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1. INTRODUCTION 

Pigeonpea (Caj anus cajan ( L , )  Mil lsp.)  i s  an important 

leguminous crop grown i n  t r op i ca l  and subtropical  countr ies ,  I t  ranks 

BS the world's f i f t h  most important pulse crop, The crop i s  

cu l t iva ted  on an estimated area of 2 ,9  mil l ion hectares i n  the  

world with an average of 684 kg/ha (Parpia, 19811, The major 

pigeonpea producing areas i n  t he  world a r e  India,  Eastern Africa,  

Central and South America, t he  Caribbean and West Indies ,  India 

with a t o t a l  area of 2,6 mil l ion hectares  and an average y ie ld  of 

719 kglha (Sharma and Jodha, 19821 produces nearly 92% of the 

world's e n t i r e  pigeonpea crop, Though the  average seed y ie lds  a re  

r e l a t i ve ly  low, the crop can y i e ld  1600-2900 ki/ha under favourable 

management [Sharma and fodha, 1982); while an exceptional yield of 

over 8000 kg/ha of  dry has been reported i n  t he  f i r s t  harvest i n  

Austral ia  by Wallis e t  a l l ,  (1982), -- 

Pigeonpea belongs t o  the monotypic genus Cajanus (n= l l )  which 

is  closely r e l a t ed  t o  the  wild weedy species  of genus Atylosia 

(Deodikar and Thakar, 1954), Purseglove (1968) construes t h i s  crop 

is a na t ive  of Africa, where i t  was cu l t iva ted  before 2000 BC, However, 

the presence of maximum genet ic  v a r i a b i l i t y  f o r  almost a l l  characters  

i n  the  germplasm of Cajanus and genus Atylosia suggests i t s  Indian 

or ig in  (Van der  Maesen, 1980), 



Pigeonpea i s  a q u a n t i t a t i v e  s h o r t  day, bushy shrub grown 

e i t h e r  a s  an annual for i n t e r c r o p p i n g  dur ing t h e  main r a iny  season 

o r  a s  a perennia l  on f i e l d  boundaries and home gardens (Kanwar and 

Singh, 1974). The long growth cyc le  o f  t h e  e x i s t i n g  day-length 

s e n s i t i v e  types  i s  an important  l i m i t i n g  f a c t o r  i n  t h e  spread o f  

i t s  c u l t i v a t i o n ,  However, s h o r t - d u r a t i o n  daylength i n s e n s i t i v e  

types  may be use fu l  i n  extending t h e  c u l t i v a t i o n  o f  t h e  crop t o  

a r e a s  where it can be grown with i r r i g a t i o n ,  du r ing  t h e  s h o r t  

t r o p i c a l  summer season o r  i n  more temperate a r e a s  wi th  o r  without 

i r r i g a t i o n  (Byth, 1981) . 

Though pigeonpea f l o r a l  biology appears t o  favour  s e l f -  

p o l l i n a t i o n ,  n a t u r a l  c r o s s e s  ranging from 0 t o  43% o r  even more 

have been r e p o r t e d  (Bhat ia  e t  a1 1980: Green e t  a1  1979 and - -' , - -* 
Onim, 19811, On t h e  o t h e r  hand, Reddy (1979) and Byth e t  a l ,  , 

(1982) i d e n t i f i e d  cleistogamous and wrapped flower systems 

r e s p e c t i v e l y  which i n h i b i t s  p o l l i n a t i o n ,  

Pigeonpea p lays  an impor tant  r o l e  i n  providing amino ac id  

balanced d i e t  i n  developing t r o p i c a l  c o u n t r i e s  whore l a r g e  s e c t i o n s  

o f  t h e  popu la t ion  cannot a f f o r d  animal p r o t e i n ,  Green and d r i e d  

seeds  con ta in ing  20-28% p r o t e i n  a r e  used a s  vege tab le  i n  African 

and ~ a r i b b e a n  c o u n t r i e s  (Rachie and Wurster,  1971) ,  In  Ind ia ,  



pigeonpea i s  p r imar i ly  consumed a s  "dhalt l  a type o f  dry  s p l i t  peas 

used i n  soups o r  ea ten  with r i c e  (Kanwar and Singh, 19741, The 

p l a n t  can a l s o  be used a s  animal feed,  green manure and cover crop 

[Khan, 1973),  The l a t e  ma tu r i ty  woody type v a r i e t i e s  a r e  used a s  a 

temporary shade f o r  co f fee ,  t e a  o r  cocao, as  a source  of f u e l ,  and for  

t h a t c h i n g ,  making baske t s  and g r a i n  s t o r e s  (El Bar id i ,  1978), 

Pigeonpea can f i x  n i t rogen  f o r  i t s  own use and leaves  a r e s i d u a l  

n i t rogen  of about 40 kg/ha i n  t h e  s o i l  which can be used by t h e  

subsequent crop (Sheldrake and Narayana, 1979; and Rao - - * I  e t  a 1  1981). s 

Real iz ing t h e  importance of t h i s  crop i n  semi-arid t r o p i c a l  

a g r i c u l t u r e ,  t h e  Consu l t a t ive  Group on I n t e r n a t i o n a l  Agr icu l tu ra l  

Research (CGIAR) included pigeonpea as one o f , t h e  f i v e  mandate crops 

when i t  e s t a b l i s h e d  t h e  I n t e r n a t i o n a l  Crops Research I n s t i t u t e  f o r  

t h e  Semi-Arid Tropics (ICRTSAT) , 

Pigeonpea improvement by breeding has been mostly l imi ted  t o  t h e  

t e s t i n g  o f  e x i s t i n g  v a r i e t i e s  and p r a c t i s i n g  s e l e c t i o n  from a v a i l a b l e  

land r a c e s ,  This  work has been backed up with l imi ted  gene t i c  

i n v e s t i g a t i o n s ,  I f  a major breakthrough i n  y i e l d  is  t o  be achieved, 

t h e  f u t u r e  improvement i n  pigeonpea must be based on planned 

hybr id iza t ion  t o  i d e n t i f y  p a r e n t a l  combinations l i k e l y  t o  produce 

s u p e r i o r  segregates  o r  t o  ob ta in  Fls with high h e t e r o s i s ,  



The s e l e c t i o n  o f  pa ren t s  f o r  hybr id iza t ion  poses a se r ious  

problem t o  p l a n t  b reeders ,  The common p r a c t i s e  o f  s e l e c t i n g  pa ren t s  

on t h e  b a s i s  o f  y i e l d ,  adapta t ion and dependabi l i ty  does not 

necessa r i ly  produce t h e  most d e s i r a b l e  recombinants, The a b i l i t y  

o f  t h e  pa ren t s  t o  combine wel l  depends on a complex i n t e r a c t i o n  among 

genes which cannot be adequately adjudged by merely measuring y i e l d  

performance and adapta t ion o f  t h e  p a r e n t s ,  Here, a proper  understanding 

o f  combining a b i l i t y  and t h e  na tu re  of gene ac t ion  f o r  y i e l d  and o t h e r  

q u a n t i t a t i v e  t r a i t s  could g r e a t l y  he lp  i n  s e l e c t i n g  d e s i r a b l e  pa ren t s  

and c rosses  f o r  economic e x p l o i t a t i o n ,  

D i a l l e l  s t u d i e s  i n  pigeonpea have shown t h a t  t h e  es t imated 

general  combining a b i l i t y  of t h e  pa ren t s  i s  high'ly c o r r e l a t e d  with 

t h e  per s e  mean performance of pa ren t s ,  but t h a t  t h e  a r ray  means - 
provide a b e t t e r  e s t ima te ,  In  t h e  l i g h t  of t h i s  informat ion,  l i n e  x 

t e s t e r  design (Kempthorne, 1957), using t h r e e  t o  four  good c u l t i v a r s  

a s  t e s t e r s  so  t h a t  t h e  value  of a parent  can be determined on t h e  

b a s i s  o f  i t s  mean performance ac ross  t e s t e r s  was suggested f o r  

pigeonpea (Green, e t  a l , ,  1979)., With t h e  ex i s t ance  of male -- 
s t e r i l i t y  (Rcddy e t  a l ,  , 1979; Wallis  e t  a1 1981)and a considerable  -- - -' 
degree o f  n a t u r a l  ou tc ross ing ,  (Green e t  a l ,  , 1979 and Onim, 1981) i t  is -- 
p o s s i b l e  t o  e a s i l y  t e s t  a l a r g e  number of germplasm and exp lo i t  

commercially the  hybr id  v igor  which may be p resen t  i n  t h e  crop, 



A s  we w i l l  s e e  i n  t h e  fo l lowing l i t e r a t u r e  review, t h e  

informat ion  on combining a b i l i t y ,  n a t u r e  o f  gene a c t i o n ,  r e l a t i v e  

importance o f  g e n e t i c  components o f  va r i ance  and e x t e n t  o f  h e t e r o s i s  

f o r  q u a n t i t a t i v e  t r a i t s  i s  meagre and i n c o n s i s t e n t  i n  pigeonpea,  Hence, 

t h e  p re sen t  i n v e s t i g a t i o n  involving t h r e e  t e s t e r s  and seven l i n e s  was 

des igned t o  c o l l e c t  informat ion  on t h e  ( i )  n a t u r e  and magnitude o f  

h e t e r o s i s  i n  hybr ids  der ived from p a r e n t s  o f  Ind ian ,  West rndian ,  

and Afr ican  o r i g i n  us ing  t h r e e  d i f f e r e n t  male s t e r i l e  s t o c k s ,  ( i i )  

gene ra l  and s p e c i f i c  combining a b i l i t i e s  o f  t h e  p a r e n t s ;  and ( i i i ) ,  

c o r r e l a t i o n s  among y i e l d  and y i e l d  components, 



2 .  REVIEW OF LITERATURE 

The p resen t  s tudy was undertaken i n  o rde r  t o  understand t h e  

gene t i c  a r c h i t e c t u r e  of y i e l d  and y i e l d  components i n  pigeonpea, 

Since a r e l a t i v e l y  l imi t ed  amount of  work has  been done on t h i s  

crop,  t h e  work done on o t h e r  important  g ra in  legumes such a s  soybean, 

green grams, chickpea and cowpea has a l s o  been reviewed. 

2,l Combining a b i l i t y  

The concept of  genera l  and s p e c i f i c  combining a b i l i t i e s  were. 

p r e c i s e l y  formalized by Sprague and 'I'atum (1942), l'hey defined 

General Combining A b i l i t y  (GCA) as t h e  average performance 'of a l i n e  

i n  hybrid combinations while S p e c i f i c  Combining A b i l i t y  (SCA) r e f e r r e d  

t o  those  cases  i n  which c e r t a i n  hybrid combinations do r e l a t i v e l y  b e t t e r  

o r  worse than would be expected on t h e  b a s i s  o f  t h e  average performance 

of t h e  l i n e s  involved.  

G r i f f i n g  (1956) pointed  out  t h e  usefulness  o f  information on tlre 

r e l a t i v e  magnitude of  a d d i t i v e  and non-addi t ive  gene e f f e c t s  i n  designing 

an e f f i c i e n t  breeding program, He s t a t e d  t h a t  such information could 

be  obta ined through t h e  s tudy o f  combining a b i l i t y  a s  t h e  var iance  due 

t o  GCA involves  mostly a d d i t i v e  gene a c t i o n  while t h a t  due t o  SCA 

involves  dominance and e p i s t a t i c  components of  gene t i c  var iances .  

J i n k s  and Jones (1958) pointed  out t h a t  t h e  s u p e r i o r i t y  o f  hybrids 

p e r  s e  does not  always mean t h a t  they can produce t r ansgress ive  



segregates  because many types of unfixable  gene e f f e c t s  a r e  a l s o  

involved i n  t he  components of  var iance,  Therefore, a  breeder has 

t o  evaluate  t h e  p o t e n t i a l i t i e s  o f  t he  ava i lab le  germplasm s o  as  t o  

f i nd  i t s  capab i l i t y  t o  give t ransgress ive  segrega tes ,  

Allard (1960) s t r e s sed  t h e  need t o  study combining a b i l i t y  i n  

s e l f -po l l i na t ed  crops because phenotypical ly  equa l ly  promising paren ts  

do not always produce equal ly super ior  o f f spr ings  i n  t he  segregat ing 

generat ions while ce r t a in  combinations nick well and give super ior  

segregants .  

2 . 2  Gene ac t ion  i n  pulses  o the r  than pigeonpea 

Genetic v a r i a b i l i t y  f o r  a nwnbor of t r a i t *  of soybean has shown 

the  predominance of add i t i ve  gene ac t i on ,  However, s i g n i f i c a n t  non- 

add i t i ve  gene e f f e c t s  have a l s o  been repor ted ,  

Laf fe l  and Weiss (19583, Weber e t  a l , ,  (1970) and Pascal and 

Wilcox C1975) reported t he  predominance of addi t ive  gene ac t ion  fo r  

y i e l d  pe r  p l a n t s ,  maturi ty ,  he igh t  and seed s i z e ,  Although SCA was 

s i g n i f i c a n t  f o r  matur i ty ,  seed s i z e  and he ight ,  the  GCA was 

comparatively much g rea t e r .  

Singh e t  a l , ,  (1974) i n  a  d i a l l e l  study of soybean showed t h a t  -- 
complex charac te rs  l i k e  gra in  y i e l d ,  pods and c l u s t e r s  pe r  p lan t  were 

cont ro l led  both by add i t i ve  and non-additive gene ac t i on ,  They a l s o  



r epor t ed  h i g h l y  s i g n i f i c a n t  a d d i t i v e  g e n e t i c  va r i ance  f o r  100 

g r a i n  weight and p l a n t  h e i g h t  though non-addi t ive  va r i ance  a l s o  

p layed some r o l e  i n  t h e  i n h e r i t a n c e  o f  seed weight.  S r i v a s t a v a  

e t  a l . ,  (1978) observed h i g h l y  s i g n i f i c a n t  GCA and SCA var i ances  

i n  soybean. This  i n d i c a t e d  t h a t  both  t h e  a d d i t i v e  and non-addi t ive  

components i n f l u e n c e  t h e  express ion  o f  g r a i n  y i e l d  p e r  p l a n t  and most 

of t h e  y i e l d  c o n t r i b u t i n g  t r a i t s  except  f o r  days t o  f lower ing where 

SCA was no t  s i g n i f i c a n t .  Kaw and Madhava (1980) i n  d i a l l e l  s t u d i e s  

r e p o r t e d  a  h igh magnitude o f  GCA va r i ance  i n d i c a t i n g  t h e  importance 

of  a d d i t i v e  gene a c t i o n  i n  t h e  i n h e r i t a n c e  o f  t h e  c h a r a c t e r s  i n  

soybean.  However, Kaw and Madhava (1978) us ing l i n e  x t e s t e r  a n a l y s i s  

o f  combining a b i l i t y  invo lv ing  3 t e s t e r s  and 10 s e l e c t e d  l i n e s  

r evea led  t h a t  f o r  none o f  t h e  t r a i t s  s t u d i e d  d i d  t h e  g e n e t i c  

v a r i a b i l i t y  appear  t o  be  predorninantly a d d i t i v e ,  They observed t h a t  

v a r i e t i e s  from USA had g e n e r a l l y  n e g a t i v e  GCA e f f e c t s  f o r  a l l  c h a r a c t e r s  

except  f o r  seed s i z e  u n l i k e  t h e  t r o p i c a l  v a r i e t i e s  which had s i g n i f i c a n t  

GCA f o r  almost a l l  c h a r a c t e r s .  

I n  green gram (Vigna r a d i a t a ) ,  Singh and Singh (1974b) showed t h a t  

GCA and SCA v a r i a n c e s  were impor tant  f o r  y i e l d  whi l e  GCA was more 

impor tant  f o r  seed  s i z e ,  pod number, c l u s t e r  number and pods p e r  

c l u s t e r .  Jeswani (1970) r e p o r t e d  i n  green gram t h a t  va r i ance  due t o  

GCA was s e v e r a l  t imes  l a r g e r  than  t h a t  o f  SCA, He a l s o  found t h a t  



c h a r a c t e r s  and c r o s s e s  showing t h e  h i g h e s t  SCA involved one pa ren t  

wi th  a  high GCA. Gupta e t  a l .  (1978) us ing l i n e  x  t e s t e r  a n a l y s i s  

found t h e  predominance o f  a d d i t i v e  gene a c t i o n  f o r  100 seed weight,  

p l a n t  he igh t  and days t o  ma tu r i ty ;  whereas, non-addi t ive  gene a c t i o n  

w a s  predominant i n  g r a i n  y i e l d ,  number of  pods p e r  p l a n t  and number 

o f  seeds  p e r  pod, Singh and J a i n  (1971) found t h a t  a d d i t i v e  gene 

e f f e c t s  were impor tant  f o r  seed s i z e  and pod l eng th  i n  green gram, 

Non-additive gene a c t i o n  i n  green gram f o r  economically impor tant  

c h a r a c t e r s  such a s  g r a i n  y i e l d  and pods p e r  p l a n t  has a l s o  been , 

r epor t ed  by Singh and Singh (1972) and Singh e t  a l ,  (1975) , -- 
Basheeruddin and Nagur (1981) a l s o  observed a  preponderance o f  non- 

a d d i t i v e  gene a c t i o n  f o r  t h e  express ion  o f  g r a i n  y i e l d  and i t s  

components i n  green gram except  f o r  pod length  which showed both 

a d d i t i v e  and non-addi t ive  gene a c t i o n .  

Combining a b i l i t y  s t u d i e s  i n  chickpea (C ice r  ar ie t inum) suggests  

t h a t  a d d i t i v e  g e n e t i c  va r i ance  i s  more impor tant  than non-addi t ive  

va r i ance  i n  t h e  i n h e r i t a n c e  of  p l a n t  h e i g h t ,  100 seed weight,  days t o  

f lower ing and pod number (Gowda and Bahl, 1978) ,  S tud ies  i n  chickpea 

by Athwal and Sandha (1967); Zafar  and Khan (1968); La1 (1972) ; and 

Dhaliwal and G i l l  (1973) showed predominant a d d i t i v e  gene ac t ion  f o r  

y i e l d  and i t s  c o n t r i b u t i n g  t r a i t s .  Bhatt md  Singh (1980) i n  a  l i n e  x  

t e s t e r  combining a b i l i t y  a n a l y s i s  of  chickpea r epor t ed  predominantly 

a d d i t i v e  gene a c t i o n  f o r  p l a n t  h e i g h t ,  pods p e r  p l a n t  and seeds  p e r  

pod and p r i m a r i l y  non-addi t ive  gene a c t i o n  f o r  days t o  m a t u r i t y  and 



y i e l d  p e r  p l a n t .  For pr imary branches ,  both types  o f  gene a c t i o n  

were impor tan t .  Singh and Ramanujam (1981) r e p o r t e d  t h a t  both 

a d d i t i v e  and non-add i t ive  gene a c t i o n s  were important  f o r  a l l  t h e  

c h a r a c t e r s  t h e y  s t u d i e d  i n  chickpea.  However, Gupta and Ramanuj am 

(19741, r e p o r t e d  non-add i t ive  gene a c t i o n  t o  be more prominent f o r  

a l l  t h e  c h a r a c t e r s  s t u d i e d .  

A s e r i e s  o f  d i a l l e l  s t u d i e s  conducted i n  o t h e r  minor g r a i n  

legumes have shown t h a t  both GCA and SCA v a r i a n c e s  a r e  important,  

f o r  most o f  t h e  c h a r a c t e r s  s t u d i e d ,  In  f i e l d  beans ,  Bond (1966) 

r e p o r t e d  t h a t  most o f  t h e  va r iance  f o r  seed y i e l d ,  pods p e r  p l a n t ,  

seed  weight ,  p l a n t  h e i g h t  and days t o  f l o w e ~ i n g  was a s s o c i a t e d  with  

GCA while  SCA was o f  lower magnitude. In  w i n t e r  beans ,  Bond (1967) 

found t h a t  GCA accounted f o r  most of  t h e  v a r i a t i o n  f o r  y i e l d ,  The 

h i g h e s t  y i e l d i n g  c r o s s  had p a r e n t s  o f  h igh GCA e f f e c t s  and y i e l d  of  

t h e  c r o s s e s  was observed t o  be c o r r e l a t e d  with  t h o s e  o f  t h e i r  p a r e n t s ,  

Kheradnam and Niknejad (1971) r e p o r t e d  i n  cowpea (Vigna 

ungu icu la tn  (L)  Walp.) t h a t  both  t h e  GCA and SCA e f f e c t s  were 

s i g n i f i c a n t  f o r  y i e l d  p e r  p l a n t ,  pod c l u s t e r  p e r  p l a n t ,  seeds  p e r  

25 pods,  seed  weight and f lowering d a t e ,  but  no t  s i g n i f i c a n t  f o r  

branches  p e r  p l a n t .  The r a t i o  o f  GCA t o  SCA was c l o s e  t o  one f o r  

y i e l d  and pod c l u s t e r s  p e r  p l a n t ,  bu t  GCA was more important  f o r  



seed weight,  days t o  f lower ing and seeds p e r  25 pods.  Das and 

Dana (1981) i n  r i c e  bean (Vigna umbellata (Thunb.) Ohwi and 

Ohashi) concluded t h a t  t h e  a d d i t i v e  g e n e t i c  var iance  had a  major 

r o l e  f o r  t h e  number of  seeds  p e r  p l a n t ,  100 seed weight and seed 

y i e l d  p e r  p l a n t ,  bu t  t h e  dominance component was more important  

f o r  t h e  number o f  seeds p e r  pod. 

2 . 3  Combining a b i l i t y  and gene a c t i o n  i n  pigeonpea 

A r e l a t i v e l y  l imi t ed  amount of  work has been done t o  ob ta in  . 

informat ion about t h e  na tu re  of  gene a c t i o n  and i n t e r a c t i o n  i n  pigeonpea.  

