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A Study of Heterosis in Upland Cotton (Gossypium hirsutum L.) 
R.S. Pathak and Parkash Kumar 

Haryana Agricultural University, Hissar (India) 

S u m m a r y .  H e t e r o s i s  (ove r  mid pa ren t )  and "usefu l"  h e t e r o s i s  (over  c o m m e r c i a l  va r i e t y  H14) e s t i m a t e s  were  
obtained f rom a l ine x t e s t e r  ana lys i s  of c r o s s e s  involving th i r t een  d i v e r s e  f emale  pa ren t s  with two local ly  a -  
dapted v a r i e t i e s  H14 ( local  s tandard)  and J34.  Marked h e t e r o s i s  was o b s e r v e d  for  seed  cotton y ie ld ,  boll num-  
ber  and halo length.  The values  of pos i t ive  h e t e r o s i s  and "usefu l"  h e t e r o s i s  for  seed  cotton yie ld  ranged f rom 
28.1 to 8 7 . 0 g  and 20.1 to 4 5 . 5 g ,  r e s p e c t i v e l y .  The ove ra l l  study of h e t e r o s i s  r evea l ed  that f emale  pa ren t s  
PRS-72  (USSR),  5904F (USSR) and MCU-5 (Madras  Cambodian Uganda Selec t ion ,  Co imba to re )  were  among the  
top t h r ee  f e m a l e s ,  showing cons ide rab le  h e t e r o s i s  in c r o s s e s  with H14 and J34 for  seed  cotton yie ld  and f ibre  
p r o p e r t i e s .  The p rac t i ca l  d i f f icul t ies  in exploi t ing the phenomenon of h e t e r o s i s  and poss ib le  expe r imen ta l  ap-  
p roaches  in upland cotton a r e  d i s cus sed .  

Introduct ion 

Heterosis has often been obtained in cotton but to be of 

potential value a hybrid should be more profitable than 

the best available commercial variety. This means that 

hybrids should be higher yielding and probably possess 

superior fibre properties as well. Spectacularly high- 

yielding hybrids with superior fibre properties have been 

recently developed in India. The pace has been set by 

the development of an intra-hirsut~n hybrid, named 'Hy- 

brid-4', which has the parentage of Gujarat-67 (Local 

standard) and American Nectariless. This hybrid has 

recorded very high yields of seed cotton and has shown 

adaptability to varied soils and climatic conditions in 

the central state of Gujarat and parts of Mysore and Ma- 

harastra (Patel, 1971). It is the first hybrid cotton va- 

riety in the world to be grown on such a large scale. An- 

other equally promising hybrd, Varalaxmi, has been de- 

veloped in the state of Mysore (Katarki, 1972). This hy- 

brid was developed from an interspecific cross of the lo- 

cally adapted variety Laxmi (G. hirsutv~w) with SB289E 

(G.barbadense) from the U.S.S.R. In large scale trials 

conducted in the Mysore State, this hybrid has outyielded 

Hybrid-4 and possesses superior fibre properties as 

well. The yield potential of these hybrids, when grown 

in the northern part of India, has not been realized be- 

cause of the differing agroclimatic conditions prevailing. 

There is no such high-yielding hybrid or variety avail- 

able for cultivation in the north where, nertheless, there 

is great potential for increasing cotton production. In 

this study we investigated the potential value of hetero- 

sis in the northern environment, using two of the better 

varieties as common parents in each cross studied. 

Materials and Methods 

We crossed thirteen inbred lines with two locally adapt- 
ed parents, HI4 (Local standard) and J34. These varie- 
ties were selected, primarily on the basis of their di- 
versity for yield components and fibre properties, from 
a large collection of genetic stocks obtained from the 
U.S.A., the U.S.S.R., Africa and fromwithin India. The 
general and genetic background and designation for each 
parent is as follows: 

HI4 - The locally adapted commercial variety with 
average yield potential but poor in fibre pro- 
perties. 

J34 - An improved variety, slightly later than HI4 
and possessing a high degree of resistance to 
j a s s i d s .  

TH37 - A va r i e ty  syn thes ized  f rom an i n t e r s p e c i f i c  
cross of G. thurberi • G.hirsutum (TH) at In- 
dore and improved for lint qualities and jas- 
sid resistance. 

LLPool - A selection from local material collected 
at Hissar for long lint. 

PRS-72 - Pirrcom Russian Strain is an introduction 
from the U.S.S.R. It is characterized by short 
fruiting sympodial branches and cluster boll 
bearing, complete suppression of monopodial 
branches, early maturity, but high suscepti- 
bility to jassids under northern Indian conditions. 

K4005 - An introduction from the U.S.S.R. withhigh 
yield potential, early maturity and high gin- 
ning percentage. 

5904F - Another early maturing type from the U.S.S.R. 
with good fibre quality characters. 

RebaB-50 - A strain from East Africa, reported to 
be immune to all races of Xa~uthomonas 
malvaeearu~w prevalent in India. It is also early 
in maturity and drought resistant but highly 
susceptible to jassids. 

SA267 - An early maturing strain from South Ameri- 
ca. 

Stoneville - A strain from the U.S.A., which bears 
bold bolls and has a high ginning percentage. 

Type 6-6-4R - Another strain from the U.S.A. with 
many monopodial branches and medium matu- 
rity. 

