t  o f  row spacing 
on e i t h e r  red o r  b l a c k  so i  1 on seed number per pod (F i g .24 ) ,  I n  cv .  
HY -3A on b l a c k  so i  1 seed number per pod was depressed a t  the c l ose r  
spacings, and t he re  was a  s im i  l a r  tendency, though less  pronounced i n  
C V S .  CIY-2 and ICP-6997. S i m i l a r l y  i n  most c u l t i v a r s  100-seed weight 
was n o t  a f f e c t e d  by spacing (Fig.25) bu t  again  i n  cv,  HY-3A on b lack  



FIGURE 19. EFFECT OF ROW SPACING ON GRAIN YIELD PER PLANT OF PIGEONPEA CULTIVARS 
GROWN IN BLACK SOIL ( KMARIF 1976-77 ) 
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FIGURE 20. EFFECT OF ROW SPACING ON GRAIN YIELD PER PLANT OF PIGEONPEA CULTIVARS 
GROWN I N  RED SOIL ( KHARIF 1976-77 ) 
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FIGURE 21. EFFECT OF ROW SPACING ON GRAIN YIELD PER UNIT AREA OF PIGEONPEA 
CULTIVARS GROWN ON BLACK SOIL ( KHARIF 1976-77 ) 
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FIGURE 22. EFFECT OF ROW SPACING ON GRAIN YIELD PER UNIT A R A  OF PIGEONPEA 
CULTIVARS GROWN ON RED SOIL ( KHARIF 1976 -77 ) 
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FIG. 23 EFFECT OF ROW SPACING ON HARVEST INDEX OF PIGEONPEA 
CULTIVARS GROWN IN RED AND BLACK SOILS (KHARIF 1976-77) 
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FIGURE 2 4 .  EFFECT OF ROW SPACING ON SEED NUMBER PER POD OF PIGEONPEA CULTIVARS 
GROWN I N  RED AND BLACK SOlL (KHARIF 1976-77) 
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FIGURE 25. EFFECT OF ROW SPACING ON 100 SEED WEIGHT OF PIGEONPEA CULTIVARS 
GROWN I N  RED AND BLACK SOlL ( KHARIF 1976-77 ) 
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s o i l  t h e  100-seed w e i g h t  was lower a t  t h e  c l o s e r  spac ings .  The compo- 
n e n t  o f  y i e l d  wh ich  accounted f o r  a lmost  a l l  t h e  y i e l d  d i f f e r e n c e s  a t  
t h e  d i f f e r e n t  spac ings  was pod number per  p l a n t .  

I 

2,  Rabi p l a n t i n g s  

(a)  Growth:  

The c u l t i v a r s  d i f f e r e d  i n  t h e  e x t e n t  t o  wh ich  they  were a b l e  t o  
f i l l  up t h e  space a t  t h e  w i d e r  spac ings .  T h i s  i s  r e f l e c t e d  i n  t h e  
c u l t  i v a r a l  d i f f e r e n c e s  i n  b ranch ing  ( F i g  .26) ; t h e r e  was most b ranch ing  
i n  c v .  ICP-7375 and l e a s t  i n  c v .  HY-3A, 

(b) Y i e l d :  

I n  a l l  c ~ l t i v a r s  except  c v .  HY-3A the  y i e l d  pe r  p l a n t  increased 
p r o g r e s s i v e l y  a t  t h e  w i d e r  row-spac ings ;  i n  HY-3A i t  reached a p l a t e a u  
a t  s e c t o r  5 ( F i g , 2 7 ) .  The y i e l d  pe r  u n i t  a rea consequent ly  f e l l  f rom 
s e c t o r  5  onwards i n  t h i s  c u l  t i v a r  ( ~ i ~ . 2 8 ) .  The o t h e r  c u l  t i v a r s  tended 
t o  have h i g h e s t  y i e l d s  pe r  u n i t  a rea a t  t h e  lowest  and h i g h e s t  row 
spac ings ,  p r o b a b l y  as a  consequence o f  bo rde r  e f f e c t s .  Otherwise  t h e r e  
was a  s l i g h t  d e c l i n e  o r  l i t t l e  o r  no change i n  t h e  y i e l d  per  u n i t  a rea 
o v e r  t h e  range o f  spac ings  s t u d i e d  ( ~ i ~ . 2 8 ) .  

(c )  H a r v e s t  i ndex :  

There  was l i t t l e  e f f e c t  o f  row spac ing  on h a r v e s t  index  a l t h o u g h  
i n  some c u l t i v a r s  (e.g.  T-7,  l l ~ (WR) -15 ,  C - 1 1  HY-3A) t h e r e  was a  
tendency f o r  HI t o  i nc rease  a t  w ide r  spacings ( ~ i g . 2 6 ) .  On t h e  whole 
t h e  h a r v e s t  i n d i c e s  were h i g h e r  than those i n  t he  k h a r i f  season: f o r  
example t h a t  o f  r a b i  ICP-1 was around 35% whereas i n  t h e  k h a r i f  t h e  
maximum HI was 28% ( F i g . 2 3 ) .  

As i n  t h e  k h a r i f  season, t h e r e  was l i t t l e  o r  no e f f e c t  o f  row- 
s p a c i n g  on seed number p e r  pod o r  hundred seed we igh t  ( ~ i ~ , 2 9 ) .  The 
d i f f e r e n c e s  i n  y i e l d  a t  d i f f e r e n t  row spacings were accounted f o r  by 
d i f f e r e n c e s  i n  pod number pe r  p l a n t .  

As i s  g e n e r a l l y  t h e  case, t h e  100 seed we igh ts  o f  c u l t i v a r s  
grown i n  t h e  r a b i  season were lower than those o f  t h e  same c u l t i v a r s  
grown i n  t h e  k h a r i f  (compare F i g s ,  29 & 2 5 ) .  











Discuss ion  

The constancy  o f  seed number pe r  pod and hundred seed we igh t  
ove r  a  wide range o f  spacings i n d i c a t e s  t h a t  these c h a r a c t e r s  can be 
s e l e c t e d  f o r  r e l i a b l y  a t  any spac ing  except  i n  t h e  case o f  large-seeded 
c u l t i v a r s  c o n t a i n i n g  a  h i g h e r  number o f  seeds pe r  pod, such as cv.HY-3A. 
However even i n  t h i s  case, a l t h o u g h  t h e  100-seed we igh t  d e c l i n e d  i n  t h e  
c l o s e r  spacings on b l a c k  s o i l  ( ~ i g .  25) i t  s t i l l  remained h i g h e r  than 
those o f  t h e  o t h e r  c u l t i v a r s .  

On t h e  o t h e r  hand i n  t h e  k h a r i f  season t h e  ha rves t  index  i s  
a f f e c t e d  by spac ing  t o  d i f f e r e n t  e x t e n t s  i n  d i f f e r e n t  c u l t i v a r s ,  so 
measurements o f  HI  under a  g i v e n  s e t  o f  c o n d i t i o n s  may n o t  g i v e  a r e -  
l i a b l e  i n d i c a t i o n  o f  HI  under o t h e r  c o n d i t i o n s .  HI  a l s o  changes f rom 
season t o  season (compare F i g .  23 & 26) .  Fur thermore,  l a s t  year we 
found t h a t  i t  was h i g h e r  i n  i n te rc ropped  than i n  sole-cropped pigeonpeas 
(see PPR 1975/6 Sect i o n  1 . 4 )  . 

I n  b o t h  t h e  k h a r i f  and r a b i  seasons, c u l t i v a r s  wh ich  branched 
most a t  t h e  w ide  row spacings a l s o  tended t o  branch most a t  t h e  c l o s e r  
spac ings ;  t h i s  was p a r t i c u l a r l y  s t r i k i n g  i n  t h e  case o f  cv .  ICP-7375. 
Conversely c v .  HY-3A a t  a l l  spacings branched l e a s t .  

The p l a n t  p o p u l a t i o n  i n  Sector  2 o f  t h e  k h a r i f - p l a n t e d  fans  was 
app rox ima te l y  e q u i v a l e n t  t o  t he  p o p u l a t i o n  n o r m a l l y  used i n  y i e l d  
t r i a l s  o f  medium-durat ion pigeonpeas (75 x  30 cm spac ings ) .  On t h e  r e d  
s o i l  t h i s  spac ing  was c l o s e  t o  t h e  optimum f o r  y i e l d  pe r  u n i t  area 
( ~ i ~ .  22 ) ;  on b l a c k  s o i l  most c u l t i v a r s  showed a  remarkable p l a s t i c i t y  
I n  response t o  spac ing  and y i e l d e d  app rox ima te l y  t h e  same ove r  t h e  
range o f  p o p u l a t i o n s  f rom 7.3 t o  1 . 1  p lan ts /m2 represented by s e c t o r s  
1-9 o f  t h e  fans  ( ~ i g . 2 1 ) .  The g r e a t e r  p l a s t i c i t y  e x h i b i t e d  on t h e  
b l a c k  s o i l  was p robab ly  because more water  Nas s t o r e d  i n  t h e  s o i l  
e n a b l i n g  more g rowth  t o  t a k e  p l a c e  d u r i n g  t h e  post-monsoon p e r i o d .  On 
t h e  o t h e r  hand t h e  h ighe r  y i e l d s  a t  t h e  c l o s e  spacings i n  t h e  red  s o i l  
than on t h e  b l a c k  may be a  consequence o f  b e t t e r  g rowth  o f  t h e  p l a n t s  
on t h e  red  s o i  1 than on t h e  b l a c k  dur lng  t h e  monsoon season i t s e l f ,  
p robab ly  because o f  t h e  b e t t e r  d ra inage  and a e r a t i o n  o f  t h e  s o i l .  

The s t r i k i n g  c u l t i v a r a l  d i f f e r e n c e s  i n  response t o  row spac ing  
mean t h a t  s e l e c t i o n  f o r  per formance a t  w ide  row spacings cannot  be 
c a r r i e d  o u t  r e l i a b l y  a t  t h e  75  cm row spac ing  n o r m a l l y  employed i n  
y i e l d  t r i a l s .  I n  i n t e r - c r o p p i n g  systems employed by fa rmers ,  spacings 
o f  3 m  o r  more between pigeonpea rows a,-e common. Our r e s u l t s  i n d i c a t e  
t h a t  a  c u l t i v a r ,  such as HY-3A, wh ich  forms few branches and has an 
e r e c t  h a b i t  per fo rms p o o r l y  a t  wide row-spacings and i s  t h e r e f o r e  
u n l i k e l y  t o  do as w e l l  i n  an i n t e r - c r o p p i n g  s i t u a t i o n  as t h e  more branch- 
ing ,  spread ing c u l t i v a r s ,  However, we do n o t  y e t  have any ev idence 
t h a t  t h e  per formance o f  w ide ly -spaced pigeonpeas grown as a s o l e  c r o p  i s  
c o r r e l a t e d  w i t h  t h e i r  per formance when grown a t  w ide  spacings i n  an 
i n t e r c r o p ,  a l t h o u g h  t h i s  seems l i k e l y .  



CULTIVARAL DIFFERENCES IN THE EFFECTS OF DEFOLIATION AT 
DIFFERENT STAGES OF GROWTH 

Las t  year we found t h a t  t he  inc idence o f  t he  w i l t  d isease was 
g r e a t l y  increased by d e f o l i a t i o n  d u r i n g  the  rep roduc t i ve  phase on bo th  
b l a c k  and red  s o i l s  (see PPR 1975/6 Sec t i on  v ) .  The occurrence o f  t h i s  
w i l t i n g  i n  f i e l d s  which had no t  been i nocu la ted  w i t h  Fusarim suggested 
t h a t  t h e  pathogen was w ide l y  d i s t r i b u t e d  and t h a t  t he  s u s c e p t i b i l i t y  o f  
t he  p l a n t s  depended t o  a  l a r g e  e x t e n t  on t h e i r  p h y s i o l o g i c a l  s t a t e .  

I n  o rde r  t o  i n v e s t i g a t e  t h i s  phenomenon i n  more d e t a i l  we c a r r i e d  
o u t  a  t r i a l  i n  which p l a n t s  o f  6 c u l t i v a r s  were d e f o l i a t e d  a t  d i f f e r e n t  
s tages o f  growth.  An a d d i t i o n a l  o b j e c t i v e  i n  t h i s  experiment was t o  
i n v e s t i g a t e  c u l t i v a r a l  d i f f e r e n c e s  i n  response t o  d e f o l i a t i o n  t rea tments :  
these c o u l d  revea l  c u l t i v a r a l  d i f f e r e n c e s  i n  t he  a b i l i t y  t o  recover f rom 
severe s t resses  a t  d i f f e r e n t  stages o f  growth.  

Met hods 

The c u l t i v a r s  used i n  t h i s  t r i a l  were BDN-1, ICP-1, H Y - 3 C ,  ICP-6997, 
C-I1 and No.148. The t r i a l  was l a i d  ou t  as a  s p l i t  p l o t  design ( 3  r e p l i -  
ca tes )  w i t h  c u l t i v a r s  i n  t he  main p l o t s  and d e f o l i a t i o n  t rea tments  i n  sub- 
p l o t s .  The subp lo t  s i z e  was 10 x  6  m. The t r i a l  was sown i n  red  s o i l  
( f i e l d  ~ 1 )  on 5-7-76. There were s i x  d e f o l i a t i o n  t rea tments ,  as below: 

1. Cont ro l  (no d e f o l i a t i o n )  
2. Con t ro l  (no d e f o l i a t i o n )  
3.  T o t a l  d e f o l i a t i o n  d u r i n g  mid vege ta t i ve  phase 

( c a r r i e d  o u t  on 13-8-76) 
4. T o t a l  d e f o l i a t i o n  a t  l a t e  v e g e t a t i v e  stage 

( ca r  r i ed o u t  f rom 24/29-9-76) 
5 .  T o t a l  d e f o l i a t i o n  d u r i n g  e a r l y  rep roduc t i ve  phase ( c a r r i e d  o u t  

f o r  cv. No.148 from 10/14-10-76, f o r  cv.  BDN-1 from 17/20-10-76; 
f o r  cvs.  I CP-1 , C-1 1 and I CP-6997 from 23/27-10-76 and f o r  
cv .  HY-3C f rom 13/15-11-76). 

6.  T o t a l  d e f o l i a t i o n  p l u s  removal o f  a l l  f l owers  and pods d u r i n g  
e a r l y  r e p r o d u c t i v e  phase (dates o f  t reatments as I n  (5) above). 

T o t a l  d r y  m a t t e r  i n  t h e  shoot system, y i e l d  and y i e l d  components 
were recorded a t  t h e  t ime o f  ha rves t .  
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Resu l t s  and d i s c u s s i o n  

i .  Diseases: 

T h i s  t r i a l  was beset by a  number o f  problems. F i r s t l y  t h e r e  was 
cons ide rab le  s e e d l i n g  m o r t a l i t y  owing t o  ScZerotium a t t a c k .  A  h i g h  
inoculum o f  t h e  fungus was p resen t  i n  t h e  s o i l  on sorghum s t raw  which 
had been ploughed i n  a t  t h e  end o f  t h e  p rev ious  season. Reseeding was 
c a r r i e d  o u t ,  b u t  t h e  stands were uneven. 

Secondly t h e  f i e l d  was p o o r l y  d ra ined  and t h e  d r a i n s  f rom h i g h e r -  
l y i n g  f i e l d s  were n o t  w e l l  c o n s t r u c t e d .  As a  consequence when t h e r e  were 
heavy storms i n  August p a r t  o f  t h e  f i e l d  was bad ly  water logged and t h e  
water  f rom t h e  o v e r f l o w i n g  f i e l d  d r a i n s  swept away a lmost  a l l  t h e  p l a n t s  
f rom a  number o f  p l o t s .  As a  r e s u l t  most o f  t h e  p l o t s  i n  one o f  t h e  
r e p l  i c a t  ions (Rep. l I )  were bad ly  damaged and t h e  whole r e p l  i c a t i o n  had t o  
be abandoned. T h i r d l y  i n  l a t e  August and e a r l y  September t h e r e  was a  
severe a t t a c k  o f  a  d isease wh ich  caused r o t t i n g  o f  t h e  stems i n  da rk -  
co lou red  patches,  and r e s u l t e d  i n  t h e  c o l l a p s e  and death  o f  t h e  p l a n t s .  
T h i s  was i d e n t i f i e d  by t h e  Pu lse  Patho logy  S e c t i o n  as Ph9tophthora b l i g h t .  
T h i s  d i sease  k i l l e d  many p l a n t s  o f  cvs .  HY-3C and ICP-6997, b u t  cvs .  
No.148, ICP-1 andBDi l -1 were r e l a t i v e l y u n a f f e c t e d .  The r e l a t i v e  
i nc idence  o f  t h e  d isease i s  i n d i c a t e d  by t h e  percentages o f  dead p l a n t s  
(scored on 7-9-76) i n  t h e  two r e p l  i c a t e s  which were no t  damaged by wa te r -  
l o g g i n g  (Tab le  32) .  A f t e r  these counts  were taken,  t h e  d:sease con t i nued  
t o  deve lop  and k i  1 l e d  over  h a l f  t h e  p l a n t s  o f  cvs  HY-3A and 6997. 

I n t e r e s t i n g l y  i n  cv .  HY-3C and t o  some e x t e n t  i n  c v . l c p - 6 g g 7  
t h e  p l a n t s  wh ich  had been d e f o l i a t e d  i n  mid-August s u f f e r e d  much l e s s  
f rom t h e  d i sease  than t h e  p l a n t s  i n  t h e  o t h e r  sub -p lo t s .  For  example 
t h e  percentages o f  p l a n t s  k i l l e d  by 7.9.76 i n  t h e  n o n - d e f o l i a t e d  p l o t s  
o f  c v .  HY-3C was 18.9% whereas o n l y  0.6% o f  t h e  d e f o l i a t e d  p l a n t s  had 
d i e d .  By t h e  t ime  o f  ha rves t  t h e  percentage o f  p l a n t s  wh ich  had d i e d  
was 20.0% i n  t h e  p l o t s  wh ich  had been d e f o l i a t e d  i n  mid-August, b u t  i n  
t h e  o t h e r  p l o t s  64.8% o f  t h e  p l a n t s  had d i e d .  T h i s  c o u l d  be e i t h e r  
because t h e  reduced canopy-cover i n  t h e  d e f o l i a t e d  p l a n t s  somehow 
p h y s i c a l l y  a f f e c t e d  t h e  t r a n s m i s s i o n  o f  t h e  d isease;  a l t e r n a t i v e l y  i t  
i s  p o s s i b l e  t h a t  t h e  d e f o l i a t e d  p l a n t s  h e r e  l e s s  s u s c e p t i b l e  t o  i n f e c t i o n  
because o f  t h e i r  p h y s i o l o g i c a l  s t a t e  (eg. l e s s  s t a r c h  rese rves ) .  

P l a n t s  which had d i e d  as a  r e s u l t  o f  wa te r l ogg ing ,  b l i g h t  o r  f o r  
any o t h e r  reason were removed f rom t h e  p l o t s  a t  t h e  t ime  f l o w e r i n g  began. 
The p l a n t s  which d i e d  between t h i s  t ime  and t h e  t ime  o f  h a r v e s t  c o u l d  be 
i d e n t i f i e d  e a s i l y .  The cause o f  dea th  d u r i n g  t h i s  p e r i o d  was assumed 
t o  be pigeonpea w i l t ,  and t h i s  was con f i rmed  i n  randomly sampled p l a n t s  
by l o o k i n g  f o r  t h e  c h a r a c t e r i s t i c  da rk  s t r e a k s  i n  t h e  wood a t  t h e  base 
o f  t h e  stem. 



