
Theor .  A p p l .  Genet .  49 (1977) 117-122 

�9 by Springer-Verlag 1977 

Combining Ability and Heterosis in Diallel Crosses of Maize * 
B . S .  Dhi l lon and 3. Singh 
Div i s ion  of G e n e t i c s ,  Indian A g r i c u l t u r a l  R e s e a r c h  Ins t i tu te ,  New Delhi (India)  

S u m m a r y .  The p r e s e n t  i nves t i ga t i on  invo lved  c r o s s e s  among 20 e l i t e  ye l low m a i z e  popula t ions .  These  w e r e  e v a -  
lua ted  in four  e n v i r o n m e n t s  in a r a n d o m i z e d  block des ign  with four  r e p l i c a t i o n s  in each e n v i r o n m e n t .  Var i e ty  Cu-  
ba was o b s e r v e d  to be the best  g e n e r a l  c o m b i n e r  for  g r a i n  y ie ld ,  fo l lowed by St C ro ix  and P r o l i f i c .  No c l e a r  a s -  
soc i a t i on  could  be d i s c e r n e d  be tween  gene ra l  combin ing  ab i l i ty  (GCA) e f fec t s  for  g r a i n  y i e ld  and i ts  componen t s ,  
and m e a n  g r a i n  y i e ld  p e r f o r m a n c e  and GCA e f fec t s .  H e t e r o s i s  was o b s e r v e d  in g e n e r a l  and al l  the c r o s s e s  in -  
volv ing  Cuba y i e lded  b e t t e r  than the m i d p a r e n t .  The f ive  hybr ids ,  Kisan  • Cuba,  Ant igua 3D • St C r o i x ,  P r o l i f i c  
• St C r o i x ,  Vijay • Ant igua  Gr .  I and A 23 • Cuba,  y i e lded  m o r e  than the s t anda rd  check .  Signif icant  y ie ld  su -  
p e r i o r i t y  of t h e s e  v a r i e t a l  hybr ids  o v e r  the best  c o m m e r c i a l  c o m p o s i t e  ( J a w a h a r )  s u g g e s t e d  the poss ib i l i t y  of 
t h e i r  c o m m e r c i a l  exp lo i ta t ion .  

Introduction 

Because of the lack of proper understanding of gene 

action involved in the expression of heterosis, com- 

mercial use of varietal crosses has not received due 

attention in the past, even though Beal (1878) report- 

ed heterosis to the extent of 40 per cent over the bet- 

ter parent. In recent studies on maize, additive gen- 

etic variance has been shown to predominate in open 

pollinated varieties, in the expression of yield and 

other metric traits (Gardner 1963; Gardner and Lonn- 

quist 1966), and successfully exploited by employing 

intrapopulation selection schemes (Gardner 1969). 

These studies have suggested the possibility of 

synthesizing broadbased composite population or gene 

pools, comparable in yield to commercial hybrids. 

Moreover, such populations would be amenable to 

further selection. Promising composites can be com- 

bined in varietal hybrids, which are better suited to 

developing countries due to convenient seed produc- 

tion. For formulating an effective programme to breed 

composite varieties and their hybrids, a knowledge of 

the combining ability of the materials being handled 

* P a r t  of the t h e s i s  s u b m i t t e d  by the s e n i o r  author  in 
the pa r t i a l  fu l f i lment  of the r e q u i r e m e n t s  fo r  the 
Ph.  D. d e g r e e  

is e s s e n t i a l .  The p r e s e n t  s tudy was under taken  along 

t he se  l i ne s .  

Materials and Methods 

Crosses among 20 yellow maize populations, eleven 
developed in India and nine obtained from Mexico, 
formed the material. The parental populations were 
selected primarily on the basis of their own perfor- 
mance as well as of hybrids involving them. The po- 
pulations developed in India were five commercial 
composites (Amber, Jawahar, Kisan, Vijay and Vi- 
kram), three experimental composites (C 2, J 236 
and Prolific) and three experimental synthetics (A 22, 
A 23 and E 13), while the populations obtained from 
CIMMYT, Mexico, were four composites (Antigua 
Group I, Caribbean Flint, Puerto Rico Group I and 
Yellow Tuxpeno) and five open pollinated varieties 
(Antigua 2D, Antigua 3D, Cuba 19, St Croix 4D and 
Francisco Flint). All possible crosses were made and 
bulked seed of crosses and reciprocals was laid out in 
a randomized block design with four replications du- 
ring the rainy seasons of 1970 and 1971 at the Indian 
Agricultural Research Institute, New Delhi, and Go- 
bind Ballabh Pant University of Agriculture and Tech- 
nology, Pantnagar. These locations represented Indo- 
Gangetic plains and sub-montaneous Kamaon foot hills 
region, respectively. The two years and two locations 
were assumed to represent four random environments. 