Bobdel - An int roduct ion f rom West Af r ica ,  having 
a high ginning pe rcen tage  and long f i b r e s .  

5143C - A  s t r a in  f rom Ceylon having high yie lds  and 
a high ginning percentage. 
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Table  1. H e t e r o s i s  and  " u s e f u l "  h e t e r o s i s  ( in  p a r e n t h e s e s )  e x p r e s s e d  a s  p e r c e n t a g e  in up land  
co t t on  

H y b r i d  Days  to f i r s t  No.  o f  b o l l s  Bol l  weigh t  No .  of  s e e d s  
f l o w e r i n g  p e r  p lan t  ( g m )  p e r  bol l  

SA267 x J 3 4  - 1 . 1 ( - 0 . 3 )  - 2 6 . 2 ~  - 3 . 2  - 7 . 6  
R e b a - B - 5 0  • J34 12.9  - 1 4 . 8  5 . 8 ( 2 . 5 )  - 1 0 . 1  
I S C 7 6 •  2 . 1 ( - 1 . 7 )  8 . 1 ( 3 7 . 4  ~ )  1 4 . 7 ( 1 . 6 )  - 1 .5  
S t o n e v i l l e x  J34 - 8 . 7 ( - 8 . 2 )  3 0 . 9 ~ ( 3 6 . 4 ~  ~) - 7 . 2  1 . 5 ( 1 1 . 3 )  
5904F • J34 13.7  3 8 . 1 " 4 ( 4 7 . 3  ~ )  3 . 1 ( 1 . 3 )  4 . 8  
K4005 x J34 16 .9  - 3 6 . 9  *~4 13 .4  - 2 3 . 9 4  
LLPool • J34 - 7 . 0 ( - 1 . 9 )  2 8 . 2 4 ( 1 7 . 7 )  - 9 . 2  7 . 8 ( 2 . 3 )  
TH37 • J34 - 2 . 1 ( - 3 . 4 )  3 5 . 6 ~ 4 ( 3 6 . 6  ~4) 8 . 9  1 2 . 2 ( 2 . 9 )  
Type 6 - 6 - 4 R x  J34 7 . 6  - 0 . 8  5 .9  1 2 . 1 ( 0 . 5 )  
5143C • J34 - 1 . 0 ( 1 . 8 )  - 4 1 . 8  *~ - 1 9 . 5  - 6 .7  
Bobde l  x J34 4 .1  - 1 9 . 9  - 2 2 . 2 4  4 . 9 ( 8 . 5 )  
M C U - 5 x  J34 - 3 2 . 0 4 4 ( 5 . 6 )  - 4 2 . 7 4 4 ( 3 7 . 1  ~ )  - 2 .3  - 1 0 . 1  
P R S - 7 2  • J34 0 . 1  5 9 . 2 * 4 ( 4 4 . 8 4 4  ) 2 .7  2 . 4 ( 2 . 7 )  
SA267 X H14 9 .0  - 3 8 . 6 4 4  - 2 .7  - 7 . 4  
R e b a - B - 5 0  x H 1 4  - 5 . 8 ( - 6 . 2 )  - 2 1 . 6  ~ - 3 .9  - 0 . 1 ( 1 . 3 )  
ISC76 X H14 - 5 . 6 ( - 3 . 6 )  - 3 1 . 9  ~ - 4 .3  - 9 .7  
S t o n e v i l l e •  H14 - 2 . 5 ( - 1 . 9 )  2 . 6 ( 6 . 4 )  - 1 4 . 9  - 8 . 2 ( 0 . 1 )  
5904F • H14 - 3 . 4 ( - 6 . 3 )  - 3 0 . 8 4 4  - 8 . 2  1 4 . 2 ( 7 . 7 )  
K4005 • H14 4 . 5  - 3 2 . 1 4 ~  - 2 5 . 7  ~ - 2 3 . 2  *4 
LLPool • H14 - 9 . 1 ( - 1 . 8 )  - 1 8 . 1  - 3 6 . 2  - 7 . 9  
TH37 • H14 - 8 . 9 ( - 7 . 8 )  - 4 7 . 8 4 ~  - 2 . 2  - 1 5 . 5  
T y p e - 6 - 6 - 4 - R  • H14 5 .9  - 2 8 . 6 4  - 3 6 . 0  - 1 2 . 9  
5143C x H14 1.8 - 2 1 . 8 4  - 1 9 . 6  7 . 1 ( 9 . 9 )  
Bobdel  x H14 12 .2  3 2 . 3 4 ( 1 9 . 7  ~) - 2 9 . 4  5 . 6 ( 8 . 5 )  
M C U - 5 x H 1 4  - 6 . 8 ( - 3 1 . 8  ~ )  - 3 7 . 3 4 4  - 2 .6  - 2 1 . 5  ~ 
P R S - 7 2 •  H14 - 1 . 2 ( 1 5 . 9 )  6 4 . 6 4 ~ ( 4 9 . 1 4 ~ )  4 .9  4 . 3 ( 5 . 8 )  

4 4  
S i g n i f i c a n t  at P = 0 . 0 5 ;  s i g n i f i c a n t  at  P = 0 . 0 1  

ISC76 - An i m p r o v e d  s t r a i n  wi th  e x t r a - l o n g  f i b r e s  
d e v e l o p e d  in G u j a r a t .  