Table 32. Percentage of dead plants in plots of pigeonpea 
cultivars on 7-9-76. The figures shown are means 
from counts made on replicates I and 111, each of 
which contained about 1300 plants. 

Cul t i v a r  
Dead p l a n t s  as percentage o f  t o t a l  

R e p l i c a t i o n  I Rep1 i c a t i o n  I I I 

No. 148 

BDN- 1  

I CP-1 

C-11 

I CP-6997 

H Y - 3 C  



I n  the p l o t s  o f  cvs. BDN-1 and C-11 no w i l t e d  p l a n t s  were found. 
I n  the o ther  c u l t i v a r s  the  o v e r a l l  percentage o f  dead p l a n t s  was highest 
i n  cv.  No.148 and lowest i n  ICP-1  a able 3 3 ) .  

The r e l a t i v e l y  low o v e r a l l  inc idence o f  w i l t  i n  the experiment 
may have been because there  was a low l eve l  o f  inoculum o f  the pathogen 
i n  the s o i l .  140 i n o c u l a t i o n  o f  the  s o i l  was c a r r i e d  ou t  be fo re  t h r s  
exper~ment  and pigeonpeas had no t  been grown i n  t h i s  f i e l d  the prev ious 
y e a r .  The low inc idence o f  the  disease makes i n t e r p r e t a t i o n  o f  the 
vesults uncer ta in ,  bu t  i n  general  they i n d i c a t e  t h a t  cvs. BDN-1 and C-11 
were no t  suscep t i b l e  t o  w i  1 t even a f t e r  de fo l  i a t i o n  a t  any stage o f  
gtowth,  whereas the incidence o f  w i l t  i n  cvs. ICP-6997 and H Y - 3 C  d i d  
appear t o  be r e l a t e d  the  phys io l og i ca l  s t a t e  o f  the p l a n t s  as in f luenced 
by d e f o l i a t i o n  t reatments (Table 33) .  A s i m i l a r  tendency was present  
rn cv ,  ICP-1. I n  cv.  No.148 t he  inc idence o f  the disease was r e l a t i v e l y  
hkgh i n  the c o n t r o l s  as w e l l  as i n  p l a n t s  d e f o l i a t e d  from September 
onwards. But o n l y  i n  cvs,  ICP-6997 and HY-3C were the  d i f f e rences  
between treatments s u f f i c i e n t l y  l a rge  t o  suggest any cons i s t en t  e f f e c t :  
r n ! CP-6997 the  h ighes t  percentage o f  w i  1 t occurred i n  p l a n t s  de fo l  i a -  
ted du r i ng  l a t e  September; i n  cv.  HY-3C i n  those de fo l  i a t e d  when 
f l owe r i ng  began. I n  t he  l a t t e r  c u l t i v a r  the inc idence o f  ~ f l t  was 
ress when the  p l a n t s  were def lowered as we1 1 as de fo l  i a t e d  a t  the  
beg a ln lng o f  the  reproduc t i ve  phase. 

Table 33.  Percentage of  wi l ted  p lants  a t  the time of 
harvest  i n  p lants  defo l ia ted  a t  d i f f e r e n t  
s tages of  growth. 

Defol  ! a t  ion t reatment 
C U L T I V A R  

ICP-1 No. 148 I CP-6997 H Y - 3 C  Mean 

Contro l  0.7 5.1 0 O 1 4  

I n  msd-August 0 0  0  0 0 

l a t e  September 2.0 5.7 12.0 0 4 9 

A t  f lower i ng 1,4 7.3 4.9 15.2 7,2 

A t  f lower  i ng+f lower rernova 1 0.5 7.4 4 6 6 ,2  4 ,7  

Oveya 1 i percentage i n  a1 l 0 - 9  5.2 2 -  7 2.8 
t reatments  



These r e s u l t s  w i t h  cv. HY-3C  are  i n  agreement w i t h  our observa- 
tion; l a s t  year (see PPR 197516 Sect ion V )  t ha t  d e f o l i a t i o n  dur ing 
the reproduct ive phase led t o  an increased incidence o f  the w i l t  
disease, probably as a consequent o f  the reduct ion i n  the supply o f  
ass im i la tes  o r  s ta rch  reserves a v a i l a b l e  i n  the roo ts .  The d e f o l i a t i o n  
+ def lower i ng treatment wou 1 d  have reduced the demand from deve 1 op i ng 
pods i n  the per iod  f o l  lowing the de fo l  i a t i o n  and may there fo re  not have 
reduced the a v a i l a b i l i t y  o f  ass im i la tes  i n  the roo ts  as much, and so 
the development o f  the w i l t pathogen may have been reduced compared 
w i t h  the de fo l  i a t  ion treatment alone. 

The September d e f o l i a t i o n  may have resu l t ed  i n  lower s ta rch  
reserves a t  the t ime o f  f l ower ing  began a month l a t e r  i n  cv. ICP-6997 
and hence t o  a  higher incidence o f  w i l t  when compet i t ion from the pods 
depleted the a l ready low reserves o f  carbohydrate. The lack o f  e f f e c t  
o f  t h i s  t reatment on cv. HY-3A may be because f lower ing  i n  t h i s  
c u l t  i va r  began three weeks l a t e r  than i n  cv. ICP-6997 and there fo re  the 
p l an t s  may have had longer t o  recover from the e f f e c t s  o f  the 
d e f o l i a t i o n .  

i i .  Y ie l d :  

I n  t h i s  t r i a l  the mean y i e l d s  o f  a l l  c u l t i v a r s  were low, and 
espec ia l l y  i n  the c u l t i v a r s  which su f fe red  most from water logging and 
Phytophthora b l  i g h t  (cvs. ICP-6997 and HY-3C) the ybelds per u n i t  area 
were reduced because o f  the poor p l a n t  stands (Table 3 4 ) .  For t h i s  
reason the y i e l d s  shown i n  Tab!e 34  f o r  the treatment e f f e c t s  a re  
expressed on per p l a n t  basis.  

Both de fo l  i a t i o n  treatments dur ing  the vegetative phase reduced man 
y i e l d  s i g n i f i c a n t l y  compared w i t h  con t ro l s  but  d i d  no t  d i f f e r  s i g n i -  
f i c a n t l y  from each o the r .  Wi th in  the i nd i v i dua l  c u l t i v a r s  e i t h e r  one 
o r  both o f  these d e f o l i a t i o n s  had a significant y ie ld - reduc ing  e f f e c t  
i n  cvs. C-11, ICP-6997 and H Y - 3 C .  The e f f e c t s  i n  cvs. ~ 0 . 1 4 8 ,  B D N - I  
and ICP-1 were smal ler  and no t  s i g n i f i c a n t  a t  the 5% l e v e l .  

D e f o l i a t i o n  a t  the t ime o f  f l ower ing  had a marked and s i g n i f i c a n t  
y ie ld - reduc ing  e f f e c t  i n  a l l  cu l  t i v a r s .  Defol i a t i o n  + f lower  removal 
a t  t h i s  stage tended t o  g i ve  higher y i e l d s  than d e f o l i a t i o n  alone, but  
the  d i f f e rence  between the treatments was no t  s i g n i f i c a n t  a t  the 5% 
l e v e l .  The tendency f o r  the higher y i e l d s  might be exp l i cab le  i n  terms 
o f  t he  g rea te r  ab i  1 i t y  o f  the de fo l  l a t ed  p l an t s  t o  recover f rom the 
de fo l  i a t  i on  by producing more new leaves when pod-set was delayed by 
f lower-removal .  Th is  was c l e a r l y  v i s i b l e  i n  the f i e l d .  

Un fo r tuna te ly  the h i gh  c o e f f i c i e n t  o f  v a r i a t i o n  i n  t h i s  t r i a l  
and t he  h i gh  LSDs do no t  permi t  many c l ea r - cu t  conclusions; but  the re  
does seem t o  be an i n d i c a t i o n  t h a t  some c u l t i v a r s  (~o .148 ,~DN-1  ,ICP-I) 



Table 34. Effec ts  of de fo l i a t ion  a t  d i f f e r e n t  s tages of 
growth on y ie ld  per p lant  of 6 pigeonpea 
c u l t i v a r s .  (Mean y ie lds  per hectare  a re  
indicated a t  the bottom of the Table). 

YIELD PER PLANT (g)  

C U L T I V A R  
TREATMEIJT 

N0.148 BDN-1 ICP-1 C-11 ICP-6997 HY-3C 
Mean 

Contro l  I 26.7 29.4 33.2 28.4 31.4 26.7 29.2 

Cont ro l  I  I 27.4 30.3 33.3 40.2 32.5 33.9 32.9 

D e f o l i a t i o n  a t  21.5 24.5 24.3 14.3 18.3 16.1 19.8 
40 days 

D e f o l i a t i o n  a t  19.0 21.6 30.1 24.4 25.4 12.4 22.1 
83 days 

D e f o l i a t i o n  a t  14.4 11.8 15.6 16.3 11.5 6.1 12.7 
f l owe r i ng  

D e f o l i a t i o n  and 15.3 21.2 1 4 .  14.5 22.6 6.9 15.8 
f lower-removal  a t  
f l owe r i ng  

Mean 20.7 23.1 25.1 23.1 23.6 17.0 

Mean y i e l d  i n  649 81 3 940 620 378 273 
kg/ha 

LSD (5%) : 

For c u l  t i v a r  means 12.13 (NS) 
For t reatment  means 4.57 
For t reatments i n  a  c u l t i v a r  11.21 
For comparison o f  means i n  14.06 
d i f f e r e n t  groups 
C V %  : 24.8 
(For c u l  t i v a r  mean y i e l d s  i n  kg/ha: 41 3.8) 



were b e t t e r  a b l e  t o  recover from the  s t r ess  o f  t o t a l  d e f o l i a t i o n  than 
cvs.  ICP-6997 and H Y - 3 C .  Perhaps the  most remarkable f i n d i n g  i s  t h a t  
the  p l a n t s  were ab le  t o  recover from t o t a l  d e f o l i a t i o n  so w e l l :  the 
mean percentage reduc t ion  i n  y i e l d  caused by the  t o t a l  d e f o l i a t i o n s  
d u r i n g  the  vege ta t i ve  phase were o n l y  29-37% and by t o t a l  d e f o l i a t i o n  
a t  t he  beginn ing o f  t he  r ep roduc t i ve  phase 50-60%. 

There was no s i g n i f i c a n t  e f f e c t  o f  the d e f o l i a t i o n  t reatments on 
100-seed weights ,  except i n  the case o f  cv.  H Y - 3 C  d e f o l i a t e d  a t  the 
t ime o f  f l o w e r i n g  when there  was a r educ t i on  t o  1 1 . 3  g  compared w i t h  
14.0 g  i n  t he  c o n t r o l .  



111.3 

EARLY AND LATER-FORMED PODS WITH114 THE RACEMES OF 
- - - - - - - -- 

DIFFERENT CULTIVARS 

Both w i t h i n  i n d i v i d u a l  racemes and on the  branches o f  i nde te r -  
minate c u l t i v a r s  f l owe r i ng  begins a t  the  lower nodes. Thus bo th  w i t h i n  
the racemes and on the branches the la te r - fo rmed pods w i l l  tend t o  be 
found a t  the  more a p i c a l  nodes. 

The racemes a t  the  more basal  nodes o f  branches general  l y  have 
more pods than these a t  the  a p i c a l  nodes (see PPR 1974/5 Figs.21 & 22).  
These more basal racemes bear bo th  ear ly - formed pods and, a t  t h e i r  more 
a p i c a l  nodes, la te r - fo rmed pods. By c o n t r a s t  t he  racemes from the 
a p i c a l  p a r t  o f  t he  branch tend t o  bear o n l y  la te r - fo rmed pods. I f  
t he re  were a  d e c l i n e  i n  pod weight  i n  the  la te r - fo rmed pods, we should 
observe a  tendency f o r  weight  per pod t o  dec l  i ne  a t  the more a p i c a l  
pods o f  the  branches, and a l s o  a t  the  more a p i c a l  nodes w i t h i n  racemes. 

On branches such a  d e c l i n e  does no t  i n  general  take p lace  (see 
PPR 1974/5 F igs .  21 & 22; PPR 1975/6 Sec t ion  111.3 and t h i s  r e p o r t  
Sec t ion  111.4). I n  p rev ious  years we d i d  no t  analyse t he  components 
o f  y i e l d  w i t h i n  the  racemes. Such an a n a l y s i s  was c a r r i e d  ou t  t h i s  
year w i t h  a  range o f  c u l t i v a r s .  

Met hods 

Racemes were c o l l e c t e d  from the  basal p a r t s  o f  the  branches 
o f  a  range o f  c u l t i v a r s  growing i n  t he  ' f a n '  p l a n t i n g s  and t he  expe r i -  
mental p l o t s  on bo th  red  and b l a c k  s o i l s .  Racemes were c o l l e c t e d  from 
each c u l t i v a r  i n  each r e p l i c a t e  p l o t ;  a f t e r  d i s ca rd i ng  racemes which 
were damaged by i nsec t s  o r  mechanical i n j u r y ,  a t  l e a s t  100 racemes 
were used. The pods from the  f i r s t ,  second, t h i r d  e t c .  nodes o f  the  
raceme were separated, counted and t h e i r  oven d r y  weights  were recorded, 
They were then threshed and t he  seed numbers and seed weights  were 
recorded, From these data t he  pod number per  node w i t h i n  t he  raceme, 
300 pod we igh t ,  100 seed weight  and seed number per pod were c a l c u l a t e d .  

Resul ts  and d iscuss ion  

The 100 pod weights  found a t  d i f f e r e n t  node-pos i t ions w i t h i n  t he  
racemes o f  1 1  c u l t i v a r s  grown on bo th  b l ack  and red s o i l s  a r e  shown i n  
Table  3 5 .  The r a t i o s  o f  t he  100 pod weights  a t  the  upper two nodes t o  
t h e  100 pod weights  a t  the lower two nodes a r e  a l s o  shown. 



Table 35. 100 pod weights (g) at different node positions within racemes from 
the lower parts of branches of different cultivars grown on black & 
red soils. 

C u l t i v a r  Days t o  S o i l  NODE POSITION WITHIN RACEME R a t i o  upper 2 
f 1 owr nodes : lower 2 
e r inc l  1 2 3 4 5 6 7 nodes 

T-21 8 6 

Pusa a g e t i  89 

HY-2 105 

BDN- 1 112 

AS-71 -37 115 

ICP-6997 115 

Black+ 
Red+ 
B i ack+ 
Red+ 
B lack*  
Red;: 
Black;'; 
Red* 
B 1 ack* 
Red ;'; 

B 1 ack+ 
Black;'; 
Red;' 

B lack+ 
Black-:: 
Red;: 
B l  ackfi 
Red;: 
Black;? 
Red;' 

B 1 ack:: 
Red * 

P l a n t s  from expe r imen ta l  p l o t s  

+ P l a n t s  f r om spac ing  t r i a l  ( f a n s )  



I n  a  few cases t h e r e  was a  tendency f o r  t he  l a t e r - f o rmed  
(more a p i c a l )  pods t o  be heav ie r  than t he  e a r l i e r - f o r m e d  pods; these 
d i f f e r e n c e s  were n o t  found c o n s i s t e n t l y  w i t h i n  t h e  same c u l t i v a r ,  bu t  
v a r i e d  f rom t reatment  t o  t rea tment .  On t he  o t h e r  hand, i n  some cases, 
most s t r i k i n g l y  i n  t he  case o f  cv .  T-21 on b l a c k  s o i l ,  t he re  was a  
d e c l i n e  i n  100 pod weight  a t  the  more a p i c a l  nodes. But i n  most cases 
t he  r a t i o  o f  upper t o  lower pod we igh ts  was c l o s e  t o  u n i t y .  The 
changes i n  t h e  100 seed we igh ts  and seed number per pod i n  t he  e a r l i e r  
and la te r - fo rmed pods were s i m i l a r l y  sma l l .  There was a  tendency f o r  
100 seed weight  t o  d e c l i n e  and f o r  seed number per pod t o  r i s e  i n  t h e  
la te r - fo rmed pods. However t h i s  tendency was very  s l i g h t  as can be 
seen from Fig .30 which d e p i c t s  t he  o v e r a l l  mean 100 seed and 100 pod 
weights  and seed numbers per  pod f o r  t h e  f i r s t  f o u r  nodes w i t h i n  t he  
racemes. 

I n  genera l  t h i s  a n a l y s i s  o f  y i e l d  components w i t h i n  the  racemes 
agrees w i t h  t h e  p a t t e r n  found w i t h i n  t he  branches: on an average t he  
l a t e r - f o rmed  and e a r l i e r - f o r m e d  pods were s i m i l a r  i n  weight ,  and 
a l though  t he re  were a  few cases where t h e r e  was a  d e c l i n e  i n  the  l a t e r  
formed pods, these were a t  l e a s t  as many cases where t he re  was an 
Increase.  Furthermore these changes were g e n e r a l l y  smal l  and were 
no t  found c o n s i s t e n t l y  w i t h i n  c u l t i v a r s .  Once again ,  t h i s  emphasizes 
t h e  ve ry  d i f f e r e n t  behav iour  o f  pigeonpeas f rom t h a t  o f  chickpeas 
where the  l a t e r - f o rmed  pods may weigh o n l y  one h a l f ,  o r  i n  some 
c u l t i v a r s  even l ess  than one t h i r d ,  as much as t he  ear ly - formed pods 
(see CPR 1975/6 Table  61) .  

The percentage o f  n i t r o g e n  i n  t he  seeds f rom pods a t  upper 
and lower nodes w i t h i n  the  racemes was ve ry  s  i m i  l a r  (Table  36) . 
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FIG. 30: SEEDS PER POD, 100 SEED 
W E I G H T  AND 100 P O D  W E I G H T  O F  

P O D S  AT DIFFERENT N O D E S  WITHIN 

RACEMES i MEAN VALUES F O R  10 cvs 

G R O W N  ON BOTH BLACK AND RED 
SOILS 

4 7 S E E D S  / POD 

100 POD W E I G H T  

1 0 0  SEED W E I G H T  

I 2 3 4 
N 0 D E P O S I T I O N  

( N U M B E R E D  F R O M  B A S E  O F  R A C E M E  ) 



Table 3 6 .  Nitrogen percentage i n  t h e  seeds  taken from 
pods a t  t h e  lower and upper nodes of t h e  
racemes of 9 pigeonpea c u l t i v a r s  grown on 
b lack  s o i l .  

C u l t  i v a r  
NODES W I T H I N  THE RACEME 
Lower Upper 

I CP- 1 

A S - 7 1 - 3 7  

BDN- 1 

I CP-6997  

HY-2  

HY-3A 

I C P - 7 3 7 5  

I CP-7065  

NP(\JR) - 1  5 



EARLIER-AND LATER-FORMED PODS W I T H I N  THE BRANCHES OF 
DIFFERENT CULTIVARS 

On t he  branches o f  an indeterminate c u l t i v a r  the  racemes a t  the 
more basal  nodes begin  f l o w e r i n g  and s e t t i n g  pods e a r l i e r  than the 
racemes a t  t he  more a p i c a l  nodes. I n  genera l ,  a t  the t ime o f  harvest  
t he  racemes f rom the  basal nodes con ta i n  ear ly - formed pods and a l s o  
some la te r - fo rmed pods, w h i l e  those from the  more a p i c a l  nodes o f  the 
branches c o n t a i n  o n l y  la te r - fo rmed pods. I f  the l a t e r  formed pods 
conta ined fewer and/or sma l le r  seeds than the  ear ly - formed pods, the re  
should be a d e c l i n e  i n  averaye pod weight a t  the  more a p i c a l  nodes o f  
t he  branches. 