Sidhu ,  and Sandhu (1981) and Reddy e t  a l , ,  (1981) summarised t h e  r e s u l t s  

of t h e s e  g e n e t i c  s t u d i e s  i n  pigeonpea. Although t h e r e  i s  some 

controversy i n  t h e  l i t e r a t u r e ,  t h e  genera l  consensus secms t o  be 

t h a t  y i e l d  i n  pigeonpea is a d d i t i v e l y  i n h e r i t e d  (Green e t  l , ,  1979), 

i n  s p i t e  o f  t h e  f a c t  t h a t  some y i e l d  components a r e  non-addi t ive ly  

i n h e r i t e d .  The presence  of  both a d d i t i v e  and non-addit ive gene a c t i o n  

f o r  1 Q O  seed weight has  a l s o  been repor t ed  (Sindhu and Sandhu, 1982; 

Dahiya and Brar ,  1977;and Sharma -- e t  a l , ,  1974), 

In a  s tudy involving t e n  pigeonpea v a r i e t i e s  d i f f e r i n g  i n  

matur i ty  group and seed s i z e ,  Sharma G , ,  (1972) r epor t ed  t h e  

predominance o f  a d d i t i v e  gene e f f e c t s  along with p a r t i a l  dominance, 

They found t h a t  seed s i z e  has  a h igh narrow sense  h e r i t a b i l i t y  value  

(0.82) , Sharma e t  a l . ,  (1973a) s t u d i e d  t h e  combining a b i l i t y  f o r  

y i e l d  p e r  p l a n t ,  p l a n t  h e i g h t ,  p l a n t  width,  days t o  f lowering and 



m a t u r i t y  and 100 seed weight i n  d i a l l e l  c rosses  of  t e n  v a r i e t i e s  

o f  pigeonpea.  They found t h a t  t h e  GCA va r i ances  were g r e a t e r  than  

SCA var i ances  i n d i c a t i n g  t h e  predominance o f  a d d i t i v e  gene a c t i o n ,  

The e s t i m a t e s  o f  t h e  GCA e f f e c t s  o f  i n d i v i d u a l  p a r e n t a l  l i n e s  

i n d i c a t e d  a  good agreement between t h e  ranking o f  t h e  l i n e s  f o r  

GCA and ranking based on p a r e n t a l  performance p e r  s e ,  The same 

a u t h o r s  (1973b) conducted a d i a l l e l  a n a l y s i s  M r  f lower  i n i t i a t i o n  

invo lv ing  p a r e n t s ,  F1 and F2 popu la t ions  of 10 v a r i e t i e s  o f  pigeonpea 

us ing  t h e  procedure  developed by J i n k s  (19541, The s tudy  i n d i c a t e d  

t h e  predominance of a d d i t i v e  g e n e t i c  va r i ance  and t h e  degree  o f  

dominance was found t o  be i n  t h e  p a r t i a l  dominance range,  Dominant 

genes were found t o  be  a s s o c i a t e d  wi th  e a r l y  m a t u r i t y ,  The 

p ropor t ion  o f  dominant and r e c e s s i v e  genes i n  t h e  p a r e n t s  was almost 

e q u a l ,  H e r i t a b i l i t y  i n  t h e  narrow-sense was high i n d i c a t i n g  t h e  

improvement f o r  f lower  i n i t i a t i o n  can be made i n  t h e  d e s i r e d  d i r e c t i o n  

by s imple  s e l e c t i o n  p rocedures ,  

Gupta e_t g,, (1981,) s t u d i e d  t h e  i n h e r i t a n c e  o f  days taken t o  

f lower  and o f  seed s i z e  (g/100 seeds]  i n  f o u r  gene ra t ions  o f  t h e  

c r o s s  Prabhat x ICP 8504, P a r t i a l  dominance was observed f o r  

e a r l i n e s s .  Addi t ive  gene e f f e c t s  were found t o  be most impor tant  

i n  t h e  express ion  of  bo th  e a r l i n e s s  and seed s i z e ,  Both o f  t h e s e  

c h a r a c t e r s  were found t o  be  under comparatively s imple  g e n e t i c  

c o n t r o l .  The s t u d y  i n d i c a t e d  t h e  p o s s i b i l i t y  o f  improving seed 

s i z e  i n  e a r l y  maturing c u l t i v a r s  by simple s e l e c t i o n  procedures ,  



Components o f  g e n e t i c  v a r i a t i o n ,  e s t i m a t e s  of  h e r i t a b i l i t y  

and g e n e t i c  advance were computed f o r  s i x  q u a n t i t a t i v e  c h a r a c t e r s  

by Laxman and Pandey (1974). The exper imenta l  m a t e r i a l  was ob ta ined  

by c r o s s i n g  two widely d i v e r s e  c u l t i v a r s  o f  p igeonpea,  "T 21" [ e a r l y  

matur ing,  t a l l  compact p l a n t  type  and bold  seeded) and "R 3" ( l a t e  

matur ing,  t a l l  compact p l a n t  t y p e  and bold  seeded) ,  S i x  popu la t ions  

v i z .  PI [TZ1], P2(R3) , F1, F2, BC1 (PI)  and RCl (P2) o f  t h e  above 

c r o s s e s  were used f o r  g e n e t i c  a n a l y s i s .  H e r i t a b i l i t y  e s t i m a t e s  

ranged from 54.9  f o r  p l a n t  width  t o  96 ,6  f o r  seed y i e l d  (broad sense )  

and 28.7 f o r  p l a n t  width t o  95.2 f o r  days t o  f lower ing  (narrow s e n s e ) .  

Add i t ive  g e n e t i c  e f f e c t s  were s i g n i f i c a n t  f o r  days t o  f lower ing  and 

seed s i z e ,  w i th  p a r t i a l  dominance f o r  smal l  seed s i z e .  The magnitude 

o f  a d d i t i v e  gene e f f e c t s  was l a r g e  f o r  p l a n t  he igh t ,  p l a n t  sp read ,  

and p r o t e i n  con ten t  when compared t o  non-add i t ive  ones .  Though none 

o f  t h e  c h a r a c t e r s  showed s i g n i f i c a n t  non-add i t ive  gene e f f e c t s ,  

c h a r a c t e r s  l i k e  y i e l d  and p l a n t  sp read ,  had a predominance of  

non-add i t ive  gene e f f e c t s .  

Dahiya and Brar  (1977) found t h a t  a d d i t i v e  i n h e r i t a n c e  was 

impor tant  i n  determining f lower ing  t ime ,  bu t  t h a t  t h e  dominance 

component was h i g h e r  t h a n  t h e  a d d i t i v e  component. Over-dominance 

was observed f o r  pod numbers, 100-seed weight and y i e l d .  T h e i r  

g r a p h i c a l  a n a l y s i s  o f  t h e  d i a l l e l  c r o s s  was i n  c l o s e  agreement 

wi th  t h e  f i n d i n g s  from v a r i a n c e  component a n a l y s i s .  



Dahiya and S a t i j a  (1978) studied days t o  maturity and grain 

y i e ld  i n  four generations of  two crosses of pigeonpea and observed 

p a r t i a l  dominance fo r  ea r ly  maturity, H e r i t a b i l i t i e s  , both broad 

sense and narrow sense, were close t o  each o ther ,  indicat ing the  

importance of addit ive gene e f f e c t s  i n  the  expression of days t o  

maturity, Dominance in te rac t ion  components were grea te r  than 

addit ive components f o r  the inheri tance of grain y i e ld ,  There 

was a  considerable level  of non-additive e f f ec t s  on these t r a i t s ,  

I t  was observed tha t  l i ne s  with high y ie ld  and ea r ly  maturity can 

be i so l a t ed  which can best  f i t  i n t o  multiple cropping systems, 

GCA and SCA variances were determined from a 10 x 10 group 

d i a l l e l ,  a  28 x 28 var ie ty  d i a l l e l  and a 7 x '7 var ie ty  d i a l l e l  i n  

pigeonpea by Reddy e t  a l ,  , (1981), A l l  the  d i a l l e l s  indicated the  -- 
predominance of addit ive gene act ion f o r  most of the characters 

s tudied.  However, highly s ign i f i can t  SCA variances were observed 

f o r  y ie ld  i n  a l l  the d i a l l e l s ,  They concluded t h a t  breeding programs 

should aim a t  exploi t ing both addit ive gene act ion and non-additive 

gene act ion through F1 hybrids and bulk hybrid advance by single-pod 

descent,  In general,  a  high rank cor re la t ion  was observed between 

the mean performance per - se  and the GCA of the  parents ,  indicat ing 

t h a t  the parents  can be chosen fo r  a crossing program on t h e i r  

pe r  se  performance. 



D i a l l e l  a n a l y s i s  f o r  n ine  c u l t i v a r s  o f  pigeonpea having a  

wide range o f  v a r i a b i l i t y  i n  d i f f e r e n t  c h a r a c t e r s  was conducted 

t o  determine g e n e t i c  parameters f o r  p l a n t  he igh t  by Sharma (19801, 

The D and H components i n d i c a t e d  t h e  importance of  both a d d i t i v e  

and dominance gene e f f e c t s  and t h a t  t h e  degree o f  dominance was 

i n  t h e  over-dominance range. The s c a t t e r  of  p a r e n t a l  a r r a y s  

i n d i c a t e d  t h a t  genes c o n t r o l l i n g  t a l l  s t a t u r e  were dominant over  

genes c o n t r o l l i n g  s h o r t  s t a t u r e ,  

Venkateswarlu and Singh (1982) a l s o  repor ted  t h e  importance 

of  both a d d i t i v e  and non-addit ive gene e f f e c t s  f o r  pods p e r  p l a n t ,  

seeds p e r  pod, 100 seed weight and seed y i e l d  p e r  p l a n t ,  However, 

t h e  a d d i t i v e  gene e f f e c t s  were predominant. The p e r  s e  performance 

of  t h e  p a r e n t s  was h igh ly  a s s o c i a t e d  with t h e i r  GCA e f f e c t s ,  They 

found t h a t  most o f  t h e  c rosses  showing s i g n i f i c a n t  SCA e f f e c t s  

involved one good and one poor o r  even nega t ive  genera l  combiner, 

Genetic a r c h i t e c t u r e  o f  s i x  c h a r a c t e r s  i n  pigeonpea was 

s t u d i e d  i n  a  d i a l l e l  s e t  involving e i g h t  p a r e n t s  by Sidhu and 

Sandhu (1981). They found t h a t  days t o  f lowering and matur i ty ,  

p l a n t  h e i g h t  and seed s i z e  appears t o  be governed by a d d i t i v e  

gene e f f e c t s ,  whereas seed y i e l d  and pod number showed more 

n o n - a d d i t i v i t y .  Genes with p o s i t i v e  and nega t ive  e f f e c t s  were 

asymmetrically d i s t r i b u t e d  i n  t h e  paren ts .  H e r i t a b i l i t y  es t imates  

were found t o  be  r e l a t i v e l y  low f o r  seed y i e l d  and pod number, 

bu t  was medium f o r  t h e  remaining c h a r a c t e r s .  



A f u l l  h a l f - d i a l l e l  c ross  of seven ear ly-f lowering pigeonpea 

l i n e s  was evaluated i n  t h e  F1 and F2 generat ions by Saxena 5 g,, 

(1981). The F1 t r i a l  was space planted ( l m  x lm); t h e  F2 t r i a l  

was i n  h igher  dens i ty  ( 0 , s  x 0,2m). They found a  c l e a r  e f f e c t  of 

method of  evaluat ion on t h e  gene t ic  d i f fe rences  among t h e  progenies ,  

The implicat ions of  t h i s  and t h e  inc lus ion  o f  a  paren t  with only 

moderately d i f f e r e n t  phonology a r e  discussed i n  r e l a t i o n  t o  t h e  

accuracy and meaningfulness of  gene t ic  parameters estimated i n  t h i s  

and s i m i l a r  s t u d i e s ,  Despite these  b i a s e s ,  i t  was shown t h a t  GCA 

variance predominated f o r  a l l  charac te rs  considered. The SCA 

variance was s i g n i f i c a n t  f o r  some charac te rs ,  but was small compared 

with GCA, 

Most of t h e  r e p o r t s  have ind ica ted  t h e  predominance of a d d i t i v e  

gene e f f e c t s  i n  pigeonpea, However, Reddy e t  a l , ,  (1979a) conducted 

a  combining a b i l i t y  s tudy i n  c rosses  involving d iverse  maturi ty  

groups and p lan t  types ,  They reported t h e  predominance of  non-additive 

gene e f f e c t s  f o r  a l l  t h e  charac te rs  s tud ied .  They found t h a t  t h e  

GCA e f f e c t s  f o r  most charac te rs  were genera l ly  n e ~ a t i v e  f o r  e a r l y  

and medium paren ts  and p o s i t i v e  f o r  l a t e  paren ts .  They i n f e r r e d  

t h a t  s p e c i f i c  medium x l a t e  and e a r l y  x l a t e  c ross  combinations 

a r e  l i k e l y  t o  y i e l d  recombinants of  economic worth, 



In  ano the r  experiment,  Reddy e t  a l ,  , (1979b) c a r r i e d  out ,an 

F2 d i a l l e l  a n a l y s i s  invo lv ing  45 c rosses  and t e n  p a r e n t s .  They 

repor t ed  t h a t  t h e  e s t i m a t e s  o f  SCA va r i ance  was s e v e r a l  t imes  

l a r g e r  than ' t h a t  o f  GCA i n d i c a t i n g  t h e  predominance of  non-addi t ive  

gene a c t i o n  i n  i n f l u e n c i n g  most c h a r a c t e r s  i n  pigeonpea,  'They 

concluded t h a t  t a l l  p l a n t  h e i g h t ,  l a r g e  s e e d s ,  long pod bea r ing  

region and many pod bea r ing  branches be used f o r  s e l e c t i o n  t o  

o b t a i n  h igh y i e l d ,  

2 , 4  He te ros i s  

The term "he te ros i s I t  coined by S h u l l  (1914) r e f e r s  t o  t h e  

phenomenon i n  which t h e  F1 popu la t ion  ob ta ined  by c ross ing  two 

g e n e t i c a l l y  d i s s i m i l a r  gametes o r  ind iv idua l s . shows  inc reased  o r  

decreased v igour  ove r  t h e  mid-parent o r  b e t t e r  p a r e n t a l  v a l u e ,  

Recently,  a new term t l h e t e r o b e l t i o s i s t t  has  been proposed [ B i t z e r  

e t  a l , ,  1968 ; Fonseca and P a t t o m l 9 6 8 )  t o  d e s c r i b e  t h e  performance -- 
o f  a  he te rozygo te  i n  r e l a t i o n  t o  t h e  b e t t e r  p a r e n t  o f  t h e  c r o s s ,  and 

now t h i s  term i s  g e n e r a l l y  being used t o  connote t h e  express ion o f  

h e t e r o s i s  ove r  t h e  b e t t o r  p a r e n t ,  

I n  terms o f  i n c r e a s i n g  t h e  p r o d u c t i v i t y  o f  crop p l a n t s ,  t h e  

r e l a t i v e  power and potency o f  h e t e r o s i s  breeding i s  enormous, I t  

has  a l r e a d y  become a  thoroughfare  i n  t h e  breeding of  c r o s s  p o l l i n a t e d  

crops  like maize, m i l l e t ,  onion,  sugarbcet  and sunflower and i s  

be ing u t i l i z e d  i n  i n c r e a s i n g  t h e  p r o d u c t i v i t y  o f  predominantly 



s e l f ~ p o l l i n a t e d  crops l i k e  sorghum, wheat e t c ,  (Ra i ,  1979).  

However, t h e  b i o l o g i c a l  requirement f o r  s u c c e s s f u l  commercial 

hybr id  seed p roduc t ion  which i n c l u d e s  t h e  presence o f  hybr id  

v igour ,  e l i m i n a t i o n  o f  f e r t i l e  p o l l e n  i n  t h e  female p a r e n t  and 

adequate  p o l l i n a t i o n  by t h e  male p a r e n t  [Forsberg and Smith,  1980) 

has  l i m i t e d  i t s  u se  i n  a  number o f  c rops ,  

2 .4 .1  He te ros i s  i n  o t h e r  p u l s e s  

The discovery of  h e t e r o s i s  i n  chickpea ( P a l ,  1945) opened t h e  

way f o r  h e t e r o s i s  s tudy  i n  p u l s e  c rops ,  Varying degree  o f  h e t e r o s i s  

wi th  r e s p e c t  t o  y i e l d  and i t s  components i n  p u l s e s  have been observed,  

In  mungbcan, Bhatnagar and Singh (1964) r e p o r t e d  t h a t  F1 hybr ids  were 

s u p e r i o r  t o  t h e  mid p a r e n t  va lue  f o r  a l l  e i g h t  y i e l d  component 

c h a r a c t e r s  s t u d i e d ,  As r ega rds  pods and seed y i e l d ,  t h e  hybr ids  were 

cons ide rab ly  h i g h e r  than  t h e  b e t t e r  p a r e n t ,  Singh and Singh (1971) 

observed h e t e r o s i s  ove r  t h e  mid p a r e n t  va lue  f o r  g r a i n  y i e l d ,  c l u s t e r  

number, pod number and branch number, F i f t y - s i x  96 and 33 % of  t h e  

hybr ids  exceeded t h e  b e t t e r  p a r e n t  and s t anda rd  check r e s p e c t i v e l y .  

Singh and S r i v a s t a v a  (1981) observed h e t e r o s i s  f o r  y i e l d  ranging 

from 2 , 2  t o  98 ,9  % over  t h e  b e t t e r  p a r e n t ,  Singh and J a i n  (1970) 

found h e t e r o s i s  o v e r  t h e  b e t t e r  p a r e n t  f o r  g r a i n  y i e l d ,  pod l eng th ,  

branch number and p l a n t  h e i g h t .  The hybr id  v igour  f o r  g r a i n  y i e l d  

ove r  t h e  b e t t e r  p a r e n t  was p r e s e n t  t o  t h e  e x t e n t  o f  173% i n  15 out  

o f  20 c rosses .  



Marked h e t e r o s i s  f o r  y i e l d  and i t s  components has been reported 

i n  green gram, Singh (1974) recorded h e t e r o s i s  f o r  y i e l d  t o  an ex ten t  

of  48% over mid-parent,  Singh and Singh (1974a) found t h a t  F1 means 

were h igher  f o r  pods p e r  p l a n t  and gra in  y i e l d  than mid-parental 

values.  Ramanujam (1975) recorded h e t e r o s i s  ranging from 50 t o  82 % 

over b e t t e r  paren t  f o r  y i e l d  i n  f i v e  crosses .  Swindol and Poehlman 

(1976) reported h e t e r o s i s  f o r  p l a n t  he igh t ,  pods per  p l a n t ,  seeds 

p e r  pod and y i e l d  over mid-parent values.  Ramanujam (1978) observed 

h e t e r o s i s  f o r  pods and number of  seeds over t h e i r  respec t ive  b e t t e r  

parent  i n  nine hybrids .  