Grain yield per plant and days to silk were based 
on whole plot observation. Plant height, ear height, 
ear length, ear diameter and number of kernel rows 
were recorded on 10 randomly selected plants and 
their means were used for analysis. At harvest, fresh 
ear weight was recorded for each plot and was adjusted 
to 15 per cent grain moisture and 80 per cent shelling. 
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T a b l e  1. A n a l y s i s  of  v a r i a n c e  f o r  c o m b i n i n g  a b i l i t y  

S o u r c e  d . f .  M e a n  s q u a r e s  

G r a i n  D a y s  to G r a i n  P l a n t  E a r  E a r  E a r  K e r n e l  
y i e l d  s i l k  m o i s t u r e  h e i g h t  h e i g h t  l e n g t h  d i a m e t e r  r o w s  

• 10 

GCA 19 3 5 7 0 . 9  ~ 1 7 8 . 0  ~ 7 7 . 0  ~ 1 3 9 5 7 . 9  ~ 8 5 3 6 . 4  ~ 2 3 . 6  ~ 1 8 . 8  ~ 4 4 . 6  ~ 
SCA 170 6 3 9 . 0  ~ 1 1 . 0  ~ 6 . 0  ~ 4 0 0 . 8  ~ 272.2 ~ 3.2 ~ 0.8 ~ 1 . 6  ~* 
GCA X E  57 1 4 6 1 . 4  ~ 1 9 . 2  ~ 1 5 . 5  ~ 3 2 8 . 2  ~ 3 3 9 . 7  ~ 3 . 2  ~* 1 . 2  ~ 0 . 9  ~ 
SCA X E 510 4 7 8 . 2  ~ 7 . 4  ~* 5 . 4  2 0 2 . 5  ~ 1 1 3 . 9  ~ 1 . 6  0 . 5  ~ 0 . 5  
P o o l e d  e r r o r  2268 3 1 5 . 0  5 . 7  5 . 0  1 7 3 . 7  9 6 . 4  1 . 6  0 . 4  0 . 5  

*, *~* S i g n i f i c a n t  at  5 p e r  c e n t  a n d  1 p e r  c e n t  l e v e l ,  r e s p e c t i v e l y  

D a y s  to  s i l k  w e r e  r e c o r d e d  a s  d a y s  t a k e n t o  s i l k  e m e r -  
g e n c e  of  75 p e r  c e n t  of  p l a n t s  in  a p l o t .  M o i s t u r e  p e r -  
c e n t a g e  w a s  d e t e r m i n e d  u s i n g  t h e '  U n i v e r s a l  M o i s t u r e  
T e s t e r '  in  a g r a i n  s a m p l e  o b t a i n e d  f r o m  two  r o w s  of  
e a c h  of  t h e  f i v e  e a r s  s e l e c t e d  at r a n d o m  at t h e  t i m e  of  
h a r v e s t .  

C o m b i n i n g  a b i l i t y  a n a l y s i s  w a s  b a s e d  on  t h e  p r o -  
c e d u r e s  d e v e l o p e d  by S i n g h  ( 1 9 7 3 ) .  M e t h o d  4 w a s  
e m p l o y e d  a s s u m i n g  t h e  f i x e d  e f f e c t s  ( M o d e l  I ) .  

R e s u l t s  a n d  D i s c u s s i o n  

A n a l y s i s  of  v a r i a n c e  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s  

a m o n g  h y b r i d s .  The  c o m b i n i n g  a b i l i t y  a n a l y s i s  

( T a b l e  1) s u g g e s t e d  t h e  p r e s e n c e  o f  s i g n i f i c a n t  v a r -  

i a t i o n  d u e  to  g e n e r a l  ( G C A )  a n d  s p e c i f i c  c o m b i n i n g  

a b i l i t y  ( S C A )  f o r  a l l  c h a r a c t e r s .  It w a s  a l s o  t r u e  f o r  

GCA • E i n t e r a c t i o n  w h i l e  SCA X E w a s  s i g n i f i c a n t  

f o r  g r a i n  y i e l d ,  d a y s  to  s i l k ,  p l a n t  h e i g h t ,  e a r  h e i g h t  

a n d  e a r  d i a m e t e r  o n l y .  V a r i a t i o n  a c c o u n t e d  f o r  by 

c o m b i n i n g  a b i l i t y  e f f e c t s ,  i n  g e n e r a l ,  w a s  a p p r e c i a b l y  

h i g h e r  i n  c o m p a r i s o n  w i th  i n t e r a c t i o n  e f f e c t s  of  G C A  

a n d  SCA w i th  e n v i r o n m e n t s .  