Las t  year pods were c o l l e c t e d  from the racemes a t  the upper and 
lower nodes o f  t he  branches o f  a range o f  c u l t i v a r s .  There was l i t t l e  
o r  no e f f e c t  o f  pod p o s i t i o n  w i t h i n  the  branch on average pod weight 
(see PPR 1975/6 Table 31).  There was a l s o  l i t t l e  e f f e c t  o f  pod 
p o s i t i o n  w i t h i n  the racemes on average pod weights (see Sec t ion  111.3  
above). Th i s  year we made f u r t h e r  observa t ions  on pods c o l  l ec ted  from 
the  upper and lower p a r t s  o f  the  branches o f  a range o f  c u l t  i v a r s .  

Methods 

Samples o f  a t  l e a s t  50 undamaged pods were c o l l e c t e d  from the 
upper and t he  lower p a r t s  o f  the  branches a t  the  t ime o f  ha rves t .  From 
each genotype w i t h i n  each t r i a l  pods were c o l  l e c ted  from 3 o r  4 
r e p l i c a t e  p l o t s e  A f t e r  d r y i n g  i n  the  oven the pods and the  seeds 
ob ta ined  from them were weighed and counted. From these observa t ions  
100 pod weight ,  100 seed weight  and seed number per pod were c a l c u l a t e d  
The da ta  f rom each t r i a l  were analysed s t a t i s t i c a l l y ,  t ak i ng  the c u l t i -  
va rs  as main p l o t s  and the  upper and lower p a r t s  o f  the  branches as 
I 
s u b - ~ l o t s '  o f  a sp l  i t  p l o t  des gn. 

Resul ts  

The r e s u l t s  a re  summarized i n  Table 37. The r a t i o s  o f  the 
weights  o f  pods from the  upper and lower p a r t s  o f  the  branches were i n  
a l l  cases f a i r l y  c l ose  t o  u n i t y .  Only i n  f ou r  cases were the  
d i f f e r e n c e s  i n  100-pod weight  s i g n i f i c a n t  a t  the  5% l e v e l :  ~n two 
(cvs.  HY-2(a) and IC-7035) the  upper pods weighed l ess  than the  lower 
pods and i n  two (cvs.  NP(WR)-15(c)  and IC-7086) they weighed more. 
However cvs.  HY-2 and NP(WR) -15 were sampled from more than one se t  o f  
exper imenta l  p l o t s  and the  o t h e r  samples showed no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  upper and lower pods. We can conclude t h a t  i n  





C o n t d , . . . T a b l e  37 

C u l t i v a r  Days t o  T r i a l  100 seed w t .  Seeds/pod 100 pod wt .  R a t i o  o f  pod 
f l o w e r i n g  (9 ) (9) weight 

Upper Lower Upper Lower Upper Lower Upper/Lower 

6997 

AS-71  -37 

AS-71 -37 

I CP-1 

ICP-1 

691 4 

HY-5 

C-1 1 

7035 

HY-3C 

HY-3A 

HY-3A 

7065 

7065 

7065 

iJP (WR) - 1 5 
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agreement w i t h  r e s u l t s  from past years,  there was i n  general no 
d i f f e r e n c e  i n  the  weight o f  e a r l i e r  and la te r - fo rmed pods; from t h i s  
y e a r ' s  r e s u l t s  the  o n l y  poss ib l e  except ion might  be cv. 7035, but even 
i n  t h i s  case the d e c l i n e  i n  the la te r - fo rmed pods was small (98). 

There were no s i g n i f i c a n t  d i f f e rences  i n  seed number per pod i n  
the pods from the upper and lower pods o f  the branches. I n  two cases 
(cv .  AS-71-37c and IC-6914) the 100 seed weights s i g n i f i c a n t l y  dec l ined  
i n  the upper pods and i n  one case (cv .  IC-7086) increased. However o n l y  
i n  the  l a t t e r  case was t h i s  change assoc ia ted w i t h  a s i g n i f i c a n t  change 
i n  100 pod weight.  

The n i t r o g e n  percentage i n  the  seeds from the upper and lower 
p a r t s  o f  the  branches were very  s i m i l a r  (Table 38) .  

I n  the  above comparisons LSD's a t  the  5% l e v e l  were used, which 
means t h a t  i n  one case ou t  o f  20 the comparison o f  the 100 mean pod 
weights and 100 seed weights from the upper and lower p a r t s  o f  the 
branches could  d i f f e r  by chance a lone.  I n  a l l ,  37 se ts  o f  such compa- 
r i sons  a re  shown i n  Table 37. Therefore about 2 sets  o f  d i f f e rences  
cou ld  appear s i g n i f i c a n t l y  d i f f e r e n t  a t  the 5% l eve l  by chance; the 
f a c t  t h a t  o n l y  3 and 4  p a i r s  appeared d i f f e r e n t  i n  the comparisons o f  
100 seed weights and 100 pod weights r espec t i ve l y  f u r t h e r  emphasizes 
the  s i m i l a r i t y  o f  the e a r l y  and la ter - formed pods i n  the genotypes 
s tud ied  as f a r .  

Discussion 

Th is  method o f  comparing e a r l y  and la ter - formed pods i s  sirnple 
t o  c a r r y  ou t  and seems t o  g i v e  repeatab le  r e s u l t s .  I t  cou ld  probably 
be used success fu l l y  on a  l a rge  sca le  t o  screen hundreds o f  genotypes 
i n  an at tempt  t o  i d e n t i f y  l i n e s  i n  which pod-set i s  no t  l i m i t i n g  y i e l d .  
I n  such 1 ines the  la ter - formed pods would be expected t o  weigh less  
than the ea r l i e r - f o rmed  pods because i f  pod-set were no t  l i m i t i n g  
y i e l d ,  the  supply o f  ass im i l a t es  o r  n u t r i e n t s  t o  the pods would be 
l i m i t i n g  p o d - f i l l i n g .  O f  course such a  screening procedure would be 
p r e l i m i n a r y  and ra the r  crude, but  i t  could  enable a  number o f  genotypes 
t o  be i d e n t i f i e d  f o r  more i n t ens i ve  i n v e s t i g a t i o n .  



Table 38. Nitrogen percentage i n  the  seeds taken from pods 
from the  lower and upper p a r t s  of the  branches 
of 9 pigeonpea c u l t i v a r s  grown on black and red 
s o i l s .  

C u l t  i v a r  

I C P - 1  

A S - 7 1  -37  

BDN- 1 

I C P - 6 9 9 7  

H Y - 2  

HY-3A 

l C P - 7 3 7 5  

I C P - 7 0 6 5  

NP (wR)  - 15 

MEAN 

BLACK S O I L  RED S o l  L 

Lower Upper Lower 



CULTIVARAL DIFFERENCES I N  S P E C I F I C  LEAF WEIGHT AND I N  THE 
REMOBILIZATIOI'~ OF I'JITROGEN D U R m  LEAF S E ~ C E  

Studies o f  a  range o f  c u l t i v a r s  by the Pigeonpea Breeding Sect ion 
have shown t h a t  the re  a re  h i g h l y  s i g n i f i c a n t  c u l t i v a r a l  d i f f e rences  i n  
s p e c i f i c  l e a f  weight (see l C R l  SAT Pigeonpea Breeding Report 1974/5 
pp 128-130 and 1975/6 pp 51 -57 ) .  Last  year we found t ha t  there were 
a l s o  c u l t i v a r a l  d i f f e rences  i n  the  ex ten t  t o  which the s p e c i f i c  l ea f  
weights  and the n i t r ogen  content  o f  the leaves dec l ined  dur ing  the 
process o f  l e a f  senescence (see PPR 1975/6 Sect ion 1 .5 ) .  Thi s year we 
i nves t i ga ted  these changes i n  n i ne  c u l t  i v a r s  grown on b lack  and red 
so i  1s. 

Met hods 

Green, ye l l ow  and f a l l e n  leaf - laminae and t h e i r  p e t i o l e s  were 
c o l l e c t e d  i n  f i v e  rep1 i ca tes  from p l a n t s  grown i n  the  spacing t r i a l  
(descr ibed i n  Sect ion I I I . l ) .  The l e a f  area o f  the green and ye l l ow  
lea f - laminae  and t h e i r  oven d ry  weight were recorded. Laminae and 
p e t i o l e s  f rom t h r e e  r e p l i c a t i o n s  were pooled and ground t o  powder f o r  
n i t r o g e n  a n a l y s i s  by the I(jeldah1 method. The data on s p e c i f i c  l e a f  
weight  were analysed s t a t i s t i c a l l y  as a s p l i t  p l o t  design w i t h  l e a f  
age i n  'main p l o t s '  and c u l t i v a r s  i n  ' s u b - p l o t s ' .  

Resul ts and Discuss ion 

The s p e c i f i c  l e a f  weight o f  the  green and ye l l ow  leaves on both 
b l ack  and red so i  1 s  a re  shown i n  Table 39. On both so i  1 s the mean 
d e c l i n e  i n  SLW was s i g n i f i c a n t  and on both s o i l s  the re  were s i g n i f i c a n t  
d i f f e r e n c e s  between c u l t  i v a r s  i n  the SLW o f  green leaves and o f  ye1 low 
leaves. The decreases i n  SLW va r i ed  from c u l t i v a r  t o  cu l t ivar (Tab1.e 40), 
However f o r  none o f  these va t  lab les  was t he re  any s i g n i f i c a n t  c o r r e l a -  
t i o n  between the  r e s u l t s  from the red and b lack  s o i l s   a able 41).  

The n i t r o g e n  percentage i n  the laminae and p e t i o l e s  o f  green, 
ye l l ow  and f a l l e n  leaves a re  shown i n  Tables 42 and 43. There were 
c u l t i v a r a l  d i f fe rences  i n  a l l  va r i ab l es  i nc l ud ing  the  dec l i ne  i n  
n i t r o g e n  percentage from green t o  f a l l e n  leaf - laminae and p e t i o l e s .  
However t he re  was again  no 5 i g n i f  i can t  c o r r e l a t i o n  between the r e s u l t s  
from b lack  and red s o i l s  (Table 41) except i n  the  n i t r o g e n  percentage 
i n  f a l l e n  leaves where there  was a  s i g n i f i c a n t  nega t i ve  r e l a t i o n s h i p .  

The c o n t r i b u t i o n  o f  n i t r o g e n  remob i l i zed  t o  the developing pods 
from the  leaves i s  ve ry  cons iderab le  (see Sect ion I . 1  . D ) ;  c u l t i v a r a l  



Table 3 9 .  Specif ic  leaf wei hte of green and yellow leaves 
of 9 pigeonpea cu t ivars grown on black and red 
s o i l s ,  

f 

S p e c i f i c  l e a f  weight (rng/crn2) 

BLACK S o l  L R E D  S O 1  L 
Cul t i v a r  

Green Yel low Mean Green Ye1 low Mean 

AS-71-37 

BDN- 1 

HY-2 

ICP-1 

I CP-6997 

HY-3A 

I CP-7065 

l CP-7375 

NP(WR)-15 

MEAN 5.10 4.05 

LSD (5%) : Black s o i l  

For l e a f  age 0.276 
For c u l t i v a r  0.242 
For l e a f  age w i t h i n  a  c u l t i v a r  0.342 
For c u l t i v a r s  w i t h i n  a  l e a f  

age 0.683 

C V %  l e a f  age 
CV% c u l t i v a r s  

Red so i  1  



Table 40. Decrease i n  s p e c i f i c  leaf  weights from green to  
yellow leaves i n  9 pigeonpea c u l t i v a r s  grown on 
black and red s o i l s .  

Cul t i v a r  DECREASE IN SLW (mg/crn2) 
Black s o i l  Red so i 1 

A S - 7 1  -37 
BDN- 1 
HY-2 
I CP-1 
l CP-6997 
HY-3A 
I CP-7065 
1 CP-7375 
N P ( w R ) - ~ ~  

Table 41. Correlat ion coe f f i c i en t s  between s p e c i f i c  leaf  
weights and ni t rogen percentages i n  leaves and 
p e t i o l e s  of 9 pigeonpea c u l t i v a r s  grown on 
black and red s o i l s .  

Var i ab le  
C o r r e l a t i o n  between 
va lue on b l ack  and red 
s o i l s  

SLW o f  green 1 eaves 0.18 
SLW o f  ye 1 low leaves 0.34 
Decl i ne  i n  SLW from green t o  ye1 low leaves 0.01 
N% i n  green leaves 0.08 
N% i n  f a l l e n  leaves -0.64A 
Decrease i n  N% from green t o  f a l l e n  leaves 0.23 
N% i n  p e t i o l e s  o f  green leaves 0.45 
N% i n  p e t i o l e s  o f  ye l l ow  leaves 0.07 
Decrease i n  N% of  p e t i o l e s  from green t o  fa1  len  leaves 0.50 

* S i g n i f i c a n t  a t  5% l e v e l  (8  d . f . ) .  





Table 43. Nitrogen percentage i n  p e t i o l e s  of green,  yellow and f a l l e n  leaves 
of pigeonpea c u l t i v a r s  grown on red and black s o i l s .  

NITROGEN PERCENTAGE IN PETIOLES 

PETIOLES FROM PLANTS ON BLACK SOIL PETIOLES FROM PLANTS ON RED SOIL 
Cul t i v a r  

Green Ye l iow F a l l e n  Decrease Green Ye l l ow  F a l l e n  Decrease 
f rom green f rom g reen 
t o  f a l l e n  t o  f a l l e n  

AS-71-37 

BDN- 1 

HY -2 

I CP-1 

l CP-6997 

HY - 3A 

I CP-7065 

l CP-7375 

NP (WR) - 15 

MEAN 



d i f f e rences  i n  the ex ten t  o f  t h i s  r e m o b i l i z a t i o n  could be important .  
However the r e s u l t s  i n  Tables 39 t o  43 show t h a t  a1 though c u l  t i v a r a l  
d i f f e rences  e x i s t ,  there  i s  a  s t rong i n t e r a c t i o n  between c u l t i v a r s  
and the environments. Th is  i nd i ca tes  t h a t  the c u l t i v a r a l  d i f f e rences  
i n  these l e a f  v a r i a b l e s  a re  showing a  low h e r i t a b i l i t y ;  hence the 
c o l l e c t i o n  o f  f u r t h e r  data on these v a r i a b l e s  w i l l  probably not  be 
o f  much use t o  the breeders. 



CULTIVARAL DIFFERENCES IN THE SALT-AND ALKALI-TOLERANCE OF 
GERMINATING SEEDS AND SEEDLINGS 

Some of  the  so i  1s i n  pigeonpea-growing areas a re  a f f ec ted  by 
s a l i n i t y  and/or a l k a l i n i t y .  Under such cond i t i ons  pigeonpea c u l t i v a r s  
whose germinat ion,  growth and y i e l d  a re  a f f ec ted  t o  the minimum ex ten t  
would be o f  advantage. 

We c a r r i e d  out  some p re l im ina ry  work on the ab i  1 i t y  o f  d i f f e r e n t  
c u l t i v a r s  t o  germinate under s a l i n e  and a l k a l i n e  cond i t i ons  both i n  the 
labora to ry  and i n  the f i e l d .  

Ma te r i a l s  and Methods 

1. Germination i n  P e t r i  d ishes:  

P e t r i  dishes were 1 ined w i t h  f i  l t e r  paper. 25 m l  o f  t e s t  s o l u t i o n  
were added. Twenty seeds were placed i n  each d i sh  w i t h  fou r  rep1 i c a t e  
dishes per c u l t i v a r .  The p e t r i  dishes were kept a t  l ab  temperature 
(around 30°C) and were scored f o r  r a d i c l e  emergence a f t e r  24 hours, f o r  
plumule emergence a f t e r  48 hours, and f o r  the number o f  1 i v i n g  seed1 ings 
a f t e r  6 days. The t e s t  s o l u t i o n  f o r  the s a l i n i t y  t r i a l s  contained a 1 : l  
m i x t u re  o f  NaCl and CaC12 a t  a concent ra t ion o f  1 . 5 % .  I n  t e s t i n g  f o r  
a l k a l i  to lerance a 0.5% s o l u t i o n  o f  sodium bicarbonate was used. 
D i s t i l l e d  water was used f o r  the con t ro l s .  

2. Germination i n  the  f i e l d :  

Eighteen l i n e s  were sown i n  three r e p l i c a t e s  i n  a l k a l i n e  sa l i ne  
so i  1 i n  f i e l d  B-10, on 8-7-76. T h i r t y - t h r e e  seeds o f  each cu l  t i v a r  were 
sown i n  each r e p l i c a t e .  

The s o i l  samples taken from the area i n  which t h i s  t r i a l  was sown 
showed a range o f  PH from 8.25-9.30 (mean: 8.8) and e l e c t r i c a l  conduct i -  
v i t i e s  i n  a 1:2 e x t r a c t  ranging from 0.3-1.5 mmhos/cm (mean: 0 .8 ) .  

The p l o t s  were scored f o r  seed1 ing emergence on 6-8-75. 

Resul ts and Discuss ion 

1 .  Germination i n  P e t r i  d ishes:  

Seeds from a range o f  15 c u l t i v a r s  d i f f e r i n g  i n  seed s ize ,  
d u r a t i o n  and p l a n t  type were compared w i t h  respect t o  t h e i r  ab i  1 i t y  t o  



germinate i n  s a l i n e  and i n  a l k a l i n e  so l u t i ons .  The data f o r  r a d i c a l  
emergence a t  1 day, plumule emergence a t  2 days and 1 i v i n g  seed1 ings 
a t  6 days a re  shown i n  Table 44.  I n  both s a l i n e  and a l k a l i n e  so l u t i ons  
i n  most c u l t i v a r s  the number o f  seedl ings which surv ived u n t i l  6 days 
was cons iderab ly  less  than the  number which developed r a d i c a l s  and 
plumules a f t e r  one and two days. The c o e f f i c i e n t  o f  v a r i a t i o n  a l s o  rose 
t o  over 70% f o r  1 i v i  ng seed1 ings scored a f t e r  s i x  days. I n  both sa l  i ne 
and a l k a l i n e  so l u t i ons  an ana l ys i s  o f  var iance showed t h a t  the c u l t i v a r -  
a1 d i f f e rences  i n  the percentage o f  seed1 ings s u r v i v i n g  a t  6 days were 
s i g n i f i c a n t  a t  the 1% l e v e l .  

The two c u l t i v a r s  which fa red  best  i n  the a l k a l i n e  s o l u t i o n ,  
H Y - 3 C  and H Y - 3 A ,  were the  largest-seeded; the  c u l t i v a r s  which performed 
more poo r l y  were general  l y  smal ler-seeded, Th is  suggests the possi  b i  l -  
i t y  t h a t  seed s i z e  may have in f luenced  the  s u r v i v a l  o f  the seed1 ings a t  
t h i s  e a r l y  stage and may have masked d i f f e rences  i n  a1 ka l  i - t o l e rance  
which might  have shown up i n  o l d e r  seedl ings.  