Records on soybean have a l s o  ind ica ted  s i g n i f i c a n t  h e t e r o s i s  f o r  

y i e l d  and i t s  components, Chaudhary g,, (1974) observed h e t e r o s i s  

ranging from -30.3 t o  67.8 % f o r  seed y i e l d  over b e t t e r  paren t ,  Seeds 

p e r  p l a n t  and pods per  p l a n t  a l s o  showed considerable  b e t t e r  parent  

h e t e r o s i s .  Tian (19811, Webcr e t  a l . ,  (1970) and Brim and Cockerham -- 
(1961) observed h e t e r o s i s  f o r  y i e l d  over t h e  b e t t e r  paren t  ranging 

from 13 t o  48%. Zhan and Cao (1982) observed h e t e r o s i s  over t h e  b e t t e r  

paren t  f o r  y i e l d  i n  7 out of  12 crosses .  Laffel  and Weiss (1958) found 

t h a t  of  45 hybrids ,  14 showed s i g n i f i c a n t  high parent  h e t e r o s i s  f o r  

y i e l d .  Weber e t  a l . ,  (1970) observed t h a t  mid-parent and b e t t e r  -- 
paren t  h e t e r o s i s  f o r  y i e l d  averaged 25,1% and 13,4% respec t ive ly ,  



Singh and Singh (1976) observed high h e t e r o s i s  f o r  y i e l d  and 

number o f  pods o v e r  b e t t e r  p a r e n t a l  va lues  i n  chickpea ,  He te ros i s  

f o r  100 seed weight showed nega t ive  va lues .  Gowda and Bahl (1976) 

r epor t ed  h e t e r o s i s  ove r  b e t t e r  p a r e n t a l  va lues  f o r  number o f  pods 

p e r  p l a n t  (36%) ,branches p e r  p l a n t  (28%) and seed y i e l d  p e r  p l a n t  

( 35% ) ,  For 100 seed weight,  t h e  m a j o r i t y  o f  c r o s s e s  again  

showed nega t ive  h e t e r o s i s .  Singh and Mehra (1980) recorded s i g n i f i c a n t  

h e t e r o s i s  f o r  s i n g l e  p l a n t  y i e l d  ove r  t h e  b e t t e r  p a r e n t s  i n  s i x  

c r o s s e s .  Deshmukh and Bhapkar (1980) observed t h a t  fou r  c rosses ,  ou t  

o f  36 gave s i g n i f i c a n t l y  h ighe r  y i e l d  than t h e i r  r e s p e c t i v e  b e t t e r  

p a r e n t s .  Ijowever, Singh and Ramanujam (1981) d id  not  observe  any 

s u b s t a n t i a l  h e t e r o s i s  over  t h e  b e t t e r  p a r e n t ,  

S u b s t a n t i a l  h e t e r o s i s  has a l s o  been rep ro ted  i n  o t h e r  p u l s e s  

such as cowpea (Singh and J a i n ,  1972) ; Lent i l  (Singh and J a i n ,  1971) ; 

pea (Singh and Singh,  1970 ; Singh e t  a l l ,  1975; S r i v a s t a v a  and 

Sachan, 1975; Venkateswarlu and Singh,  1981). Xn most o f  t h e  

r epor t ed  c a s e s ,  i t  was noted t h a t  h e t e r o s i s  i n  y i e l d  is  r e f l e c t e d  

through h e t e r o s i s  i n  o t h e r  y i e l d  components. Genetic d i v e r s i t y  among 

t h e  p a r e n t s  appeared t o  p l a y  an impor tant  r o l e  i n  t h e  man i fes t a t ion  

o f  h e t e r o s i s .  I n  some c a s e s ,  i t  was noted t h a t  h igh y i e l d i n g  

p a r e n t s  tended t o  produce high y i e l d i n g  hybr ids  (Singh, 1974),  



2 , 4 , 2  He te ros i s  i n  pigeonpea 

Solomon e t  a l ,  , (1957) were t h e  f i r s t  t o  r e p o r t  hybr id  v igour  

i n  pigeonpea f o r  g r a i n  y i e l d ,  This was t o  t h e  e x t e n t  o f  25%. They 

concluded t h a t  by e x p l o i t i n g  g e n e t i c a l l y  d i v e r s e  m a t e r i a l ,  more 

conspicuous v igour  could perhaps be ob ta ined ,  But even i f  Cajanus 

proved a  good crop f o r  e x p l o i t i n g  h e t e r o s i s ;  t h e  d i f f i c u l t y  o f  

commercial hybr id  seed product ion e x i s t e d ,  However, with t h e  

d iscovery  of  g e n e t i c  male s t e r i l i t y  (Reddy e t a l . ,  1978; Wal l i s  e t  a l l ,  

198L) and t h e  e x i s t e n c e  o f  a  high degree o f  ou tc ross ing  (Green e t  a l . ,  

1979; Onim, 1980) it became p o s s i b l e  t o  produce hybr id  pigeonpea 

seed wi th  r e l a t i v e  e a s e .  S tud ies  on l a r g e  s c a l e  hybr id  seed 

product ion i n  i s o l a t i o n  blocks  have shown t h a t  'enough p o l l e n  vec to r s  

a r e  n a t u r a l l y  p r e s e n t  i n  t h e  f i e l d  a t  ICRISAT c e n t e r  t h a t  seed 

s e t t i n g  on s t e r i l e  p l a n t s  i s  almost equal  t o  t h a t  on f e r t i l e  p l a n t s  

(Green e t  a l .  , 1979). -- 

Sharma e t  a l , ,  (1973) r epor t ed  high h e t e r o s i s  e f f e c t s  f o r  -- 
p l a n t  h e i g h t  and g r a i n  y i e l d  ove r  t h e  b e t t e r  p a r e n t ,  They suggested 

t h e  development of  composite v a r i e t i e s  i n  pigeonpea,  Veeraswamy 

e t  a l ,  , (1973) us ing i n t e r v a r i e t a l  hybr ids  i n  pigeonpea between -- 
C0.1 ( a  s h o r t  te rm,  high y i e l d i n g  s t r a i n )  and 19 g e n e t i c a l l y  d i v e r s e  

v a r i e t i e s ,  observed h e t e r o s i s  f o r  p l a n t  h e i g h t ,  p l a n t  spread,  number 

o f  branches ,  number o f  c l u s t e r s ,  number of  pods p e r  p l a n t  and days t o  



50% flowering.  S r i v a s t a v a  e t  a l , ,  (1976) r epor t ed  a  mean h e t e r o s i s  

o f  80% f o r  number o f  pods p e r  p l a n t  ove r  t h e  b e t t e r  p a r e n t a l  va lues ,  

Medium x medium and low x medium c rosses  gene ra l ly  r e s u l t e d  i.n h igh 

h e t e r o t i c  performance over  t h e  b e t t e r  pa ren t .  

The magnitude of  h e t e r o s i s  f o r  y i e l d  and r e l a t e d  cha rac te r s  

between c rosses  involving d i f f e r e n t  ma tu r i ty  groups was determined 

by Reddy e t  a l . ,  (1979a), ?he s tudy revealed  t h a t  p l a n t  h e i g h t ,  -- 
days t o  f lower and ma tu r i ty  and seed weight tended t o  e x h i b i t  negat ive  

h e t e r o s i s  over  t h e  b e t t e r  pa ren t  al though some ind iv idua l  c rosses  had 

p o s i t i v e  values .  Heteros is  f o r  pod number and seed y i e l d  over  t h e  

b e t t e r  pa ren t  was gene ra l ly  p o s i t i v e  al though some ind iv idua l  c rosses  

showed negat ive  va lues ,  

To i n v e s t i g a t e  t h e  p o t e n t i a l  of  hybrid pigeonpea,  Green e t  a l . ,  

(1979) hand crossed 15 e l i t e  l i n e s  I n  1976 and 12 l i n e s  i n  1977 wi th  two mc 

sterile s t o c k s  F1S-3A and MS-4A. Comparison of  t h e  hybr ids  and t h e i r  

p o l l e n  pa ren t s  i n d i c a t e d  t h a t  t h e  b e s t  hybrids i n  t h e  2 year s  y i e lded  

31.5 and 17,O % h igher  than t h e  bes t  c u l t i v a r  i n  each of t h e  

experiments.  

2.5 Cor re l a t ion  o f  y i e l d  and i t s  components 

Cor re l a t ion  s t u d i e s  i n  pigeonpea by Munoz and Abrams (1971): 

Sharma e t  a1 ,  , (1971) ; Beohar and Nigam (1972) ; Ganguli and Sr ivas t ava ,  -- 
(1972) ; Josh i  (1973); Kumar and Haque (1973) ; Mukewar and Muley, (1974) ; 



Ram 2, , (1976) ; Dahiya and Brar (1978) ; Awatade et- a l . ,  

(1980) ; Beohar g, , (1981) and Asawa &, , (1981) have 

ind ica ted  t h a t  g ra in  y i e l d  i s  highly and p o s i t i v e l y  c o r r e l a t e d  

with number of  primary branches, secondary branches, c l u s t e r s ,  

pods and seeds p e r  p lan t  and e f f e c t i v e  pod bearing length of  

t h e  branch. 

Ganguli and Sr ivas tava  (1972) and Mukewar and Muley (1974) 

found t h a t  t h e  average pod length,  number of  seeds p e r  pod and 

100 seed weight a r e  negat ively cor re la ted  with y i e l d ,  While Munoz 

and Abrams (1971) and Singh and Malhotra (1973) reported t h a t  

100 seed weight and pod length did not exh ib i t  any s i g n i f i c a n t  

assoc ia t ion  wlth y i e l d .  Pos i t ive  assoc ia t ion  between y i e l d  and 

100 seed weight was observed by Dahiya t aJ, (1978) and Godawat 

(19801, 

Grain y i e l d  has been reported t o  be nega t ive ly  cor re la ted  

with days t o  flower and maturi ty  and p lan t  height  (Munoz and 

Abrams,l971; Kumar and Haque, 1973; Mukewar and Muley, 1974: 

and Dahiya e t  a l . ,  1978), However, p o s i t i v e  c o r r e l a t i o n  between -- 
y i e l d  and p l a n t  height  was reported by Ganguli and Srivastava 

(1972) ; Veeraswamy G, (1973), and Vpadhaya and Sharma (1980), 

The l a s t  two authors  a l s o  found p o s i t i v e  c o r r e l a t i o n  between 

y i e l d  and days t o  flower. 



The inter-component r e l a t i o n s h i p  s tud ied  by Veeraswamy e t  a l ,  

(1973) ind ica ted  t h a t  p l a n t  he igh t  i s  p o s i t i v e l y  c o r r e l a t e d  with 

number of  days t o  flower,  number of  branches,  pods and c l u s t e r  

p e r  p l a n t  a t  both the  genotypic and t h e  phenotypic l e v e l ,  They found 

t h a t  number o f  branches p e r  p l a n t  was p o s i t i v e l y  c o r r e l a t e d  with number 

o f  c l u s t e r s  and pods p e r  p l a n t  and days t o  f lower ,  while c l u s t e r s  pe r  

p l a n t  was p o s i t i v e l y  c o r r e l a t e d  with days t o  flower.  Beohar e t  a l ,  

(1981) a l s o  repor ted  p o s i t i v e  c o r r e l a t i o n  between p l a n t  height  and 

primary branches,  Beohar and Nigam (1972) observed t h a t  pods p e r  

p l a n t  was nega t ive ly  c o r r e l a t e d  with pod l eng th ,  

Ganguli and Sr ivas tava  (1972) found t h a t  t h e  average pod length,  

seeds p e r  pod and 100 seed weight which were nega t ive ly  c o r r e l a t e d  

with y i e l d ,  and t h e  r e s t  of  the  charac te r s  were p o s i t i v e l y  cor re la ted  

among themselves.  Reddy e t  a l ,  (1975) repor ted  t h a t  as  t h e  dura t ion  -- 
t o  matur i ty  inc reased ,  t h e  pod number, y i e l d  and seed s i z e  a l s o  

increased.  

Saxena e t  a1.  (1981) observed t h a t  phenotypic and genotypic -- 
c o r r e l a t i o n s  among charac te r s  i n  F1 and F2 pigeonpea t r i a l s  were 

genera l ly  s i m i l a r  i n  magnitude and d i r e c t i o n .  In the  F1 t r i a l  of 

a  7 x 7 d i a l l e l ,  y i e l d  p e r  p l a n t  and days t o  flower were associa ted 

with  each o t h e r  and with a l l  o t h e r  c h a r a c t e r s ,  Seed s i z e  (100 seed 

weight) was s t a t i s t i c a l l y  independent of seeds p e r  pod and pods p e r  

p l a n t ,  Yield i n  t h e  F2 of  t h e  same 7 x 7 d i a l l e l  was negat ively  



assoc ia ted  with seed s i z e  and seeds p e r  pod, When they removed t h e  

progenies of t he  l a t e s t  parent  (3D-8103), t he  F2 of  t he  r e s u l t i n g  

6 x 6 d i a l l e l  showed s t rong  p o s i t i v e  assoc ia t ion  between y i e l d  p e r  

p l o t  and days t o  flower, This marked change i n  assoc ia t ion  occurred 

because t h e  progenies of t h e  l a t e s t  flowering parent  formed a  d i s t i n c t  

and r e l a t i v e l y  low y ie ld ing ,  l a t e  flowering group i n  t he  F2 t r i a l .  



3.  MATERIALS AND METHODS 

The d a t a  f o r  t h e  p resen t  inves t iga t ionwere  c o l l e c t e d  during 

t h e  1982-83 r a i n y  season a t  ICRISAT Center ,  Hyderabad, The c rosses  

t h a t  produced t h e  Fls s t u d i e d  were made during t h e  r a i n y  season o f  

1981-82. 

3.1 Source o f  mate r ia l  

Three m a l e - s t e r i l e  l i n e s  v i z .  MS-3A, MS-4A and blS-Prabhat 

were used a s  t h e  female p a r e n t s  and p o l l i n a t e d  by each of  t h e  seven 

p o l l e n  f e r t i l e  l i n e s  chosen f o r  t h e i r  wide g e n e t i c  and geographical  

d i v e r s i t y .  The p a r e n t a l  m a t e r i a l  was obtained,  from ICRISAT, These 

c rossed  gave 21 hybrids  which were used i n  t h i s  i n v e s t i g a t i o n ,  

The o r i g i n ,  days t o  f lower ing ,  p l a n t  h e i g h t ,  seeds  p e r  pod, 

100 seed weight ,  and growth h a b i t  a r e  p resen ted  i n  ?'able 1, 

3.2 F i e l d  p l o t  technique and layouts  

3 , 2 . 1  Cross ing  

Up t o  10 t i g h t l y  c losed  buds, approximately two t h i r d s  t h e  

s i z e  o f  mature buds, were s e l e c t e d  on each branch of t h e  female 

p l a n t  f o r  c r o s s i n g ,  Smaller  buds and mature open buds were removed 

t o  prevent  competi t ion within t h e  in f lo renscence ,  No c rosses  were 

made when t h e s e  chosen buds had opened, 



Table 1 . Origin, pedigree and some p l a n t  charac te r s  of t h e  t e n  parents .  

P lan t  characters  
Days t o  Plant  height Seeds per  100-seed weight Growth 

Var ie t i es  Origin Pedigree 
50% flower in cm pod i n  grams hab i t  

Females 

MS-3A India(Andhra Pradesh) ICP-1555 121 213 4.1 7.9 NDT spreading 

MS-4A India(Maharashtra) ICP-1596 117 216 3.8 7.5 NDT spreading 

MS-Prabhat India  (ICRISAT) (MS-3A x 62 9 2 3.9 5.8 DT 

a 
Prabhat) x 
BC 4 

Males 

BDN -1 India  ICP-7182 103 180 3.7 10.7 NDT spreading 

C-11 India(Maharashtra1 ICP-7118 117 203 3.8 10.7 NDT spreading 

ICP-7035 India(Madhya Pradesh) Bheda Ghat 126 204 
c o l l e c t i o n  

ICP-9150 Kenya 

ICP-9180 Kenya 

Royes W e s t  Ind ies  
(Trinidad) 

4.8 20.1 NDT s e m i  spread- 
ing  

14.4 NDT 

11.5 NDT 

C-32 2 West Ind ies  104 126 5.3 13.3 DT 

a = Four generat ions  of backcross t o  Prabhat. 
KDT = Non-determinate 

DT = Determinate 



Large, unopened buds i n  which t h e  anthers  would dehisce  on t h a t  

day were co l l ec ted  between 0800 and 1000 hours from male p l a n t s  and 

bulked f o r  each male p a r e n t ,  

The stamina1 column of t h e  po l l en  bud was used t o  brush po l l en  

on the  stigma o f  t h e  female, Each female p l a n t  was p o l l i n a t e d  by 

severa l  male pa ren t s ,  Different  colored threads  were t i e d  t o  each 

flower t o  i d e n t i f y  each cross .  Po l l ina ted  buds were not bagged 

because pod s e t t i n g  i s  g r e a t l y  reduced under g lass ine  bags (Sharma 

and Green, 1980) although . bagping ensures l i t t l e  o r  no outcro;sing. 

3.2.2 F ie ld  layout 

The 31 e n t r i e s  comprising of t e n  pa ren t s  anc! 21 F1 hybrids were 

grown i n  a randomized block design and r e p l i c a t e d  four  t imes,  Each 

p l o t  cons i s t ed  o f  four  rows, four  meters long.  Spacing between and 

wi thin  rows was 75 and 30 cm respec t ive ly .  

3 . 2 , 3  Crop management 

The experiment was p lan ted  on a medium deep v e r t i s o l  a t  

ICRISAT Center,  Patancheru on 25th o f  June 1982 without f e r t i l i z e r  o r  

rhizobium inocu la t ion ,  Two seeds were sown p e r  h i l l ,  On t h e  15th 

day and 21st  day a f t e r  sowing, gap f i l l i n g  and th inning were done 

respec t ive ly ,  t h e  l a t t e r  leaving a s i n g l e  p lan t  p e r  h i l l ,  bland weeding 

was done twice .  Spraying f o r  i n s e c t  p e s t s  p a r t i c u l a r l y  He l io th i s  armigera 



was done twice ,  t h r i c e  and four  times f o r  e a r l y ,  medium and l a t e  

matur i ty  groups,  r e s p e c t i v e l y ,  The time f o r  spraying was decided 

on t h e  number of eggs observed on t h e  f lowers and pods. 

3 .3  Observations 

Apart from days t o  f lowering and ma tu r i ty ,  observat ion on each 

of  t h e  cha rac te r s  under s tudy was r e s t r i c t e d  t o  t e n  randomly s e l e c t e d  

compet i t ive  p l a n t s  i n  t h e  middle two rows of  each p l o t ,  Hybrid p l a n t s  

were i d e n t i f i e d  a t  f lowering and pod formation by comparing va r ious  

p l a n t  c h a r a c t e r i s t i c s ,  such as f lower ?ad and stem pigmentation,  with 

t h e  p a r e n t s ,  Care was taken t o  avoid p l a n t s  which were gap f i l l e d  

o r  next  gap f i l l e d  p l a n t s ,  

P lan t  samples and pods were d r i e d  I n  a d r i e r  a t  80°C f o r  24 hours 

and 40°C f o r  48 hours r e s p e c t i v e l y ,  

Observations s tud ied  

3 , 3 , 1  Plant  bas i s  

Data were c o l l e c t e d  on t h e  following cha rac te r s  on each of t h e  

10 p l a n t s  chosen. 

a) Plant  he igh t  

The height  t o  the  nea res t  cent imeters  of a  s t r e t c h e d  p l a n t  

from ground l e v e l  t o  t h e  t i p  of t h e  main stem a t  ha rves t ,  



b) Number o f  primary branches 

Number o f  branches (product ive  and unproductive) a r i s i n g  

from t h e  main stem was counted a t  h a r v e s t ,  

c l  Number o f  secondary branches 

To ta l  number o f  branches a r i s i n g  from primary branches 

counted a t  h a r v e s t ,  

d) Number of pods 

To ta l  number of  matured pods ob ta ined  a t  h a r v e s t .  

e )  Seeds p e r  pod,  pod length  and s h e l l i n g  percentage  

From each s e l e c t e d  p l a n t ,  10 f u l l y  developed,matured and 

undamaged pods were taken a t  random. On t h e s e  pods,  t h e  fo l lowing 

cha rac te r s  were measured f o r  each p l a n t  a f t e r  di-ying, 

i )  Number o f  seeds/pod 

The average of t h e  10 pods.  

i i )  Pod l eng th  

The average pod l eng th  measured t o  t h e  n e a r e s t  

mi l l ime te r  was recorded.  

i i i )  S h e l l i n g  percentage  

The weight of t h e  10 unshe l l cd  pods was recorded i n  grams, 

Af te r  t h r e s h i n g ,  seed weight was recorded,  S h e l l i n g  

percentage  was c a l c u l a t e d  a s  fo l lows :  

seed weight S h e l l i n g  percentage  = x 100 
unshel l e d  pod weight 



f )  P l a n t  s e e d  y i e l d  

The seed  weight  t o  t h e  n c a r c s t  grams p e r  p l a n t .  

g) 100-seed weight  

l'he weight  t o  t h e  n e a r c s t  n ~ i l l i g r a m s  o f  one hundred c l e a n  

whole d ry  s e e d s  s e l e c t e d  from each p l a n t ,  

h)  P l a n t  pod weight  

The t o t a l  wcight  t o  t h c  n e a r e s t  grams o f  d r i e d  pods from 

each s e l e c t c d . p l a n t  . 
i )  P l a n t  d r y  weight 

The wcight  t o  t h e  n e a r e s t  grams o f  each s e l e c t e d  p l a n t  c u t  

a t  ground l e v e l .  Tllus t h e  weight o f  f a l l e n  l e a v e s  and r o o t s  

was exc luded .  

j )  B i o l o g i c a l  e f f i c i e n c y  ( h a r v e s t  index)  

'I'he r a t i o  o f  p l a n t  s e e d  y i e l d  ( i t em f )  t o  t h e  t o t a l  p l a n t  

weight  ( i t e m  h  and i )  e x p r e s s e d  a s  a  p e r c e n t a g e  f o r  each p l a n t ,  

HI = P l a n t  seed  y i e l d  
T o t a l  p l a n t  d ry  weight  

x  100 

3 . 3 . 2  P l o t  b a s i s  

k )  Days t o  50% f l o w e r i n g  

Number of days from sowing t o  t h e  day when 50% o f  t h e  p l a n t s  

had shown t h e i r  f i r s t  f lower  i n  each p l o t ,  



1)  Days t o  ma tu r i t y  

Number o f  days taken  from sowing t o  t h e  day when 75% of  

t h e  pods t u rned  brown. 

m) P l an t  s t and  

To ta l  p l a n t  count f o r  each p l o t  a t  t h e  t ime of  ha rves t i ng .  

n) P lo t  y i e l d  

Grain y i e l d  t o  t h e  n e a r e s t  gram f o r  each p l o t .  (Va r i a t i on  

caused by d i f f e r e n c e s  i n  p l o t  s t and  was-adjusted by ob t a in ing  

t h e  covar iance  o f  y i e l d  on p l o t  s t and . )  



3.4 S t a t i s t i c a l  Analysis 

3 .4 .1  He te ros i s  

The performance o f  t h e  F1 hybr id  over  t h e  mid p a r e n t  value 

and t h a t  o f  t h e  b e s t  pa ren t  f o r  each c r o s s  expressed a s  a  p e r c e n t  

was c a l c u l a t e d  using t h e  formula suggested by Liang e t  a l ,  (1972) 

and Rai (1980)as fol lows : 

a)  He te ros i s  = 
F1 - MP 

blP x 100 

MP (mid p a r e n t )  = mean o f  p a r e n t a l  va lues .  

= mean o f  F1 values ,  

FI - BP 
b)  H e t e r o b e l t i o s i s  = B P x  100 

where BP = mean of  t h e  b e t t o r  p a r e n t a l  values .  

The s i g n i f i c a n c e  o f  h e t c r o s i s  was t e s t e d  using t - t e s t  

suggested by Snedecor and Cochran (1967, p268-271) and Paschal 

and Wilcox (1975).  