M C U - 5  - A C a m b o d i a n  type  e x t r a  long  s t a p l e  v a r i e t y  
wi th  h igh  y i e l d  p o t e n t i a l .  It i s  the  b e s t  hirsuturn 
co t ton  v a r i e t y  a d a p t e d  to s o u t h e r n  s t a t e s  of  In -  
d ia ,  but f a i l s  m i s e r a b l y  in n o r t h e r n  I n d i a n c o n -  
d i t i o n s .  

The 41 t r e a t m e n t s  (26F~ h y b r i d s  and  15 p a r e n t s )  
w e r e  g r o w n  in  a r a n d o m i z e d  b lock  d e s i g n  wi th  t h r e e  r e -  
p l i c a t i o n s  at the  R e s e a r c h  F a r m  of  H a r y a n a  A g r i c u l t u r a l  
U n i v e r s i t y ,  H i s s a r ,  d u r i n g t h e  y e a r  1972. I n d i v i d u a l p l o t s  
w e r e  s i n g l e  r o w s  e a c h  of  t e n p l a n t s ,  s p a c e d a t  60 c m  b e -  
t w e e n  r o w s  and  30 c m  b e t w e e n  the  p l a n t s .  F i v e  p l a n t s i n  
e a c h  e n t r y  w e r e  s e l e c t e d  r a n d o m l y  in  e a c h  r e p l i c a t i o n  fo r  
o b s e r v a t i o n s  on :  (1) d a y s  to f i r s t  f l o w e r i n g ;  (2) n u m -  
b e r  of  b o l l s  p e r  p l a n t ;  (3) bol l  we igh t  ( g m )  - a v e r a g e  
of  f ive  b o l l s  f r o m  e a c h  p l a n t ;  (4)  n u m b e r  of  s e e d s  p e r  
bol l  - a v e r a g e  of s e e d s  f r o m  5 b o l l s  f r o m  e a c h  p lan t  ; 
(5) g inn ing  p e r c e n t a g e  - a v e r a g e  of  5 s a m p l e s  f r o m  
e a c h  e n t r y ,  wi th  the  he lp  of  g inn ing  p e r c e n t a g e  b a l a n c e ;  
(6) s e e d  index  ( g m ) ;  ( 7 ) l i n t  i n d e x  ( g m )  - c a l c u l a t e d  
as  the  r a t i o  of  s e e d  i n d e x  x g inn ing  p e r c e n t a g e / 1 0 0  - 
g inn ing  p e r c e n t a g e  ; (8) y i e l d  of  s e e d  co t t on  ( g m )  p e r  
p l an t  - a v e r a g e  of  f ive  s e l e c t e d  p l a n t s  in e a c h  e n t r y ;  
(9) ha lo  l eng th  ( m m )  - a v e r a g e  of  f ive  h a l o s  f r o m  e a c h  
p lan t  u s i n g  a ha lo  l eng th  m e a s u r i n g  d i s c  p r o v i d e d  by the  
Co t ton  T e c h n o l o g i c a l  L a b o r a t o r y ,  B o m b a y .  

S t a t i s t i c a l  a n a l y s i s  w a s  c a r r i e d  out  on the  m e a n  v a l -  
ues  of  f ive  p l a n t s  o b t a i n e d  in  e a c h  e n t r y .  T e s t s  of  s i g -  
n i f i c a n c e  fo r  h e t e r o s i s  ( F ~ - M P )  and " u s e f u l "  h e t e r o s i s  
(F1-H14)  w e r e  m a d e  on the  c o m p u t e d  d i f f e r e n c e s .  The 
d i f f e r e n c e s  w e r e  e x p r e s s e d  a s  p e r c e n t a g e  of  the  m i d -  
p a r e n t  ( M P )  and  c o m m e r c i a l  H14 a s  h e t e r e s i s  p=  100 x 
( F I - M P ) / M P  and " u s e f u l "  h e t e r o s i s  p = 100x ( F 1 - H 1 4 ) /  
H14, r e s p e c t i v e l y .  

R e s u l t s  

Table  1 g i v e s  p e r c e n t  h e t e r o s i s  m e a s u r e d  a s  i n c r e a s e  

( p o s i t i v e )  o r  d e c r e a s e  ( n e g a t i v e )  o v e r  the  m i d - p a r e n t  

va lue  and " u s e f u l "  h e t e r o s i s  m e a s u r e d  a s  i n c r e a s e  o v e r  

t he  c o m m e r c i a l  v a r i e t y  H14, f o r  e a c h  t r a i t .  

F o u r t e e n  out o f  t w e n t y - s i x  c r o s s e s  s t u d i e d  s h o w e d  

n e g a t i v e  h e t e r o s i s  f o r  n u m b e r  of  d a y s  t aken  f r o m  s o w -  

ing to f i r s t  f l o w e r i n g ,  which  was  d e s i r a b l e .  Both  c r o s -  

s e s  i nvo lv ing  M C U - 5  wi th  J34 and  H14 s h o w e d  n e g a -  

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

b i n a t i o n s .  The " u s e f u l "  h e t e r o s i s  f o r  t h i s  c h a r a c t e r  was  

o b s e r v e d  only  in  one  c r o s s  MCU x H14.  