I n  the  s a l i n e  s o l u t i o n ,  the re  was a  s i g n i f i c a n t  r e l a t i o n s h i p  
between r a d i c a l  emergence a t  24 hours and l i v i n g  seedl ings a t  6 days 
( r  = 0.43kf:) bu t  t h i s  was no t  c lose  enough t o  use r a d i c a l  emergence 
as a  s a t i s f a c t o r y  c r i t e r i o n ;  plumule emergence scored a t  two days was 
not  s i g n i f i c a n t l y  r e l a t e d  t o  l i v i n g  seed1 ings scored a t  6 days ( r  =0.07). 
I n  a l k a l i n e  s o l u t i o n s  the c o r r e l a t i o n s  were b e t t e r   a able 45) but  no t  
good enough t o  use r a d i c a l  o r  plumule emergence as re1 i a b l e  ind ices  
o f  seed l ing  s u r v i v a l .  

There was no s i g n i f i c a n t  c o r r e l a t i o n  between the s u r v i v a l  o f  
seed1 ings i n  s a l i n e  and i n  a l k a l i n e  so l u t i ons  ( r  = -0.04).  

Seeds o f  a  f u r t h e r  59 c u l  t i v a r s  were tes ted  f o r  t h e i r  ab i  1 i t y  
t o  germinate i n  a l k a l i n e  so l u t i ons .  Again a  wide range was found 
wit ,h s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s   a able 46 ) .  

We regard these r e s u l t s  as merely p r e l  iminary ;  c u l  t i v a r s  which 
showed w idc l y  d i f f e r e n t  to lerances i n  these t e s t s  w i  I1 be i nves t i ga ted  
f u r t h e r  and i n  more d e t a i l .  

2. Germinat ion i n  the  f i e l d :  

The a l k a l i n i t y  and s a l i n i t y  i n  the  f i e l d  was patchy and 
ununl form, and so was the germinat ion o f  the  seed1 ings.  The ana l ys i s  
o f  var iance showed s i g n i f i c a n t  d i f f e rences  ( a t  the 1% l e v e l )  between 
r e p l i c a t i o n s  and a l s o  between c u l t i v a r s .  The r e s u l t s  a re  shown i n  
Table 47. I t  can be seen t h a t  cv. HY-3C was one o f  the poorest  
c u l  t i v a r s  whereas when screened f o r  a1 k a l  i to le rance  i n  P e t r i  d ishes 



Table 44. Number of seeds as percentage of controls from which radicals 
plumules and living seedlings developed in saline or alkaline 
solutions. 

PERCENTAGE OF CONTROL 

I N  SALINE SOLUTIONS I N  ALKALINE SOLUTlON RANKING FOR LIVING SEED 
Cul t i v a r  -- 

L i v i n q  Plurnule Radical L i v i n g  Plurnule Radical I n  s a l i n e  I n  a l k a l i n e  - 
seed- erne r - erne r - seed- erner- erne r - s o l u t i o n  s o l u t i o n  
1 ings gence gence 1 ings gence gence 

T-2 1 
HY-1 
HY-5 
HY-2 
NP (WR) - 15 

HY-3C 
HY - 3A 
BDN- 1 
ICP-1 
I CP-7065 

No. 148 
l CP-6997 
HY-4 
AS-71 -37 
Pusa Age t i  



it was the best. This may have been because of alkali-salinity inter- 
actions; it may also reflect the unreliability of the methods. We have 
little confidence in these results. We hope to develop better-defined 
conditions for comparing the germination and growth of different 
cultivars in artificially salinized and alkalinized soils. 

Table 45. Correlation matrix for living seedlings, 
plumule and radical emergence of 15 cvs. 
tested for salt and alkali tolerance 
(59 d . f . ) .  

Living seedlings in salt 1 

Plumule emergence in salt 0.07 1 

Radical emergence in salt 0 43j'i'c 0.44j'i'c 1 

Living seedlings in alkali -0.04 -0.16 - 0 . 4 0 ~ '  1 

Plumule emergence in alkali 0.09 -0.05 -0.34** 0.86;';' 1 

Radical emergence in alkali 0.15 0.11 -0.13 0 . 5 9 ~ '  0.68yc;t 1 

Significant at the 1 %  level. 



Table 46. Number of living seedlings as percentage of 
controls after germination in 0.5% NaHC03 

, solution for 6 days. 

C u l t i v a r  o r  ICP-number % l i v i n g  C u l t ~ v a r  o r  ICP-number % l i v i n g  
seed 1 i ngs seed 1 i ngs 

Da i ncha 7 4 
3868 (w) 63 
3868 (B)  3 9 
C x A. Zineata 1791 3 4 
C x A. sericea 2000 2 9 
C x A. lineata 1776 2 9 
C x A. sericea 2051 28 
C x A. sericea 2023 28 
NP-69 2 6 
C x A. scarabaeoides 1917 26 
3D-8104 24 
JA-278- 1 2 3 
P-448-2-3 2 2 
JA-275 18 
4353 17 
639 4 17 
P-300-20-1 15 
P-4750-49-1 15 
24-P-2778-B-2 14 
C x A. sericea 1992 13 
C - 1  l 12 
C x A. scarabaeoides 1 91 6 12 
P-391-118-1 12 
C x A. scarabaeoides 1914 12 
ST- 1 10 
Mukta 10 
4255 8 
4609 8 
533' 7 

C x A. scarabaeoides 
NP(WR)-15-116-1 
p-334 
P-  11 95-54-2 
543 1 
1022 
EC-109917 
C x A. sericea 1984 
P-934-4-4 
P-173-12-1 
C x A. scarabaeoides 
3462 
PD-3 
7599 
GW-3-191-1 
Co. 19 
C x A. lineata 1787 
71 15 
691 7 
6854 
C x A. I?3zeata 1781 
7375 
A. platycarpa 
P-240-129-2 
1405 
769 
C x A. Zineata 1794 
7332 
P-240- 129-3 

C o e f f i c i e n t  o f  v a r i a t i o n  : 37% 

LSD (5%) = 2.6 



Table 47. Living seedlings as a percentage of seeds sown 
in alkaline-saline soil (field B-10) scored one 
month after sowing. 

Cul t i v a r  

ST-1 x B a i g a n i  
No.148 x B a i g a n i  
C-11 
ST-1 x No.148 
No. 148 

ST- 1 
ST-1 x HY-3C 
C-11 x No.148 
P-9-140-3 
C-11 x B a i g a n i  

NP(WR)-15 
C-11 x ST-I 
Ba igan i  
~ 0 . 1 4 8  x HY-3C 
HY-3C 

Seed l ings  as % o f  
seeds sown 

c v  : 38% 
LSD (5%) : 7 . 2  



OVULE NUMBERS IN EARLIER AND LATER-FORMED FLOWERS 

Las t  year we c a r r i e d  o u t  a  p r e l i m i n a r y  i n v e s t i g a t i o n  on v a r i e t a l  
d i f f e r e n c e s  i n  t h e  r e a l  i z a t i o n  o f  t he  y i e l d  p o t e n t i a l  o f  pods (see PPR 
1975/6 Sect i o n  1 1 1 .2)  . The method depended on compar i ng the  numbers o f  
seeds produced per  pod w i t h  t h e  number o f  ovu les  per  ca rpe l  i n  t h e  f l o w -  
e r s .  The l a t t e r  number s e t s  an upper l i m i t  on t h e  p o t e n t i a l  seed number 
pe r  pod. Such comparisons depend on be ing  a b l e  t o  es t ima te  the  o v u l e  
number per  ca rpe l  a c c u r a t e l y .  T h i s  can be done by c o l l e c t i n g  and d i s s e c t -  
i n g  hundreds o f  f l o w e r s .  I f  t h e  o v u l e  number per  ca rpe l  changed d u r i n g  
t h e  f l o w e r i n g  p e r i o d ,  samples o f  f l o w e r s  would have t o  be c o l l e c t e d  on 
more than one occas ion .  

We t h e r e f o r e  c a r r i e d  o u t  a smal l  i n v e s t i g a t i o n  t o  f i n d  o u t  whether 
o r  n o t  t h e  o v u l e  number per  ca rpe l  was t h e  same i n  e a r l i e r - a n d  l a t e r -  
formed f l o w e r s .  Such f l o w e r s  were c o l l e c t e d  f rom t h r e e  l a t e  c u l t i v a r s  
near t h e  beg inn ing  (1-12-76) and towards t h e  end (24-12-76) o f  t he  
f l o w e r i n g  p e r i o d .  The f l o w e r s  were preserved i n  f o r m a l i n - p r o p i o n i c  
a c i d - a l c o h o l  f i x a t i v e  u n t i l  they were d i ssec ted  f o r  ovu le -coun t i ng .  The 
r e s u l t s  a r e  shown i n  Tab le  48. There was no s i g n i f i c a n t  d i f f e r e n c e  b e t -  
ween t h e  o v u l e  numbers i n  t h e  e a r l i e r  and t h e  l a te r - f o rmed  f l o w e r s .  Th i s  
i n d i c a t e s  t h a t  f l o w e r  samples need be taken o n l y  a t  one t ime  d u r i n g  the  
f l o w e r i n g  p e r i o d  i n  o rde r  t o  e s t i m a t e  t h e  maximum p o t e n t i a l  seed number 
pe r  pod. 

Table 48. Ovule numbers per carpel in earlier and later- 
formed flowers of pigeonpeas. The ovule numbers 
shown represent the means (with standard devia- 
tions) from 6 replicate samples of at least 25 
flowers each. 

C u l t i v a r  
Ovule number per  Carpel 

E a r l  i e r - f o rmed  Later - fo rmed 
f l o w e r s  f l o w e r s  



111.8 

HEREDITARY DIFFERENCES I N  SEED S I Z E  WITHIN A CULTIVAR 

Last  year we found t h a t  t h e r e  was a cons ide rab le  v a r i a t i o n  i n  t he  
average 100-seed we ights  produced by i n d i v i d u a l  p l a n t s  o f  a g i ven  c u l t i -  
var  (see PPR 1975/6 Sec t i on  11.2 F ig .37 ) .  When p l a n t s  were grown f rom 
seed which had been graded i n t o  l a r g e  and smal l  s i z e s ,  t h e r e  was no e f f e c t  
on t h e  y i e l d ,  bu t  t he  p l a n t s  grown f rom l a r g e  seeds gave seeds w i t h  100- 
seed we ights  s i g n i f i c a n t l y  h i g h e r  than those from p l a n t s  grown f rom small 
seeds (see PPR 1975/6 Tab le  34) .  P l a n t s  grown f rom ungraded seeds gave 
seeds o f  i n te rmed ia te  100-seed we ights .  These r e s u l t s  i n d i c a t e d  t h a t  
p a r t  o f  t h e  v a r i a t i o n  o f  seed s i z e  w i t h i n  a c u l t i v a r  was h e r e d i t a r y .  I n  
o rde r  t o  i n v e s t i g a t e  t h i s  f u r t h e r ,  we took  seeds f rom i n d i v i d u a l  p l a n t s  
which produced seeds o f  d i f f e r e n t  average 100-seed we ights .  These seeds 
were sown i n  t he  k h a r i f  o f  1976 and t h e  r e s u l t i n g  p l a n t s  were harves ted 
i n  f o u r  rep1 i c a t e s .  The average 100-seed we ights  a r e  shown i n  Table 49. 
I t  can be seen t h a t  the  average 100-seed we ights  o f  t h e  progeny were 
r e l a t e d  t o  t he  average 100-seed we ights  o f  t h e  pa ren ts .  T h i s  con f i rms  
l a s t  y e a r ' s  obse rva t i ons  t h a t  h e r i t a b l e  d i f f e r e n c e s  f o r  100-seed we igh t  
e x i s t  w i t h i n  pigeonpea c u l t i v a r s ,  and emphasizes t h a t  these c u l t i v a r s  
a r e  f a r  f rom be ing  pure  l i n e s ,  b u t  a r e  g e n e t i c a l l y  heterogenous. 

Table  49 .  E f f e c t s  of  p a r e n t a l  seed  s i z e  on mean seed  s i z e  
produced by progeny.  

100-seed we ight  (g) 

Mean seed s i z e  Mean seed s i z e  
C u l t ~ v a r  

o f  parent  p l a n t  o f  proqeny 

ST- 
ST- 
ST- 

ST- 

ST- 

ST- 1 

ST- 1 

I CP-1 

I CP-1 

HY-3C 

HY-3C 
HY-3C 

6.3 
6.7 
7 .1  

7.4 

8.0 

Srna 1 1 
Large 

Sma 1 1 

Large 

Sma 1 1 
Sma 1 1 
Large 



IV. 1 

AFTER-EFFECTS OF PIGEONPEA ON SUBSEQUENT CROPS 

Last year we observed t h a t  when pigeonpeas were grown i n  places 
where there  had been a pigeonpea crop i n  the previous season, the growth 
o f  the p l an t s  was severe ly  s tunted and the g r a i n  y i e l d  was much reduced 
(see PPR 1975/6, Sect ion lV.1).  Two a l t e r n a t i v e  exp lanat ions seemed 
poss ib le :  t h a t  t h i s  e f f e c t  was caused by p a r a s i t i c  nematodes o r  t h a t  i t  
was a l l e l o p a t h i c ,  i . e .  the r e s u l t  o f  t o x i c  chemicals released i n t o  the 
s o i l  by the prev ious yea r ' s  pigeonpea crop o r  i t s  decaying residues. 

Th is  year we inves t iga ted  the res idua l  e f f e c t  o f  pigeonpeas on a 
v a r i e t y  o f  subsequent crops i n  b lack  and red s o i l s .  We a l s o  c a r r i e d  out  
two d i f f e r e n t  types o f  experiments i n  the f i e l d  t o  i nves t i ga te  whether 
pigeonpea crop residues ( r oo t s  and leaves) were having an a 1 l e l opa th  i c 
( t o x i c )  e f f e c t .  I n  on2 o f  these experiments we inves t iga ted  the e f f e c t s  
on a pigeonpea crop o f  i ncorpora t ing  pigeonpea leaves o r  both roo ts  and 
leaves i n t o  s o i l  i n  which pigeonpeas had no t  p rev i ous l y  been grown. The 
o ther  type o f  experiment invo lved removing the roo ts  and/or leaves o f  
pigeonpeas from the s o i l  i n  which a prev ious pigeonpea crop had been 
grown . 

Methods 

( i )  I n  both red (RA-26) and b lack  (ST-1) so i  1s a number o f  crops were 
p lan ted  i n  4 x 7.5 m p l o t s  i n  areas where a pigeonpea crop had been 
grown the prev ious year and i n  adjacent areas when pigeonpea had no t  
been grown. I n  each f ou r  r e p l i c a t e  p l o t s  o f  each crop were p lan ted  i n  a 
randomized b lock  design w i t h i n  t reatments.  The c u l t i v a r s  o r  hybr ids  o f  
the crops were as f o l  lows : 

Red so i  1 B lack s o i l  

P i geonpea (ST- 1 ) P i geonpea (T-21 ) 
Groundnut (TMV-2) Groundnut (TMv-2) 
Cowpea ( ~ e w  Era) Cowpea (New Era) 
Sorghum (CSH-5) Sorghum (CSH-5) 
Pear l  M i  1 l e t  (HB-3) Pear l  M i  1 l e t  (HB-3) 
Castor (1 57-8) Chickpea (JG-62) ( i n  r a b i )  . 

I n  a l l  p l o t s  the  p l a n t s  were sown by hand on r idges 75 cm apar t  w i t h  
the  f o l l o w i n g  p l a n t - t o - p l a n t  spacings: cowpea, pear l  m i l l e t  and chickpea, 
10 cm; groundnut and sorghum, 15 cm; cot ton,  cas to r  and pigeonpea 30 cm. 
Dates o f  sowing were: red so i  1-25-6-76, b lack  so i  1-38-6-76. The 
chickpea was sown i n  l a t e  October 1976 and g iven post-sowing i r r i g a t i o n  
t o  ensure germinat ion.  



Sorghum, p e a r l  m i l l e t ,  c o t t o n  and c a s t o r  rece i ved  n i t rogenous  
f e r  t i 1 i z e r  (CAN) a t  t h e  r a t e  o f  40 Kg N/ha as basal  dose and a  subsequent 
t opd ress ing  o f  40 Kg N/ha. A l l  c rops  were p r o t e c t e d  by r e g u l a r  sprays o f  
i n s e c t i c i d e s .  

T o t a l  d r y  we igh t  o f  t h e  shoot  system and y i e l d  were recorded a t  
t h e  t ime  o f  h a r v e s t .  The means o f  t h e  f o u r  r e p l i c a t e s  o f  each c rop  w i t h -  
i n  each t rea tmen t  were c a l c u l a t e d  w i t h  s tandard  d e v i a t i o n s .  

( i  i )  I n  areas o f  f i e l d s  ST-1 ( b l a c k  s o i  I )  and RA-26 ( red  s o i  1) where 
pigeonpea had n o t  p rev ious1  y  been grown, p i  geonpea res idues  ( l eaves  and 
r o o t s )  which had been c o l  l e c t e d  f rom p rev ious  y e a r ' s  pigeonpea p l o t s  
were i nco rpo ra ted  i n t o  t h e  s o i  1 as f o l  lows: c o n t r o l  (no i n c o r p o r a t i o n ) .  
l e a f  i n c o r p o r a t i o n  and l e a f + r o o t  i n c o r p o r a t i o n .  The leaves and r o o t s  
were added i n  t h e  same q u a n t i t i e s  as those produced by t h e  p r e v i o u s  
pigeonpea c r o p  growing i n  p l o t s  o f  t h e  same s i z e .  P l o t  s i z e  were 
6  x 5.25 m. The t rea tmen ts  were r e p l i c a t e d  t h r e e  t imes i n  a  randomized 
b l o c k  des ign .  A f t e r  t h e  res idues  had been i nco rpo ra ted ,  pigeonpeas were 
sown on 28-6-76 i n  b l a c k  s o i l  ( c v .  I C P - I )  and on 25-6-76 i n  r e d  s o i l  
(cv .  S T - I ) .  A t  t h e  t i m e  o f  ha rves t ,  y i e l d  and y i e l d  components were 
recorded.  I n  red  s o i l  some o f  t h e  p l a n t s  were a f f e c t e d  by s t e r i l i t y  
mosaic d isease;  these were harves ted s e p a r a t e l y  and o n l y  t h e  u n i n f e c t e d  
p l a n t s  were used f o r  c a l c u l a t i o n  o f  p l o t  y i e l d s ;  t h e  area was c o r r e c t e d  
f o r  a p p r o p r i a t e l y .   h he s t e r i  1 i t y  mosa ic - i n fec ted  p l a n t s  had on average 
o n l y  h a l f  t h e  d r y  we igh t  o f  u n i n f e c t e d  p l a n t s  and gave o n l y  one t e n t h  
as much y i e l d  per  p l a n t ) .  