F1 b1P 
a )  He te ros i s  = t = 

- 

F1 - BP 
b) H e t e r o b e l t i o s i s  a t = 

where r = number o f  r e p l i c a t i o n s  
EMS = e r r o r  mean squares  



Sign i f i cance  o f  I t t t t  i s  t e s t e d  by r e f e r r i n g  t o  Itt" t a b l e s  a t  

t h e  appropr ia te  e r r o r  degrees of freedom, 

3.4.2 Combining Abi l i ty  Analysis 

The ana lys i s  of combining a b i l i t y  was based on the  method of 

Kempthorne (1957) and Comstock and Robinson (1952). The covariance 

o f  h a l f - s i b s  and f u l l - s i b s  was used t o  ob ta in  e s t ima tes  o f  general  and 

s p e c i f i c  combining a b i l i t y  and t h e i r  var iance a s  follows : 

Source Degrees Sum of squares  Mean Expected blcan Squares 
o f  sum o f  

freedom squares 

2 Repl icat ions  ( r -1)  x 2 , , k  - X . . .  - -  
mf mfr. 

Hybrids (mf-1) x L i j  - x', , , 
r m , f , r  

Males 2 2 
(m-1) X i . ,  - X , , .  

2 
a +r [Cov, ( F  ,S) -2Cov, -- M~ 

f , r  mfr ( I I , s ) ]  + f r  Cov, (H,S) 

2 2 Females (f-1) X j,. - X D ~ + ~ ~ [ C O V , @ , S ) - ~ C O V .  (H.s)]+ - M2 mr COV, (H,S)  
m.r mfr 

2 2 
X ( i a ) - X  i t , -  Males x (m-1) J 

2 
M3 a +r(Cov, (F,S)-2 Cov, (Has) 

Females ( f -1)  r f , r  

2 2 
X ,j, - X . . ,  
mr mfr 

r r o r  ( f -  1) by d i f fe rence  M4 a 
2 

(m.f-1) 

Tota l  
L 

(m.f.r-1) X ijk - f.,, 
mfr 



r = number of r e p l i c a t i o n s  
m = number of male pa ren t s  
f  = nwnber of female pa ren t s  
X = sum of  a l l  t h e  i j  hybrid combinations 

X .  .k = sum of k th  r e p l i c a t i o n  
X( i j )  = sum of  i j  t h  hybrid combination over a l l  r e p l i c a t i o n s  

X i  = sum of i t h  male parent  over a l l  females and r e p l i c a t i o n s  
Xf == sum of  j t h  female parent  over a l l  males and r e p l i c a t i o n s  

Xijk = i j t h  observat ion i n  k th  r e p l i c a t i o n  

From t h e  expecta t ions  of  t h e  Mean Sum o f  Squares (M), Covariance 

(Cov) o f  f u l l - s i b s  (F,S) and Covariance of  h a l f - s i b s  (t1,S) were est imated 

by using t h e  formulae of Kempthorne (1957) as shown below: 

Covariance o f  (H,S) = (MI-M3) +(M2-M3) 

r (mtf) 

Covariance of (F,S) = 

6 r  Cov. (11,s)-r(mtf)Cov, (H,S) 
t 

3 r  

Assuming no e p i s t a s i s ,  t h e  following equations may be wr i t t en  t o  

descr ibe  t h e  covar i a to  r e l a t i o n s h i p s  (Kempthorne, 1957) 



Thus, a: = 4 Cov (H.S)  
1+F 

Since  t h e  males and females were assumed t o  be u n r e l a t e d ,  t h e  

inb reed ing  c o e f f i c i e n t  ( F )  i s  equa l  t o  ze ro .  

a 2 
A = a d d i t i v e  g e n e t i c  va r i ance  

a 2 
D = dominance va r i ance  

(J 
2 
G = t o t a l  genotypic  va r i ance  

3 . 4 , 3  Est imat ion o f  v a r i a n c e s  

A f t e r  e s t i m a t i n g  t h e  covar iance  o f  (H,S) and (F.S) us ing  t h e  

above equa t ions ,  va r i ances  due t o  gene ra l  combining a b i l i t y  (GCA) 

and s p e c i f i c  combining a b i l i t y  (SCA) were e s t ima ted  as follows 

(Kempthorne , 1957)  . 
2 

a GCA = Cov, of  (H,S) 



3 .4 .4  Estimation of GCA and SCA e f f e c t s  

The l i n e s  used a s  male and female pa ren t s  wore crossed  i n  

accordance with t h e  p a t t e r n  descr ibed f o r  Design TI by Cornstock and 

Robinson (19521. 

The a d d i t i v e  model used t o  es t imate  t h e  GCA and SCA e f f e c t s  

of  observat ion  i j k  was 

where u  = popula t ion  mean 
gi  = GCA e f f e c t  of i t h  male pa ren t  
g .  = GCA e f f e c t  of  j t h  female narent  

s!; = SCA e f f e c t  of  i j t h  combination 
e  = Erro r  a s soc ia t ed  with t h e  observat ion  X i j k  ''! = number o f  male parent  

j = number of female parent  
k = number o f  r e p l i c a t i o n  

The ind iv idua l  e f f e c t s  were es t imated  a s  follows : 

where X . .  . = t o t a l  o f  a l l  hybrid combinations over 
a l l  r e p l i c a t i o n s  

( i i )  gi = X i u e *  - 
f , r  m . t , r  

where X i . .  = t o t a l  of  i t h  pa ren t  over a l l  females and 
r e p l i c a t i o n s  



where X I . .  = t o t a l  o f  j t h  female pa ren t  ove r  a l l  
male p a r e n t s  and r e p l i c a t i o n s  

( i v )  S i j  = X[ii) - X i  - xj - X. ? .  - 
r m.f m.f. m , f , r ,  

where (Xi j )  = i j t h  combination t o t a l  over  a l l  r e p l i c a t i o n s  

3 . 4 . 5  Standard e r r o r s  f o r  combining a b i l i t y  e f f e c t s  

The S,E.'s p e r t a i n i n g  t o  GCA e f f e c t s  of  males and females and 

SCA e f f e c t s  o f  d i f f e r e n t  combinations were c a l c u l a t e d  as shown below 

us ing t h e  procedures of  (Singh and Chaudhary, 1979), 

SE (gi]  males =J E r m r  ;;riancc 

SE ( g . )  females = r r o r  var iance  
1 

SE (Si,j ) male x female combinations 

where r = number o f  r e p l i c a t i o n s  
m = number of  males 
f = number of females 

Propor t ional  con t r ibu t ion  of males, females and males x females 

t o  t h e  t o t a l  hybr id  va r i ance  was c a l c u l a t e d  fo l lowing t h e  method 

suggested  by Singh and Chaudhary (1979) as fol lows:  



SS Contr ibut ion o f  males = (m) x 100 

SS (h) 

Contr ibut ion o f  females = SSlfl  x 100 

Contr ibut ion of males x females = Symf) loo 
SS C h) 

where SS = swn of  squares  
m = males 
f  = females 
h = hybr ids  

3 . 4 . 6  Corre la t ions  

Simple c o r r e l a t i o n  c o e f f i c i e n t s  Cr) among d i f f e r e n t  cha rac te r s  

of  t h e  hybr ids  were c a l c u l a t e d  fo l lowing t h e  method o f  Panse and 

Sukhatme (1957) , 

r = Cov, XY - 
/ Var.X. Var,Y 

where Cov.X1' = EXY - cX.cY 
n  



where r = c o r r e l a t i o n  e f f i c i e n t  
COV. = covariance 
Var , = variafice 

X and Y= two independent v a r i a b l e s  
n  = number o f  p a i r s  of observat ions  

The s i g n i f i c a n c e  can be t e s t e d  by r e f e r r i n g  t o  t h e  c o r r e l a t i o n  

c o e f f i c i e n t  t a b l e s  a t  (n-2) degrees of  freedom, 



4. EXPERIMENTAL RESULTS 

The r e s u l t s  presented he re in  were obtained from an 

experiment conducted during t h e  ra iny  season 1982-83 a t  ICRISAT 

Center (Hyderabad) i n  Ver t i so l s .  

The weather condition during t h i s  per iod i s  presented in  

Figure 1. During t h e  crop season a t o t a l  of  527 mm r a i n f a l l  was 

recorded which was below t h e  normal (690 mm). The da tes  of 

p lan t ing ,  50% flowering and matur i ty  f o r  e a r l y ,  medium and l a t e  

matur i ty  groups a r e  marked on t h e  f igure .  

H i ~ h l y  s i g n i f i c a n t  c o r r e l a t i o n  was observed between t h e  mean 

y ie ld  of  t h e  t en  se lec ted  p l a n t s  and p l o t  y ie ld .  This ind ica ted  

t h a t  t h e  se lec ted  p l a n t s  from each p l o t  were t r u e l y  represen ta t ive  

of t h e  ne t  p l o t .  

The r e s u l t s  a r e  presented i n  t h e  following o rder :  

1. Analysis of  variance f o r  t h e  whole experiment 

2. Heterosis  

3. Hybrid a n a l y s i s  

4. Correla t ions  

4.1. Analysis of  variance 

The ana lys i s  of  var iance (Table 2) revealed t h e  exis tence 

of highly s i g n i f i c a n t  d i f fe rences  among t h e  t reatments  f o r  a l l  

t h e  charac te r s  studied. On p a r t i t i o n i n g  t h e  t reatments  i n t o  parents  

( . ,9  degrees of  freedom) and c rosses  (20 dsgreesaf  freedom) highly 



Flg. 1.  ~ e t e o r o l o ~ i c a l  data for  ICRISAT metcorologlcal station from July 1982 t o  
January 1983. 

a) Rainfall and evaporation i n  mn 80 

g70 4 

::: 0 a & 
40 \ Evaporation 

-0 

30 

25 a7 nb 3 1 - 3 5 .  n 7  33 4'1 43 45 qj  44 5 j  i 5 5 i 
Time In standard week 

40 b )  Maximum and minimum temperature In OC 

30 - Maximum 

- Planting date * - Flowering 
8 - Maturity 
I - Early group including (MS-Prabhat and its crosses 

with Royes, C-322, and BDN-I) 
I1 - Medium group (MS-JA, MS-4A and crosses involving them, 

MS-Prabhat x 9150, MS-Prabhat x 9180) 
I11 - Late group (ICP-9150, ICP-5180) 







s i g n i f i c a n t  d i f f e r e n c e s  were s t i l l  r e a l i z e d  f o r  a l l  t h e  c h a r a c t e r s .  

However, p a r e n t s  v s .  c r o s s e s  d i d  not  show s i g n i f i c a n t  d i f f e r e n c e  f o r  

primary branches ,  secondary branches ,  pods p e r  p l a n t  and seeds  p e r  pod,  

S i g n i f i c a n t  r e p l i c a t i o n  d i f f e r e n c e s  appeared f o r  t h e  c h a r a c t e r s  p l a n t  

h e i g h t ,  pods p e r  p l a n t ,  s i n g l e  p l a n t  y i e l d  and t o t a l  p l a n t  weight,  

The c o e f f i c i e n t  of  v a r i a t i o n  (CV%) was reasonable  f o r  most 

c h a r a c t e r s  bu t  was h igh f o r  secondary branches ( 2 4 , 2 ) ,  pods p e r  p l a n t  

(26 .5 ) ,  s i n g l e  p l a n t  y i e l d  ( 2 9 ,  I ) ,  primary branches (16 ,3 ) ,  and 

t o t a l  weight p e r  p l a n t  ( 2 8 . 4 ) .  



4.2 Means o f  F, hybr ids ,  p a r e n t s  and hybrid  vigour  
-- 

The means o f  F i  hybr ids ,  t h e i r  p a r e n t s  and t h e  hybrid  vigour  

f o r  t h e  c h a r a c t e r s  s t u d i e d  a r e  p resen ted  i n  Tables 3-16. 

a )  Plant  he igh t  (cm) 

The mean p l a n t  he igh t  f o r  t h e  female p a r e n t s  ranged from 92 

(MS-Prabhat) t o  216 cm (MS-4A) . Among t h e  male p a r e n t s ,  i t  ranged 

from 126 (C-322) t o  222 cm (ICP-9180) (Table 3 ) .  

The F l f s  means ranged from 118 (MS-Prabhat x '2-322) t o  234 cm 

(MS-3A x ICP-9180). General ly ,  most c rosses  were t a l l e r  than t h e i r  

mid-parent va lue  and c l o s e r  t o  the  b e t t e r  p a r e n t ' s  va lue .  Two c rosses  

(MS-3A x ICP-9150 and MS-4A x ICP-915O)were s t a t i s t i c a l l y  t a l l e r  than 

t h e  t a l l e s t  p a r e n t .  

The o v e r a l l  mean of  F l f s  was 199 cm which showed an inc rease  of 

8.1% over t h e  mean o f  t h e  p a r e n t s .  He te ros i s  ranged from -6.7  

(MS-3A x BDN-1) t o  39.1% (M-Prabhat x ICP-9180) over mid parent  

values  and from -24.3 (MS-Prabhat x Royes) t o  6 .7% (MS-3A x ICP-9150) 

over  t h e  b e t t e r  p a r e n t .  Eight c rosses  had s i g n i f i c a n t  negat ive  

h e t e r o s i s  when compared t o  t h e  b e t t e r  p a r e n t ,  Among t h e  e i g h t  c r o s s e s ,  

MS-Prabhat x Royes, MS-3A x B D N - 1 ,  MS-3A x C-322 and MS-Prabhat x 

ICP-7035 had t h e  s h o r t e s t  p l a n t  h e i g h t ,  





b) Number o f  primary branches 

The average number of primary branches f o r  t h e  female p a r e n t s  

ranged from 9.9 (MS-3A) t o  13.7 branches (!,IS-Prabhat). The range 

was from 6 . 5  ( Royes ) t o  10.0 branches (BDN-1) f o r  t h e  male 

p a r e n t s  (Table 4 ) ,  

The h y b r i d  means ranged from 6.8 (MS-3A x BDN-I) t o  

13.5 branches  (MS-4A x C - l l ) ,  The hybr id  means were h i g h e r  than  t h e  

mid pa ren t  va lue  i n  twelve out  o f  21 c r o s s e s .  For t h e  c r o s s e s  

MS-3A x C - 1 1 ,  CIS-3A x ICP-7035 and CIS-3A x ICP-9150, t h e  hybr ids  had 

more primary branches than t h e  b e t t e r  p a r e n t  va lue .  

The o v e r a l l  mean of t h e  hybr ids  was 10.2 branches which showed 

an i n c r e a s e  o f  5 . 3 %  over  t h e  o v e r a l l  p a r e n t a l  mean (9 .7)  . Hete ros i s  

f o r  primary branches ranged from -31.4 (MS-3A x BDN-1) t o  30.7% 

(MS-3A x ICP-7035) compared t o  the  mid p a r e n t  va lue  and from -42.0 

(MS-Prabhat x ICP-7035) t o  21.2% (MS-3A x ICP-9150) compared t o  t h e  

b e t t e r  pa ren t  v a l u e .  Only one c ross  (MS-3A x ICP-9150) showed 

s i g n i f i c a n t  p o s i t i v e  h e t e r o s i s  over t h e  b e t t e r  p a r e n t .  While t h r e e  

c rosses  (MS-3A x ICP-7035, MS-3A x ICP-9150 and CIS-4A x C-11) showed 

s i g n i f i c a n t  p o s i t i v e  h e t e r o s i s  over  t h e i r  mid pa ren t  va lue .  

c) w b e r  o f  secondary branches 

The average number o f  secondary branches f o r  female p a r e n t s  

ranged from 15.0  (MS-Prabhat) t o  34.8 branches (MS-4A). The range 

was from 1 0 . 3  (ICP-9150) t o  20.9 branches (C-11) f o r  t h e  male p a r e n t s  

(Table 5 ) .  







The hybrid means ranged from 5.8 (MS-Prabhat x ICP-9150) t o  

56.1 branches (MS-4A x C-11). For t h e  crosses  MS-3A x C-11, 

MS-4A x C-11, MS-~rabha t '  x C-322, MS-Prabhat x ICP-9180 and MS-Prabhat x 

Royes, t h e  mean number of  secondary branches were h igher  than t h e  

b e t t e r  p a r e n t a l  va lue ,  

The o v e r a l l  parent  Is and hybr id ' s  number of  secondary branches 

m r e  s imi la r .  Heteros is  ranged from -53.8 (MS-Prabhat x ICP-9150) 

t o  88.3% (MS-Prabhat x ICP-9180) when compared t o  t h e  mid pa ren ta l  

va lue  and from -70.0 (MS-4A x Royes) t o  86.0% (MS-Prabhat x ICP-9180) 

compared t o  t h e  b e t t e r  parent .  MS-Prabhat x ICP-9180, MS-Prabhat x 

Royes, MS-Prabhat x C-322 showed s i g n i f i c a n t  p o s i t i v e  h e t e r o s i s  over 

t h e  b e t t e r  parent  value.  MS-4A x C-11, MS-Prabhat x ICP-9180, MS-Prabhat x 

C-322 and Ms-Prabhat x Royes showed a s i g n i f i c a n t  p o s i t i v e  mid 

parent  h e t e r o s i s .  

Number of  pods p e r  p l an t  

The average number of pods pe r  p l an t  f o r  female pa ren t s  ranged 

from 210 (MS-Prabhat) t o  246 pods (MS-4A), Among t h e  male pa ren t s ,  

it ranged from 75 (ICP-9150) t o  205 pods (BDN-1) (Table 6) .  

The hybrid means ranged from 88 (MS-Prabhat x ICP-9150) t o  271 

pods (MS-4A x C-11). The mean of  t h r e e  hybr ids ,  MS-3A x C-11, MS-4A x 

C-11 and MS-Prabhat x C-11 was higher than t h e i r  b e t t e r  parenta l  values.  





The ove ra l l  hybrid mean (167 pods) was h igher  than t h e  

o v e r a l l  pa ren ta l  me'h (153 pods) by 9.1%. Heteros is  ranged from 

-37.9 (MS-Prabhat x ICP-9150) t o  21.8% (FIS-4A x C-11) when compared 

t o  t h e  mid parent  value and from -57.8 (MS-Prabhat x ICP-9150) 

t o  9.9% (hG-4A x C-11) when compared t o  t h e  b e t t e r  parent  va lue ,  

No cross  showed s i g n i f i c a n t  p o s i t i v e  h e t e r o s i s  over i t s  b e t t e r  

parent  va lue .  However, ten  out o f  21 crosses  had higher number o f  

pods compared t o  mid pa ren ta l  values though not s i g n i f i c a n t l y  so. 

e )  Number o f  seeds per pod 

The average number of seeds p e r  pod f o r  female pa ren t s  ranged 

from 3. 8 (MS- 4A) t o  4 .  .0 seeds (FIS-3A). ~rnong t h e  male pa ren t s  

i t  ranged from 3.6 (BDN-1) t o  5 .7  seeds (ICP-9150) (Table 7 ) .  

The hybrid means ranged from 3.7 (MS-4A x C-11) t o  4.9 seeds 

(MS-Prabhat x ICP-7035, MS-Prabhat x ICP-9180, 1s-Prabhat  x C-322). 

Four c rosses  v i z  . , MS- 3A x Royes , MS- Prabhat x C- 11, MS-Prabhat x 

ICP-7035 and bS-Prabhat x Royes had more seeds p e r  pod than  t h e i r  

b e t t e r  pa ren t s .  

The o v e r a l l  hybrid mean (4.4) was very c lose  t o  t h e  pa ren ta l  

mean (4 .5) .  Heteros is  ranged from -3 .9  (MS-3A x ICP-9150) t o  

12.7% (MS-Prabhat x ICP-7035) compared t o  the  mid parent  value 

and from -18.0 (MS-4A x ICP-9150) t o  5.9% (MS-Prabhat x Royes) 





compared t o  t h e  b e t t e r  pa ren t a l  va lue .  'No crosses  bE-Prabhat x 

Royes and MS-Prabhat x C-11 showed , s i g n i f i c a n t  p o s i t i v e  b e t t e r  

parent  h e t e r o s i s .  

f )  S ingle  p l a n t  y i e l d  

The average gra in  y i e l d  p e r  p l a n t  f o r  female pa ren t s  ranged 

from 31.5 (MS-Prabhat) t o  54.5 g (MS-3A) and f o r  t h e  male pa ren t s  

from 22.8 (ICP-9150) t o  54.4 g (C-11) (Table 8 ) .  

The hybrid means ranged from 33.3 (MS-Prabhat x ICP-9150) t o  

70.0 g  (MS-3A x C-11). In most cases ,  t h e  hybrid means were h igher  

than t h e i r  mid parent  va lues .  In t e n  c ros se s ,  the  hybrid y i e l d  was 

above t h e  b e t t e r  pa ren t .  The h ighes t  y i e ld ing  hybrids were MS-3A x 

C-11, MS-4A x C - 1 1 ,  blS-4A x ICP-7035 and MS-Prabhat x ICP-7035. 