Only s e v e n  c r o s s e s  s h o w e d  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  v a l u e s  fo r  n u m b e r  of b o l l s  p e r  p l a n t .  M a x i m u m  

h e t e r o t i c  i n c r e a s e  in  bol l  n u m b e r  was  r e c o r d e d  in c r o s -  

s e s  i nvo lv ing  the  f e m a l e  p a r e n t  P R S - 7 2  wi th  H14 and 

J34" 64 .6  p e r c e n t  h e t e r o s i s  w a s  r e c o r d e d  in  c r o s s  

P R S - 7 2  • H14, c l o s e l y  fo l lowed  by the  c r o s s  P R S - 7 2  • 

J34 ( 5 9 . 2  ~ ) .  T h e s e  c r o s s e s  a l s o  r e c o r d e d  s i g n i f i c a n t  

v a l u e s  of  " u s e f u l "  h e t e r o s i s ,  nex t  in  v a l u e  be ing  the  

c r o s s e s  5904F x J34 ( 4 7 . 3  ~) and P R S - 7 2 X J 3 4  ( 4 4 . 8 ~ ) .  

It i s  i n t e r e s t i n g  to no te  tha t  t he  p a r e n t  P R S - 7 2 ,  wh ich  

b e a r s  few b o l l s  on i t s  p l a n t s  due  to i t s  h igh  s u s c e p t i b i l i -  

ty  to j a s s i d s ,  h a s  c o n t r i b u t e d  a h igh n u m b e r  of  b o i l s  in 
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Seed Lint Ginning Yield of Halo 
index index p seed cotton length 

0 . 9  1 7 . 8 ( 1 1 . 9 )  1 2 . 1 " * ( 6 . 0 " * )  - 5 0 . 8 " *  
2 . 7 ( 2 . 6 )  9 . 3 ( 9 . 9 )  4 . 3 ( 1 . 8 - )  - 1 5 o 5  

- 3 . 7 ( 4 . 2 )  - 8 . 3  - 1 . 9  - 0 . 9 ( 6 . 9 )  
- 3 . 8  0 . 7  3 . 1 ( 0 . 6 )  4 0 .  I * * ( 2 0 . 1 " )  

- 1 2 . 1 "  1 6 . 5  - 3 . 4  6 4 4 7 * * ( 4 5 . 5 * * )  
- 1 5 . 7 " *  - 1 , 8  1 0 . 2 ( 0 . 9 )  - 5 2 , 8  ~*  
- 6 . 4  - 2 . 4  - 3 . 3  2 8 . 1 "  

0 . 1  - 0 . 8  - 0 . 3  3 8 . 7 * *  
3 . 8  5 . 2  9 . 7  - 4 4 . 9 * *  

- 3 . 9  - 1 . 7  1 . 9  - 3 8 . 8 * *  
- 9 . 3  - 2 2 . 1 "  - 1 0 . 5 " *  - 2 9 . 1 "  

- 5 . 1  - 4 . 1  2 . 2  6 4 . 5 " * ( 1 6 . 1 )  
5 . 9  - 1 5 . 3  5 . 5  8 7 . 0 * * ( 3 4 . 1 " * )  

- 8 . 6  - 6 . 1  2.8 - 5 1 . 3 " *  

1 , 9 ( 4 . 6 )  1 . 4 ( 7 . 5 )  - 0 . 3  - 1 4 . 3  
6 , 7 ( 4 . 7 )  - 1 0 . 2  .01  - 4 6 . 2 * *  

- 5 . 1  - 6 . 2  .01  - 2 1 . 9 "  

- 9 . 4  - 4 . 8 ( 1 , 9 )  1 . 2 ( 1 . 5 )  - 4 3 . 2 * *  
- 1 0 . 8 "  - 1 . 2  3 . 9  - 6 7 . 1 " *  
- 2 . 5  - 7 . 9  - 2 . 9  - 4 6 . 3 " *  
- 3 . 5  3 . 9 ( 1 . 4 )  6 . 0 ( 0 . 9 )  - 3 6 . 6 " *  
- 7 . 7  - 7 . 5  6 . 5  - 6 1 . 2 " *  

- 2 . 3  1 . 3 ( 0 , 3 )  2 . 8  - 2 1 . 7 "  
3 . 1 ( 0 . 6 )  - 1 . 4  - 2 . 5  - 2 4 . 7 *  
3 . 3  4 . 8  2 . 5  - 1 5 . 9 " *  

- 5 . 4  0 . 5  5 . 1  6 4 . 1 " * ( 3 6 . 6 " * )  

4 . 8 ( 1 2 . 0 )  
0 . 6 ( 4 . 0 )  
5 . 5 ( 1 2 . 4 " )  

- 1 . 6  
2 . 7  

1 2 . 2 * ( 1 6 . 5 * * )  
- 3. I(12.0") 
- 0 . 7 ( 1 2 . 0 " )  

8 . 9 ( 8 . 0 )  
- 2.4(12.8") 
- 3.2(2.0) 

3.3(13.2.) 
- 5 . 9  

2 0 . 8 * * ( 2 3 . 7 * * )  
7 . 8 ( 1 0 . 4 )  
3.8(lO.O) 

1 3 . 8 " ( 1 4 . 0 " )  
- 1 4 . 3 " ( 9 . 2 )  

9 . 3 ( 1 2 . 8 " )  
- 0 . 2 ( 1 4 . 9 " )  

3 . 9 ( 1 6 . 5 " * )  
3 . 9 ( 2 . 4 )  

- 7 . 7 ( 1 . 2 )  
4 . 2 ( 9 . 2 )  

- 3 . 2 ( 5 . 6 )  

7 . 4 ( 8 . 0 )  

cross combinations. The other female parents which 

showed high values of "useful" heterosis for boll num- 

ber were ISC76, MCU-5, TH37, and Stoneville when 

crossed with J34. 