( 1  i i )  I n  p a r t  o f  f i e l d  ST-1 ( b l a c k  s o i l )  where pigeonpea had been 
grown i n  1975/6, t h e  res idues  o f  t h i s  pigeonpea c rop  were t r e a t e d  i n  
t h r e e  ways, as f o l l o w s :  ( i )  leaves and r o o t s  were bo th  removed 
( i  i )  leaves were removed b u t  r o o t s  were n o t  removed ( i i i )  n e i t h e r  leaves 
nor  r o o t s  were removed. Ad jacent  areas where no pigeonpea had p r e v i o u s l y  
been grown served as c o n t r o l s .  W i t h i n  each t rea tment  f rom r e p l i c a t e  
p l o t s  ( s i z e :  9 x 7 m) o f  cvs.  T-21 and I C P - I  w e r e s o w n  on 28-6-77 
i n  a  randomized des ign .  Y i e l d  and y i e l d  components were recorded a t  
h a r v e s t ,  and the  r e s u l t s  were ana lysed s t a t i s t i c a l l y  as a  s p l i t  p l o t  
des ign  (a1 though i n  f a c t  t h e  main t rea tmen ts  c o u l d  n o t  be f u l  l y  random- 
i zed  because t h e  c o n t r o l  p l o t s  had t o  be o u t s i d e  t h e  area i n  wh ich  t h e  
p r e v i o u s  c r o p  was grown).  

Resu 1 t s  

( i )  Res idua l  e f f e c t  o f  a  pigeonpea c r o p  on subsequent c rops .  

The y i e l d s  and t o t a l  d r y  we igh ts  o f  t h e  d i f f e r e n t  c rops  grown i n  
b l a c k  and r e d  s o i l s  i n  areas where pigeonpea had o r  had n o t  been n o t  been 
grown t h e  p r e v i o u s  year a r e  shown i n  Tab le  50. 



I n  b lack  s o i l  the area where pigeonpea had p rev ious ly  been grown 
was more low- ly ing  than the c o n t r o l  area and there was a c e r t a i n  amount 
o f  water logg ing which may have adverse ly  a f f e c t e d  a l l  the k h a r i f  crops. 
However i t  i s  very c l e a r  t h a t  pigeonpea i t s e l f  was much more severely 
a f f ec ted  by the  pigeonpea res idua l  e f f e c t  than any o f  the o ther  crops. 
There cou ld  have been some de le te r i ous  e f f e c t  on the other  legumes, but  
i f  so i t  was small by comparison w i t h  the res idua l  e f f e c t  o f  pigeonpea 
on pigeonpea i t s e l f .  

I n  red so i  1 pi able 50 B) the y i e l d s  o f  pigeonpea i t s e l f  were a l s o  
reduced, bu t  much less  than on b lack  s o i l .  There was l i t t l e  or no 
adverse e f f e c t  on the o ther  crops; the re  may even have been a b e n e f i c i a l  
e f f e c t  on the sorghum, m i l l e t  and cas to r .  

These r e s u l t s  i n d i c a t e  t h a t  the de le te r i ous  res idua l  e f f e c t  o f  
pigeonpea i s  much g rea te r  on b lack  than on red s o i l ,  and t h a t  i t  i s  much 
more pronounced on pigeonpea i t s e l f  than on o ther  crops, i . e .  i t  i s  more 
o r  less s p e c i f i c .  

( i i )  E f f e c t  o f  the i nco rpo ra t i on  o f  pigeonpea residues on the growth and 
y i e l d  o f  pigeonpeas. 

The incorpora t ion  o f  pigeonpea leaves o r  leaves + soots i n t o  the 
s o i l  had no s i g n i f i c a n t  e f f e c t  on the y i e l d  o f  pigeonpeas i n  e i t h e r  red 
o r  b lack  so i  1s (Table 5 1 ) .  None o f  the c h a r a c t e r i s t i c  symptoms o f  the 
pigeonpea res idua l  e f f e c t  were observed and the growth o f  the p l an t s  was 
norma 1 . 
( i  i i) E f f e c t s  o f  the  removal o f  pigeonpea residues on the growth and 

y i e l d  o f  a  subsequent pigeonpea crop. 

The growth o f  the  p l a n t s  i n  the area where a prev ious pigeonpea 
crop had been taken was very  poor, a l though c l e a r  d i f f e rences  could  be 
seen between cvs. T-21 and I C P - I  : the former was much more badly  
a f f ec ted .  

These f i e l d  observat ions were i n  good agreement w i t h  the harvest  
data shown i n  Table 52. The res idua l  e f f e c t  was s i g n i f i c a n t l y  greate.r 
on y i e l d  per p l a n t ,  y i e l d  per hectare and t o t a l  d r y  weight per hectare 
o f  cv. T-21 than cv.  ( c p - 1 .  However w i t h i n  the area where pigeonpea 
had p rev i ous l y  been grown the removal o f  leaves o r  both leaves and roo ts  
had no s i g n i f i c a n t  e f f e c t .  

Discussion 

The data i n  Tables 51 and 52 show t h a t  the harmful r es i dua l  
e f f e c t  was no t  caused by pigeonpea residues. The same conc lus ion was 



Table 50. Residual effect of pigeonpea on the yield and 
total dry matter of subsequent crops on 
(A) Black and (B) Red soils. 

A. BLACK S o l  L 

Y i e l d  (q/ha) To ta l  d r y  weight  (q/ha) 
Crop Cont r o  1 A f t e r  % o f  Con t ro l  A f t e r  % o f  

pigeonpea c o n t r o l  pigeonpea c o n t r o l  

Pigeonpea 8.4 - + 1.4 0.3 - + 0.2 4 34.3 - + 5.2 1.8 - + 0.5 5 

Groundnut 1.9 - + 0.2 1.1 - + 0.3 58 22.2 - + 3.8 17.5 - + 8.2 78 

Cowpea 3.7 - + 1.1 1.3 - + 0.6 41 10.6 - + 1.8 4.8 - + 1.8 45 

Chickpea 4.4 - + 1.0 1.6 - + 0.6 36 11.3 - + 2.3 4.8 - + 1.3 42 

Cot ton  7.5 - + 2.4 2.7 - + 0.8 36 29.9 + 7.9 7.8 + 1.6 26 

Sorghum 18.0 - + 2.4 14.5 - + 6.2 81 67.6 - + 9.0 61.1 - +18.4 90 

Pear l  M i l l e t  9.0 - + 1.6 4.8 - + 2.3 53 38.9 - + 4.6 26.8 - +10.0 69 

B. RED SOIL 

Y i e l d  (q/ha) To ta l  d r y  weight  (q/ha) 

Con t r o  1 A f t e r  % o f  Cont ro l  A f t e r  % o f  
pigeonpea c o n t r o l  pigeonpea c o n t r o l  

Pigeonpea 11.6+ - 3.6 6.7+ - 3.1 57 61.3+17.6 - 51.92 8.7 85 
Groundnut 5.7+ - 2.4 4.9+ - 1.6 86 46.9+ - 8.2 45.6+11.0 - 97 

Cowpea 11.8+ - 2.3 11.8+ - 1.2 100 45.2+ - 8.5 40.1~ - 2.4 89 

Sorghum 47.5213.5 58.1+ - 7.7 122 130.0+20.9 - 150,1+18.6 - 115 

Pear l  14.5+ - 5.3 21.9+ - 4.7 151 54.1+1r.5 - 71.7+18.1 - 132 
m i  1 l e t  

Castor 5.5+ - 0.8 8,52 0.9 154 22.0+ - 4.2 34.9+ - 3.5 159 



a l s o  reached i n  a p lan t -po t  exper iment i n  which pigeonpea residues were 
incorporated i n t o  the so i  l before pigeonpea and o ther  crops were sown. 
No harmful e f f e c t s  of the residues were observed. Therefore we can 
conclude w i t h  a f a i r  degree o f  c e r t a i n t y  t h a t  the harmful res idua l  e f f e c t  
o f  pigeonpeas i s  no t  caused by t o x i c  compounds released dur ing  the 
decompos i t ion o f  p i geonpea 1 eaves and roo ts .  

Only two o the r  p o s s i b i l i t i e s  remain; f i r s t l y  t h a t  a substance 
secreted by 1 i v i n g  pigeonpea roo ts  i s  responsible.  Such a substance 
could  not  I t s e l f  be t o x i c  ( o r  e l s e  pigeonpea crops would be s e l f -  
i n h i b i t i n g )  bu t  could break down i n  t ime t o  produce a t ox i n .  I f  t h i s  
were the case the res idua l  e f f e c t  o f  pigeonpea should have been seen i n  
a l l  f i e l d s  o f  s i m i l a r  s o i l  type where pigeonpeas a re  grown a f t e r  pigeon- 
peas. However, i n  1976/7 we found t h a t  the symptoms were no t  expressed 
i n  a l l  the f i e l d s  i n  the  lCRlSAT farm where pigeonpea was grown a f t e r  
pigeonpea but  on l y  i n  some areas (e.g.  ST-1, RW-1, BA-25). P a r t i c u l a r l y  
i n  f i e l d  M-2 the growth o f  pigeonpea f o l l o w i n g  a prev ious crop o f  
pigeonpea was p e r f e c t l y  normal. Th is  would be d i f f i c u l t  t o  exp la i n  on 
the hypothesis t h a t  pigeonpeas secreted a tox in-precursor  i n t o  the s o i l .  

The second poss ib l e  explanat ion,  s p e c i f i c  p a r a s i t i c  nematodes, 
seems much more l i k e l y .  The growth o f  a pigeonpea crop could lead t o  
the m u l t t p l i c a t i o n  o f  nematodes on pigeonpea i f  small numbers o f  such 
namatodes were a l  ready present  i n  the soi  1 .  The 1 ack o f  the res idua l  
e f f e c t  I n  f i e l d  M-2 and elsewhere might then be exp la ined by the 
absence o f  the i n i t i a l  inoculum o f  nematodes: f i e l d  M-2 was newly 
reclaimed and was p rev ious ly  under water as p a r t  o f  Manmole Tank. 

We found t h a t  i n  p l a n t  po t  experiments the harmful res idua l  
e f f e c t  was expressed i f  pigeonpeas were grown i n  s o i l  taken d i r e c t l y  
from a f f e c t e d  p a r t s  o f  f i e l d s ;  bu t  i f  the s o i l  was a1 lowed t o  d ry  f l r s t ,  
the e f f e c t  no longer appeared. Th is  r e s u l t  cou ld  be exp la ined i f  the 
p u t a t i v e  nematodes were k i l l e d  by d ry ing ;  moreover the g rea te r  res idua l  
e f f e c t  on b lack  s o i l  than on red might be owing t o  the f a c t  t h a t  the 
l a t t e r  d r i e s  ou t  more completely dur ing  the summer months. 

The Pulse Entomology sect  ion has a1 ready s t a r t e d  a nematological  
i n v e s t i g a t i o n  o f  t h i s  problem, and i n  the  1977/8 season we w i  1 1  be 
c a r r y i n g  ou t  a j o i n t  experiment t o  see i f  the harmful res idua l  e f f e c t  
i s  reduced o r  abol ished by t he  a p p l i c a t i o n  o f  nemat ic ides.  



Table 51. Effects on yield and total dry matter production 
of the incorporation of pigeonpea residues into 

I black and red soils. 

BLACK Sol L (ST-I) CV. I C P - I  

Treatment Y i e l d  To ta l  d r y  weight  
(kg/ha) (kg/ha) 

Con t r o  1 568 2,396 

Leaf i n c o r p o r a t i o n  492 2,042 

Leaf+Root i nc,orporat ion 527 1,775 

LSD (5%) 
cv  (%) 

RED S o l  L (RA-26) C V .  ST-1 

Treatment Y i e l d  To ta l  d r y  weight  
(kg/ha) (kg/ha) 

Con t ro l  678 

Leaf i n c o r p o r a t i o n  726 

LeafcRoot i n c o r p o r a t i o n  71 6 

LSD (5%) 
cv  ( % I  

408 (NS) 2,061 (NS) 
25.48 19.91 



Table 52. Yield per plant, yield per hectare and total dry 
weight per hectare produced by pigeonpeas grown 
in soil where no previous pigeonpea crop was 
taken (control) or where pigeonpeas had been 
grown the previous year; either all pigeonpea 
residues (-leaves-roots), leaves only (-leaves+ 
roots) or no pigeonpea residues (+leaves+roots) 
were removed. 

Y i e l d  p e r  p l a n t  (gms) 

Cul t i v a t -  Con t r o  1 - 1 eaves + leaves - 1 eaves Mean 
- r o o t s  + r o o t s  + r o o t s  

MEAN 15.3 3.2 4 5 3 . 4  

LSD (5%) Cul t i v a r s  
Residues e f f e c t s  
C u l t i v a r s  w i t h i n  r e s i d u e :  2.96 

t rea  tmen t group 
Comparison o f  means : 2.56 

between groups 



Contd.. .Table 52 

Y i e l d  (q /hectare)  

Cul t i v a r  Cont ro l  - 1 eaves +l eaves - 1 eaves Mean 
- r oo t s  + roo ts  + roo t s  

MEAN 7 . 5  1.2 1.6 1.3 

LSD (5%) C u l t  i v a r s  : 0.72 
Residue e f f e c t s  : 0.92 
C u l t i v a r s  w i t h i n  res idue:  1.44 

e f f e c t  groups 
Comparison o f  means : 1.35 

between groups 

To ta l  d r v  mat te r  (a lha)  

Cul t i v a r  Cont ro l  - 1 eaves + 1 eaves - 1 eaves Mean 
- r oo t s  + roo ts  + roo ts  

MEAN 31 .O 4 . 5 6.3 5.4 

LSD (5%) Cul t i v a r s  2.58 
Residue e f f e c t s  3.42 
C u l t i v a r s  w i t h i n  r e s i -  5.16 

due e f f e c t  groups 
Comparison of  means 4.91 

between groups 



EFFECTS OF RATOONING ON SECOND-HARVEST YIELDS 

Ear l y  and medium-duration c u l t i v a r s  o f  pigeonpeas can go on t o  
produce a second crop o f  pods a f t e r  the  f i r s t  c rop has matured (see PPR 
1974/5 Chapter I ;  PPR 1975/6 Sec t ion  I V . 4 ;  and ICRISAT Pigeonpea 
Breeding Annual Report 1975/6 pp 261-268). Th i s  year t he  second 
harvest  y i e l d s  on bo th  red and b l ack  s o i l s  o f  p l a n t s  which were ratomed 
a f t e r  the  f i r s t  ha rves t  were compared w i t h  the  y i e l d s  o f  c o n t r o l s  from 
which pods were plucked a t  the t ime o f  t he  f i r s t  harvest bu t  which were 
no t  ratooned ( r e f e r r e d  t o  as 'non-ra tooned '  p l a n t s ) .  We a l s o  i n v e s t i -  
gated the  e f f e c t s  on y i e l d  and y i e l d  components o f  d i f f e r e n t  he igh ts  
o f  ra toon ing  and o f  d i f f e r e n t  t imes o f  ra toon ing .  

Met. hods 

The c u l t i v a r s  se lec ted  f o r  these exper iments were No.148 and 
AS-71-37 bo th  o f  which were found by t he  Pigeonpea Breeders i n  t h e i r  
t r i a l s  l a s t  year t o  g i v e  good y i e l d s  a f t e r  ra toon ing  (see Pigeonpea 
Breed i ng Annua l Report 1975/6, p  265) . 

I n  both red ( ~ 1 )  and b l ack  (ST-1) s o i l s  the  p l a n t s  were sown on 
r i dges  75 cm apa r t  a t  a  p l a n t  t o  p l a n t  spacing o f  30 cm. The expe r i -  
ments were layed o u t  i n  s p l i t  p l o t  designs w i t h  the  two c u l t i v a r s  i n  
the main p l o t s  and ra toon ing  t reatments  i n  the  sub-p lo ts  (sub-p lo t  
s i z e :  8 x 9 m). The red so i  1 t r i a l  was rep1 i ca ted  4 t imes; the  b l ack  
s o i l  t r i a l s  3  t imes. The dates o f  sowing were: red s o i l  6-7-76; 
b lack  s o i l  29/30-6-76. The second y i e l d  was harvested i n  March 1977. 

( a )  Ratooning t r i a l  i n  red s o i l :  

i) Ratooned (about 60 cm above ground l e v e l )  a t  the t ime o f  f i r s t  
harvest (18-11-76). 

( b )  He igh t  o f  ra toon ing  t r i a l  i n  b l ack  s o i l :  

r ) Ratooned 10 cm above ground 1 eve1 (on 7-12-76). 
i r ) Ratooned 30 cm above ground l e v e l  (on 20-1 1-76) . 

1 I I ) Ratooned 60 cm above ground l e v e l  (on 8-12-76). 
i v )  Ratooned 90 cm above ground l e v e l  (on 9-12-76). 
v) Non-ratooned (pods p icked  on 4-12-76). 



( c )  Time o f  ra toon ing  t r i a l  i n  b l ack  s o i l  : 

i )  Non-ratooned ( f i r s t  ha rves t  o f  pods p icked  from the  p l a n t s  on 
5- 12-76) . 

i i )  Ratooned be fo re  f l o w e r i n g  (on 21-9-76, 83 days a f t e r  sowing) 
f i r s t  ha rves t  o f  pods p icked  from the  p l a n t s  on 15-1-77. 

i i i) ~atooned '  a t  ' p h y s i o l o g i c a l  m a t u r i t y '  o f  the f i r s t  o f  pods 
(on 18-11-76), above ground l e v e l .  

i v )  Ratooned* a t  m a t u r i t y  o f  the  f i r s t  f l u s h  o f  pods, i . e .  a t  
normal harves t  t ime (6-12-76). 

v) ~ a t o o n e d *  15 days a f t e r  ( i v )  above (on 21-12-76) 
v i )  Ratooned* 30 days a f t e r  ( i v )  above (on 5-1-77). 

A he igh t  o f  ra toon ing :  55-65 cm above ground l e v e l .  

Resul t s  

(a) Y ie l ds  o f  ratooned and non-ratooned ~ l a n t s  i n  red  s o i l :  

The p l o t s  i n  t h e  f o u r t h  r e p l i c a t e  o f  t h i s  t r i a l  were badly  
damaged by f l o o d i n g  and wate r logg ing  a f t e r  a heavy storm; the  r e s u l t s  
f rom t h i s  r e p l i c a t e  were om i t t ed  f rom the  a n a l y s i s  o f  data.  

The y i e l d s  f rom t h e  f i r s t  ha rves t  ( i n  November 1976) were good 
(over 1.2 tons per  hectare)  and cons iderab ly  h igher  than on b l ack  s o i l  
(see be 1 ow) . 

The non-ratooned c o n t r o l s  produced a second f l u s h  o f  pods 
sooner than the  ratooned p l a n t s  i n  which more vege ta t i ve  growth took 
p lace  be fo re  the  second crop was produced. 

A mean y i e l d  o f  a lmost 1 ton/ha was ob ta ined  i n  t he  second 
harves t  f rom the  non-ratooned c o n t r o l s ,  which was 80% o f  the  v i e l d  i n  
t he  f i r s t  ha rves t  (Table  53) .  The ratooned p l a n t s  produced a mean 
y i e l d  o f  0.5 ton/ha, approx imate ly  h a l f  o f  t h a t  o f  the  non-ratooned 
p l a n t s .  A s i m i l a r  p a t t e r n  o f  r e s u l t s  was ob ta ined  w i t h  bo th  c u l t i w r s .  

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  f i r s t - h a r v e s t -  
y i e l d s  o f  t he  two c u l t i v a r s ,  bu t  cv. AS-71-37 gave s i g n i f i c a n t l y  
h i ghe r  second-harvest y i e l d s  than cv.  No. 148  a able 53).  