The o v e r a l l  hybrid mean (48.0 g) was h igher  than t h e  pa ren t a l  

mean by 21.3%. Heteros is  ranged from -23.2 (hE-3A x BDN-1) t o  85.6% 

(MS-Prabhat and ICP-7035) compared t o  t he  mid parent  value and from 

-25 .3  ()IS-3A x BDN-1) t o  85.6% (MS-Prabhat x ICP-7035) compared t o  

t h e  b e t t e r  parent  va lue .  Three c rosses  (MS-3A x C - 1 1 ,  MS-Prabhat x 

ICP-7035 and MS-Prabhat x ICP-9180) showed s i g n i f i c a n t  p o s i t i v e  

b e t t e r  pa ren t  h e t e r o s i s  . ' 





g) 100-seed weight 

The average 100-seed weight ranged from 5 .7  (MS-Prabhat) t o  

7 .9  g (1,s-3A) and from 10 ,7  (BDN-1) t o  2 0 , l  g (ICP-7035) f o r  femxle 

and male paren ts  respec t ive ly  (Table 9 ) ,  

The hybrid means ranged from 7 .9 (MS-Prabhat x BDN-1 ) t o  

14,  0 g (MS-4A x ICP-7035). Most of t h e  hybrids  had mean values 

lower than t h e i r  mid parent  values.  No cross  had 100-seed weight 

above t he  b e t t e r  pa r en t ,  

The overa l l  hybrid mean (10,O g) was lower than t he  paren ta l  

mean (10.3 g) by 2 ,9%,  Heterosis  ranged from -17.9 (MS-3A x ICP-7035) 

t o  18.2 % (blS-Prabhat x ICP-9150) compared t o  t he  mid parent  values 

and from -45.2 (16-Prabhat x ICP-7035) t o  -8.6 (MS-3A x C-11) compared 

t o  t he  b e t t e r  parent  va lues .  Nineteen c rosses  showed s i g n i f i c a n t  

negat ive b e t t e r  parent  h e t e r o s i s ,  Only one c ross  (MS-Prabhat x 

ICP-9150) showed s i g n i f i c a n t  p o s i t i v e  mid parent  h e t e r o s i s ,  

h) Total  weight pe r  p l a n t  

The average t o t a l  weight pe r  p l a n t  ranged from 107 (MS-Prabhat) 

t o  260 g (MS-3A) and from 156 (C-322) t o  260 g (ICP-7035) f o r  female 

and male paren ts  r e spec t i ve ly  (Table 10) .  

The hybrid means ranged from 147 (MS-Prabhat x C-322) t o  324 g 

(MS-3A x C-11) . Generally, t he  hybrid means were higher  than t h e  
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mid p a r e n t a l  values .  The t o t a l  weight p e r  p l a n t  f o r  hybrids was 

s t a t i s t i c a l l y  higher  than t h e  ' b e t t e r  pa ren t  values  i n  1 0  out of 

2 1  crosses .  

The o v e r a l l  hybrid mean (236 g) was higher  than t h e  p a r e n t a l  

mean (216 g) by 9 .3%.  Heterosis  ranged from -27.2 (MS-3A x BDN-1) 

t o  45.2% (MS-Prabh'at x ICP-9180) when compared t o  t h e  mid parent  

values  and from -36.6 (FIS-3A x BDN-1) t o  24.9% (MS-3A x C-11) compared 

t o  t h e  b e t t e r  pa ren ta l  values .  Three crosses  v i z . ,  MS-3A x C - 1 1 ,  

MS-3A x ICP-9150 and MS-Prabhat x TCP-9180 had s i g n i f i c a n t  p o s i t i v e  

mid pa ren t  h e t e r o s i s  , 

i )  Harvest index 

The average harvest  ranged from 18.2 (MS-3A) t o  28.8% (MS-Prabhat) 

f o r  t h e  females and f o r  the  males from 10.6 (ICP-9150) t o  23,7% (BDN-1) 

(Table 11) .  

The hybrid  means ranged from 1 5 . 3  (MS-4A x ICP-9150) t o  31.0% 

(MS-Prabhat x ICP-7035). Generally,  t h e  Iiyb'zid'.. harvest  index were 

h igher  than t h e i r  mid parent  values .  

The o v e r a l l  hybrid mean (21.1%) was higher  than the  pa ren ta l  

mean (19.3%) by 9.3%. Heterosis  ranged from -18 , l  (MS-Prabhat x 

ICP-9150) t o  51.8% (MS-Prabhat x ICP-7035) compared t o  t h e  mid parent 

values and from -43,8  (MS-Prabhat x ICP-9150) t o  13.8% (MS-3A x ICP-7035) 





compared t o  t h e  b e t t e r  parent  values.  Three c rosses  v i z . ,  

MS-3A x ICP-7035, & - 4 ~  x ICP-7035, and W-Prabhat x ICP-7035 

displayed s i g n i f i c a n t  p o s i t i v e  mid parent  h e t e r o s i s .  

j) Days t o  50% flower 

The mean days t o  f lower f o r  t h e  female parents  ranged from 

62.0 (MS-Prabhat) t o  121.5 days (!IS-3A). Among t h e  male pa ren t s  

it ranged from 103.0 (BDN-1) t o  160 days (ICP-9180) (Table 1 2 ) .  

The hybrid means ranged from 86.5 (IrlS-Prabhat x BDN-1)  t o  128.5 

days (MS-3A x ICP-9180). The hybrid values were lower than o r  c lo se  

t o  t h e i r  mid pa ren t a l  values i n  most cases ,  No hybrid flowered 

e a r l i e r  than t h e  e a r l i e s t  o r  l a t e r  than t h e  l a t e s t  parent ;  

The o v e r a l l  hybrid mean (113.0 days) was 4.0% l e s s  than the  

pa ren t a l  mean (118.0 days) .  Heterosis  ranged from -10.0 (MS-4A x 

ICP-9180) t o  9 . 4 %  (MS-Prabhat x ICP-9150) compared t o  t h e  mid parent  

values and from -25.4 (MS-Prabhat x ICP-9180) t o  1.8% (MS-3A x Royes) 

compared t o  t h e  b e t t e r  pa ren t ,  Thir teen out  of 21 c rosses  showed 

s i g n i f i c a n t  nega t ive  h e t e r o s i s  compared t o  t h e  b e t t e r  pa ren t .  

MS-Prabhat x ICP-9180, MS-Prabhat x ICP-9150, MS-Prabhat x Royes and 

MS-4A x ICP-9180 were t h e  ' e a r l i e s t ,  





k) Days t o  r n a t u r i x  

The mean days t o  maturity f o r  t he  female parents  ranged from 

101.5 (MS-Prabhat) t o  169.0 days (MS-3A). The male parent means 

ranged from 156..0 (BDN-1) t o  231.5 (days) (rEP-9150) (Table 13). 

The hybrid means ranged from 125.7 (MS-Prabhat x BDN- 1) t o  

179.2 days (MS-3A x ICP-9150). As i n  days t o  flower, t he  hybrid values 

were general ly  lower than o r  close t o  t he  mid parent values. No 

crosses  matured e a r l i e r  than t he  e a r l i e s t  parent o r  l a t e r  than t h e  

l a t e s t  parent.  

The overa l l  mean of hybrids was 159.0 days which showed a 

decrease of 6.0% over t h e  overa l l  paren ta l  mean of 169.0 days. ' 

Heterosis ranged from -12.8 (MS-3A x ICP-9180) t o  4.3 (MS-Prabhat x 

ICP-7035) compared t o  t h e  mid parent values and from -2  7.8. (MS-Prabhat x 

ICP-9150) t o  3.9% (MS-4A x Royes) compared t o  t he  b e t t e r  parent ,  

Fif teen out of 21 crosses  had s ign i f ican t  negative he te ros i s  compared 

t o  t he  b e t t e r  parent .  Among these  seventeen crosses, MS-Prabhat x 

ICP-9150, MS-Prabhat x ICP-9180, MS-3A x ICP9180 and MS-4A x ICP-9150 

had t he  highest negat ive b e t t e r  parent he te ros i s .  





1 )  Shel l ing percentage 

The average she l l ing  % of the  pods f o r  the  female parents  

ranged from 71,4 (MS-4A) t o  76.7% (MS-Prabhat) and from 56.1 

(ICP-9180) t o  77,1% (C-11) f o r  t h e  male parents  (Table 141, 

The hybrid means ranged from 69.4 (MS-Prabhat x ICP-9180) 

t o  76,8% (MS-3A x C-11). Generally, the  hybrid means were higher 

than the  mid parent values and lower than the  b e t t e r  parent  values ,  

The overa l l  hybrid mean ( 7 2 , 0 % )  was higher than the  parenta l  

mean 69.0% by 4 ,  %, Heterosis ranged from - 3 , 3  (MS-Prabhat x C-11) 

t o  9.6% (MS-4A x ICP-9180) compared t o  the  mid parent  values and 

from -9 ,6  (MS-Prabhat x ICP-9180) t o  2 , 9  (MS-3A x BDN-1) compared 

t o  t h e  b e t t e r  parenta l  values. No cross  had s i g n i f i c a n t  pos i t ive  

b e t t e r  parent  he te ros i s .  Among the  f i v e  crosses  with s ign i f i can t  

p o s i t i v e  mid parent  he te ros i s ,  MS-4A x ICP-9180, MS-4A x ICP-9150 

and MS-3A x ICP-9180 had the  h ighest  h e t e r o s i s  values ,  

m) Pod length 

The mean pod length f o r  t h e  female parents  ranged from 4.3 

(MS-Prabhat) t o  4 , s  cm (MS-4A), Among the  male parents  i t  ranged 

from 4 , 6  (BDN-1) t o  7.7 cm (ICP-9150) (Table IS), 

The hybrid means ranged from 4.4 (MS-3A x BDN-1  and 

MS-4A x BDN-I) t o  6 , 2  cm (MS-Prabhat x C-322) ,  Generally, most 







crosses had pod length close t o  t h e i r  mid parent  values and 

l e s s  than the b e t t e r  parents.  

The overa l l  hybrid mean was 5 .3  cm which showed a decrease 

of 7.0% compared t o  the  parenta l  mean (5 ,7  cm). Heterosis  ranged 

from -18.9 (MS-4A x C-322) t o  9.2% (MS-Prabhat x ICP-7035) compared 

t o  the  mid parent values and from -33.8 (MS-3A x C-322) t o  2.1% 

(MS-3A x C - 1 1 ,  MS-4A x C - 1 1  and MS-Prabhat x C-11) compared t o  

t h e  b e t t e r  parent .  No cross had s i g n i f i c a n t  p o s i t i v e  b e t t e r  

parent  he te ros i s .  MS-3A x C - 1 1 ,  MS-Prabhat x C-11, MS-Prabhat x 

ICP-7035, MS-Prabhat x Royes and MS-Prabhat x C-322 had s i g n i f i c a n t  

pos i t ive  he te ros i s  over the  mid pa ren t s ,  

n) Plot  y i e l d  

The mean p l o t  y ie ld  f o r  the  female parents  ranged from 

834 (MS-Prabhat) t o  2231 g (MS-4A). Among the  male parents ,  the  

range was from 936 (ICP-9180) t o  2179 g (C-11) (Table 16).  

The hybrid means ranged from 654 (MS-3A x ICP-9180) t o  3050 g 

(MS-4A x C-11). Generally, most crosses had higher gra in  y i e l d  

than t h e i r  mid and b e t t e r  parent  values ,  





, The o v e r a l l  mean of  hybrids was 2059 which showed an increase  

of 3 9 . 2 %  over t h e  p a r e n t a l  mean. Heterosis  ranged from - 4 5 , 8  

(MS-3A x ICP-9180) t o  131 .7% (MS-3A x ICP-7035) compared t o  t h e  

mid parent  value and from - 5 5 , 8  (MS-3A x ICP-9180) t o  99.8% 

(MS-Prabhat x ICP-7035) compared t o  t h e  b e t t e r  parent values ,  

Seven c rosses  had s i g n i f i c a n t  p o s i t i v e  b e t t e r  parent  h e t e r o s i s ,  

Among t h e  seven c rosses ,  MS-Prabhat x TCP-7035, MS-3A x ICP-7035, 

MS-Prabhat x ICP-9180 had t h e  highest  h e t e r o s i s  , 



4.3  Hybrid ana lys i s  

4 .3 .1  Array means 

The means o f  hybrids averaged over t h e  common females and 

over  t h e  common males a r e  given i n  Table 17.  In t h e  same t a b l e ,  

t h e  means of  t h e  common female parent  and male parent  a r e  a l s o  

presented  f o r  comparison. The r e s u l t s  a r e  discussed below 

characterwise:  

a )  P lan t  he ight  

The mean values of  t h e  females when averaged over t h e  seven 

males ranged from 177 cm (MS-Prabhat) t o  211 cm (MS-4A).  Sl igh t  

d i f f e r ences  e x i s t e d  between the  averaged means of hybrids derived 

from MS-3A and MS-4A and a l s o  from t h e i r  female parent  va lues .  

Subs t an t i a l  d i f f e r e n c e  was r e a l i z e d  when F1S-Prabhat was t h e  common 

female pa ren t .  

The range f o r  common male 'parent  across  females was from 

169 cm (C-322) t o  227 cm (ICP-9150). When Royes, C-322, ICP-9150 

and C-11 were common males, t h e  a r r ay  means across  t h e  t h r e e  females 

were g r e a t e r  t han  t h e  common p a r e n t a l  means. The he ight  of B D N - 1  

was g r e a t e r  than  t h e  a r r ay  mean f o r  t h i s  parent .  



Table 1 7 :  Array means of F1 hybr ids  and t h e i r  p a r e n t s  f o r  t h e  12 c h a r a c t e r s .  

Male p a r e n t s  Mean of Mean of  
Female BDN-1 C-11 ICP- 1 8 -  ICP- Royes C-322 females common 
p a r e n t s  ' 7035 9160 9180 over  female 

males p a r e n t  

P l a n t  he igh t  (cm) 

MS-3A 183 215 205 234 225 210 192 209 213 
MS-4A 200 217 207 232 223 202 198 211 216 
MS-Prabhat '174 2 0 5 .  184 216 219 127 118 177 92 
Mean of  
male over 186 212 199 227 222 180 169 19ga 
females 
Mean of 
common male 213 203 204 219 222 168 126 1 8 4 ~  
p a r e n t  

Number of primary branches 

NS-3A 6.8 11.0 11.7 12.1 8.3 9.7 9.5 9.9 9.9 
MS-4A 10.7 13.5 11.0 12.0 10.6 10.2 9.9 11.1 13.3 
MS-Prabhat 8.3 9.9 7.9 8.4 12.1 9.0 11.6 9.6 13.7 
Mean of 
male over  8.6 11.4 10.2 10.8 10.3 9.6 10.3 10. 2a 
females 
Mean of  
conunon male 10.0 9.3 7.9 8.8 9.7 6.5 7.4 9.7 

b 

p a r e n t  

Number o f  secondary branches 

MS-3A 11.8 23.7 13.8 17.9 19.1 17.6 9.8 16.2 19.7 
MS-4A 20.4 36.1 18.5 20.2 19.8 10.4 15.5 20.1 34.8 
MS-Prabhat 16.5 14.6 11.7 5.8 28.0 23.1 22.0 17.4 15.0 
Mean of 
male over  16.2 24.8 14.7 14.6 22.3 17.0 15.7 17.ga 
females 
Mean of 
c o m n  male 20.3 20.9 13.8 10.3 14.6 16.0 13 .9  ~ 7 . 9 ~  
p a r e n t  

- - 

Number of pods p e r  p l a n t  

MS-3A 154 232 140 156 176 189 122 167 211 
MS-4A 171 271 181  136 161  146 157 175 246 
MS-Prabhat 189 219 157 88 159 163 138  159 210 
Mean of 
rna leover  171  240 159 127 165 166 139 167a 
females 
Mean of 
common male 205 198 76 103 115 88 205 1 5  3b 
p a r e n t  

a = Mean of  a l l  hybr ids ,  b Mean of a l l  p a r e n t s  



Table 17 (contd. 1 

Male paren t s  Mean of Mean of 
Female BDN-1 C-11 ICP- ICP- ICP- Royes C-322 females common 
paren t s  7035 9150 9180 over female 

males pa ren t  

Number of seeds p e r  pod 

MS- 3A 4.0 4.0 4.5 4.7 4.6 4.5 4.8 4.4 4.0 
MS-4A 3.8 3.7 4.5 4.6 4.5 4.4 4.6 4.3 3.8 
MS-Prabhat 3.8 , 4.1 4.9 4.7 4.9 4.6 4.9 4.6 3.9 
Mean of 
male over 3.9 3.9 4.6 4.7 4.7 4.5 4.8 4.4a 
females 
Mean of 
comnon male 3.6 3.8 4.8 5.7 5.4 4.4 5.3 4.5 b 

paren t  

Single  p l a n t  y i e l d  (g) 

MS-3A 36.4 70.0 55.1 51.7 48.9 48.1 41.0 50.1 48.8 
MS-4A 42.6 67.9 64.9 44.5 43.1 41.6 46.0 49.9 54.5 
MS-Prabhat 39.4 56.2 58.6 33.3 52.1 42.8 43.0 46.5 31.5 
Mean of 
male over 39.4 64.4 59.5 43.2 47.9 44.2 43.3 4 8 . ~ ~  
females 
Mean of 
common male 46.1 54.4 31.5 22.8 30.7 44.2 37.5 40. 3b 
paren t  

100-seed weight (9) 

MS-3A 9.3 9.8 11.5 11.3 9.4 9.6 -9t9 l o t 1  7 .9  
MS-4A 8.8 9,2 14.0 11.3 9.5 9.4 9.3 10.2 7.5 
MS-Prabhat 7.9 8.6 11.0 11.9 9.7 9.1 8.9 9.6 5.7 
Mean of 
male over 8.7 9.2 12.2 11.5 9.5 9.4 9.4 1 0 . 0 ~  5.9 
females 
Mean of 
commonmale 10.7 10.7 20.1 14.4 11.4 11.2 13.2 10.3 
paren t  

She l l ing  % 

MS-3A 74.3 76.8 73.8 71.1 69.5 69.7 72.4 72.5 72.2 
MS-4A 73.8 74.2 72.7 71.9 69.9 69.6 71.5 71.9 71.4 
MS-Prabhat 75.7 74.4 73.4 69.4 70.4 70.0 72.1 12.2 76.7 
Mean of 
male over 74.6 75.1 73.3 71.5 69.6 69.9 71.3 72.2a 
females 
Mean of 
colmnon male 72.0 77.1 71.8 60.4 56.1 67.2 65.5 69.1 
paren t  



Tab le  1 7  ( con td .  ) 

Male p a r e n t s  Mean of Mean o f  

Female: female  common BDN-1 C-11 ICP- ICP-- - ICP- Royes C-322 over 
p a r e n t s  7035 9150 9180 f ema le  

males  p a r e n t  

T o t a l  ?&ght per p l a n t  (g) 

MS-3A 164 324 263 312 276 267 192 257 260 
MS-4A 207 295 307 288 260 277 233 260 252 
MS-Prabhat 170 '208 205 202 242 174 147 192 107 
Mean o f  
male  o v e r  180 276 258 267 259 223 1 9 1  236a 
f ema le s  
Mean o f  
common male  1 9 3  251 260 218 227 240 150 216b 
p a r e n t  

Ha rves t  i n d e x  

MS-3A 21.8 20.8 20.7 16 .2  17 .3  18.5 21.0 19 .5  1 8 . 2  
MS-4A 20.1 23.3 21.0 15.3 16.2 1 8 . 1  20.5 19.2 22.1 
MS-Prabhat 23.1 26.8 31.0 16 .1  20.9 24.7 20.0 24.5 28.8 
Mean o f  
male  o v e r  21.7 23.6 24.3 15.9 18 .1  20.4 23.5 21.1a 
f ema le s  
Mean o f  
common male  23.7 21.9 12 .1  10.6 13 .1  18 .7  23.3 19 .3  

b 

p a r e n t  

Days t o  50% f l o w e r  

MS-3A 107.2  1 1 7 . 2 1 2 3 . 0  1 2 7 . 5  128 .5  123 .7  117.7 120.7 121.5  
MS-4A 109 ,7  118.0  122.7 128.2  124.7  119.0  118.0  120.0 117.2  
MS-Prabhat 86 .5  98.0 102.0  119 .7  119.2  88.7 87.5 100.2 62.0 
Mean o f  
male o v e r  101.1  112.2  115.9 1 2 5 . 1  124.7 110.5  107.5  113. 7a 
f ema le s  
Mean o f  
commonmale 103.0 1 1 7 , 5 1 2 6 . 5  157.0 160.0  116.2  104.2  118.  ob 
p a r e n t s  

Days t o  m a t u r i t y  

MS-3A 1 5 7 . 0  1 6 5 . 7  1 6 9 . 7  1 7 9 . 2  172 . O  170 .7  1 6 4 . 0  1 6 8 . 3  169 .6  
MS-4A 156.2  167 .0  167  . O  177  . O  176  . O  1 6 9 . 2  1 6 5 . 5  168  , O  162 .7  
MS-Prabhat 1 2 5 . 7  1 3 8 . 2  1 4 0 . 7  1 6 7 . 0  1 6 4 . 2  1 3 0 . 2  1 3 1 . 5  142 .5  1 0 1  , 5  
Mean of  
male  o v e r  1 4 6 . 3  1 5 7 . 0  1 5 9 . 1  1 7 4 . 4  1 7 0 . 7  1 5 6 . 7  1 5 3 . 6  1 5 9 . 8  
f ema le s  
Mean o f  
common ma le  156 .0  165.5 168 .2  231.5  225.7  162 .2  1 5 7 . 0  1 6 9 . ~ ~  
p a r e n t  



Male p a r e n t s  Mean of  Mean of - 
Female BDN-1 C-I1 ICP- I&- ICP- Royes C-322 females female 

p a r e n t s  7035 9150 9180 over  p a r e n t s  
males 

Pod l e n g t h  (cm) 

MS- 3A 4.4 4.7 5.3 5.8 5.3 5.2 5.7 5.2 4.4 
MS-4A 4.4 4.6 5.2 5.8 5.4 5.3 5.7 5.2 4.5 
MS-Prabhat 4.5 4.8 5.9 5.8 5.5 6.2 5.5 4.3 4.3 
Mean of  
male over  4.4 4.7 5.4 5.8 5.4 5.4 5.9 5.3a 
females 
Mean of 
common male 4.6 4.7 6.4 7.7 6.6 6.2 7.1 5.6 b 

p a r e n t  

P l o t  y i e l d  

MS-3A 2748 2637 2806 1946 654 1980 2742 2216 1479 
MS-4A 2367 3050 2324 2214 1087 2625 2414 2297 2231 
US-Prabhat 2304 2346 1902 1801 1206 1119 972 1664 834 
Mean of 
males over 2473 2678 2344 1987 982 1908 2043 '2059 
females 
Mean of 
common male 2093 2179 937 952 936 1775 1249 1466 
p a r e n t  



b) Primary branches 

The a r r a y  means f o r  females ranged from 9.6 (MS-Prabhat) 

t o  11.1 (MS-3A) and f o r  males from 8.6 (BDN-1) t o  11,4 ( C - l l ) ,  

Small d i f f e r e n c e s  were found among t h e  mean va lues  o f  females 

when averaged ac ros s  t h e  males though MS-4A was g r e a t e r ,  Males 

averaged ac ros s  females a l s o  d id  no t  d i f f e r  much except  BDN-1 

which d i f f e r e d  s i g n i f i c a n t l y  from both C - 1 1  and ICP-9150. 