O n l y  t h r e e  v a r i e t i e s ,  C u b a ,  St C r o i x  a n d  P r o l i f i c ,  

h a d  a G C A  e f f e c t  s i g n i f i c a n t l y  g r e a t e r  t h a n  z e r o  f o r  

g r a i n  y i e l d  ( T a b l e  2 ) .  C u b a  h a d d i s t i n c t l y  h i g h e r  GCA 

e f f e c t s  t h a n  t h e  o t h e r s .  T h e s e  t h r e e  p a r e n t s  w e r e  

g o o d  g e n e r a l  c o m b i n e r s  f o r  o n e  o r  m o r e  y i e l d  c o m -  

p o n e n t s .  H o w e v e r ,  a n y  c l e a r  a s s o c i a t i o n  b e t w e e n  

y i e l d  a n d  i t s  c o m p o n e n t s  w a s  l a c k i n g ,  t h o u g h  C u b a  

w a s  a g o o d  c o m b i n e r  f o r  e a r  l e n g t h ,  St C r o i x  f o r  e a r  

T a b l e  2.  E s t i m a t e s  of  g e n e r a l  c o m b i n i n g  a b i l i t y  e f f e c t s  

C o d e  P e d i g r e e  G r a i n  D a y s  to  G r a i n  
y i e l d  s i l k  m o i s -  

P l a n t  E a r  E a r  E a r  K e r n e l  
h e i g h t  h e i g h t  l e n g t h  d i a m e t e r  r o w s  

•  

1 A m b e r  - 0 . 4  1 . 1  ~ 0 . 2  
2 J a w a h a r  - 3 . 9  ~ 0 . 3  ~ - 0 . 3  ~ 
3 K i s a n  - 1 . 4  0 . 3  ~ 0 . 2  
4 V i j a y  0 . 8  0 . 0  - 0 . 1  
5 V i k r a m  - 3 . 0  ~ - 0 . 3  a 0 . 2  
6 C 2 - 2 . 0  - 0 . 8  ~ - 1 . 0  ~ 
7 J 236 0 . 3  0 . 3  ~* - 0 . 1  
8 P r o l i f i c  4.8 ~ - 1 . 1  ~ -0.9 ~ 
9 A 22  - 1 . 3  - 0 . 5  *r 0 . 1  
10 A 23 1 . 1  0 . 0  0 . 2  
11 E 13 - 2 . 7  ~ - 0 . 9  e - 0 . 3  ~r 
12 A n t i g u a  G r .  1 1 . 1  - 1 . 2  ~ - 0 . 4  ~ 
13 A n t i g u a  2D 1 . 7  - 0 . 4  ~ 0 . 0  
14 A n t i g u a  3D - 1 . 4  0 . 3  0 . 0  
15 C a r i b b e a n  F l i n t  - 2 . 0  ~ 1 . 2  ~ - 0 . 3  ~ 
16 C u b a  1 0 . 6  ~ 1 . 0  ~ 1 . 4  ~ 
17 P u e r t o  R i c o  G r . I  - 2 . 0  ~ - 1 . 2  ~ - 0 . 3  ~ 
18 St C r o i x  5 . 1  ~ 0 . 1  0 . 2  
19 Y e l l o w  T u x p e n o  - 1 . 6  1 . 2  ~ 0 . 5  ~ 
20 F r a n c i s c o  F l i n t  - 3 . 9  ~ 0 . 6  ~ 0 . 7  ~ 

S . E .  -_-(}i ) +- 1 .02  0 . 1 4  0 . 1 2  

5 . 7  ~ 1 . 8  ~ 0 . 3  ~ 0 . 1  0 . 0  
- 1 . 9  ~* - 1 . 6  ~ 0 . 2  ~ 0 . 0  0 . 4  ~ 
- 1 . 7  ~ 0 . 3  0 . 2  ~ - 0 . 1  - 0 . 1  
3.3 ~ 1 . 9  ~ 0 . 1  0 . 1  0.3 ~ 

-0 .6  0.0 0.3 ~ -0 .6  ~ -0 .4  ~ 
- 7 . 2  ~ - 8 . 4  ~ 0 . 1  - 0 . 2  ~ 0 . 0  

2 . 7  ~ 1 . 5  ~ 0 . 0  - 0 . 1  0 . 0  
5 . 7  ~ 0 . 7  - 0 . 4  ~ - 1 . 1  ~ 0 . 1  ~ 

- 0 . 1  1 . 4  ~ 0 . 0  0 . 0  0 , 0  
- 4 . 9  ~ - 0 . 9  - 0 . 6  ~ 1 . 0  ~ 0 . 1  ~ 
- 1 . 9  ~ - 2 . 2  ~ - 0 . 2  ~ 0 . 1  0 . 1  ~ 

- 1 5 . 0  ~ - 9 . 4  ~ - 0 . 4  ~ 1 . 0  ~ 0 . 7  ~ 
- 1 5 . 0  ~ - 1 0 . 6  ~ - 0 . 2  ~ 0.8 ~ 0 . 5  ~ 

1 . 1  1 . 5  ~ 0.0 0.0 0 . 1  ~ 
6 . 1  ~ 5 . 4  ~ 0 . 1  - 0 . 7  ~ 0 . 0  
6 . 7  ~ 3 . 3  ~ 0 . 7  ~ 0 . 0  - 0 . 8  ~ 