Negative heterosis was observed in most of the cros- 

ses studied for boll weight. Eight crosses showed posi- 

tive heterosis, whereas only three crosses exhibited 

"useful" heterosis. The crosses showing "useful" het- 

erosis, were Reba B-50 x J34 (2.5~), ISC67 x J34 

(1.6~) and 5904F X J34 (1.3~). For number of seeds 

per boll, eleven hybrids showed positive heterosis, though 

it was not significant in any case. The cross 5904F • HI4 

showed the maximum increase of 14.270 in number of 

seeds over its midparent value. Maximum value of "use- 

ful" heterosis of II.3~ was recorded in the cross be- 

tween Stoneville and J34 for number of seeds per boll. 

Though most of the hybrids showed negative heterosis 

for seed index, it was positive in eight crosses. The cross 

combination ISC76 x HI4 recorded the maximum value 

of both heterosis and "useful" heterosis. For lint produ- 

ced from I00 seeds, maximum heterosis increase to the 

order of 17.8 % was found in the cross SA267 • J 34. This 

cross also recorded the maximum value of 11.9% of 

"useful" heterosis. 

Contrary to the negative heterosis observed for seed 

index and lint index, the heterosis values for ginning per- 

centage were positive in most of the cases. However, it 

was only one cross (SA267 • J34) which showed signifi- 

cant values ofheterosis (12.1~) as well as "useful" 

heterosis (6.0 7O ). The other crosses which gave a fairly 

high positive heterosis involved the female parents K4005, 

Type 6-6-4 R and PRS-72, when crossed with male parents 

J34 and H14, and TH37 with HI4. 

When heterosis was calculated for yield of seed cotton 

most of the crosses showed negative values. Only seven 

out of twenty-six crosses showed a heterosis increase 

over their midparent values. The maximum heterosis 

increase of 87 ~ was observed in the cross PRS-72 • 

J34, followed by two crosses, PRS-72 • HI4 and 

5904F X J34, both showing 64~ heterosis. The same 

three crosses showed higher values of "useful" hetero- 

sis than did the others. As much as 45.5~ of "useful" 

heterosis was found in cross 5904F • J34, while the 

other two crosses PRS72 • J34 and PRS-72 • HI4 gave 

nearly 35 $ of "useful" heterosis for seed cotton yield. 

An encouraging result was obtained for halo length. 

Sixteen out of twenty-six crosses showed heterosis for 

halo length over HI4. A maximum of 23.7~ of hetero- 
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s i s  ( p o s i t i v e )  w as  found  in  t he  c r o s s  SA267 x H14 f o r  

t h i s  c h a r a c t e r .  The o t h e r  c r o s s e s  w h i c h  s h o w e d  c o n s i d -  

e r a b l e  i n c r e a s e s  in  f i b r e  l e n g t h  o v e r  H14 i n v o l v e d  t he  

f e m a l e  p a r e n t s  K4005 ,  TH37,  LLPool ,  M C U - 5  and  ISC-  

76,  c r o s s e d  w i th  J 34  a n d  H14.  

D i s c u s s i o n  

N u m e r o u s  s t u d i e s  i n  c o t t o n  h a v e  s h o w n  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  w h e r e  h e t e r o s i s  w as  d e f i n e d  a s  F 1 - M P ,  MP 

d e n o t i n g  t h e  m i d - p a r e n t  v a l u e .  Though  s e v e r a l  w o r k e r s  

h a v e  s u g g e s t e d  t h e  f e a s i b i l i t y  of e x p l o i t i n g  h e t e r o s i s  in  

i n t e r v a r i e t a l  c r o s s e s ,  t h i s  h a s  no t  b e e n  e x p l o i t e d  c o m -  

m e r c i a l l y ,  m a i n l y  b e c a u s e  of  t he  low m a g n i t u d e  of  h e t -  

e r o s i s  in  m o s t  i n t e r v a r i e t a l  c r o s s e s .  The F 1 i n c r e a s e s  

h a v e  no p r a c t i c a l  u s e  u n l e s s  t he  h e t e r o s i s  i n c r e a s e  o v e r  

t he  c o m m e r c i a l  v a r i e t y  i s  l a r g e .  Good c r o s s  c o m b i n a -  

t i o n s  h a v e  b e e n  v e r y  f ew  in m o s t  s t u d i e s .  Th i s  m a y  be  

e x p l a i n e d  by  e x a m i n i n g  t he  c y t o g e n e t i c  m a k e - u p  of  u p l a n d  

c o t t o n .  In c r o s s - p o l l i n a t e d  c r o p s  s u c h  a s  m a i z e  t he  h c -  

m o z y g o u s  i n b r e d s ,  when  c r o s s e d ,  e x h i b i t  h e t e r o s i s  of 

h i g h  o r d e r .  The h y b r i d  p o p u l a t i o n s ,  a s  a r u l e ,  a r e  h e t -  