The a r r ay  means f o r  t h e  females were lower than t h e  means o f  

t h e i r  common p a r e n t s ,  while  t h e  males were h igher  than t he  means 

of  t h e  common paren t  except  when BDN-1 was t h e  common p a r e n t ,  

c)  Secondary branches 

The a r r a y  means f o r  females ranged from 16.2 (MS-3A) t o  20.1 

(MS-4A) but  t h e s 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 ,  They were lower 

than t h e  common female pa ren t  means except f o r  MS-Prabhat , 

Among t h e  a r r a y  means over  t h e  females, Royes, BDN-1 ,  ICP-7035, 

C-322 and ICP-9150, which d id  no t  d i f f e r  s i g n i f i c a n t l y  with one 

another ,  d i f f e r e d  s i g n i f i c a n t l y  from both C - 1 1  and ICP-9180. The 

means, ranging from 14 .6  (ICP-9150) t o  24.8 ( C - l l ) ,  were gene ra l l y  

much h ighe r  than  t h e i r  common male pa ren t s  except f o r  BDN-1, 



d) Pods pe r  p l a n t  

The ar ray  means f o r  females ranging from 159 (FS-Prabhat) 

t o  175 (Ids-4A) d id  not  d i f f e r  s i g n i f i c a n t l y ,  A l l  were s u b s t a n t i a l l y  

lower than the  common female pa ren t s ,  

In t he  case o f  males, t he  range was from 127 (ICP-9150) t o  

240 (C-11). S ign i f i can t  diffe ' rences were observed between C-11 

and each o f  t he  remaining male pa ren t s .  The means across females 

were h igher  than t h e  common male parent  means except f o r  t h e  cases 

when B D N - 1  and C-322 were common, 

e) Seeds p e r  pod 

Array means f o r  females ranged from 4 . 3  (MS-4A) t o  4 , 6  

(MS-Prabhat). The ar ray  mean of  MS-4A d i f f e r e d  s i g n i f i c a n t l y  

from both MS-3A and MS-Prabhat. These means were genera l ly  h igher  

than t h e  common female parent  means. 

The a r r ay  means f o r  males ranged from 3.9 (BDN-I) t o  4 , s  

(C-322). Royes, C - 1 1  and BDN-1 a r r ay  means showed s i g n i f i c a n t  

d i f f e rences  among themselves and with o the r  males. When BDN-1,  

Royes and C - 1 1  were t h e  common males, t he  a r ray  means were h igher  

while i n  t he  remaining cases a r ray  mean was lower than t h e  mean 

of t h e  common pa ren t .  



f )  Single p l an t  y i e l d  

The ar ray  means f o r  female parents  ranged from 46 ,s  (MS-Prabhat) 

t o  50.1 g (MS-3A). They did not  d i f f e r  s i g n i f i c a n t l y ,  Except fo r  

MS-4A, they were h igher  than t h e  common female parent  means, 

When averaged across t h e  females, t he  range f o r  males was from 

39.4 g (BDN-1) t o  6 4 , 4  (C-11). C-11 ar ray  mean showed s i g n i f i c a n t  

d i f fe rences  from C-322, ICP-9150 and BDN-1 array means, The means 

were higher than t h e  common male parent  means except fo r  BDN-1 

where it was lower and Royes where t he  two means were equal ,  

100-seed weight 

The ar ray  means f o r  t h e  females ranging from 9 , 6  (MS-Prabhat) 

t o  10,2 (MS-4A) showed no s i g n i f i c a n t  d i f f e r ences ,  However, they 

were higher  than t h e  means of  t he  common female parents ,  

Range f o r  t h e  males was from 8 , 7  g (BDN-I) t o  12,2 g (ICP-7035), 

The a r ray  means f o r  ICP-7035 and ICP-9150 were s i g n i f i c a n t l y  d i f f e r en t  

with those o f  ICP-9180, C-322, Royes, C-11  and BDN-1, The means 

were lower than the  common male parent  means, 

h) She 1 l i ng  percentage 

Array means f o r  females ranged from 71,9 (MS-4A) t o  7 2 . 2  

(MS-Prabhat) with no s i g n i f i c a n t  d i f f e r ences ,  The ar ray  mean f o r  



MS-Prabhat across the  males was lower than t h a t  of  the  common 

female parent  while s l i g h t  d i f ferences  exis ted  between the  a r ray  

means of MS-3A and MS-4A hybrids with t h e i r  common paren t s .  

Array means f o r  males ranged from 69,6 (ICP-9180) t o  75.1 

( C - )  The array mean f o r  C - 1 1 ,  ICP-7035 and BDN-1 d i f fe red  

s i g n i f i c a n t l y  from the  ar ray means of ICP-9150, C-322, Royes and 

ICP-9180. They were generally higher than the  common male parent  

means except f o r  C- 11. 

i )  Total weight p e r  p lan t  

The array means f o r  females ranged from 192 g (MS-Prabhat] 

t o  260 g/plant  (MS-4A), but these  d i f ferences  were not s i g n i f i c a n t ,  

These weights were h igher  than the  common female parent  except 

f o r  MS-3A which showed a s l i g h t l y  lower value ,  

In t h e  case  of  males, the  means ranged from 180 g (BDN-1) 

t o  276 g (C-11). C - 1 1  and BDN-1 were the  only two male ar rays  

s i g n i f i c a n t l y  d i f f e r e n t  from each other .  When C - 1 1 ,  ICP-9150, 

ICP-9180 and C- 322 were t h e  common males, the  a r ray  means were 

higher  than t h e  common male parent  means, while Royes, BDN-1  

and ICP-7035 a r ray  means were lower, 



j) Harvest index 

The a r ray  me& of  females ranged from 19.2 (MS-4A) t o  24.5 

(MS-Prabhat) with s i g n i f i c a n t  d i f f e r e n c e s  between means o f  

MS-Prabhat and e i t h e r  MS-3A o r  MS-4A. 

The a r ray  means f o r  males ranged from 15 ,9  (ICP-9150) t o  

24.3 (ICP-7035). The a r ray  means f o r  ICP-7035, C - 1 1  and C-322 

d i f f e r e d  s i g n i f i c a n t l y  from t h e  a r r a y  means of Royes , ICP-9180, 

and ICP-9150, Generally,  t h e  means were h igher  than those  of  

common male pa ren t s  except f o r  BDN-1.  

k) Days t o  50% flower 

The a r ray  means f o r  females ranged from 100.2 (IrlS-Prabhat) 

t o  120.7 days (MS-3A) , The means o f  hybr ids  derived from blS-3A 

and MS-4A d id  no t  show much d i f f e r e n c e  between themselves and 

with t h e i r  common female pa ren t s .  MS-Prabhat hybr ids  averaged 

over males d i f f e r e d  s i g n i f i c a n t l y  with both MS-3A and MS-4A and 

was much higher  than t h e  common parent  mean. 

The a r r a y  means f o r  males ranged from 10l . ldays  (BDN-1) t o  

125.1 days (ICP-9150). Array f o r  ICP-9150 and ICP-9180 d i f f e r e d  

s i g n i f i c a n t l y  from those  f o r  ICP-7035, C - 1 1 ,  Royes, C-322 and 

BDN-1 .  A l l  t h e  means were lower than t h e  common paren t  means 

except f o r  C-322. 



1)  Days t o  matur i ty  

The a r r ay  means f o r  females ranged from 142 , s  days (MS-Prabhat) 

t o  168 ,3  days (MS-3A). The means involv ing  MS-3A and MS-4A showed 

no s i g n i f i c a n t  d i f f e r ences  while they  d i f f e r e d  s i g n i f i c a n t l y  wi th  

t h a t  o f  kS-Prabhat, The a r r ay  mean f o r  MS-Prabhat was much h igher  

than  t h e  mean of t h e  common p a r e n t ,  

The a r r ay  means f o r  males ranged from 146.3 days (BDN-1) 

t o  174.4 days (ICP-9150). Array means f o r  ICP-9150 and ICP-9180 

d i f f e r e d  s i g n i f i c a n t l y  from a r r ay  means o f  ICP-7035, C - 1 1 ,  Royes, 

C-322 and BDN-1.  These means were c o n s i s t e n t l y  lower than  t h e i r 1  

common pa ren t  means, 

m) Pod length  

The a r r a y  means f o r  t h e  females ranged from 5.2 cm (MS-4A) 

t o  5.5 cm (MS-Prabhat) , They were h ighe r  than  t h e  common female 

pa ren t  means, 

Male a r r a y  means ranging from 4 .4  cm (BDN-1) t o  5.9 cm 

(C-322) were lower than t he  common male pa ren t  mean va lue .  The 

a r r ay  means f o r  BDN-1 and C - 1 1  d i f f e r e d  s i g n i f i c a n t l y  from those  

of ICP-9150 and C-322, 



n) P lo t  y i e l d  (a 

The a r r ay  means f o r  females ranged from 1664 g (MS-Prabhat) 

t o  2297 g (MS-4A). The means o f  t h e  hybrids der ived  from MS-3A 

and MS-4A d id  not  show much d i f ference  between themselves while 

t hey  d i f f e r e d  s i g n i f i c a n t l y  with t h e  mean of  MS-Prabhat hybrids. 

The a r r ay  means f o r  males ranged from 982 g (ICP-9180) t o  

2678 g ((2-11). Array f o r  C - 1 1 ,  B D N - 1  and ICP-7035 d i f f e r e d  

s i g n i f i c a n t l y  with those  of  ICP-9150, ICP-9180, Royes and C-322. 

A l l  t h e  a r r ay  means were higher than t h e i r  common male parent  

mean. 

The l i n e s  t h a t  ranked bes t  i n  hybrid combination with eadh 

of t h e  t h r e e  females f o r  t h e  eleven cha rac t e r s  a r e  given i n  Table 18. 



Table 18 . The male l i n e s  t h a t  ranked b e s t  i n  hybrid combination with each 
of t h e  t h r e e  females f o r  t h e  cha rac t e r s  s tudied.  

Character  Females 
MS-3A MS-4A MS-Prabhat 

P l an t  height* BDN-l(183) C-322 (198) C-322 (118) 

Primary branches ICP-9150 (12.1) C-ll(13.5) ICP-9180 (12.1) 

Secondary branches C-ll(23.7) C-ll(36.1) 10-9180(28.0) 

Pods pe r  p l a n t  C-ll(232) C-ll(281) C-ll(219) 

Seeds pe r  pod C-322 (4.8) C-322 C-322 I (4.9) I 4  ICP-70351 ICP-91501 

100-seed weight ICP-7035(11.5) ICP-7035(14.0) ICP-9150(11.9) 

Shel l ing  % C-ll(76.8) C-ll(72.2) BDN-l(75.7) 

Tota l  p l a n t  weight C-ll(324) C-ll(295) ICP-9180 (242) 

Harvest index BDN-l(21.8) Cgll(23.3) ICP-7035(31.0) 

Days t o  50% flower* BDN-l(107) BDN-l(109) BDN-1( 86) 

Days t o  maturi ty* BDN-l(157) BDN-l(156) BDN-l(125) 

Pod length  ICP-9150(5.8) ICP-glSO(5.8) Royes(6.2) 

S ingle  p l a n t  y i e l d  C - 1 1  C - 1 1  , , ICP-7035 

p l o t  y i e l d  ICP-7035 C - 1 1  C-11 

( ) The mean of hybrid between t h e  male l i n e  and t h e  corresponding 

female. 

Lowest values were considered t o  be t h e  bes t .  



MS-3A and MS-4A ranked t h e  same l i n e s  b e s t  f o r  most of t h e  c h a r a c t e r s ,  

Many of  t he  l i n e s  , t h a t  were ranked b e s t  by using MS-Prabhat female 

pa ren t  were d i f f e r e n t  from those  us ing  MS-3A and MS-4A, From 

Table 17 and 18, it can a l s o  be seen t h a t  t h e  b e s t  female and 

male general  combiner f o r  each cha rac t e r  r e s u l t e d  i n t o  c rosses  

wi th  h ighes t  mean values.  

4 . 3 . 2  Mean sum of squares  

The ana ly s i s  of var iance  f o r  combining a b i l i t y  was 

c a r r i e d  out  f o r  t h e  hybr ids .  The r e s u l t s  a r e  presen ted  i n  

Table 19 f o r  a l l  t he  cha rac t e r s  s t ud i ed .  The ana ly s i s  revealed 

t h a t  t he  mean sum o f  squares  f o r  males was h igh ly  s i g n i f i c a n t  

f o r  a l l  t h e  cha rac t e r s  s t ud i ed ,  Females and males x female 

i n t e r a c t i o n  were not  s i n g i f i c a n t  f o r  pods p e r  p l a n t ,  s i n g l e  

p l a n t  y i e l d ,  100-seed weight and s h e l l i n g  percentage;  while 

f o r  pod length ,  t h e  mean sum of squares  due t o  females was not 

s i gn i f i c an t . .  

The percentage con t r i bu t i on  of  sum of  squares  a r i s i n g  

from males, females and male x female i n t e r a c t i o n  t o  t h e  hybr ids  

mean square a r e  presen ted  i n  Table 2 0 .  The con t r i bu t i on  o f  males 

was found t o  be c o n s i s t e n t l y  l a r g e r  than t h e  females ,  Males p l u s  









females percentage con t r ibu t ion  (i, e ,  GCA) was g rea te r  than 

males x female contr ibut ion f o r  most of the  characters  except 

primary branches, secondary branches and pod length where male x 

female contr ibut ion was g rea te r .  

4 . 3 . 3  Components of  gene t i c  va r i a t ion  

Observations made f o r  t h e  components of gene t i c  va r i a t ion  

i n  respect  of a l l  t h e  characters  under study a r e  presented i n  

Table 21. For most of t h e  charac te r s ,  the  GCA variance component 

was higher  than t h a t  due t o  SCA. In t h e  case of primary branches 

and secondary branches, the  SCA variance component was h igher .  

The SCA and GCA var iance  components were almost equal f o r  p lan t  

he igh t .  Secondary branches and pod length recorded negative 

GCA while negat ive  SCA was observed f o r  s ing le  y i e l d  and t o t a l  

p lan t  weight. 

2 2 2 The r a t i o  . 20 GCA : 20 GCA +o SCA as  suggested by 

Gr i f f ing  (1956b) i s  a l s o  presented i n  Table 2 2 ,  For primary 

and secondary branches and pod length,  the  r a t i o  was zero o r  

c lose  t o  zero. For p l a n t  height  and seeds p e r  pod, the  r a t i o  was 

0.67 and 0.71 respec t ive ly ,  While f o r  the  remaining characters  

the  r a t i o  was over 0.85. 





Table 22. The r a t i o  of  twice GCA t o  t h e  t o t a l  gene t ic  variance 

Cllarac ters 
Variance P lan t  Primary Secon- Pods/ Seeds/ S i n a l e  100-seed Shel l -  Harvest Days Days t o  Tota l  Pod 
compo- he igh t  branches dary p l a n t  pod p l a n t  weight ing % index t o  50% maturi ty  p l a n t  l eng th  
nen ts  branches y i e l d  (g) flower weight 

a = negat ive values a r e  i n t e r p r e t e d  a s  ze ro  
2GCA = twice general  combining a b i l i t y  

SCA = s p e c i f i c  combining a b i l i t y  
2GCA+SCA = t o t a l  gene t ic  variance 



4.3.4 General and Spec i f i c  Combining Abi l i ty  e f f e c t s  

The gener,al and s p e c i f i c  combining a b i l i t y  (GCA) e f f e c t s  

f o r  t h e  parents  and s p e c i f i c  combining a b i l i t y  (SCA) e f f e c t s  f o r  

crosses  a re  presented i n  Table 23 and 24 respect ively  f o r  

d i f f e r e n t  characters .  

I t  was found t h a t  the  characters  p lan t  height ,  days t o  

50% flower, days t o  maturi ty and harvest  index showed s i g n i f i c a n t  

GCA e f f e c t s  f o r  a l l  the  th ree  females (Table 23). Pods pe r  

p l a n t ,  s i n g l e  p lan t  y i e l d ,  100-seed weight, pod length and 

s h e l l i n g  percentage d id  not show any s i g n i f i c a n t  GCA e f f e c t s  

f o r  t h e  th ree  females. The female parent MS-4A showed s i g n i f i c a n t  

p o s i t i v e  GCA e f f e c t s  f o r  primary branches, secondary branches 

and negative f o r  seeds pe r  pod, while MS-Prabhat showed 

s i g n i f i c a n t  p o s i t i v e  GCA e f f e c t s  f o r  seeds per  pod, and harves t  

index and negat ive  f o r  p lan t  height ,  t o t a l  p lan t  weight, days 

t o  flower and matur i ty .  







ATI examination of  t h e  GCA e f f e c t s  f o r  t h e  male p a r e n t s  

(Table 23) r evea l ed  t h a t  BDN-1, Royes and C-322 tended t o  show 

nega t ive  GCA e f f e c t s  f o r  most o f  t he  c h a r a c t e r s  while  C-11, 

ICP-7035, ICP-9150 and ICP-9180 tended t o  show p o s i t i v e  GCA e f f e c t s  

f o r  most o f  t h e  c h a r a c t e r s  s t u d i e d .  

An examination of SCA e f f e c t s  (Table 24 )  revea led  t h a t  

c r o s s e s  showing s i g n i f i c a n t  SCA e f f e c t s  were der ived  from 

h igh  x  h igh ,  high x  medium, medium x medium, high x  low, and 

medium x low GCA e f f e c t  p a r e n t s ,  bu t  no t  from low x low GCA e f f e c t  

p a r e n t s .  

For t h e  c h a r a c t e r s  pod p e r  p l a n t ,  s i n g l e  p l a n t  y i e l d ,  

100-seed weight ,  s h e l l i n g  %, t o t a l  p l a n t  he igh t  and ha rves t  index,  

very  few c r o s s e s  showed s i g n i f i c a n t  SCA e f f e c t s .  

4 . 4  Cor r e l a t i ons  

C o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  c h a r a c t e r s  s t u d i e d  was 

computed between t h e  performance p e r  s e  and t h e  GCA e f f e c t s  

(Table 25). S i g n i f i c a n t  c o r r e l a t i o n s  were observed f o r  t h e  

c h a r a c t e r s  p l a n t  he igh t  (0 .86) ,  seeds  p e r  pod (0.77) , 100-seed 

weight (0 .68) ,  s h e l l i n g  % (0.75) ,  t o t a l  p l a n t  weight (0 .76) ,  

days t o  50% flower (0.87) and days t o  ma tu r i t y  (0.83) ,  S ing l e  

p l a n t  y i e l d  showed no s i g n i f i c a n t  c o r r e l a t i o n  wi th  i t s  GCA e f f e c t s ,  



Table25 : Correlations between the mean performance of parental l i n e s  
and t h e i r  respective gca e f f e c t s  for each characters. 

Character GCA 

Plant height 

Primary branches 

Secondary branches 

Pods per plant 

Seeds per pod 

Single  plant y i e l d  

100-seed weight 

Shel l ing % 

Total plant weight 

Harvest index 

Days t o  flower 

Days t o  maturity 

- -- - - 

** s ign i f i cant  a t  1% l e v e l  



The simple phenotypic cor re la t ion  coef f i c i en t  f o r  t h e  

associa t ion among t h e  charactkrs  studied f o r  t h e  21 hybrids a re  

shown i n  Table 26 . Single p lant  y i e l d  was found t o  be p o s i t i v e l y  

corre la ted  with number of primary and secondary branches, number 

of pods per  p lan t ,  t o t a l  p lan t  weight and harvest  index. The t h r e e  

y ie ld  components, viz . number of primary and secondary branches 

and number of pods per  p lant  were pos i t ive ly  cor re la ted  among 

themselves. Number of seeds per pod was pos i t ive ly  associa ted  

with 100-seed weight, days t o  flower and maturi ty but negat ively  

associated with secondary branches, pods pe r  p lant  and 100-seed 

weight. Days t o  flower and maturi ty were pos i t ive ly  cor re la ted  

between themselves and with p lan t  height ,  100-seed weight, 'and 

t o t a l  p lan t  weight, but negatively cor re la ted  with harvest  index 

and she l l ing  %. Plant height was found t o  be p o s i t i v e l y  

cor re la ted  with t o t a l  p lan t  weight and negat ively  cor re la ted  with 

harvest index. 