- 2 . 5  ~ - 0 . 2  0 . 2  ~ - 1 . 6  ~ - 0 . 5  ~ 
2 . 8  ~" - 1 . 4  ~ 0 . 0  2 . 1  ~ 0 . 2  ~ 

1 3 . 9  ~ 1 4 . 9  ~ - 0 . 3  ~ - 1 . 0  ~ - 0 . 8  ~ 
2 . 9  ~ 2 . 0  ~ - 0 . 1  0 . 1  0 . 0  

0 . 7 6  0 . 5 6  0 . 0 7  0 . 1 2  0 . 0 4  

Significant at 5 per cent level 
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d i a m e t e r  and ke rne l  r ows ,  and P r o l i f i c  for  ke rne l  

r o w s .  Of the s ix  poor  c o m b i n e r s  fo r  g r a i n y i e l d  ( F r a n -  

c i s c o  F l i n t ,  J a w a h a r ,  V i k r a m ,  E 13, C a r i b b e a n  F l in t  

and P u e r t o  Rico  G r .  1) ,  four  w e r e  good c o m b i n e r s  for  

one o r  o the r  y i e ld  componen t ,  suppor t ing  the above 

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

There  was an ind ica t ion  that  the y i e ld  s u p e r i o r i t y  

of Cuba,  and to a l e s s e r  extent  of St C r o i x ,  was due 

to l a te  m a t u r i t y .  S i m i l a r  r e s u l t s  w e r e  a lso  r e c o r d e d  

in s ix  d ia i le l  c r o s s e s ,  c o m p r i s i n g  v a r i e t i e s  of v a r y -  

ing m a t u r i t y  r a n g e ,  s tud ied  by the  All India  C o o r d i n -  

a ted Maize  I m p r o v e m e n t  S c h e m e  ( P r o g r e s s  Repor t  

1972).  A c c o r d i n g l y ,  t h e r e  is  a need  for  g r e a t e r  c a r e  

to r e c o r d  g r a i n  y i e ld  unb iased  fo r  m a t u r i t y ,  to ob ta in  

e s t i m a t e s  of GCA r e l e v a n t  to p r a c t i c a l  b r eed ing .  Two 

a pp roaches  a r e  p o s s i b l e :  ( i)  to s tudy g r a i n  y i e ld  p e r  

dayl and ( i i )  to adjust  y i e l d  for  a v e r a g e  m a t u r i t y  

th rough r e g r e s s i o n  t echn ique .  The s econd  approach  

is  being appl ied  to h o s t - p e s t  r e s i s t a n c e  s tud ies  in the 

European corn-borer, particularly in correcting re- 

lative oviposition for plant height. Further work on 

these lines is desirable. 

Dhillon et at. (1977) reported mean performance 

of t he se  paren ta l  popula t ions .  Cuba was d i s t inc t ly  

d i f ferent  f rom the o the r  m a t e r i a l s ,  being the p o o r e s t  

y i e l d e r ,  having the longe s t ,  th innes t  cobs  and taking 

m a x i m u m  days to s i lk .  In combin ing  abi l i ty  a n a l y s i s ,  

it had the h ighes t  GCA effect  fo r  g r a i n  y i e ld  and e a r  

length ,  ind ica t ing  c o m p l e t e  a g r e e m e n t  be tween  m e a n  

p e r f o r m a n c e  and GCA effec t  for  e a r  length  but exac t ly  

the r e v e r s e  for  g r a in  y ie ld .  Another  d ive rgen t  pa ren t  

was Ant igua 2D, which had the s h o r t e s t  p lan ts ,  lowes t  

e a r  p l a c e m e n t  and m a x i m u m  number  of ke rne l  r ows .  

It was a lso  the best  c o m b i n e r  fo r  shor t  plant type and 

second  best  for  ke rne l  r o w s .  St C r o i x ,  an above a v e r -  

age y i e l d e r ,  had the th ickes t  e a r s  and was a l so  the 

best  gene ra l  c o m b i n e r  for  e a r  d i a m e t e r .  Ant igua  3D, 

J a w a h a r  and A 22 w e r e  b e t t e r  y i e l d e r s  and a v e r a g e  

Table 3. E s t i m a t e s  of spec i f i c  combin ing  abi l i ty  e f fec t s  of s o m e  hybr id  

P e d i g r e e  a Gra in  Days to Gra in  Plant  E a r  E a r  E a r  Kerne l  
y i e ld  s i lk  m o i s t u r e  height height  length d i a m e t e r  rows  