e r o z y g o u s  and  h o m o g e n e o u s .  In c o t t o n ,  h o w e v e r ,  b o t h  p a -  

r e n t a l  and  h y b r i d  p o p u l a t i o n s  a r e  h e t e r o z y g o u s  and  h e t -  

e r o g e n e o u s  a n d  t h e y  d i f f e r  on ly  in  d e g r e e .  C o t t o n  i s  r e a d -  

i ly  s e l f - f e r t i l i z e d ,  but  i t  d o e s  not  a p p r o a c h  o b l i g a t e  s e l f -  

f e r t i l i z a t i o n .  G.hirsu~wn i s  a n  a m p h i d i p l o i d  and  i t  m a i n -  

t a i n s  a f o r m  of  h e t e r o z y g o s i t y  b e t w e e n  h o m o e l o g o u s  l o c i .  

S t r a i n s  a l r e a d y  c a r r y i n g  t he  f a v o u r a b l e  d o m i n a n t  g r o w t h  

g e n e s  would  not  be  e x p e c t e d  to e x p r e s s  m u c h  h e t e r o s i s .  

The i n f l u e n c e  of  the  d u p l i c a t e d  g e n e t i c  i n f o r m a t i o n  of  the  

a l l o t e t r a p l o i d  w as  d e m o n s t r a t e d  e x p e r i m e n t a l l y  w h e n  

Young e t  a l .  ( 1966)  s h o w e d  t h a t  c u l t i v a t e d  a l l o t e t r a p l e i d  

c o t t o n  (G.hirsutum) d i s p l a y e d  l e s s  i n b r e e d i n g  d e p r e s s i o n  

and  h e t e r o s i s  t h a n  c u l t i v a t e d  d i p l o i d  c o t t o n  (G. avborewn). 

In f ac t  t he  m a t e r i a l  s e l f e d  f o r  m a n y  g e n e r a t i o n s  m a i n -  

t a i n s  a h i g h  d e g r e e  of  h e t e r o z y g o s i t y  a t  m a n y  l o c i .  T h e r e -  

f o r e ,  t he  m a g n i t u d e  of  h e t e r o s i s  in  u p l a n d  c o t t o n  i s  m u c h  

l e s s  t h a n  t h a t  g e n e r a l l y  e x p e c t e d .  

In t he  p r e s e n t  s t u d y  h e t e r o s i s  i n c r e a s e  f o r  y i e l d  of  

s e e d  c o t t o n  was  no t  a p p r e c i a b l y  h i g h .  Of t w e n t y - s i x  c r o s s -  

e s ,  o n l y  s e v e n  s h o w e d  p o s i t i v e  h e t e r o s i s ,  r a n g i n g  f r o m  

28 .1  to 8 7 . 0 ~ .  The " u s e f u l  '~ h e t e r o s i s ,  t h a t  i s ,  t h e  h e t -  

e r o s i s  i n c r e a s e  o v e r  H14,  f o r  s e e d  c o t t o n  y i e l d  r a n g e d  

f r o m  2 0 . 1  to 4 5 . 5 % .  T h e s e  r e s u l t s  w e r e  v e r y  c l o s e  to 

t he  m a x i m u m  " u s e f u l "  h e t e r o s i s  o b s e r v e d  by  o t h e r  w o r -  

k e r s  ( H a w k i n s  et  a l .  1965;  J o n e s  a n d  Loden ,  1951;  Lee 

e t  a l .  1967;  M i l l e r  and  Lee ,  1 9 6 4 ) .  It i s  e v i d e n t  t h a t  

" u s e f u l "  h e t e r o s i s  f o r  y i e l d  e x i s t s  in  v e r y  few c r o s s  c o m -  

b i n a t i o n s .  Th i s  m e a n s  t h a t  m a n y  m o r e  c r o s s e s  s h o u l d b e  

s t u d i e d  to f ind  a r e a l l y  good  c r o s s  c o m b i n a t i o n  wi th  h i g h  

h e t e r o s i s .  A m o n g  t he  y i e l d  c o m p o n e n t s ,  i n c r e a s e  i n b o l l  

n u m b e r  w a s  a m a j o r  c o n t r i b u t i n g  f a c t o r  in  h e t e r o s i s  a n d  

" u s e f u l "  h e t e r o s i s  f o r  s e e d  c o t t o n  y i e l d  in  t h e s e  p o p u l a -  

t i o n s .  The r e s u l t s  of  i n d i v i d u a l  t r a i t s  in  t h i s  s t u d y  a r e  

c o m p a r a b l e  wi th  t h o s e  of  e a r l i e r  r e p o r t s  by  P a t h a k  ( 1968 ) ,  

Hooda  ( 1 9 6 9 ) ,  S ingh  e t  a l .  ( 1969)  a n d  S i n g h  a n d  M u r t y  

( 1 9 7 1 ) .  H o w e v e r ,  a b r e e d e r  d o e s  not  m a k e  d e c i s i o n s  

s o l e l y  in  t e r m s  of  i n d i v i d u a l  t r a i t s .  When  t h e  c o m b i n e d  

r e s u l t s  f o r  y i e l d  a n d  l i n t  q u a l i t y  f a c t o r s  a r e  o b s e r v e d  t he  

s u p e r i o r i t y  of  h y b r i d s  i s  e v e n  m o r e  p r o n o u n c e d .  F o u r  

h y b r i d s ,  n a m e l y  P R S - 7 2  x H14,  P R S - 7 2  x J 3 4 ,  5904F • 