The 100-seed weights  were s i g n i f i c a n t l y  lower i n  t he  second 
ha rves t  than i n  t he  f i r s t  ha rves t ,  and w i t h i n  t he  second harves t  were 
s i g n i f i c a n t l y  lower from the  ratooned p l a n t s  than from the  non-ratooned 
p l a n t s  (Tab le  53) .  



Table 5 3 .  (A) Yields and ( B )  100-seed weights from the first 
harvest and second harvest from ratooned and non- 
ratooned plants of cvs. No.148 and A S - 7 1 - 3 7  grown 
in red soil. 

A.  Y i e l d  ( ~ g / h a )  

Cul t j v a r  F i r s t  Treatment Second Tota 1 
y i e l d  y i e l d  y r e l d  

No. 148 1207 Ra tooned 

A S - 7 1  - 3 7  1262 Ra tooned 

Non- r a  tooned 

MEAN 1235 Ra tooned 

LSD (5%) 574.4 (NS) 
For c u l t  i v a r s  
For t reatments 

within c u l t i v a r s  
For compa r i son 

between groups 
C V %  12.0 

B. 100-seed weight (g) 

C u l t  jvar F i r s t  Trea tmen t Second 
harves t  ha sves t 

No. 148 9.39 Ra tooned 
Non- r a  tooned 

9.29 Ra t,ooned 
Non- r a  tooned 

MEAN 9.34 Ra tooned 
Non-ratooned 

LSD (5%) 
For c u l t i v a r s  0.630 (NS) 
For t reatments  
For t reatments  w i t h i n  cvs. 
For compar i son be tween 

groups 



Height o f  ra tooning t r i a l  i n  b lack s o i l :  

'The y i e l d s  obta ined a t  the f i r s t  harvest  were low compared w i t h  
the y i e l d s  produced by the same c u l t  i v a r s  on red so i  1 .  Th is  may a t  l eas t  
i n  p a r t  be exp la ined by the  poor drainage i n  the p a r t  o f  f i e l d  ST-1 where 
t h i s  t r i a l  was s i t ua ted ,  r e s u l t i n g  i n  water logg ing which a f f ec ted  the 
growth o f  the  p l an t s  dur ing  the  vege ta t i ve  phase. 

The f i r s t  harvest  y i e l d s  should no t  have been a f f ec ted  by the 
ra tooning treatments,  s ince the ra tooning was c a r r i e d  out  on l y  a t  the  
t ime o f  harvest .  However, by mistake, the 30 cm ratooning treatment was 
c a r r i e d  ou t  2+ weeks too  e a r l y  r e s u l t i n g  i n  a  s i g n i f i c a n t  reduc t ion  i n  
the y i e l d   a able 54)  , and a l s o  i n  a  reduced 100 seed weight because t h i s  
e a r l y  ra toon ing  invo lved harvest ;  ng immature pods, 

Dur ing the  per iod  between the f i r s t  and second harvests ,  many o f  
the p l an t s  grew very poo r l y  and t h e i r  leaves became scorched a t  the t i p s .  
These symptoms o f  poor growth and l e a f  bear ing were found i n  d i s t i n c t  
patches; i n  between these patches the  growth and y i e l d  o f  the p l an t s  were 
good. These symptoms were found i n  g rea t  m a j o r i t y  o f  the area occupied 
by t h i s  t r i a l  and no subplo t  was completely unaf fected.  Consequently the 
second-harvest y i e l d s  from t h i s  t r i a l  (and from the Time o f  Ratooning 
T r i a l ,  descr ibed below, which was adjacent t o  i t  and s i m i l a r l y  a f f ec ted )  
were poor, and the  c o e f f i c i e n t  o f  v a r i a t i o n  was very  h i gh  (64%).  Pre- 
l im ina ry  i nves t i ga t i ons  have ind ica ted  t h a t  these symptoms were due t o  
boron t o x i c i  t y .  S im i l a r  symptoms i n  ratooned o r  la te -p lan ted  pigeonpeas 
have been observed i n  patches i n  o ther  b l ack - so i l  f i e l d s  on the I C R s S A T  
farm. 

The v a r i a b i l i t y  i n  y i e l d s  and the  unheal th iness o f  the p l an t s  
.suiting from t h i s  p u t a t i v e  t o x i c  e f f e c t  means t h a t  the  r e s u l t s  from 
i s  t r i a l  a re  o f  doub t fu l  value. I n  p a r t i c u l a r  no conclusions can be 

drawn from the  percentage mor ta l  i t y  which f o l  lowed t he  d i f f e r e n t  ratoon- 
ing t reatments,  because the  r e l a t i v e l y  h i gh  m o r t a l i t y  o f  the  p l an t s  i n  
the 'bad patches'  may have masked any treatment d i f f e rences .  

However, i n  s p i t e  o f  the poor growth and poor y i e l d s  the y i e l d  
f i g u r e s  f o r  t h e  second harvest  show c l e a r l y  t h a t  the  h ighes t  y i e l d s '  
were obta ined from the  non-ratooned con t ro l s ,  the  lowest y i e l d s  from the 
p l a n t s  ratooned a t  10 cm, and t h a t  the  y i e l d  der ived from the  ratooned 
p l a n t s  increased w i t h  the  he igh t  o f  ra tooning.  

As on t he  red s o i l ,  the  non-ratooned p l an t s  produced a mature 
second crop o f  pods sooner than t he  ratooned p lan ts ,  and the  t ime taken 
t o  m a t u r i t y  o f  t h e  second crop o f  pods increased p rogress ive ly  as the 
p l a n t s  were ratooned a t  lower he igh ts .  The non-ratooned p l an t s  matured 
5-6 weeks e a r l  i e r  than the p l an t s  ratooned a t  10 cm, and 2-3 weeks 
e a r l i e r  than t he  fastest -matur ing ratooned p l an t s ,  those c u t  a t  90 cm. 



Table 54, Effects of height of ratooning on 100-seed weight and yield of cvs ,  
No.148 and AS-71-37 on black soil 

C u l t i v a r  & Treatment Dead 100-seed w t .  (g) Y i e l d  (kg/ha) 
p l an t s  % I Harvest I I Harvest I Harvest I I  Harvest Tota l  

Cv. No.148 
Contro l  2 2 - 3 1  9 . 3 6  
Ratooning a t  10 cm 26.5 , 
Ratooning a t  30 cm 28.9 2 7 . 3  8 .96  9 9.19 8.31 7.92 111 418 702 95 125 513 827 
Ratooning a t  60 cm 31 - 5  
Ratooni ng a t  90 cm 27.4 

9.38 7 .40  820 
9 .02  7.92 7771 

- 
C V .  AS-71-37 
Contro l  21 - 3  
Ratooning a t  10 cm 
Ratooning a t  30 crn 21.6 7 . j  18.6 ;:;! 9 .17  9 .75  ;:?? 8.54 8.39 507 676 208 273 715 949 A 

Ratooning a t  60 cm 6.6  9.72 8 .48  N -r 
Ratooning a t  90 cm 26.5 9 .92  8.55 292 1039 
MEAN 

L 

Con t r o  1 21 . 9  9.67 8.81 71 6 338 1055 
Ratooning a t  10 cm 21 - 8  9 - 6 0  7.36 798 3 8 836 
Ratooning a t  30 cm 25.2 9.06 8.43 463 152 61 4 
Ratooning a t  60 cm 19.0 9 .55  7.94 708 242 950 
Ratooning a t  90 cm 26.9 9.47 8 .23  763 223 986 

LSD (5%) 
For c u l t i v a r s  43.03 (NS) 1 .526 (NS) 0 . 5 8 9 ( ~ S )  1 9 6 . 9 ( ~ ~ )  3 3 5 . 3 ( ~ ~ )  1 7 8 . 8 ( ~ 5 )  
For t reatments 14.64 (NS) 0.61 1 0.704 102.4 155.2 176.6 
For t reatments i n  cvs. 2 0 . 7 1 ( ~ ~ )  0.863 0.996 144.8 219.5 249.7 
For compa r i son s 28. 1 6 ( ~ s )  1 .078 0.937 161 - 9  256.5 240.1 

between groups 

SD i 11.96 0 .498 0.575 83.6 26.8 144.2 
CV%- 52.1 5 . 3  7 .1  1 2  1 6 3 . 8  16 24 



The p l a n t s  ratooned a t  30 cm, because they were ratooned too e a r l y  
by mistake, produced a mature second crop sooner than the  o the r  
ratooned p l an t s .  

The 100-seed weights o f  t he  second crop were h ighes t  i n  the 
non-ratooned p l an t s ,  lowest i n  the  10 cm ratooned p l a n t s  and interme- 
d i a t e  i n  t he  o thers ,  w i t h  the  except ion o f  the  p l a n t s  ratooned e a r l y  
a t  30 cm, where the  100-seed weight was more than i n  the  o ther  ratooned 
p l a n t s  bu t  l ess  than i n  t he  non-ratooned p l an t s .  

( c )  Time o f  ra toon ing  t r i a l  i n  b l ack  so i  1 : 

I n  t h i s  t r i a l ,  as i n  the t r i a l  descr ibed i n  (b) above, the  f i r s t  
harvest  y i e l d s  were poor,  probably  p a r t l y  because the  p l a n t s  su f f e red  
from wate r logg ing  damage du r i ng  t he  monsoon, and the second harvest  
y i e l d  were badly  a f f e c t e d  by the  p u t a t i v e  boron t o x i c i t y ,  which a f f e c t e d  
a1 1 t he  p l o t s .  

Because o f  t he  poor vege ta t i ve  growth, i n  the  ' r a t oon ing  f o r  
fodder '  t reatment (83 days a f t e r  sowing) the  fodder y i e l d s  were low 
(454 kg/ha d r y  fodder i n  cv. No. 148 and 391 kg/ha i n  cv. AS-71-37). 
Th i s  t reatment delayed t he  m a t u r i t y  o f  the f i r s t  y i e l d  o f  pods by 
over  a  month, bu t  the  g r a i n  y i e l d  was no t  s i g n i f i c a n t l y  d i f f e r e n t  from 
t h a t  o f  p l a n t s  which had no t  been ratooned be fo re  the  f i r s t  harvest  
 a able 55) .  The 100 seed weight was, however, s i g n i f i c a n t l y  increased 
i n  these p l a n t s  (Table 55) .  

Ratooning a t  ' p h y s i o l o g i c a l  matu r i  t y '  r esu l t ed  i n  a  s i g n i f i c a n t l y  
reduced y i e l d  a t  f i r s t  harvest  and a s i g n i f i c a n t  reduc t ion  i n  100- 
seed weight .  There was no s i g n i f i c a n t  d i f f e r e n c e  i n  y i e l d  a t  f i r s t  
ha rves t  between t he  p l a n t s  harvested a t  the t ime o f  normal m a t u r i t y  
(non-ratooned c o n t r o l s  and p l a n t s  ratooned a t  normal harvest  t ime) and 
the  p l a n t s  harvested and ratooned 15 and 30 days l a t e .  

I n  the  second harves t  the  h ighes t  y i e l d s  were obta ined from the 
non-ratooned c o n t r o l s ,  which were the  f i r s t  p l a n t s  t o  mature; the second 
h ighes t  y i e l d s  came from the  ratooned p l a n t s  which matured e a r l i e s t  - 
i .e. those ratooned a t  ' p h y s i o l o g i c a l  m a t u r i t y '   a able 5 5 ) .  The p l a n t s  
ratooned a f t e r  15 and 30 days'  de lay produced lower y i e l d s  i n  the 
second harves t  and the  lowest y i e l d s  o f  a1 1 were produced by the  p l a n t s  
which had been ratooned be fo re  the  f i r s t  f l owe r i ng ,  which r esu l t ed  i n  a  
de lay  i n  the  product  ion o f  the second crop.  

I n  genera l ,  100 seed-weights i n  the  second harvest  were lower 
than i n  the  f i r s t .  The p l a n t s  ratooned from phys io l og i ca l  m a t u r i t y  
onwards had s i g n i f i c a n t l y  lower 100 seed weight  i n  the  second harvest  
than the  non-ratooned c o n t r o l s  (Table 55) . 



Table 55. Effects of t i m e s  of ratooning on 100 seed w e i g h t  and yield in f i r s t  
and second harvests of cvs. ldo 148 and AS-71-37. 

C u l t i v a r  and Treatment Dead 100 Seed w t .  (g)  Yield (kq/ha) 
p l a n t s  Z F i  r s t  Second F I  r s t  Second . T o t a l  

ha rves t  ha rves t  
Cv. No.148 
Cont ro l  
Ratooned 90 days a f t e r  sowing 
Ratooned @ p h y s i o l o g i c a l  maturity 
Ratooned @ h a r v e s t  7.59 
Ratooned 15 days a f t e r  ha rves t  
Ratooned 30 days a f t e r  ha rves t  

C V .  AS-71-37 
Con t r o  1 
Ratooned 90 days a f t e r  sowing 10.28  
Ratooned @ p h y s i o l o g i c a l  maturi ty 
Ratooned @ h a r v e s t  
Ratooned 15  days a f t e r  ha rves t  
Ratooned 30 days a f t e r  ha rves t  30.9 
MEAN 

C o n t r o l  55.6 9.31 
Ratooned 90 days a f t e r  sowing 41.3 9.88 
Ratooned @ p h y s i o l o g i c a l  m a t u r i t y  65.7  7 - 5 9  
Ratooned @ h a r v e s t  38.4 9 .28  
Ratooned 15 days a f t e r  ha rves t  33.8 9.26 
Ratooned 30 days a f t e r  ha rves t  30.9 9.26 

LSD (5%) 
Cul t i v a r s  14.66(NS) 0.508 0.521 (NS) 
Treatment 15.79 0.287 0.367 
Treatment i n  a  c u l t i v a r  22.34 0.406 0.519 
Comparison between groups 21 -59  0.445 0.537 

harves t  harves t  



Discussion 

One c l e a r  conc lus ion emerges from these r e s u l t s :  h igher  second- 
harvest  y i e l d s  were produced by non-ratooned p l a n t s  than by p l a n t s  
ratooned I n  any way. One reason f o r  t h i s  may be t h a t  the second crop 
i s  produced sooner. The ra toon ing  treatments r e s u l t  i n  a  de lay Jn the 
p roduc t ion  o f  the  second crop o f  pods, and the seduct ion i~ second 
y i e l d  caused by ra toon ing  seemed t o  be r e l a t e d  t o  the de lay invo lved:  
the  10 cm ra toon ing  treatments gave the g rea tes t  delay and the  lowest 
y i e l d s ;  t he  e a r l y  satooning a t  ' p h y s i o l o g i c a l  m a t u r i t y '  l ed  t o  the 
l e a s t  de lay and higher y l e l d s  than the  p l a n t s  ratooned a t  the normal 
t ime o f  ha rves t .  The reduct ions i n  y i e l d  assoc ia ted w i t h  these delays 
may be e x p l i c a b l e  i n  terms o f  the g rea te r  water s t r ess ,  and poss ib l y  
a l s o  heat s t r ess ,  t o  which the  p l a n t s  a re  exposed as the  s o i l  mo is tu re  
i s  p rog ress i ve l y  deple ted,  the temperature r r ses  and the  r e l a t i v e  
humid i t y  f a l l s .  These cond i t j ons  seem t o  have resu l t ed  no t  on l y  i n  
lower y i e l d s  bu t  d l s o  i n  a  progress ive r educ t i on  i n  100-seed weights.  

Th is  year the  e a r l y  cessavion o f  the monsoon may have resu l t ed  
i n  a  much g rea te r  mois ture s t r ess  on the  p l a n t s  than was apparent l a s t  
year ,  when t he  r a i n s  were unusual ly  p ro t r ac ted .  The d i f f e rences  i n  
mo is tu re  s t a tus  i n  t he  post-monsoon pe r i od  probably  l ed  t o  d i f f e rences  
i n  the phys io l og i ca l  behaviour o f  the p l a n t s  (see S e c t ~ o n  11.4). Last  
year we found i n  a  smal l -sca le  ra toon jng  t r i a l  w i t h  cvs. ST-1 and H Y - 3 C  
t h a t  t he re  was an optimum he igh t  o f  ra toon ing  (about 1 meter) f o r  
second-harvest y i e l d s  which was b e t t e r  than the non-ratooned treatment 
(see PPR 1975/6 Sect ion I V . 4 ) ,  Perhaps under cond i t i ons  i n  which more 
water i s  a v a i l a b l e  i n  the  s o l l ,  the de lay assoc ia ted w i t h  the  pcoduct ion 
o f  a  second harvest  by  ratooned p l a n t s  i s  no t  so disadvantageous; indeed 
the  g rea te r  vege ta t i ve  development o f  the satooned p l a o t s  may be an 
advantage. However, even 1 a s t  year (1975/6) i n  some o the r  p r e l  im!nary 
t r i a l s  on ra toon ing  we found t h a t  the re  was a tendency f o r  the non- 
ratooned p l a n t s  t o  g i v e  h igher  second-harvesr y i e l d s  than t he  ratooned 
ones. These r e s u l t s  were not  included i n  our  l a s t  r e p o r t  because the 
t r i a l s  were no t  we1 l managed and the  low second harves t  y i e l d s  may 
p a r t l y  have been a r e s u l t  o f  i n sec t  damageo These was a l s o  a  h i gh  
m o r t a l i t y  o f  the  p l a n t s  i n  both ratooned and c o n t r o l  p l o t s .  However, 
t he  r e s u l t s  take on a new i n t e r e s t  i n  the I f i g h t  o f  t h i s  y e a r ' s  f i n d i n g s  
and a re  reproduced i n  Table 56. 

These e a r l y  c u l t ' v a r s  a re  u n l i k e l y  t o  have been under much 
mo is tu re  s t r ess  dur Sng the  development o f  t he  second c rop  o f  pods, 
owing t o  t he  l a t e  r a i n s  Bn 1975. So i t  may be t h a t  even w i t h  adequate 
mo is tu re  supply,  the  y i e l d s  o f  non-ratooned p l a n t s  a re  higher than 
those o f  ratooned p l an t s ,  i n  c o n t r a d i c t i o n  t o  the  conc lus ion suggested 
by t h e  r e s u l t s  f o r  c vs -  ST-1 and HY-3C repor ted  l a s t  year (PPR Sect ion 
IV, 4) and discussed above. We hope t o  i n v e s t i g a t e  t h i s  f u r t h e r  i n  t he  
1977/8 season by comparing t he  second y i e l d  o f  ratooned and non-ratooned 
p l a n t s  w i t h  and w i t hou t  ; r r  Fgat ion.  



Table 56. Yields of ratooned and non-ratooned plants of 
cvs. Pusa ageti and T-21 in red soil (RA-26) in 
197516.  Net plot size 40 m2; design RCB with 
6 replicates. 