Good Spec i f ic  C o m b i n e r  For G r a i n  Yie ld  

1 X 17 1 7 . 1 "  - 1 . 8 "  - 0 . 4  0 .4  - 1 . 8  1 . 1 "  - 0 . 4  - 0 . 4 *  
1 •  1 1 . 1 "  0 .8  0 .5  4 .4  0.7 0 .5  0 .9  0 . 5 *  
2 •  1 0 . 1 "  - 1 . 2 "  0 .4  3.1 0 .0  0 .3  - 0 . 1  - 0 . 2  
3 •  1 3 . 6 "  0 .4  - 0 . 5  - 0 . 2  - 0 . 2  0 .4  0 .3  0 .0  
4 x 1 2  1 3 . 4 "  0 .0  0.1 - 1 . 9  - 3 . 1  0.1 0.1 - 0 . 3  
4 • 18 9 . 2 *  - 0 . 5  0 .8  6 . 2 *  5 . 0 *  0 .3  1 . 7 "  - 0 . 3  
6 •  1 2 . 6 "  0 .0  - 0 . 2  3.6 0 .5  - 0 . 2  - 0 . 3  - 0 . 5 *  
6 X13 1 0 . 0 "  - 0 . 7  - 0 . 2  7 . 4 *  7 . 0 *  0 .4  0 .4  0.2 
8 •  1 4 . 1 "  - 1 . 3  ~ 0 .8  3 .0  6 . 0 "  - 0 . 3  0 .1 0 .3  
9 x 1 5  9 . 1 "  - 1 . 0  1 . 2 "  0 .1  1 .4 0 .2  1 .9  ~ 0 .1  
11 X 15 1 1 . 2 "  0.1 - 0 . 3  0 .2  0 .2  - 0 . 1  - 0 . 6  - 0 . 1  
12 X19 1 3 . 9 "  - 0 . 5  0 .7  1.4 - 2 . 4  0 .4  0 .4  - 0 . 2  
14 X18 1 6 . 6 "  - 0 . 8  0 .8  9 .2*  1.7 0 .4  0 .4  0 .2  

P o o r  Spec i f ic  C o m b i n e r  F o r  Gra in  Yie ld  

2 •  - 8 . 5 *  - 1 . 1  0 .2  3 .4  - 1 . 2  0 . 8 *  0 .7  0 .0  
2 •  - 1 0 . 7 "  0 .9  0 .4  8 . 1 "  4 . 9 *  0 .5  - 1 . 1 "  - 0 . 6 *  
3 X 9  - 8 . 5  ~ 1 . 0  0 .1  - 0 . 7  - 2 . 0  - 0 . 1  - 0 . 4  - 0 . 6 *  
4 x 6  - 1 1 . 2 "  - 0 . 4  0 .1  - 6 . 0  - 1 . 3  - 0 . 7 *  - 0 . 4  - 0 . 2  
4 x 8  - 9 . 3 *  0 .4  - 1 . 0 "  - 5 . 7  - 1 . 5  - 0 . 1  - 0 . 1  0 .2  
5 X10 - 1 1 . 9 "  0 .0  0 .4  - 3 . 6  - 1 . 2  - 0 . 5  - 1 . 1 "  - 0 . 2  
6 •  - 1 7 . 2 "  2 . 2 *  - 0 . 7  - 2 . 1  - 0 . 4  - 0 . 5  - 0 . 2  0 . 4 *  
7 x 1 8  - 8 . 8 *  2 . 0 *  - 0 . 7  1.1 2 .3  0 .0  - 1 . 1 "  - 0 . 6 *  
9 X19 - 1 0 . 5 "  0 .2  - 0 . 4  - 0 . 9  - 1 . 9  0 .4  0 .2  - 0 . 2  
12 •  - 2 2 . 8 "  1 . 7 "  - 0 . 7  - 1 3 . 7 "  - 7 . 8 "  - 1 . 0 "  - 2 . 4 *  - 0 . 1  
14 • 16 - 8 . 8 *  0.6 0 .0  - 1 0 . 5 "  - 0 . 8  - 0 . 8 *  - 1 . 0 "  0 .2  
14 X 17 - 9 . 2 *  - 0 . 3  0 .5  4.1 - 0 . 8  - 0 . 5  1 . 6 "  0 . 5 *  
15 X 19 - 1 3 . 9  ~ 0 .2  - 0 . 1  - 1 0 . 4 "  - 7 . 5 *  - 0 . 9 "  - 0 . 6  0 .2  
17 X 18 - 8 . 9 *  1 .4  0 .4  - 1 2 . 9 "  - 1 0 . 5 "  - 0 . 2  - 1 . 0 "  - 0 . 3  

S . E . ( s i j ) •  4 .20  0 .56 0.51 3.12 2 .32 0 .30  0 .48 0 .17 

* Significant at 5 per cent level 
a Pedigree code is given in Table 2 
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gene ra l  c o m b i n e r s ,  except  for  J a w a h a r  which was a 

poor  gene ra l  c o m b i n e r .  