• J 3 4  a n d  M C U - 5  • J 3 4 ,  w e r e  s u p e r i o r  in  y i e l d  of  s e e d  

c o t t o n  to t he  l o c a l  c o m m e r c i a l  v a r i e t y  H14 and  a l s o  h a d  

l o n g e r  f i b r e  t h a n  H 14.  T h e s e  h y b r i d s  c o u l d  b e  c o n s i d e r e d  

a f a v o u r a b l e  c r o s s  c o m b i n a t i o n .  T h e r e  c a n  b e  l i t t l e  doub t  

t h a t  t he  s m a l l  f a v o u r a b l e  i n c r e a s e  in  b o t h  y i e l d  and  f i b r e  

p r o p e r t i e s  c a n  c o m b i n e  to p r o d u c e  h y b r i d s  w i th  m u c h  

s u p e r i o r  p e r f o r m a n c e  to an  a c c e p t e d  v a r i e t y  l i ke  H14.  

The d e g r e e  of  h e t e r o s i s  d e p e n d s  p r i m a r i l y  on  d o m i -  

n a n c e  and  g e n e t i c  d i v e r s i t y .  Loci  w i thou t  d o m i n a n c e  c a n  

s h o w  n e i t h e r  i n b r e e d i n g  d e p r e s s i o n  n o r  h e t e r o s i s .  B e -  

c a u s e  of  t he  a l l o t e t r a p l o i d  n a t u r e  of  G. hirsutwn, t h e  i n -  

t e r v a r i e t a l  c r o s s e s  do not  s h o w  p r o n o u n c e d  i n b r e e d i n g  

d e p r e s s i o n  and  h e t e r o s i s .  The a l t e r n a t i v e  b r e e d i n g  

p r o c e d u r e  would  be  to e x p l o i t  h e t e r o s i s  in  c r o s s e s  b e -  

t w e e n  p a r e n t s  w i th  g r e a t e r  g e n e t i c  d i v e r s i t y .  The d e g r e e  

of  h e t e r o s i s  f o l l owing  a c r o s s  b e t w e e n  two p a r t i c u l a r  

l i n e s  o r  p o p u l a t i o n s  d e p e n d s  o n  t he  s q u a r e  of  t he  d i f f e r -  

e n c e  of  g e n e  f r e q u e n c y  b e t w e e n  p o p u l a t i o n s  ( F a l c o n e r ,  

1 9 6 0 ) .  As  e x p e c t e d ,  t h e  m a x i m u m  a m o u n t  of  p o s i t i v e  

h e t e r o s i s  f o r  s e e d  c o t t o n  y i e l d  was  o b t a i n e d  in  c r o s s e s  

of  g e n e t i c a l l y  d i v e r s e  p a r e n t s ,  i . e .  b e t w e e n  P R S - 7 2  

( U . S . S . R . ) ,  5904F ( U . S . S . R . ) ,  M C U - 5  ( C a m b o d i a n  

t ype  s t r a i n  f r o m  C o i m b a t o r e )  a n d t h e  l o c a l l y  a d a p t e d  

m a l e  p a r e n t s  J 3 4  a n d  H14 .  It i s  a l s o  e x p e c t e d  t h a t  t he  

c r o s s e s  b e t w e e n  a d a p t e d  • e x o t i c  p a r e n t s  would  s h o w  a 

h i g h e r  m a g n i t u d e  of  h e t e r o s i s  t h a n  t h o s e  b e t w e e n  a d a p t -  

ed  • a d a p t e d  o r  e x o t i c  • e x o t i c  p a r e n t s .  Such  f a v o u r -  

a b l e  c r o s s  c o m b i n a t i o n s  w e r e  f ew in  t h e  p r e s e n t  m a t e r i a l ,  

a s  m o s t  of t h e  c r o s s e s  s h o w e d  n e g a t i v e  h e t e r o s i s .  The 

m a g n i t u d e  o f h e t e r o s i s  r e p o r t e d b y  s o m e  w o r k e r s  i s  e v e n  

l o w e r  t h a n  t h e  r e s u l t s  o b t a i n e d  h e r e .  M e r e d i t h  et  a l .  

( 1 9 7 2 ) ,  f o r  e x a m p l e ,  o b t a i n e d  h e t e r o s i s  r a n g i n g  f r o m  

7 . 1  to 47.07~ and  " u s e f u l "  h e t e r o s i s  f r o m  8 . 0  to 1 5 . 0 ~ .  