Y i e l d  i n  kg/ha 

T-21 Pusa a g e t i  

F i r s t  h a r v e s t  664 
y i e l d  

Ratooning Non- Ratooned LSD (5%) Non- Ra tooned LSD (%5) 
t rea tment  Ra tooned Ra tooned 

Second h a r v e s t  267 176 67.9 21 8 181 NS 
y i e l d  

I f  f u r t h e r  exper iments c o n f i r m  t h i s  y e a r ' s  r e s u l t s  concern ing 
t h e  marked s u p e r i o r i t y  o f  non-ratooned over  the  ratooned p l a n t s  i n  
produc ing a second crop,  t h e  p r a c t i c a l  agronomic p o s s i b i l i t i e s  w i l l  
depend on t h e  r e l a t i v e  c o s t s  o f  t h e  d i f f e r e n t  methods o f  h a r v e s t i n g  
t h e  f i r s t  c rop  and t h e  va lue  o f  t h e  e x t r a  y i e l d  o b t a i n a b l e  i n  t h e  
second h a r v e s t  f rom non-ratooned p l a n t s .  



IV. 3 

PIGEONPEA AS A PERENNIAL CROP 

Pigeonpeas a r e  i n t r i n s i c a l l y  perenn ia l  and a re  indeed sometimes 
grown as perenn ia ls  by farmers on a small sca le ,  o f t e n  as 'backyard '  
p l an t s .  I t  i s  gene ra l l y  s t a ted  t h a t  pigeonpea y i e l d s  f a l l  o f f  a f t e r  the 
f i r s t  year and t h a t  t h i s  i s  one o f  the  reasons why pigeonpeas a r e  no t  
more commonly used i n  perenn ia l  c ropping systems. However, q u a n t i t a t i v e  
data do no t  seem t o  be ava i ! ab l e  on second-year o r  subsequent y i e l d s  o f  
pigeonpeas, nor do f a c t o r s  which a f f e c t  the  y i e l d s  i n  second and subse- 
quent years seem t o  have been i nves t i ga ted .  I f  i t  were poss ib l e  t o  
o b t a i n  good y i e l d s  f rom pigeonpeas i n  second and subsequent years,  
severa l  use fu l  c ropping systems could  be developed, f o r  example peren- 
n i a l  pigeonpea hedges o r  wind-breaks. 

I n  some o f  the  exper imental  p l o t s  o f  our  k h a r i f  1975 t r i a l s  i n  
bo th  red and b l ack  s o i l s ,  t he  p l a n t s  were ratooned a f t e r  the f i r s t  har -  
ves t  and a second harvest  was taken from the ratooned p l an t s .  They were 
then l e f t  (w i t hou t  i r r i g a t i o n )  and went on t o  produce a crop du r i ng  the 
1976/7 season. Th i s  crop was harvested and the  y i e l d s  were compared 
w i t h  those o f  the  same c u l t i v a r s  p lan ted  nearby i n  the  k h a r i f  season o f  
1976. 

I n  a second t r i a l ,  p l a n t s  which had been sown a t  h i gh  popu la t ion -  
dens i t i e s  i n  t he  r a b i  season o f  1975 (see PPR 1975/6, Sect ions I . 3  and 
1 v . 6 )  were l e f t  i n  t he  f i e l d  (w i thou t  i r r i g a t i o n )  a f t e r  ha rves t ing  the  
pods. These p l a n t s  produced another crop du r i ng  the  1976/7 season. 
The y i e l d s  were compared w i t h  those o f  nearby p l o t s  o f  the  same 
c u l t i v a r s  p lan ted  i n  the  k h a r i f  o f  1976. 

The t imes o f  p l a n t i n g  and harves t ing  i n  these two t r i a l s  a re  
i nd i ca ted  d iagramat i ca l  l y  i n  Table 56a. 



Table 56a. Diagramatic representation of the times of 
planting and harvest of the kharif-kharif and 
rabi-kharif perennial trials and of the normal 
kharif crop (control). 

Season T r i a l - l  
-- - 

1975 June 

Ju 1 y 

Aug. K h a r i f  

Sept . 
Oct. - 
Nov . 
Dec. Rabi 

1976 Jan. 

Feb. 

Mar. -] 

A P ~ .  Summer 

May 1 
June 

K h a r i f  
Aug . 
Sept . 
Oct. J 

Nov . 
Dec. Rabi 

1977 Jan. 

Feb. 

T r i a l - l  l T r i a l - l  I I 
- -- 

(con t r o  1 ) 

F i r s t  
+harvest E 

r a  toon i ng 

Rabi c rop  
h a r v e s t  

Ra toon 
ha rves t  

Harves t  Harves t  I Harves t  



Methods 

The t imes o f  sowing and spacing o f  crops p lan ted  i n  the k h a r i f  
and r a b i  seasons o f  1975 i n  f i e l d s  ST-1 (b lack  so i  1) and RA-26 ( red  
s o i l )  a re  g iven  i n  PPR 1975/6. The c o n t r o l  p l o t s  con ta i n i ng  the same 
c u l t i v a r s  which were used i n  the  1975 k h a r i f  and rab i  sowings were 
p lan ted  i n  the  same f i e l d s  i n  k h a r i f  1976 on 75 cm r idges  a t  30 cm 
p l a n t - t o - p l a n t  spacings. On red so i  1 (RA-26) cvs. ST-1 and H Y - 3 C  were 
sown i n  7 x 7.5 om p l o t s  (3  r e p l i c a t e s  per c u l t i v a r ,  complete ly  random- 
ized design) on 25-6-76; i n  b l ack  s o i l  (ST-1) the  c o n t r o l s  f o r  t r i a l  I 
( c v s .  ICP-1 ,  ST-1 and HY-3C) were p lan ted  i n  four  r ep l  i ca tes  i n  a  
complete ly  randomized design, w i t h  p l o t  s i z e  7 x 7 . 5  m. For t r i a l  I I  
f o u r  r e p l  i ca tes  o f  the  c o n t r o l s  (cvs. T-21, ST-1, 7065) were sown i n  a  
complete ly  randomized design w i t h  p l o t  s i z e  10 x 6.75 m. The p l a n t i n g  
da te  was 28-6-76. 

Y i e l  d  and y i e l d  components were recorded a t  harvest  (~ecember  
1976-February 1977) . Because the  p l o t s  o f  the  perenn i a  1 pigeonpeas and 
o f  the  c o n t r o l s  cou ld  no t  be layed ou t  i n  a  randomized o r  s p l i t  p l o t  
design (s ince  the perenn ia l  p l o t s  were a l ready  i n  the f i e l d )  the r e s u l t s  
cou ld  no t  be analysed by t he  standard procedures. Ins tead data a re  
g iven  as mean values f o r  the  r e p l i c a t i o n s  w i t h i n  a  t reatment,  w i t h  
standard dev ia t i ons .  

Resul ts  and discuss!on 

( i )  T r i a l  I : 

I n  t he  p l o t s  o f  perennia l  pigeonpeas i n  t r i a l  I the  stands were 
reduced by the w i l t  d isease, which k i l l e d  p l a n t s  bo th  be fo re  and a f t e r  
t he  f i r s t  harvest  a t  the  end o f  the  1975 season; f u r t h e r  a t t acks  o f  the  
disease occurred d u r i n g  1976 season. Y ie l ds  per p l a n t  as w e l l  as 
y i e l d s  per hec ta re  a re  shown i n  Table 57. 

I n  t he  red s o i l ,  many o f  the  p l a n t s  o f  cv. ST-1 were severe ly  
a f fec ted  by t he  s t e r i l i t y  mosaic disease which r e s u l t e d  i n  a  low 
average y i e l d  per  p l a n t  and y i e l d  per hectare.  However cv.  HY-3C i s  
r e s i s t a n t  t o  t h i s  disease and t he re  were f a i r l y  h i gh  y l e l d s  per p l a n t .  
The y i e l d s  per hec ta re  were a l s o  q u i t e  good, and h igher  than those o f  
the  c o n t r o l s  (June 1976 p l a n t i n g ) .  The l a t t e r  were e x t r a o r d i n a r i l y  
low, no doubt p a r t l y  because o f  the  mo is tu re  s t r ess  which led  t o  low 
y i e l d s  i n  a l l  our  t r i a l s ;  ,the perenn ia l  p l a n t s  may have had a  r e l a t i v e  
advantage under these circumstances s ince  they f lowered and podded 
severa l  weeks e a r l i e r  than the  c o n t r o l s  and may t he re fo re  have been 
l ess  a f f ec ted  by the  mo is tu re  s t ress .  



Table 57. Yields at harvest in January 1977 of pigeonpeas 
planted in June-July 1975 and June 1976. 

RED Sol L 

Cul t i v a r  P l a n t i n g  Y i e l d / p l a n t  (g) Y ie ld /ha (q) 

HY-3C J u l y  1975 42.0 + 22.7 7.6 + 5.4 
June 1976 9.4 T 4.7 - 4.4 T - 2.4 

ST- 1 J u l y  1975" 7.0 + 2.7 2.2 + 1.4 
June 1976 25.0 - 5.1 11.6 7 3.6 - 

fi These p l a n t s  were bad ly  a f f e c t e d  by s t e r i  1 i t y  mosaic d isease 

BLACK SO l L 

HY - 3C June 1975 5.0 + 2.1 0.6 + 0.2 
June 1976 5.2T - 1.1 2.2 - 0.5 

I CP-1 June 1975 7.5 + 4.6 2.5 + 1.7 
June 1976 14.5 - 7 2.1 6.2 T - 0.9 

ST- 1 June 1975 11.3 + 4.0 1.7 + 0.8 
June 1976 12.5 7 2.3 5.2 1.0 

I n  the  b lack  s o i l ,  t he  growth and y i e l d  o f  t he  pe renn ia l  pigeonpeas 
was poor;  on a  per  hec ta re  bas i s  t h e  y i e l d  was between a  h a l f  and a  
q u a r t e r  o f  t h a t  o f  the  f i r s t - y e a r  c rop  (Table 57). I n  t h i s  case the  low 
y i e l d s  p e r  p l a n t  cou ld  n o t  be exp la ined  i~ terms o f  s t e r i l i t y  mosaic 
d isease because the p l a n t s  i n  these t r i a l s  were n o t  i n f e c t e d .  

These p l a n t s  were growing i n  the  same f i e l d  (ST-1) where t h e  
severe harmful  r e s i d u a l  e f f e c t  o f  pigeonpea on subsequent c rops o f  
pigeonpea was found (see PPR 1975/6 Sec t ion  I V ,  1 and t h i s  r e p o r t  
Sec t i on  1 v . 1 ) .  I t  seems ve ry  l i k e l y  t h d t  t h e  same d e l e t e r i o u s  e f f e c t  
was express ing i t s e l f  i n  t h e  pe renn ia l  c rop.  T h i s  d e l e t e r i o u s  r e s i d u a l  
e f f e c t  (which i s  probab ly  caused by a b u i  ld-up o f  p a r a s i t i c  nematodes) 
was much l e s s  pronounced on red s o i l .  



These r e s u l t s  i n d i c a t e  f i r s t l y  t h a t  i f  pigeonpeas a r e  t o  g i v e  
reasonably good y i e l d s  as p e r e n n i a l s ,  w i l t  and s t e r i l i t y  mosaic r e s i s t -  
ance would be necessary, and secondly t h a t  pe renn ia l  pigeonpea c u l t i v a -  
t i o n  may n o t  be ve ry  successfu l  i n  s o i l s  i n  which a b u i l d - u p  o f  p a r a s i t i c  
nematodes occurs .  

( i i )  T r i a l  I I :  

The y i e l d s  wh ich  were harvested i n  December 1976-February 1977 
f rom the  normal 1976 k h a r i f  p l a n t i n g s  and f rom the  p l o t s  which had been 
p l a n t e d  i n  t h e  1975 r a b i  season a r e  shown i n  Tab le  58. 

The 1975/6 r a b i  c rop  p l a n t e d  i n  November 1975 had much h ighe r  
p o p u l a t i o n  d e n s i t i e s  than usua l  and these p l a n t s  were ve ry  crowded d u r i n g  
t h e  k h a r i f  season 1976, hence t h e  lower y i e l d  pe r  p l a n t  than i n  t h e  
normal 1976 k h a r i f  p l a n t i n g s  a t  w ide r  spacings. However the  y i e l d s  per  
hec ta re  i n  a l l  cases were about t h e  same. 

A pigeonpea c rop  sown a t  h i g h  p o p u l a t i o n  d e n s i t i e s  a t  t h e  beg in-  
i n g  o f  t he  r a b i  season can g i v e  good y i e l d s  (see Sect i on  I V . 4 ) .  The 
r e s u l t s  presented above i n d i c a t e  t h a t  such p l a n t s  a f t e r  s u r v i v i n g  the  
d r y  summer season can go on t o  g i v e  a y i e l d  i n  the  subsequent k h a r i f  
season which i s  comparable t o  t h a t  o f  a normal khar i f -sown c rop .  

The c rop  was harvested l a t e  ( f rom December 1976 onwards) b u t  t he  
e a r l y  c u l t i v a r s  BS-1 and T-21 p l a n t e d  i n  November 1975 produced a mature 
c rop  much e a r l  i e r  than t h i s ,  b e f o r e  t h e  end o f  t h e  k h a r i f  season. 

Table 58. Yields at harvest (in December 1976-February 1977) 
of pigeonpeas planted in November 1975 and June 
1976 (in black soil). 

C u l t  i v a r  P l a n t i n g  Y i e l d / p l a n t  (g) Y ie ld /ha  (q) 

T-21 November 1975 7.6 + 2.0 7.6 + 0.9 
June 1976 16.3 7 - 3 . 4 '  8.9 T - 2.1 

ST- 1 November 1975 5.1 + 0.8 5.2 + 1.5 
June 1976 12.5 T - 2.3 5.2 - 1.0 

I CP-7065 November 1975 5.9 + 0.5 5.7 + 0.2 
June 1976 12.2 7 - 1.5 5.3 T - 0.4 

BS-  1 November 1975 10.2 + 2.1 7.7 - + 0.1 



This suggests a  poss ib le  cropping p a t t e r n  i nvo l v i ng  e a r l y  o r  
early-medium c u l t i v a r s  as f o l l ows :  r ab i  pigeonpea crop l e f t  a f t e r  
harvest  t o  g i ve  a  k h a r i f  pigeonpea crop, harvested a t  the end o f  k h a r i f  
season, fo l lowed by some o ther  r ab i  crop. Th is  could be o f  use i n  
s i t u a t i o n s  where a t  present b lack  s o i l  i s  l e f t  f a l l o w  i n  the k h a r i f  
because of  the d i f f i c u l t y  o f  working the  s o i l  a f t e r  the onset o f  the 
monsoon. 

The h i gh  popu la t ion  d e n s i t i e s  used i n  the r ab i  p lan t ing5  mean 
t h a t  i f  some o f  the  p l a n t s  d i e  f o r  pa tho log ica l  o r  phys io log ica l  reasons 
before o r  a f t e r  the  harvest  o f  the r ab i  crop, the popu la t ion  may s t i l l  
be more than adequate t o  g i v e  a  good y i e l d  i n  the k h a r i f  season, dur ing  
which the p l an t s  grow much l a rge r .  

The f u r t h e r  p o s s i b i l i t y  o f  ra tooning such p l an t s  dur ing  the  
k h a r i f  season f o r  fodder was inves t iga ted  i n  a  p re l im ina ry  t r i a l .  Green 
fodder y i e l d s  o f  1 1  tons/ha f r esh  weight (3 .5  tons/ha d ry  weight)  were 
obta ined by ra tooning i n  e a r l y  August 1976; the  subsequent g r a i n  y i e l d  
was delayed compared w i t h  non-ratooned con t ro l  s, but  no t  reduced. 
However dur ing  these small p re l im ina ry  t r i a l s  on ra tooning i n  the k h a r i f  
season, we found t h a t  such ra tooning was successful  on l y  i f  the re  was 
l i t t l e  o r  no r a i n  dur ing  a  per iod  o f  a  week o r  so f o l l o w i n g  the ratoon- 
ing.  When p l an t s  were ratooned a  day o r  two before the re  was heavy 
r a i n ,  almost a l l  o f  them were k i l l e d .  These p l an t s  were examined by 
the Pulse Pa tho log is ts  who could f i n d  no evidence t h a t  the p l a n t s  d i ed  
of  w i  1 t o r  o ther  diseases; i t  i s  probable t h a t  ra tooning made the 
p l a n t s  very  suscep t ib le  t o  water logg ing damage. 



PIGEONPEA AS A RABI CROP 

Last  year we found t h a t  pigeonpeas could be grown success fu l l y  
as a  n o n - i r r i g a t e d  rab i  crop a t  h igh  p l a n t  popula t ions (see PPR 1975/6 
Sect ion IV.6) .  Th is  year we c a r r i e d  ou t  a  t r i a l  w i t h  c u l t i v a r s  from 
the e a r l y ,  medium and l a t e  du ra t i on  groups, a t  4 spacings represent ing 
p l a n t  popula t ions between 12.5 and 100 p l an t s  per square meter. 

Met hods 

Cul t i v a r s  Pusa age t i  and T-21 ( e a r l y ) ,  ICP-1 and C-1 l (medium) and 
NP(\dR)-15 and ICP-7065 ( l a t e )  were grown a t  f ou r  spacings, 20 x 5 cm 
(100 plants/m2),  28 x 7 cm (50 plant/m2),  40 x 10 cm (25 plants/m2) and 
57 x 14 cm (12.5 p?ants/m2) i n  a  s p l i t  p l o t  design ( 4  rep1 i ca t i ons )  w i t h  
c u l  t i v a r s  i n  the main p l o t s  and spacings i n  the sub-p lo ts .  The sub-plot  
s i z e  was 5 x 4  m. The t r i a l  was sown i n  deep b lack  co t t on  s o i l  
( v e r t i s o l )  i n  f i e l d  B - 5  on 20-10-76. The f i e l d  had been f e r t i l i z e d  w i t h  
phosphorus (50 kg/ha P205) and z i nc  (22 kg/ha ZnSOq), which were broad- 
cas t  and incorporated a t  the beginning o f  the monsoon season. The soi  1 
was l e f t  f a l l o w  dur ing  the  monsoon. A f t e r  sowing the t r i a l  received 
one l i g h t  s p r i n k l e r - i r r i g a t i o n  t o  ensure un i fo rm germinat ion.  There- 
a f t e r  no i r r i g a t i o n  was given, Hand weeding was c a r r i e d  ou t  as and 
when requ i red  and the crop was p ro tec ted  aga ins t  pest  a t t a c k  by sprays 
o f  endosul phan. 

W i t h i n  a  g iven c u l  t i v a r ,  counts were made o f  the number o f  
p l a n t s  bear ing f lowers ,  s t a r t i n g  soon a f t e r  f l owe r i ng  began. These 
counts were taken every two o r  th ree  days u n t i  1 most o f  the p l an t s  were 
f lower ing .  The data a t  which 50% o f  the p l a n t s  were f l owe r i ng  was 
est imated from these data.  

The p l an t s  were harvested on the f o l l o w i n g  dates:  

T-21, 1-3-77; Pusa Aget i , 2-3-77; C-1 1 , 3-3-77; I CP-1, 4-3-77; I CP-7065 
and NP(WR)-15, 11-3-77, A t  the  t ime o f  harvest ,  stem weights,  pod 
weights and seed weights from each p l o t  and the  f a l l e n  leaves from each 
p l o t  were c o l l e c t e d  and weighed. A l l  weights a t  harvest  were cor rected 
t o  oven-dry weights on the bas is  o f  the d i f f e r e n c e  between the weight 
a t  t he  t ime of harvest  and the  oven-dry weight o f  subsamples. 