Hybr ids  with s ign i f ican t  pos i t i ve  SCA ef fec t s  fo r  

g r a i n  y i e ld  w e r e  A m b e r  • Pue r to  Rico  Gr .  I, Ant igua  

3D x St C r o i x ,  P r o l i f i c  x F r a n c i s c o  F l i n t ,  Ant igua  

Gr .  1 • Yel lowTuxpeno,  K i sanXCuba ,  Vijay x Ant igua  

G r . 1 ,  C 2 •  23, E 13 x C a r i b b e a n  F l in t ,  A m b e r  • 

F r a n c i s c o  F l in t ,  J a w a h a r  x C a r i b b e a n  F l in t ,  C 2 • 

Ant igua 2D, Vijay x St C r o i x  and A 22 • C a r i b b e a n  

F l in t  (Table 3) .  F i f t e e n  hybr ids  had s ign i f i can t  SCA 

e f fec t s  fo r  e a r l y  m a t u r i t y  and, of t h e s e ,  A m b e r  x 

Pue r to  Rico  Gr .  1, J a w a h a r  • C a r i b b e a n  F l in t  and 

P r o l i f i c  • F r a n c i s c o  F l in t  combined  d e s i r a b l e  e f fec t s  

for  both y i e ld  and m a t u r i t y .  None of the hybr ids  with 

pos i t i ve  SCA for  y i e ld  showed s ign i f ican t  SCA ef fec t s  

e i t h e r  fo r  shor t  s t a t u r e  o r  for  low e a r  p l a c e m e n t .  

However ,  the t h r e e  hybr ids  c i t ed  above w e r e  m e d i u m  

c o m b i n e r s  for  e a r  p l acemen t  ( excep t  P r o l i f i c  X F r a n -  

c i s co  F l in t )  and plant height .  F o u r t e e n  hybr ids  had 

s igni f icant  nega t ive  SCA ef fec t s  for  g r a i n  y i e ld  and 

t he se  w e r e ,  in g e n e r a l ,  a s s o c i a t e d  with pos i t i ve  SCA 

ef fec t s  for  s i lk ing  and nega t ive  SCA ef fec t s  for  height  

and e a r  c h a r a c t e r s .  

A m b e r  x Pue r to  Rico  G r . t ,  J a w a h a r  X P r o l i f i c ,  

Vijay x St C r o i x ,  C 2 x Ant igua Gr .  1, J 236 • C r o i x ,  

A 22 x Ant igua 3D, E 13 x F r a n c i s c o  F l in t ,  Ant igua  

G r . I  X Ant igua 2D, Ant igua  3D x Cuba,  C a r i b b e a n  

F l in t  x Yel low Tuxpeno, Cuba X Pue r to  Rico  Gr .  I, 

Pue r to  Rico  Gr .  I x St C r o i x  and St C r o i x  • Ye l low 

Tuxpeno showed  s ign i f i can t  SCA e f fec t s  fo r  fou r  o r  

m o r e  t r a i t s .  Of p a r t i c u l a r  i n t e r e s t  was the hybr id  

Ant igua Gr .  1 x Antigua 2D, which had the h ighes t  

number  of s ign i f ican t  SCA ef fec t s  ( fo r  all t r a i t s  e x -  

cept  g r a i n  m o i s t u r e  and ke rne l  r o w s ) .  It had the 

lowes t  SCA ef fec t s  for  g r a in  y ie ld ,  plant height  and 

e a r  d i a m e t e r .  Such poor  p e r f o r m a n c e  was expec ted ,  

s ince  the p a r e n t s  a r e  c l o s e  r e l a t e d  in o r ig in .  

C o n s i d e r a t i o n  of GCA e f fec t s  of the pa ren t s  in -  

vo lved  in the c r o s s e s  showing s ign i f i can t ly  pos i t i ve  

and nega t ive  SCA ef fec t s  fo r  y i e ld  ind ica ted  no a s s o -  

c i a t ion  be tween  e x p r e s s i o n  of GCA and SCA e f fec t s .  

None of the hybr ids  showing s ign i f i can t ly  nega t ive  

SCA e f f ec t s  was e i t he r  a poor  • poor  o r  a good • good 

c r o s s ;  the s a m e  was the c a s e  for  hybr ids  with s i g n i -  

f icant ly  pos i t i ve  SCA ef fec t s  except  fo r  two poor  •  

combina t ions  ( J a w a h a r  • C a r i b b e a n  F l in t  and E 13 X 

C a r i b b e a n  F l i n t ) .  A good gene ra l  c o m b i n e r  ( P r o l i f i c )  

was the mos t  c o m m o n  pa ren t  amongs t  the  hybr ids  

showing s ign i f i can t ly  nega t ive  SCA e f fec t s ,  whi le  a 

poor  g e n e r a l  c o m b i n e r  ( C a r i b b e a n  F l in t )  was the most  

c o m m o n  pa ren t  in the o the r  g roup  of hybr ids .  It was 

a lso  i n t e r e s t i n g  that the hybr id  of the best  g e n e r a l  

c o m b i n e r  (Cuba) and best  y i e l d e r  (Ant igua3D)  showed 

s ign i f i can t ly  nega t ive  SCA e f f ec t s .  