The 21 crosses  were divided i n  t o  2 groups according t o  

days taken t o  50% flower, e.g.: 
Group.  . No.ofhybrids 

Z_ 

Range of days t o  flower Mean - 

The cor re la t ion  c o e f f i c i e n t s  were computed among t h e  

d i f f e r e n t  characters  s tudied f o r  each group (Table 27 ), Diffe- 

rences were observed among t h e  two groups. A close  observation 







f o r  t h e  e a r l y  group Table 27 revealed  t h a t  p l a n t  he ight  was p o s i t i v e l y  

c o r r e l a t e d  with s h e l l i n g  %, t o t a l  p l a n t  weight and days t o  flower 

and negat ively  c o r r e l a t e d  with pod length .  High p o s i t i v e  c o r r e l a t i o n  

was found between primary branches and secondary branches,  Number 

of seeds pe r  pod was h ighly  and p o s i t i v e l y  c o r r e l a t e d  d t h  pod length 

and ha rves t  index,  but  negat ively  c o r r e l a t e d  with s h e l l i n g  %, Sing le  

p l a n t  y i e l d  and harves t  index were p o s i t i v e l y  c o r r e l a t e d ,  Tota l  p l a n t  

weight was negat ively  co r re l a t ed  with pod l eng th ,  Harvest index and 

pod length  were h ighly  p o s i t i v e l y  c o r r e l a t e d .  Days t o  f lower and 

matur i ty  were a l s o  found t o  be p o s i t i v e l y  c o r r e l a t e d ,  

A number of s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t s  was observed i n  

the  medium matur i ty  group (Table 2 5 ) .  Plant  height  was found t o  be 

p o s i t i v e l y  c o r r e l a t e d  with t o t a l  p l an t  weight,  days t o  f lower and 

matur i ty  but nega t ive ly  c o r r e l a t e d  with ha rves t  index,  Number of 

primary branches recorded p o s i t i v e  c o r r e l a t i o n  with secondary branches,  

s i n g l e  p l a n t  y i e l d  and t o t a l  p l a n t  weight,  There was s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  between number of  secondary branches and pods p e r  p l a n t ,  

seeds p e r  pod, s i n g l e  p l a n t  y i e l d ,  t o t a l  p l a n t  weight and harves t  

index,  Pods p e r  p l a n t  was nega t ive ly  c o r r e l a t e d  with seeds p e r  pod, 

but p o s i t i v e l y  c o r r e l a t e d  with s i n g l e  p l a n t  y i e l d ,  t o t a l  p l a n t  weight 

and ha rves t  index.  S ing le  p l a n t  y i e l d  was p o s i t i v e l y  co r re l a t ed  with 

s h e l l i n g  %, t o t a l  p l a n t  weight and ha rves t  index.  Harvest index was 





nega t ive ly  co r r e l a t ed  with days t o  f lower and matu r i t y ,  I n  

gene ra l ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  medium group 

were s i m i l a r  t o  t h a t  f o r  t h e  2 1  hybr ids .  



5. DISCUSSION 

Genetic information of various economic t r a i t s  a r e  of value 

t o  p l an t  breeders because they help i n  determining the  type of 

breeding procedures t o  be followed i n  s e l f  as  well as  cross  po l l ina ted  

crops. As pointed out by Dudley and Moll (1969), these est imates  

depend on many things including the  populations sampled, mating and 

experimental design and environment. 

The array means fo r  females and males determine t h e i r  respect ive 

general combining a b i l i t y .  In cases where t he  number of l i ne s  and 

t e s t e r s  a r e  not equal,  f o r  example, i f  the  l ines  a r e  grea te r  than t he  

t e s t e 4 p  , the  t e s t e r  e f f e c t s  would be estimated with grea te r  p rec i s ion  

than the l i n e  e f f e c t s  (Arunachalam, 19741, Federer and sprague (1947) 

s t a t ed  t ha t  the  grea tes t  gain i n  t o t a l  combining a b i l i t y  i s  expected 

when more than one t e s t e r  i s  used and s p e c i f i c  combining a b i l i t y  

e f f ec t s  a r e ,  i n  p a r t  a t  l e a s t ,  averaged ou t ,  This ensures a  more 

prec ise  measure of GCA and leaves se lec t ion  f o r  SCA t o  the l a t t e r  and 

more prec ise  t e s t s  of s ing le  crosses ,  

Kempthorne (1956) has shown t h a t  ignoring epis tacy i n  the  

est imation of genotypic components places,severe r e s t r i c t i o n s  on the  

i n t e rp re t a t i on  of  any est imates  obtained, The model used i n  the present 

study d id  not take e p i s t a s i s  i n t o  account, thus biasing the r e s u l t s  



presented t o  an unknown ex t en t .  Kempthorne (1956) a l s o  pointed ou t  

t h a t  es t imates  of  t he  e f f e c t s  o f  genes from a  d i a l l e l  ana lys i s  have 

relevance only t o  t he  p a r t i c u l a r  populat ion from which t he  sample 

of inbred l i n e s  has been randomly drawn, The assumption of random 

se l ec t i on  o f  l i ne s  t o  be used i n  the  s e t  o f  crosses  i s  most d i f f i c u l t  

t o  r e a l i z e .  The l i n e s  used i n  t h i s  study were not a  random sample 

drawn from some spec i f i ed  populat ion.  Rather, they were s e l ec t ed  

t o  sample a  wide range of pigeonpea genotypes, 

Green e t  a l ,  , (1979a) observed t h a t  t he  maturi ty  period of 

pigeonpea l i n e s  ranges from 120-270 days and t h a t  each s p e c i f i c  

maturi ty  group i s  adapted t o  a  s p e c i f i c  environment. They found 

t h a t  e a r ly ,  medium and l a t e  maturing groups a r e  s u i t a b l e  f o r  a reas  

with low, medium and high r a i n f a l l  r e spec t i ve ly ,  Therefore, studying 

t he  t h r ee  groups a t  one loca t ion  would favour t he  group most adapted 

t o  t h a t  loca t ion .  

The medium maturi ty  group (160-180 days) a r e  best Adapted t o  

Hyderabad condit ions where t he  present  i nves t i ga t i on  was ca r r i ed  ou t .  

Therefore, t h e  high seed y i e l d  pe r  p l an t  exhib i ted  by MS-3A, MS-4A, 

C-11,crosses involving MS-3A and MS-4A with t he  7  male paren ts  

excluding B D N - 1 ,  and crosses  involving MS-Prabhat with C-11, ICP-7035, 

ICP-9150 and ICP-9180 which were medium i n  maturi ty  was expected, 



However, ICP-7035 which was medium i n  matur i ty  gave low g ra in  

y i e l d  p e r  p l a n t .  This could have r e s u l t e d  from low number of  

pods caused by high flower and pod drop which was r e a l i z e d  f o r  

t h i s  l i n e ,  Large seed s i z e  could be a f a c t o r  f o r  t h e  pod drop. 

The e a r l y  maturing group which included MS-Prabhat, B D N - 1 ,  

US-Prabhat x B D N - 1 ,  MS-Prabhat x Royes and MS-Prabhat x C-322 

had more number o f  pods p e r  p l a n t  but l e s s  g ra in  y i e l d  p e r  p l a n t  

which was unexpected. This group flowered and s e t  pods when 

damage from i n s e c t s  were high (Figure 1) , Although con t ro l  

measures were taken ,  t h e  a t t a c k  o f  t h e  p e s t  (Hel io th is  armigera) 

was more severe  on t h e  e a r l y  than  on the  medium and l a t e  groups. 

The l a t e  l i n e s  such as ICP-9150 and ICP-9180 had veryA low 

g ra in  y i e l d  and t o t a l  weight p e r  p l a n t ,  During t h e  crop season,  

a t o t a l  of  527 rnm r a i n f a l l  was recorded which was below the  normal 

690 nun. Under normal cfrcumstances,  t h e  t o t a l  dry weight pe r  p l a n t  

i s  usua l ly  high (Green e t  a l .  , 1979a) . However, i n  t h e  p re sen t  

i n v e s t i g a t i o n  i t  was low, The se r ious  water -s t ress  during both 

vege ta t ive  and reproduct ive  phases  may account f o r  t he  low t o t a l  

dry weight and g r a i n  y i e l d  p e r  p l a n t ,  



The experiment was l a i d  out  with both t he  parents  and t h e  

hybrids randomized within each r e p l i c a t i o n ,  Arunachalam (1974) 

argues t h a t  t h e  use of  hybrid da t a  from such a  design f o r  an 

ana lys i s  of combining a b i l i t y  would be equivalent  t o  a  f i e l d  design 

with gaps, corresponding t o  t h e  a r ea  occupied by the  pa ren t a l  l i n e s  

i n  each r ep l i ca t i on ,  and the re fo re  would not  conform t o  t he  bas i c  

requirements o f  a  layout of a  design f o r  determining combining 

a b i l i t y .  However, Gr i f f i ng  (1956b) found it necessary t o  include 

parents  i n  the same experimental a r ea  a s  t h e  hybrids so  t h a t  t h e  

hybrids can be compared d i r e c t l y  with t h e i r  parents  g r o m  i n  t h e  

same environment. Simmond (1980) recommended the  use of  da t a  from 

such a  design t o  determine combining a b i l i t y .  He concluded t h a t  

r e s u l t s  obtained though l e s s  r e l i a b l e  than when hybrids a r e  grown 

without parents ,  can y i e ld  guidance on the  choice of  pa ren t s  and 

crosses f o r  economic exp lo i t a t i on .  Therefore,  it was found necessary 

t o  randomize both parents  and hybrids with each r ep l i ca t i on  i n  t he  

present  s tudy ,  

The ana lys is  of  variance f o r  parents  and hybrids revealed the  

ex is tance  of  highly s i g n i f i c a n t  d i f f e r ences  f o r  a l l  t h e  cha rac t e r s .  

This ,  with a  high c o e f f i c i e n t  o f  v a r i a t i o n  (CV%) f o r  number of  

branches, pods, y i e l d  and t o t a l  weight p e r  p l a n t  i nd i ca t e s  enough 

va r i a t i on  on which s e l e c t i o n  can be e f f e c t i v e ,  



The mean sums of square a t t r i b u t e d  t o  t h e  male and female 

p a r e n t s  o f  t h e  hybrids  provide a  measure o f  t h e i r  general  combining 

a b i l i t y ,  while t he  i n t e r a c t i o n  between male and female pa ren t s  

p rovides  a  measure o f  s p e c i f i c  combining a b i l i t y  (Rojas, 1951). 

I n  t he  presen t  s tudy ,  t he  mean squares  f o r  males, females and 

t h e i r  i n t e r a c t i o n  were h igh ly  s i g n i f i c a n t  f o r  p l a n t  he igh t ,  primary 

branches,  secondary branches,  seeds p e r  pod, ha rves t  index,  days t o  

f lower and matur i ty  and pod length .  This i nd i ca t ed  t h a t  add i t i ve  

a s  wel l  as  non-addi t ive gene e f f e c t s  were important  i n  condi t ion ing  

t he se  cha rac t e r s .  For t h e  cha rac t e r s  such a s  pods p e r  p l a n t ,  s i n g l e  

p l a n t  y i e l d ,  100-seed weight,  s h e l l i n g  % and t o t a l  weight p e r  p l a n t ,  

t h e  mean squares  f o r  females and males x female i n t e r ac t i onSwere  no t  

s i g n i f i c a n t .  Therefore,  one would expect  t h a t  t h e  performance of 

t he se  cha rac t e r s  i n  hybr ids  may be adequately p r ed i c t ed  on t he  b a s i s  

o f  general. combining a b i l i t y .  This means t h a t  t h e  be s t  performing 

hybrid may be produced by c ross ing  t h e  two p a r e n t s  having t he  

h ighes t  genera l  combining a b i l i t i e s .  

The percentage con t r i bu t i on  of  sum o f  squares  a r i s i n g  from 

males, females and male x female i n t e r a c t i o n  t o  t h e  hybrids  sum o f  

squares  may a s s i s t  i n  knowing t h e  source o f  v a r i a t i o n .  The 

con t r i bu t i on  o f  males was found t o  be c o n s i s t e n t l y  l a r g e r  than  t h a t  

o f  t h e  females, This presumably was due t o  t he  f a c t  t h a t  t h e  number 

o f  male l i n e s  used i n  t h i s  s tudy  was g r e a t e r  than  females and t h a t  



they  represented a  wider range of genotypes than  t h e  female l i n e s .  

Male p lus  females percentage c o n t r i b u t i o n  ( i  . e . GCA) was g r e a t e r  

than males x  female con t r ibu t ion  (SCA) f o r  most of  t h e  charac te r s  

except primary branches,  secondary branches and pod length.  Such 

r e s u l t s  may also suggest t h a t  a  l a r g e r  p ropor t ion  of  t h e  t o t a l  

g e n e t i c  v a r i a b i l i t y  assoc ia ted  with most of  the  charac te r s  may be 

a s  a  r e s u l t  o f  a d d i t i v e  gene a c t i o n .  However, t h e  h igh ly  s i g n i f i c a n t  

male x  female mean squares f o r  some o f  t h e  t r a i t s  ind ica ted  t h a t  non- 

a d d i t i v e  gene e f f e c t s  should a l s o  be consfdered i f  maximum improvement 

of  these  charac te r s  i s  t o  be achieved,  For primary and secondary 

branches and pod length,  SCA con t r ibu t ion  was g r e a t e r  than t h e  GCA 

con t r ibu t ion  suggest ing t h a t  non-additive gene a c t i o n  i s  more important.  

Estimates o f  t h e  r e l a t i v e  c o n t r i b u t i o n  of  general  and s p e c i f i c  

combining a b i l i t y  wi th in  t h e  gene t i c  v a r i a b i l i t y  p r e s e n t  i n  a  populat ion 

a r e  of  i n t e r e s t  t o  p l a n t  breeders .  Breeding methods most appropr ia te  

f o r  s p e c i f i c  o b j e c t i v e s  may d i f f e r  appreciably  depending upon t h e  type  

o f  gene a c t i o n  assumed, I f  the  a c t i o n  of  genes c o n t r o l l i n g  a  

p a r t i c u l a r  t r a i t  i s  p r imar i ly  a d d i t i v e ,  l i n e s  t o  be used i n  a  hybrid 

breeding program should be f i r s t  s e l e c t e d  on t h e  b a s i s  of  t h e i r  

general  combining a b i l i t y ,  Lines t h a t  survived a  screening f o r  

general  combining a b i l i t y  then would be evaluated on t h e  b a s i s  of 



t h e i r  performance i n  s p e c i f i c  hybrid combination, I f  on t h e  o t h e r  

hand, s p e c i f i c  combining a b i l i t y  i s  determined t o  be of g r e a t e s t  

importance i n  t h e  populat ion under t e s t ,  t h e  breeder  w i l l  need t o  

be concerned wi th  making c r i t i c a l  eva lua t ions  f o r  s p e c i f i c  c rosses  

i n  t h e  i n i t i a l  s t ages  of  s e l e c t i o n ,  

The es t imates  f o r  var iance  components f o r  general  and s p e c i f i c  

combining a b i l i t y  i nd i ca t ed  t h e  predominance of  add i t i ve  gene ac t ion  

f o r  a l l  charac te rs  except  primary and secondary branches and pod 

length .  The r e l a t i v e  importance o f  a d d i t i v e  and non-additive 

2 2 2 gene e f f e c t s  were obtained from t h e  r a t i o  2a GCA:2a  G C h a  SCA a s  

suggested by Gr i f f i ng  (1956b). The c l o s e r  t h i s  r a t i o  is  t o  u n i t y ,  

t h e  g r e a t e r  i s  t h e  p r e d i c t a b i l i t y  based on a d d i t i v e  gene act,ion, 

This r a t i o  f u r t h e r  confirmed t h e  predominance o f  add i t i ve  gene 

ac t ion .  I t  a l s o  revealed t h a t  p l a n t  he igh t  and seeds  pe r  pod may 

be determined by both types of  gene ac t ion .  

Negative e s t ima te s  o f  variance components were encountered f o r  

secondary branches,  s i n g l e  p l a n t  y i e l d ,  t o t a l  weight per  p l a n t ,  and 

pod length .  These a r i s e s  from random dev ia t i on  of  e f f e c t s  around 

zero,  and may be i n t e r p r e t e d  a s  being equ iva l en t  t o  zero [Reddy 

e t  a l , ,  1979, and Be i l ,  1967). -- 



Previous s t u d i e s  by Sharma e t  a l . ,  (1973a, 1973b); Singh and -- 
Pandey, (1974) ; Dahiya and Brar (1977), Chaudhari (1980f; Reddy 

e t  a1 (19811, Saxena e t  a1.  [1981), Sindhu and Sandhu (1981) and - -' 3 -- 
Venkateswarlu and Singh (1982) i n d i c a t e d  t h e  predominance o f  

a d d i t i v e  gene a c t i o n  f o r  most o f  t h e  c h a r a c t e r s  i n  pigeonpea, In 

c o n t r a s t ,  Reddy -- e t  a l , ,  (1977b, 1979a, 1979b) repor ted  t h e  

predominance of  non-addit ive e f f e c t s  f o r  a1  1 c h a r a c t e r s  inc luding  

phenology, p l a n t  he igh t ,  and g ra in  y i e l d  and i t s  components, 

Pandey (1972) repor ted  non-addit ive gene a c t i o n  f o r  p l a n t  he igh t  

whi le  Dahiya and Brar (1977) and Singh and Sandhu (1981) observed 

non-add i t iv i ty  f o r  g r a i n  y i e l d  p e r  p l a n t .  This disagreement 

among d i f f e r e n t  experiments on gene a c t i o n  may have r e s u l t e d  from 

t h e  d i f f e r e n t  methods employed by var ious  authors  f o r  e s t ima t ing  

g e n e t i c  parameters ,  genotypic d i f f e r e n c e s  among t h e  p a r e n t s  and 

high genotype environment i n t e r a c t i o n s  (Saxena e t  a l . ,  1981, 

Reddy e t  a l . ,  1981. ) 

For most o f  t h e  c h a r a c t e r s ,  t h e  a r r a y  mean o f  M5-3A and 

MS-4A were found t o  be very c l o s e  and 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 i h  a r r a y  mean o f  m-Prabha t .  This i n d i c a t e s  t h e  s i m i l a r i t y  

between MS-3A and MS-4A which was expected because o f  t h e i r  

r e l a t e d  o r i g i n .  



Previous s t u d i e s  by Sharma e t  a l , ,  (1973a, 1973b); Singh and -- 
Pandey, (1974) ; Dahiya and Brar (1977), Chaudhari (19801; Reddy 

e t  a1 (1981), Saxena e t  a 1 . ~ 1 9 8 1 ) ,  Sindhu and Sandhu (1981) and - -' ' -- 
Venkateswarlu and Singh (1982) ind ica t ed  t h e  predominance of  

a d d i t i v e  gene ac t ion  f o r  most o f  t h e  cha rac t e r s  i n  pigeonpea. In 

c o n t r a s t ,  Reddy e t  a l , ,  (1977b, 1979a, 1979b) repor ted  t h e  -- 
predominance of non-addit ive e f f e c t s  f o r  a1 1 c h a r a c t e r s  i nc lud ing  

phenology, p l a n t  h e i g h t ,  and g ra in  y i e l d  and i t s  components, 

Pandey (1972) repor ted  non-addit ive gene a c t i o n  f o r  p l a n t  he ight  

whi le  Dahiya and Brar (1977) and Singh and Sandhu (1981) observed 

non-add i t iv i ty  f o r  g r a i n  y i e l d  p e r  p l a n t .  This disagreement 

among d i f f e r e n t  experiments on gene a c t i o n  may have r e su l t ed .  from 

t h e  d i f f e r e n t  methods employed by va r ious  authors  f o r  e s t ima t ing  

gene t i c  parameters ,  genotypic d i f f e rences  among t h e  p a r e n t s  and 

high genotype environment i n t e r a c t i o n s  (Saxena e t  a l . ,  1981, 

Reddy e t  a l . ,  1981. ) 

For most o f  t h e  c h a r a c t e r s ,  t h e  a r r a y  meen o f  MS-3A and 

MS-4A were found t o  be very  c lose  and s i g n i f i c a n t l y  d i f f e r e n t  from 

thL6 a r r ay  mean o f  MS-Prabhat. This i n d i c a t e s  t h e  s i m i l a r i t y  

between MS-3A and MS-4A which was expected because of  t h e i r  

r e l a t e d  o r i g i n .  



Among t h e  females, FE-Prabhat, an e a r l y  maturing shor t  

c u l t i v a r ,  was t h e  be s t  general  combiner f o r  sho r t  p l a n t  he igh t ,  

e a r l i n e s s  and harves t  index,  I t  showed undesirable  GCA e f f e c t s  

f o r  seed y i e l d ,  number of primary branches, and pods pe r  p l a n t ,  

Although it was a good combiner f o r  sho r t  p l a n t  he igh t ,  i t  may n o t  

be used t o  reduce t a l l n e s s  i n  F1 genera t ion .  This i s  ind ica ted  by 

t h e  f a c t  t h a t  c rosses  involving MS-Prabhat with t a l l  paren ts  were 

t a l l .  By improving g ra in  y i e l d ,  harves t  index i s  a l s o  improved, 

Though MS-Prabhat was t he  b e s t  combiner f o r  harves t  index,  i t s  

undesirable  GCA e f f e c t s  f o r  y i e l d  and y i e l d  components may argue 

aga ins t  i t s  use f o r  improvement of y i e l d  i n  Hyderabad condi t ion ,  

MS-3A and MS-4A which a r e  medium i n  matur i ty  and adapted t o  ' 

Hyderabad condi t ions  were found t o  be t he  be s t  general  combiners 

f o r  y i e l d  and y i e l d  components, 100-seed weight,  t o t a l  p l a n t  weight 

and pod length .  MS-4A was found t o  have high GCA e f f e c t s  f o r  

number of branches.  However, both MS-3A and MS-4A had undesirable  

GCA e f f e c t s  f o r  p l a n t  h e i g h t ,  days t o  flower and matur i ty ,  But 

t h e  means of most F1 hybr ids  involving MS-3A and F1S-4A f o r  days 

t o  flower and matur i ty  were lower than t h e  b e t t e r  parent  and i n  some 

cases  t h e  mid pa ren t a l  va lue ,  This i nd i ca t ed  t h a t  both MS-3A and 

MS-4A can produce h igh  y i e ld ing  F1 hybr ids  wi th in  t he  medium matur i ty  

group (110-140 days t o  f lower) .  