From subsamples o f  10 p l a n t s  per p l o t  the pods were removed, 
the  branches were separated from the  main stems and the  weight o f  
branches and main stems were taken, and the pods and seeds were counted. 
From these data t he  pod number per p l a n t  and seed number per pod were 
c a l c u l a t e d  and a l s o  the  percentage o f  t o t a l  stem d ry  weight which was 



made up o f  branches and o f  main stems. The scars on the racemes, 
represent ing absc iss ion  zones o f  fa1  len  buds, f l owers  and pods, were 
counted and from these data the percentage o f  pod se t  was ca l cu l a ted ,  
as below: 

Percentage pod se t  = Pod number per p l a n t  
- -- 

Scar number per p l a n t  + Pod Number per p l a n t  

Resul ts and Discussion 

The p l a n t s  i n  t h i s  t r i a l  grew w e l l .  Al though many o f  the p l a n t s  
had small dark  patches on t h e i r  stems which were i d e n t i f i e d  by t he  
Pulse Pa tho log is ts  as symptoms o f  b a c t e r i a l  stem canker, the  c rop  
looked very  hea l thy .  

( i )  Days t o  f l owe r i ng :  

There was 1 i t t l e  o r  no e f f e c t  o f  the popu la t ion -dens i t i es  on the 
dates o f  50% f l owe r i ng .  The dates f o r  the d i f f e r e n t  c u l t i v a r s  a re  
shown i n  Table 59. The number o f  days from sowing t o  50% f l owe r i ng  f o r  
these c u l t i v a r s  grown du r i ng  the k h a r i f  season a re  a l s o  shown i n  t h i s  
Table. Al though the  r e l a t i v e  o rder  o f  f l owe r i ng  and m a t u r i t y  was more 
o r  less  the same i n  the  k h a r i f  and r a b i  seasons w i t h  the  e a r l y  c u l t i v a r s  
e a r l i e s t  and the l a t e  c u l t i v a r s  l a t e s t ,  i n  the r a b i  season the  t ime- 
course o f  development and matu ra t ion  was telescoped. I f  we were t o  
apply  the c l a s s i f i c a t i o n  o f  du ra t ions  which i s  normal ly  used f o r  k h a r i f -  
grown pigeonpeas, we cou ld  say t h a t  i n  the r a b i  season, ' e a r l y '  
c u l t i v a r s  became e x t r a - e a r l y ,  'medium' c u l t i v a r s  became e a r l y  and ' l a t e '  
c u l t i v a r s  had an early-medium du ra t i on  ( l ess  than 5 months f rom sowing 
t o  ha rves t ) .  These changes a re  a consequence o f  the  f a c t  t h a t  'medium' 
and ' l a t e '  c u l t i v a r s  a re  pho tosens i t i ve  ' s h o r t  day '  p l a n t s  which 
f lower  sooner when they develop under shor t  daylengths;  a t  Hyderabad 
( l a t i t u d e  1 7 0 ~ )  the sho r t es t  daylengths (11 hours) occur du r i ng  the 
rab i  season, (see l C R l  SAT Pigeonpea Breeding Report 1974/5 pp. 78-82 
and 1975/6 pp. 93- 106) . 

( i  i )  Y i e l d :  

The seed y i e l d s  a re  shown i n  Tab!e 60. The medium and l a t e  
c u l t i v a r s  y i e l ded  s i g n i f i c a n t l y  b e t t e r  than the  e a r l y  c u l t i v a r s  and cv.  
C-11 s i g n i f i c a n t l y  ou t y i e l ded  a l l  the  o the r  c u l t i v a r s .  I t s  mean y i e l d  
(1710 kg/ha) was cons iderab ly  h igher  than any y i e l d s  ob ta ined  f rom our  
k h a r i f  pigeonpea t r i a l s .  The mean y i e l d  o f  cv .  ICP-1 (1494 kg/ha) 
exceeded the  mean y i e l d  o f  t h i s  c u l t i v a r  grown as a  k h a r i f  c rop  i n  the 
same f i e l d  (1244 kg/ha) . lhese f  igures i n d i c a t e  the cons iderab le  poten- 
t i a l  o f  picjeonpeas as a  r a b i  crop. 



Table 59. Dates at which 50% of the plants first flowered 
in the rabi and kharif seasons. 

t 

C u l t  i v a r  Date o f  50% Days a f t e r  sow- Days a f t e r  Reduction i n  
f l o w e r i n g  i ng  o f  50% sowing o f  50% days t o  50% 

f l o w e r i n g  f l owe r i ng  f l owe r i ng  i n  
khar i f season r a b i  compared 

w i t h  k h a r i f  
(c-B) 

T-21 30- 12-76 7 1 8 6 
Pusa Aget i  5-1-77 77 8 9 
C-11 8-1 -77 80 125 
I CP-1 10-1-77 82 116 
7065 25-1-77 97 162 
NP(WR)-15 27-1-77 99 155 

Table 60. Yields of six cultivars of pigeonpea grown at 
four plant populations in the rabi season. 

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

Cul t i v a r  Populat ions (P  lant,s/mL) 
100 5 0 2 5 12.5 

Mean 

T-21 91 1 979 
Pusa aget i 1036 1111 
C-1 I 1785 1580 
I CP-1 1374 1470 
7065 1260 1365 
NP (wR) - 15 1095 1253 

Mean 1243 1293 

Overa 1 1 mean 

Cul t i v a r s  
Spacings 
Spacings i n  a c u l t i v a r  
Compar i son between groups 

LSD - 



Last year a l s o  we found t h a t  h igher  y i e l d s  were obta ined w i t h  
medium and l a t e  than w i t h  e a r l y  c u l t i v a r s .  The y i e l d s  obta ined l a s t  
year were much lower than t h i s  year,  probably because l a s t  y e a r ' s  
r ab i  c rop was p lan ted  l a t e  (on 11-11-75). Th is  year the Farming 
Systems group found t h a t  delayed sowings o f  r a b i  pigeonpea resu l t ed  i n  
reduced y i e l d s  (see ICRISAT Farming Systems Report 197617). 

The h ighes t  mean y i e l d  was produced by the  lowest p l a n t  popula- 
t i o n  (12.5 p lants /m2) ;  t h i s  was s i g n i f i c a n t l y  g rea te r  than the y i e l d s  
a t  popu la t ions  o f  50 and 100 plants/m2. A s i m i l a r  p a t t e r n  was found 
w i t h i n  t he  i n d i v i d u a l  c u l t i v a r s  where i n  a l l  cases except i n  cv.Pusa 
age t i  s i g n i f i c a n t l y  h igher  y i e l d s  were obta ined a t  lower p l a n t  
popula t ions.  However the d i f f e rences  i n  y i e l d  were no t  g rea t :  the 
o v e r a l l  mean y i e l d  a t  12.5 plants/m2 was on l y  162 g rea te r  than a t  
100 plants/m2 i n  s p i t e  o f  an 8 - f o l d  d i f f e r e n c e  i n  p l a n t  popu la t ion .  
Th is  i nd i ca tes  t h a t  the  p l a n t s  had a  cons iderab le  ' p l a s t i c i t y '  i n  t h a t  
they a re  ab le  t o  a d j u s t  t o  a  wide range o f  spacings w i t h  r e l a t i v e l y  
l i t t l e  change i n  y i e l d .  Th i s  was a l s o  found i n  ' f a n '  p l a n t i n g s  i n  t he  
r a b i  season (see Sect ion I I I . I ) .  I n  cv. Pusa age t i  t h i s  adjustment was 
more o r  less  complete. 

I f  r a b i  sowings a re  delayed, the growth o f  the  p l a n t s  i s  l i k e l y  
t o  be reduced. I n  such a  case the optimum p l a n t  popu la t ions  may be 
h igher  than those f o r  e a r l y  r a b i  sowings. Last  year ,  when t he  r a b i  
pigeonpeas were sown i n  mid-November, we found t h a t  s i g n i f i c a n t l y  
h igher  y i e l d s  were obta ined w i t h  22 plants/m2 than w i t h  13 plants/m2, 

( i  i i )  Dry mat te r  p roduc t ion :  

The amount d r y  mat ter  i n  the  above-ground p a r t s  o f  the  p l a n t s  a t  
the t ime o f  harvest  was g rea tes t  i n  the l a t e  c u l t i v a r s ,  l ess  i n  the 
medium c u l t i v a r s  and l eas t  i n  the e a r l y  c u l t i v a r s  (Table 61) .  The same 
p a t t e r n  was found when the fa1 len  leaves were taken i n t o  account. The 
c u l t i v a r  which produced t he  h ighes t  t o t a l  amount o f  d r y  mat te r ,  i n c l ud -  
ing fa1  l en  leaves, was cv.  7065 (7098 kg/ha) . The shoot d r y  weight  a t  
ha rves t  and the t o t a l  d r y  mat te r  produced by cvs.lCP-1 and C-11 were 
s i m i l a r  t o  each o the r .  A comparison o f  these f i g u r e s  and the y i e l d s  
o f  the  d i f f e r e n t  c u l t i v a r s  reveals  t h a t  y i e l d  and d r y  mat te r  p roduc t i on  
were no t  c l o s e l y  r e l a ted .  The g rea te r  y i e l d  o f  cv .  C-11 than o f  
cv.  ICP-1 o r  o f  the l a t e  c u l t i v a r s  was assoc ia ted w i t h  a  s j g n i f i c a n t l y  
h igher  harves t  index (Table 61).  The same ranking o f  harves t  i nd i ces  
was found when the  harvest  index was cor rec ted  t o  take i n t o  account the  
fa1  l en  leaves (Table 61).  

There was no s i g n i f i c a n t  e f f e c t  o f  p l a n t  popu la t i on  on shoot d r y  
weight a t  harvest  (Table 61) .  However t he re  was a  s i g n i f i c a n t l y  greater  



Table 61. Yield, shoot dry weight, dry weight of fallen 
leaves, total dry weight and harvest index 

t uncorrected and corrected for leaf fall of 
pigeonpeas grown in the rabi season. 

Kg/ha H. I .Cor rec ted 
Y i e l d  Shoot Fa1 l e n  T o t a l  Harvest  f o r  l e a f  f a i l  

D.W. leaves D,W, l ndex 

CULT l VARS 

T-2 1 

Pusa age t  i 

C-1 l 

I C -  1  

l C-7065 

NP(WR) -15 

LSD (5%) 

SEt - 
C V %  

POPULATIONS : 
7Plants/mz) 



mass o f  f a l l e n  leaves a t  t h e  h i g h e r  popu la t i ons  than a t  t he  lowest  p l a n t  
popu la t i on ,  and as a  consequence t h e  t o t a l  d r y  we ight  ( s h o o t s t f a 1  l e n  
leaves) was h i g h e r  a t  t h e  h i g h e r  p l a n t  popu la t i ons   a able 61) .  On t h e  

2 o t h e r  hand the  y i e l d  a t  t he  popu la t i ons  o f  100 and 50 p!ants/m was 
s i g n i f i c a n t l y  lower than a t  t he  popu la t i ons  o f  25 and 12.5 p lants/m2. 
T h i s  e f f e c t  o f  spacing on d r y  m a t t e r  p roduc t i on  and y i e l d  i s  c l e a r l y  
r e f l e c t e d  i n  t h e  ha rves t  i n d i c e s ,  bo th  b e f o r e  and a f t e r  c o r r e c t i o n  f o r  
f a 1  l e n  leaves:  t h e  ha rves t  i n d i c e s  dec l  ined s i g n i f i c a n t l y  as t h e  p l a n t  
p o p u l a t i o n  increased.  The same p a t t e r n  was found w i t h i n  t h e  i n d i v i d u a l  
c u l t i v a r s  as was shown by these o v e r a l l  means. 

Branching:  

A q u a n t i t a t i v e  measure o f  b ranch ing  was prov ided by t h e  we ight  o f  
t h e  branches expressed as a  percentage o f  t h e  t o t a l  stem we igh t .  There 
were s i g n i f i c a n t  d i f f e r e n c e s  between c u l t i v a r s  i n  t h e i r  b ranch ing  
(Tab le  62) wi th cv .  ICP-7065 producing t h e  h ighe r  p r o p o r t  i o n  o f  branches and 
Pusa a g e t i  t h e  lowest .  There was no s i g n i f i c a n t  d i f f e r e n c e  between cvs .  
C - 1 1  and ICP-I i n  t h i s  respec t .  

Table 6 2 .  Percentage of t o t a l  stem d r y  weight i n  the  branches 
a t  the  time of harvest  of s i x  pigeonpea c u l t i v a r s  
grown i n  the  r ab i  season a t  four p lan t  populations.  

Percentage o f  stem d r y  we ight  !n branches 

Popu la t i ons  (plants/rn2) 
Cul t i v a r  Mear, 

100 50 25 12.5 

T-21 24.8 30.5 
Pusa a g e t i  1 7 . 8  21.5 
C-11 30.8 3 4 . 3  
I CP-1 33.0 34.5 
I CP-7065 36.8 39.5 
~ P ( w R ) - 1 5  3 3 . 5  31.5 

Mean 2 9 . 4  32.0 

Overa l l  mean 

Cul t i v a r s  
Spacings 
Spacings i n  a  c u l t i v a r  
Comparison between groups 



The p l a n t s  a t  the lowest popu la t i on  d e n s i t y  had the h ighes t  
p r o p o r t i o n  o f  branches which made up n e a r l y  h a l f  t he  t o t a l  stem weight  
(Tabjle 62) .  There was a  s i g n i f i c a n t l y  lower p r o p o r t i o n  o f  branches as 
the  popu la t i on -dens i t y  increased. Th i s  agrees w i t h  the  r e s u l t s  o f  the  
spacing s tud ies  i n  ' f a n '  p l a n t i n g s  descr ibed i n  Sec t ion  1 1 1 . 1 .  

A s i m i l a r  p a t t e r n  o f  response t o  spacing was found w i t h i n  each 
c u l t i v a r ,  and a t  t h e  d i f f e r e n t  popu la t i on -dens i t i e s  t he  r e l a t i v e  
d i f f e r e n c e s  between the  c u l t i v a r s  were s i m i l a r .  For example cv.  Pusa 
a g e t i  had t he  lowest p r o p o r t i o n  o f  branches and cv.  7065 the  h i ghes t  a t  
a l l  popu la t i on  d e n s i t i e s  (Table  62) .  

( v )  Pod se t ,  seed se t  and 100 seed we igh t :  

The percentage o f  pod se t  was no t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
i e l d  (r = 0.15).  Th is  percentage was h i ghes t  on the  l a t e  c u l t i v a r s  
Table  63) p o s s i b l y  because t h e  inc reas ing  mo i s tu re  s t r e s s  d u r i n g  t h e i r  

r ep roduc t i ve  phase led  t o  an e a r l y  cessa t i on  o f  f l owe r i ng ,  and hence 
fewer in f ruc tuous  f l owe rs  were produced. There was no s i g n i f i c a n t  
i n f l u e n c e  o f  spacing on percentage pod se t .  

Table 63.  Percentage pod s e t ,  seed number per pod and 100 
seed weights produced by pigeonpeas grown i n  
the r a b i  season. 

% Pod se t  Seeds/pod 100 Seed w t .  ( g j  

CULTIVARS: 

T-21 
Pusa a g e t i  
C-11 
I C-1 
l C-7065 
NP(WR)-15 

LSD (5%) 
S E+, 
c v z  

POPULATIONS 
(P 1 an ts/m2) 



The seed number p e r  pod and 100-seed we igh ts  d i f f e r e d  between t h e  
d i f f e r e n t  c u l  t i v a r s  (Tab le  63 ) .  There was a tendency f o r  100-seed 
we igh t  t o  d e c l i n e  as t h e  p l a n t  p o p u l a t i o n  decreased, b u t  t h i s  was n o t  
s i g n i f i c a n t  a t  t h e  5% l e v e l .  There was a converse tendency f o r  seed 
number pe r  pod t o  i nc rease  as t h e  p o p u l a t i o n  decreased and i n  t h i s  case 
t h e  two dower p o p u l a t i o n s  had s i g n i f i c a n t l y  more seeds pe r  pod than t h e  
two h i g h e r  p o p u l a t i o n s  (Tab le  63) .  

The 100 seed we igh ts  produced by t h e  r a b i  c rop  were lower than  
those produced by t h e  same c u l  t i v a r s  grown as a khar i f c r o p   a able 64 ) .  
The r e d u c t i o n s  were g r e a t e s t  i n  t h e  medium and l a t e  c u l t i v a r s .  S i m i l a r  
r e d u c t i o n s  i n  100-seed we igh ts  were observed i n  l a s t  y e a r ' s  r a b i  c rop  
(see PPR 1975/6 Sect i o n  1 v . 6 ) .  

( v i )  Seed qua1 i t y  and p a l a t a b i  1 i t y :  

The seeds f rom k h a r i f  and r a b i  c rops o f  ICRISAT-1 were compared 
w i t h  respec t  t o  t h e  recove ry  o f  dhal  a f t e r  m i l l i n g  and t h e  cook ing t i m e  
and p a l a t a b i l i t y  o f  t h e  d h a l ,  

The seed was m i l l e d  i n  a l o c a l  v i l l a g e  m i l l  u s i n g  l o c a l  methods. 
The percentage r e c o v e r i e s  o f  normal dha l  were 73.3% and 71.4% f o r  t h e  
k h a r i f  and r a b i  c rops r e s p e c t i v e l y .  When t h e  broken p ieces  o f  dhal  were 
i nc luded  t h e  r e c o v e r i e s  were 78.0% and 76.5% r e s p e c t i v e l y .  

Samples o f  t hese  two l o t ;  o f  dha l  were s u p p l i e d  t o  24 members 
o f  t h e  ICRISAT s t a f f ,  i n c l u d i n g  b o t h  s c i e n t i s t s  and laboure rs ,  f o r  
cook ing and p a l a t a b i l i t y  t e s t s .  (The samples were numbered and t h e  
respondent d i d  n o t  know which sample o f  dhal  was wh ich ) .  Some respon- 
den ts  c la imed  t h a t  t h e  k h a r i f  dhal  t ook  l onger  t o  cook, o t h e r s  c la imed  
t h e  r a b i  dha l  t o o k  l onger ,  and some found no d i f f e r e n c e .  A m a j o r i t y  
o f  t h e  respondents p r e f e r r e d  t h e  t a s t e  o f  t h e  dha l  f rom t h e  r a b i  c rop .  

We found l a s t  year t h a t  seeds o f  t h e  same c u l t i v a r ,  I C P - I  
con ta ined  a v e r y  s i m i l a r  percentage o f  p r o t e i n  when grown as a k h a r i f  
and a r a b i  c r o p  (PPR 1975/6 Tab le  35 ) .  

From a l l  these r e s u l t s  we can conc lude t h a t  t h e r e  was n o t  much 
d i f f e r e n c e  between t h e  seed f rom t h e  r a b i  and k h a r i f  c rops f rom t h e  
p o i n t  o f  v iew  o f  dha l  recove ry  on m i l l i n g ,  q u a l i t y  and a c c e p t a b i l i t y .  



Table 6 4 .  1 0 0  seed weights produced i n  t h e  k h a r i f  and rab i  
seasons 1 9 7 6 1 7 .  

Cul t i v a r  

T-2 1 

Pusa a g e t i  

C-11 

I CP- 1 

I CP-7065 
NP (WR) - 1 5 

100 seed weight  (g) 

K h a r i f  Crop Rabi Crop Rabi as  % of 
Khar i  f crop 

MEAN 7.7 6.0 78 
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