S i x t y - t h r e e  hybr ids  showed s ign i f i can t  su pe r io i t y  

in g r a i n  y i e l d  o v e r  m i d - p a r e n t  and the m a x i m u m  h e t e r -  

o s i s  was 40 p e r  cent  for  Ki san  x Cuba ( T a b l e 4 ) .  I twas  

i n t e r e s t i n g  that  all the  c r o s s e s  involv ing  Cuba y ie lded  

b e t t e r  than the m i d - p a r e n t  with a r ange  of 6 to 40 p e r  

cen t .  Cuba was a lso  invo lved  in s ix  of the top eight  hy-  

b r i d s .  The p e r f o r m a n c e  of Cuba,  and i ts  p r a c t i c a l  i m -  

p l i ca t ions ,  have  been  d i s c u s s e d  by Dhil lon and Singh 

( i 9 7 5 ) .  P r o l i f i c ,  a l so  a good c o m b i n e r  l ike  Cuba,  was 

the s e c o n d  mos t  c o m m o n  pa ren t ,  but St C r o i x  ano ther  

good gene ra l  c o m b i n e r ,  t r a i l e d  behind A 23, Ant igua  

G r .  1, Ant igua  2D, Yel low Tuxpeno and C 2. Signif icant  

h e t e r o s i s  o v e r  b e t t e r  pa ren t  was obta ined  for  32 hy-  

b r i d s .  Three  hybr ids  (Kisan  X Cuba,  C 2 X Cuba and 

A 23 x Cuba) showed o n e - t h i r d  g r e a t e r  y i e ld  than the 

b e t t e r  pa r en t .  

E igh teen  hybr ids  w e r e  highly h e t e r o t i c ,  as they 

p e r f o r m e d  s ign i f i can t ly  b e t t e r  than m i d - p a r e n t  fo r  

four  o r  m o r e  c h a r a c t e r s  (Table 4 ) .  H e t e r o t i c  r e s p o n -  

s e s  of v a r i o u s  t r a i t s  exh ib i t ed  a def in i te  a s s o c i a t i o n  

be tween  them in t h e s e  hyb r id s .  Gra in  y i e ld  was a s s o -  

c i a t e d  with y i e ld  componen t s ,  p a r t i c u l a r l  y e a r  d ia -  

m e t e r  and k e r n e l  r o w s .  C o n t r a r y  to p r e v i o u s  i nd i -  

ca t ions ,  t h e s e  hybr ids  c o m b i n e d  h e t e r o t i c  r e s p o n s e s  

for  high y i e ld  and e a r l y  m a t u r i t y .  None of t he se  hy-  

b r i d s  was h e t e r o t i c  for  l o w e r  e a r  p l a c e m e n t  (excep t  

Ant igua  Gr  1 • C a r i b b e a n  F l in t )  and shor t  plant he ight .  

The best  g e n e r a l  c o m b i n e r  (Cuba) was a pa ren t  of 

50 p e r  cent  of the highly h e t e r o t i c  combina t ions .  This 

was expec t ed  as Cuba  was the mos t  d i v e r s e  pa ren t .  

The s e c o n d  mos t  c o m m o n  paren t  was St C r o i x  (good 

g e n e r a l  c o m b i n e r  for  y ie ld )  and it was invo lved  in 

f ive  hyb r id s .  With r e g a r d  to the con t r ibu t ion  of highly 

h e t e r o t i c  hybr ids ,  the t h i r d  good g e n e r a l  c o m b i n e r  

for  y i e ld  ( P r o l i f i c )  was o v e r t a k e n  by Ant igua  Gr .  I, 

Vi jay,  C a r i b b e a n  F l i n t  and F r a n c i s c o  F l i n t .  

In a p r a c t i c a l  b r eed ing  p r o g r a m m e ,  it would be 

useful  to t e s t  the s u p e r i o r i t y  of a hybr id  o v e r  a s t and-  

a rd  c u l t i v a r .  In the p r e s e n t  s tudy,  J a w a h a r  was the 

h i g h e s t - y i e l d i n g  s t a n d a r d  c u l t i v a r  and only f ive  hy-  
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H e t e r o t i c  H y b r i d s  F o r  G r a i n  Y i e l d  

P e d i g r e e  a M P  B P  P e d i g r e e  M P  B P  P e d i g r e e  M P  B P  