Th i s  w a s  p r o b a b l y  due  to t h e  l a c k  of  g e n e t i c  d i v e r s i t y  in  

t h e i r  m a t e r i a l .  
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B r e e d i n g  M e t h o d o l o g y  

C o n s i d e r i n g  the  r e s u l t s  r e p o r t e d  so  f a r ,  i t  a p p e a r s  that  

the  m a g n i t u d e  of  h e t e r o s i s  i n c r e a s e s  ob t a ined  in m o s t  

s t u d i e s  in upland co t ton ,  i nc lud ing  the  p r e s e n t  one ,  has  

been  r a t h e r  low and so  not of  p r a c t i c a l  u s e .  It i s  on ly  

r a r e l y  that  f a v o u r a b l e  c r o s s  c o m b i n a t i o n s  have  been  o b -  

t a i n e d .  Unde r  t h e s e  c i r c u m s t a n c e s  the  a p p l i c a t i o n  of  a 

new b r e e d i n g  p r o c e d u r e ,  n a m e d  the  " C o m p r e h e n s i v e  

B r e e d i n g  S y s t e m " ,  ou t l i ned  by E b e r h a r t  et  a l .  (1967) ,  

a p p e a r s  a p r o m i s i n g  e x p e r i m e n t a l  a p p r o a c h  to d e v e l o p -  

ing  s u p e r i o r  co t ton  h y b r i d s .  In c o n t r a s t  to the  c o n v e n t i o n -  

al p r o c e d u r e ,  the  c o m p r e h e n s i v e  b r e e d i n g  s y s t e m  u t i -  

l i z e s  two i m p r o v e d  popu la t i ons  to d e v e l o p  s u p e r i o r  h y -  

b r i d s .  The s y s t e m  has  fou r  ma in  p h a s e s :  

1. E v a l u a t i o n  of  l o c a l  and e x o t i c  v a r i e t i e s  so  that  the  

b r e e d i n g  m a t e r i a l  i s  the  bes t  a v a i l a b l e .  S ince  g e n e r a l  

c o m b i n i n g  ab i l i t y  i s  m o s t  i m p o r t a n t  in the  p r e l i m i n a r y  

s c r e e n i n g ,  the  c o m p a r i s o n  of  a l l  c o l l e c t i o n s  a s  t e s t  c r o s -  

s e s  to the  l o c a l l y  adap ted  v a r i e t y  would of ten  be the  m o s t  

s a t i s f a c t o r y  m e t h o d .  Ohe s e a s o n  r e s u l t  would  u s u a l l y  

p r o v i d e  a d e q u a t e  i n f o r m a t i o n  f r o m  which to s e l e c t  the 

bes t  e n t r i e s  i f  enough  l o c a t i o n s  a r e  u s e d .  

2. C o m p o s i t i n g  the  s e l e c t e d  b r e e d i n g  m a t e r i a l  into 

two o r  m o r e  popu la t ions  in such  a m a n n e r  that  e a c h p o p -  

u la t ion  has  c o n s i d e r a b l e  g e n e t i c  v a r i a t i o n  fo r  the t r a i t s  

l i ke  y i e l d ,  i t s  c o m p o n e n t s  and f i b r e  p r o p e r t i e s ,  so  that  

c r o s s e s  of  t h e s e  popu la t ions  wi l l  s h o w  h e t e r o s i s .  

3. R e c u r r e n t  s e l e c t i o n  in e a c h  popu la t ion  to i n c r e a s e  

the  f r e q u e n c y  of  f a v o u r a b l e  g e n e s  so that  the  popu la t i ons  

and popu la t ion  c r o s s e s  a r e  i m p r o v e d  with  e a c h  s e l e c t i o n  

c y c l e .  S e l e c t i o n  of p l a n t s  in each  s e l e c t i o n  c y c l e  cou ld  

be  b a s e d  on c e r t a i n  n o r m s  f ixed  fo r  y i e ld  of  s e e d  co t ton ,  

g inn ing  p e r c e n t a g e  and f i b r e  p r o p e r t i e s .  I n t e r m a t i n g  b e -  

tween  s e l e c t e d  p lan t s  of  a popu la t ion  cou ld  be i n c r e a s e d  

by p l ac ing  honey bee  h i v e s  in the  f i e ld ,  i s o l a t e d  f r o m  a n -  

o t h e r  such  p o p u l a t i o n .  I n c r e a s e d  i n t e r m a t i n g  would  p e r -  

mi t  g r e a t e r  r e c o m b i n a t i o n  and m o r e  c h a n c e s  of  r e c o m -  

b in ing  d e s i r a b l e  c h a r a c t e r s .  Gene t i c  and c y t o p l a s m i c  

m a l e  s t e r i l e  l i n e s ,  w h e r e  a v a i l a b l e ,  cou ld  be  u t i l i z e d e f -  

f e c t i v e l y .  

4. R e l e a s e  of  a c o m m e r c i a l  v a r i e t y  as  a s i n g l e  c r o s s  

h y b r i d  f r o m  i n b r e d  l i n e s  d e v e l o p e d  f r o m  e l i t e  m a t e r i a l  

a f t e r  e a c h  c y c l e  of  s e l e c t i o n .  

The a p p l i c a t i o n  of  the  c o m p r e h e n s i v e  b r e e d i n g  s y s t e m  

has  been  v e r y  s u c c e s s f u l  in d e v e l o p i n g  s u p e r i o r  h y b r i d s  

in m a i z e  ( E b e r h a r t  et a l .  1967 and Suwan ta r adon  and 

E b e r h a r t  1974) and s o r g h u m  (Dogge t t  and E b e r h a r t ,  1968) .  

H o w e v e r ,  the  s u p e r i o r i t y  of  th i s  p r o c e d u r e  o v e r  the  c o n -  

ven t iona l  p r o c e d u r e  in the  c a s e  of  co t ton  n e e d s  to be  e x -  

p e r i  m e n t a l l y  v e r i f i e d .  
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