Among t h e  male p a r e n t s  C-11 proved t o  be t h e  b e s t  genera l  

combiner f o r  y i e l d '  and y i e l d  components. I t  a l s o  showed d e s i r a b l e  

GCA e f f e c t s  f o r  most o f  t h e  cha rac t e r s .  I n  f a c t ,  s t u d i e s  by 

Chaudhary e t  a1 . , (1980) , Venkateswarlu and Singh (1982) and a t  

ICRISAT (ICRISAT. Annual Report,  1979, 1980 and 1981) a l s o  i n d i c a t e d  

C-11 t o  be a  good general  combiner f o r  y i e l d ,  

For e a r l i n e s s ,  sho r t  p l a n t  he igh t  and long pods,  C-322 was 

found t o  be t he  b e s t  general  combiner among t h e  males i n  t h i s  s t u d y ,  

The male paren t  C-322 was e a r l i e r  i n  m a t u r i t y ,  s h o r t e r  i n  he igh t  

and had longer  pods. I t s  c rosses  with MS-Prabhat r e s u l t e d  i n t o  

e a r l y  and s h o r t  p rogenies  i n d i c a t i n g  t h a t  e a r l y  x e a r l y  and 

s h o r t  x s h o r t  r e s u l t s  i n t o  e a r l y  maturing and s h o r t  p rogenies  

r e s p e c t i v e l y .  

ICP-9150 and ICP-9180 which were t a l l  and l a t e  i n  matur i ty  

were t h e  b e s t  genera l  combiners f o r  t a l l n e s s  and l a t e n e s s .  These 

l i n e s  were s i m i l a r  f o r  most o f  t h e  cha rac t e r s  because of t h e i r  

s i m i l a r  o r i g i n .  The c rosses  involv ing  t h e s e  t a l l  male pa ren t s  with 

t h e  t h r e e  females were t a l l  i n d i c a t i n g  t he  complete dominace of  

t a l l n e s s  ove r  sho r tne s s .  On t h e  o t h e r  hand, c ro s se s  involv ing  t he  

l a t e  male p a r e n t s  and e a t l y  female p a r e n t s  r e s u l t e d  i n t o  Fits which 

were e a r l i e r  than  t h e i r  mid p a r e n t a l  va lues  i n d i c a t i n g  p a r t i a l  



dominance towards e a r l i n e s s .  S imi l a r  r e s u l t s  were observed by 

Sharma e t  a l . ,  (1973b) and Dahiya and S a t i  j a  (1978) f o r  e a r l i n e s s  

while  Sharma (1981) observed over-dominance f o r  t a l l n e s s ,  

For seeds  p e r  pod, 100-seed weight and pod length ,  t h e  

male pa ren t s  ICP-7035, ICP-9150, ICP-9180, Royes and C-322 

which had more seeds  p e r  pod, h igh  300-seed weight and long 

pods were good genera l  combiners. The F i t s  involv ing  t h e s e  male 

pa ren t s  showed p a r t i a l  dominance toward t h e  low p a r e n t s .  These 

cha rac t e r s  were found t o  be nega t i ve ly  a s soc i a t ed  with y i e l d  and 

some of  t h e  y i e l d  components, there ' fo re  t h e i r  improvement may 

r e s u l t  i n  reduc t ion  o f  y i e l d .  ICP-7035 was found t o  be t he  bes t  

general  combiner f o r  100-seed weight .  S imi l a r  r e s u l t  was 

observed by Venkateswarlu and Singh (1982), 

An examination of  t h e  c r o s s  combinations revea led  t h a t  t h e  

b e s t  c ro s se s  r e s u l t e d  from c ros se s  between t he  b e s t  female and 

male general  combiners.  I n  g e n e r a l ,  i t  was observed t h a t  c ro s se s  

showing t h e  b e s t  SCA e f f e c t s  were der ived  from c r o s s  combinations 

wi th  pa ren t s  o f  low x medium, medium x high ,  low x high  and 

high x high  GCA e f f e c t s .  S i m i l a r  r e s u l t s  were r epo r t ed  by Reddy 

e t  a1 . , (1979a), Saxena e t  a l . ,  (1981) and Venkateswarlu and Singh -- 
(1982). I t  was observed i n  t h i s  i n v e s t i g a t i o n  t h a t  c ro s se s  showing 

h igh  SCA e f f e c t s  d i d  no t  n e c e s s a r i l y  involve  good genera l  combiners 

as t h e i r  p a r e n t s .  



For seed y i e l d  p e r  p l a n t ,  pods p e r  p l a n t  and t o t a l  weight 

p e r  p l a n t ,  no c ross  combination exh ib i t ed  s i g n i f i c a n t  SCA e f f e c t s .  

The cross  combination MS-4A x C - 1 1  had t h e  bes t  SCA e f f e c t s  f o r  

secondary branches which i s  h ighly  assoc ia ted  with y i e l d .  

MS-Prabhat x Royes and MS-Prabhat x C-322 were t h e  next bes t  c rosses  

considering SCA e f f e c t s  f o r  secondary branches.  They a l s o  flowered 

e a r l y  and had s h o r t  p l a n t  he igh t ,  

Large values f o r  h e t e r o s i s  a r e  expected when geographical ly 

d ive r se ,  and presumably gene t i ca l l y  d ive r se ,  pa ren t s  a r e  c rossed ,  

because genet ic  d i v e r s i t y  i s  t h e  key t o  t h e  expression of h e t e r o s i s  

(Singh, 1974). Highly s i g n i f i c a n t  pa ren t s  v s ,  c rosses  mean sum 

of squares and SCA var iance  components i s  an ind i ca t ion  t h a t  some 

s p e c i f i c  c rosses  performed b e t t e r  o r  worse than t h e i r  parents  and 

ove ra l l  hybrid means r e spec t ive ly .  Parents  v s ,  c rosses  mean sum 

of square f o r  primary and secondary branches and pods p e r  p l an t  

was not  s i g n i f i c a n t  i n d i c a t i n g  t h a t  t h e  c rosses  d id  not perform 

b e t t e r  o r  worse than t h e i r  pa ren t s .  On t h e  o t h e r  hand, non-addit ive 

gene ac t ion  was observed f o r  primary and secondary branches which 

ind i ca t ed  b e t t e r  o r  worse performance o f  t h e  hybr ids  compared t o  the  

ove ra l l  hybrid mean. Though t h e r e  was no s i g n i f i c a n t  d i f f e r ence  

between crosses  and pa ren t s  f o r  primary and secondary branches, 



absolute  values f o r  some s p e c i f i c  crosses  such as  MS-3A x  BDN-1, 

MS-Prabhat x B D N - 1 ,  MS-4A x  C-11, MS-3A x ICP-9150, MS-4A x  ICP-9150, 

MS-Prabhat x  ICP-9150, MS-Prabhat x  ICP-9180, MS-4A x  Royes and 

MS-3A x C-322 were s i g n i f i c a n t l y  lower o r  higher  compared t o  the  

ove ra l l  hybrid mean, This may expla in  t he  non-addi t iv i ty  expressed 

by these charac te rs .  

The percentage he t e ro s i s  and h e t e r o b e l t i o s i s  were higher  i n  

crosses  involving MS-Prabhat as a  female parent  than i n  crosses  

involving MS-3AmdMS-4~, This performance was expected because 

MS-Prabhat s i g n i f i c a n t l y  d i f f e r ed  with t he  male paren ts  f o r  most 

of t he  charac te rs  s tud ied .  I t  was observed t h a t  Fl hybrids having 

an introduced l i n e  as  male paren t  didrno b e t t e r  than  t h e  F l f s  ' t h a t  did 

no t .  However, t he  unfavourable growing condit ions such as  high 

i n sec t  populat ion and water -s t ress  could have had an impact on 

he t e ro s i s  and h e t e r o b e l t i o s i s  values,  p a r t i c u l a r l y  those f o r  g ra in  

y i e ld .  

Previous s t u d i e s  involving MS-3A and MS-4A by Reddy (1980 

unpublished da ta )  has ind ica ted  t h a t  h e t e r o s i s  over the  b e t t e r  parent  

f o r  y i e l d  ranged from -24 t o  IS%, Green e t  a1.,(1979) reported 

h e t e r o s i s  t o  t he  ex ten t  of 32 and 17% above t he  high y ie ld ing  check 

i n  t h e i r  t r i a l  f o r  the  combinations MS-3A x  C - 1 1  and MS-4A x BDN-I 

respec t ive ly .  In  t he  presen t  s tudy,  h e t e r o s i s  over mid-parent f o r  



y i e l d  ranged from -25 t o  85%. . Crosses involving MS-3A 

and MS-4A a s  femal'es and C - 1 1  a s  t h e  male parent  gave t h e  h ighes t  

absolu te  y i e l d  with reasonable h e t e r o s i s  o f  27% f o r  MS-3A x C-1: 

and 22% f o r  MS-4A x C - 1 1  over  C - 1 1 ,  t he  b e t t e r  p a r e n t ,  Crosses 

involving BDN-1  as a  male parent  performed poorly,  although r e p o r t s  

from ICRISAT (ICRISAT Annual Report, 1979-80) i nd i ca t ed  BDN-1  t o  

perform wel l  i n  combinations with PB-3A and MS-4A. Such poor 

performance of BDN-1 may be a t t r i b u t e d  t o  t he  d i f f e r ences  i n  

growing condit ions . 

Sharma e t  a l . ,  (1973a, 1973b), Venkateswarlu and Singh (1980) 

and Reddy e t  a1.,(1980) observed high and s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  between t h e  mean performance of t he  pa ren t s  and' t h e i r  

r e spec t ive  GCA e f f e c t s .  Singh and Joshi  (1966) while  working on 

l inseed  f e l t  t h a t  t h e  pa ren t a l  performance i t s e l f  i s  not  neces sa r i l y  

a  guarantee o f  i t s  usefu lness  i n  a  breeding program e s p e c i a l l y  f o r  

y i e l d .  When t h e  means o f  the  pa ren t s ,  used i n  t h i s  s tudy were 

co r r e l a t ed  with t h e i r  r e spec t ive  GCA e f f e c t s ,  t he  c o r r e l a t i o n  . 

c o e f f i c i e n t  f o r  a1 1  cha rac t e r s  were p o s i t i v e ,  However, t h i s  

c o r r e l a t i o n  was not  s i g n i f i c a n t  f o r  y i e l d  and y i e l d  components, 

This i n s i g n i f i c a n t  c o r r e l a t i o n  could have r e s u l t e d  from t h e  poor 

performance of  t h e  e a r l y  and l a t e  matur i ty  groups o f  pa ren t s  which 

were not  adapted t o  Hyderabad condi t ion ,  Yield i s  a complex t r a i t  



cont ro l led  by many genes. I t  a l s o  depends on t he  development 

s t ages  of t he  p l an t  (vege ta t ive  and reproduct ive) ,  Environmental 

s t r e s s  a t  any of these  s t ages  may a f f e c t  y i e l d  tremendously. 

Therefore, t h e  performance of t h e  l i n e s  i n  t h i s  study may not  

be a  good measure of t h e i r  hybrids  f o r  y i e l d  and i t s  components, 

However, high and s i g n i f i c a n t  co r r e l a t i on  between t he  performance 

p e r  s e  and t he  GCA e f f e c t s  f o r  p l an t  he igh t ,  seeds per  pod, 100-seed 

weight,  and days t o  flower and matur i ty  which a r e  cont ro l led  by 

fewer genes suggests  t h a t  t he  per se performance of t he  l i n e s  may 

be a  good measure of t h e i r  hybrids  f o r  these  charac te rs .  

Phenotypic c o r r e l a t i o n  c o e f f i c i e n t s  were computed among 

d i f f e r e n t  charac te rs  f o r  t h e  21 hybrids .  To determine whether 

co r r e l a t i ons  d i f f e r s  between t he  maturi ty  groups, the  21 hyrbids 

were divided i n t o  e a r l y  and medium groups with 7 and 14 hybrids 

respec t ive ly ,  Corre la t ion  between y i e l d  p e r  p l a n t  and primary and 

secondary branches, pods pe r  p l an t  and harves t  index were pos i t i ve  

and s i g n i f i c a n t  f o r  t he  21 hybr ids  and t h e  mddium group while 

pos i t i ve  but not s i g n i f i c a n t  f o r  t he  e a r l y  group. The medium group 

formed a dominant group of t he  21 hybr ids ,  t he r e fo re ,  a  s imi l a r  

magnitude and d i r e c t i o n  .of c o r r e l a t i o n  was expected,  Non-significant 

values f o r  t he  e a r l y  group may be due t o  low number of observat ions 

co r r e l a t ed ,  High c o r r e l a t i o n  between y i e l d  and number of primary 



and secondary branches and pods pe r  p l a n t  has a l s o  been repor ted  

by Sharma e t  a l . ,  (1973) ; Kumar and Haque (1973); Awatade e t  a l , ,  -- 
(1980) ; and Beohar e t  a l ,  , (1981). I t  appears from the  presen t  

s tudy t h a t ,  a pigeonpea breeder  should be ab le  t o  make s i g n i f i c a n t  

p rogress  i n  s e l e c t i n g  f o r  g r a in  y i e l d  by screening segrega t ing  l i n e s  

on t h e  b a s i s  of number of branches and pods pe r  p l a n t ,  Screening 

f o r  harves t  index may be d i f f i c u l t  because it involves i n d i r e c t  

measurements. 

Pods pe r  p l a n t  was found t o  be nega t ive ly  and s i g n i f i c a n t l y  

co r r e l a t ed  with seeds  pe r  pod, 100-seed weight and pod length  f o r  

both 21 hybr ids  and t h e  medium group of  hybr ids ,  For e a r l y  group 

these  c o r r e l a t i o n s  were nega t ive  but  not  s i g n i f i c a n t .  Though 

100-seed weight and seeds p e r  pod a r e  among the  y i e ld  components, 

s e l e c t i o n  f o r  t h e i r  high values may r e s u l t  i n t o  low number of pods 

pe r  p l a n t  followed by a  reduc t ion  i n  seed y i e l d ,  Since crosses  

wi th  medium seeds p e r  pod and 100-seed weight r e s u l t e d  i n t o  high 

abso lu te  y i e l d ,  high number of seeds per  pod and 100-seed weight 

may be s a c r i f i c e d  f o r  y i e l d .  In previous s t u d i e s ,  Ganguli and 

Sr ivas tava  (1972) found t h a t  pod length,  seeds p e r  pod :arid 100- 

seed weight were nega t i ve ly  co r r e l a t ed  with y i e l d  and pods p e r  p l a n t ,  

While p o s i t i v e  c o r r e l a t i o n  between y i e l d  and seeds p e r  pod and 

100-seed weight was repor ted  by Dahiya -- e t  - a l . ,  (1978). 
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Harvest index and pod length were pos i t i ve ly  and s i g n i f i c a n t l y  

cor re la ted  f o r  t h e  'ear ly group and negat ively cor re la ted  fo r  the  

medium group i n  t h i s  i nves t iga t ion .  

The following general conclusiomcan be made from t h e  

discussion.  

1. Since t he  parents  used i n  t h i s  study were a l l  se lec ted  f o r  

t h e i r  p a r t i c u l a r  t r a i t s  and the  experiment conducted f o r  

one season a t  one loca t ion ,  t he  inferences should only be 

r e s t r i c t e d  t o  these  p a r t i c u l a r  parents  and loca t ion ,  

2 .  The parents  under considerat ion have not been crossed i n  

a l l  poss ib le  combinations hence ind iv idua l  pa ren t ' s  , 

cont r ibut ion  i n  a  p a r t i c u l a r  parenta l  combination was not 

determinable. 

3. The study c l e a r l y  demonstrated t h a t  pigeonpea l i ne s  used 

exhib i ted  hybrid vigour fo r  most of t he  charac ters .  From 

combining a b i l i t y  and he t e ros i s  ana lys is ,  a  number of 

parents  and crosses  have been i d e n t i f i e d  fo r  fu tu re  economic 

exp lo i t a t i on .  

4. The da t a  presented ind i ca t e  t h a t  simple parameters l i k e  a r ray  

mean and pe r  s e  performance are good indica tors  of t h e  combining 



a b i l i t y  o f  the  parents. Therefore, f o r  se lect ing  parents, 

array mean may be a more r e l i a b l e  parameter s ince it 

r e f l e c t s  the  value of a  parent i n  a number o f  cross  combina- 

t i ons  and therefore a more generalized expression o f  the 

potential  of the parent. 



6.  SUMMARY 

Seven geographical ly  and g e n e t i c a l l y  d i v e r s i f i e d  l i n e s  o f  

pigeonpea (Cajanus ca jan  ( L , )  Mi l l sp . )  were crossed t o  t h r e e  

male s t e r i l e  t e s t e r s  (MS-SA, MS-4A and MS-Prabhat) t o  produce 

2 1  F1 hybr ids .  The 31 e n t r i e s  comprising 10 p a r e n t s  and 21 

F1 hybr ids  a t  ICRISAT, Patancheru during t h e  1982-83 r a i n y  

season,  Data were c o l l e c t e d  from 10 randomly s e l e c t e d  compet i t ive  

p l a n t s  from each p l o t  f o r  p l a n t  h e i g h t ,  number o f  primary and 

secondary branches,  and pods p e r  p l a n t ,  t o t a l  weight p e r  p l a n t ,  

ha rves t  i ndex ,  y i e l d  p e r  p l a n t  and 100-seed weight,  For cha rac te r s  

such as  seeds p e r  pod, pod length  and s h e l l i n g  percentage ,  t h e  d a t a  

were recorded from 10 matured, f u l l y  developed undamaged pods from 

each of  t h e  10 p l a n t s .  Data was c o l l e c t e d  on p l o t  b a s i s  f o r  days t o  

f lower and ma tu r i ty  and p l a n t  s t a n d  and y i e l d .  Analys is  of va r i ance  

was performed t o  t e s t  t h e  genotypic v a r i a t i o n  'and t h e  d i f f e r e n c e s  

between p a r e n t s  v s ,  hybr ids  f o r  a l l  t hese  c h a r a c t e r s ,  

The components of genotypic  var iance  were obta ined under t h e  

assumption of  no e p i s t a s i s  us ing h a l f  and f u l l d s i b  r e l a t i o n s h i p s ,  

He te ros i s  and h e t e r o b e l t e o s i s  were determined f o r  each hybr id .  

Phenotypic c o r r e l a t i o n s  were determined among t h e  c h a r a c t e r s  s tud ied .  

Comparisons between t h e  means o f  hybr ids  and t h e i r  pa ren t s  which 

i n d i c a t e d  t h a t  t h e  hybrids bloomed e a r l i e r  and were t a l l e r  than t h e  

p a r e n t s ,  a l s o  i n d i c a t e d  b e t t e r  performance o f  hybr ids  compared t o  pa ren t s  



f o r  most o f  t h e  charac te rs  except seeds per  pod and 100-seed weight. 

The combination MS-?A x C - 1 1  had t he  highest  g ra in  y i e l d  followed 

by MS-4A x C - 1 1  hence should be d i r e c t l y  used i n  a  breeding program 

t o  produce F1 hybrids .  Heterosis  and he t e robe l t i o s i s  values f o r  

grain y i e l d  and o t h e r  charac te rs  were much l a rge r  f o r  crosses  

involving h1S-Prabhat than f o r  crosses  involving MS-3AdMS-4A. 

The h ighes t  h e t e r o s i s  and he t e robe l t i o s i s  was noted f o r  g ra in  y i e ld  

from t h e  c rosses  MS-Prabhat x ICP-7035 and MS-Prabhat x ICP-9180. 

Such crosses  having only one parent  as a  good general  combiner may 

be expected t o  throw some good segregants i n  f u r t h e r  generat ions.  

C - 1 1  was found t o  be t he  male paren t  with t he  bes t  general 

combining a b i l i t y  f o r  g r a in  y i e ld  and i t s  components and therefo're 

would be expected t o  perform well  when included i n  most hybrid 

combination. The male paren t  ICP-7035 showed the  highest  GCA 

e f f e c t s  f o r  100-seed weight,  harves t  index and performed well f o r  

seeds pe r  pod, t he r e fo re ,  should be considered f o r  the  improvement 

of  these  cha rac t e r s ,  For cha rac t e r s ,  such as p l an t  he ight ,  days 

t o  flower and matur i ty ,  t he  male parent  BDN-1,  C-322 and Royes 

proved t o  be t h e  b e s t  general  combiners. 

Additive gene t i c  var iance was l a rge r  than non-additive gene t ic  

va r i a r ce fo r  a l l  t r a i t s  except number of primary and secondary branches 

and pod length.  Therefore, s e l ec t i on  should be done on t he  b a s i s  of 

general  combining a b i l i t y  and t he  l i n e s  which survived t h i s  s e l ec t i on  

should be t e s t e d  f o r  t h e i r  s p e c i f i c  combining a b i l i t y ,  



Correla t ions  between the  means f o r  each p lan t  and the  

respec t ive  gca e f f e c t s  ind ica ted  t h a t  the  hybrid performance 

f o r  t h e  charac te r s  days t o  flower and matur i ty ,  p l a n t  he igh t ,  

seeds p e r  pod, 100-seed weight, s h e l l i n g  % and pod length can 

be p red ic ted  on t h e  bas i s  of t h e  performance of t h e i r  pa ren t s ,  

whereas g ra in  y i e l d  and i t s  components and harvest  index cannot,  

Number of  pods pe r  p l a n t ,  primary and secondary branches 

and harves t  index were found t o  be p o s i t i v e l y  c o r r e l a t e d  wi th  

g ra in  y i e l d .  Negative c o r r e l a t i o n s  were observed between pods 

p e r  p l a n t  and seeds p e r  pod, 100-seed welght, and pod l eng th ,  
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