1 • 10 115"  111 5 • 16 122"  117"  9 • 16 119"  108 
1 • 12 117"  113"  6 x 10 129"  127"  10 x 12 116"  116"  
1 • 16 120"  113"  6 • 12 122"  120"  10 • 13 112"  110 
1 • 17 118"  116"  6 • 13 125"  121"  10 • 16 134"  131"  
1 X 20 116"  113"  6 • 16 133"  132"  10 X 17 113 ~* 107 
2 X 16 120"  108 6 X 19 114"  112 10 X 19 112"  112 
3 • 6 116"  112 6 • 20 114"  110 11 X 16 121"  113"  
3 X 8 113"  112 7 • 8 116"  111 12 X 16 128"  125"  
3 X 10 112 ~ 111 7 X 12 113"  105 12 X 19 128"  128"  
3 X 12 111"  109 7 • 13 115"  105 12 • 20 115 ~ 113"  
3 • 16 140"  135"  7 X 16 115"  109 13 X 16 1 2 6 "  121 ~ 
3 • 19 113"  112 8 X 9 111" 105 13 X 18 112"  107 
4 • 10 113"  106 8 • 10 124"  121"  13 X 19 112 ~ 111 
4 X 12 122 ~ 114"  8 • 12 118"  115"  14 X 18 116"  113"  
4 • 13 114"  108 8 X 13 119"  117"  15 X 16 112"  104 
4 • 16 119"  110 8 • 15 114"  110 15 X 18 111"  110 
4 X 18 115"  114"  8 • 16 128"  122"  16 X 17 118"  110 
4 X 19 113"  106 8 • 17 112"  108 16 • 18 125"  115"  
5 • 6 112"  107 8 • 18 120"  116 ~ 16 • 19 128 ~ 125 ~ 
5 • 8 116 ~ 116"  8 • 19 118"  116"  16 X 20 123"  118"  
5 X 13 115"  114 ~ 8 X 20 125"  124"  18 X 19 111"  105 

H igh ly  H e t e r o t i c  H y b r i d s  ( M P )  

P e d i g r e e  a G r a i n  D a y s  to  G r a i n  P l a n t  E a r  E a r  E a r  K e r n e l  
y i e l d  s i l k  m o i s t u r e  h e i g h t  h e i g h t  l e n g t h  d i a m e t e r  r o w s  

1 X 16 120"  96* 96 105 106 102 105"  104"  
2 • 16 120"  97* 98 103 102 99 106"  104"  
3 • 16 140 ~ 95* 93* 106 107 102 107"  104"  
4 x 13 114"  96* 102 106 104 104 105"  106"  
4 x 15 101 96* 91"  99 96 99 104"  107"  
4 • 16 119"  96* 99 111 106 102 106"  105"  
5 x 16 122"  96* 92* 106 10 9 102 106"  106"  
7 X 12 113"  96* 97 99 98 107"  106"  104"  
8 x 18 120"  97* 104 106 110 102 104"  105"  
10 X 16 134"  97* 99 106 108 105"  110"  104"  
12 x 15 100 97*  95 97 95* 103 106"  107"  
12 • 16 128"  94 e 98 102 97 100 108"  109 ~ 
12 • 20 115"  95* 97 104 108 102 105"  106"  
14 K 18 116"  98* 103 108 107 101 103 ~ 104"  
15 • 18 111"  96* 98 108 110 101 104"  106"  
16 • 18 125"  94* 93* 113 113 104 106"  109"  
16 X 20 123"  94* 94* 106 105 96 105"  102 
18 • 19 111"  97* 97 106 107 97 105"  106"  

* The d i f f e r e n c e s  b e t w e e n  h y b r i d  m e a n  a n d  p a r e n t  m e a n  s i g n i f i c a n t  at 5 p e r  c e n t  
a P e d i g r e e  c o d e  i s  g i v e n  in  Tab le  2 

b r i d s  ( K i s a n  x C u b a ,  A n t i g u a  3D x St C r o i x ,  P r o l i f i c  

X St C r o i x ,  V i j a y  x A n t i g u a  G r .  1 a n d  A 23 • C u b a )  

y i e l d e d  s i g n i f i c a n t l y  b e t t e r  t h a n  J a w a h a r  ( t h e  s u p e r -  

i o r i t y  b e i n g  11 to  18 p e r  c e n t ) .  E x t e n s i v e  e v a l u a t i o n  

of t h e s e  f i v e  v a r i e t a l  h y b r i d s  w o u l d  be  d e s i r a b l e  f o r  

c o m m e r c i a l  e x p l o i t a t i o n .  V a r i e t a l  h y b r i d s  h a v e  t h e  

e d g e  o v e r  t h e  s t a n d a r d  i n b r e d - h y b r i d  a p p r o a c h  in  c o n -  

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

b a s e ,  s u c h  h y b r i d s  a r e  a l s o  e x p e c t e d t o  be  m o r e  s t a b l e  

in  t h e i r  p e r f o r m a n c e  in  t h e  f a c e  of  w e a t h e r  f l u c t u a t i o n s  

a n d  p e s t s  a n d  d i s e a s e s .  They  a r e  a l s o  a m e n a b l e  to  

f u r t h e r  i m p r o v e m e n t  by s e l e c t i o n .  It i s  w o r t h w h i l e  
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adding that varietal hybrids are being commercially 

grown and further improved in Kenya (Darrah et ai. 

1972).  
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