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Estimates of Genetic Parameters , for Lint Quality 
in Upland Cotton (Gossypium hirsutum) 
N.L .  Innes ,  R . H .  Wimble  and H . E .  G r i d l e y ,  Cotton R e s e a r c h  Corpo ra t i on ,  Namulonge  R e s e a r c h  Sta t ion,  Kampa la  
(Uganda) ,  and Ro thams t ed  E x p e r i m e n t a l  Sta t ion,  Ha rpenden ,  H e f t s  (England)  

S u m m a r y .  In a ha l f  d ia l le l  set  of c r o s s e s  involving twe lve  AH (67) pa r en t s  and in a full  d ia l le l  se t  with 
nine A lba r  51 l ines  the gene t ic  con t ro l  of t h r e e  c h a r a c t e r s  of f i b r e  qua l i ty ,  n a m e l y  e f f ec t i ve  length ,  
f ib re  bundle s t r eng th  and m i c r o n a i r e  va lue  could  l a r g e l y  be accounted  fo r  by an addi t ive  (pa ren t  § pa -  
ren t )  m o d e l .  N e v e r t h e l e s s ,  t h e r e  w e r e  non-add i t ive  e f fec t s  that could be a t t r ibu ted  to p a r t i c u l a r  pa -  
r e n t s .  H o w e v e r ,  fo r  p r a c t i c a l  plant b r eed ing  p u r p o s e s ,  it s e e m s  that w h e r e  i m p r o v e m e n t s  in lint qua l -  
i ty only a r e  being sought ,  the bes t  b reed ing  method  is  p e d i g r e e  l ine b r e e d i n g ,  suppor ted  by r e c u r r e n t  
s e l e c t i o n  us ing c r o s s e s  of the  bes t  l ines  to p roduce  s u p e r i o r  r e c o m b i n a n t s .  Signif icant  i n t e r a c t i o n s  b e -  
tween pa r en t s  and s i t e s  fo r  the  t h r e e  lint qua l i ty  t r a i t s  ind ica te  that qual i ty  t e s t s  o v e r  a wide range  of 
condi t ions  a r e  adv i sab le  at a f a i r l y  e a r l y  s tage  in any se l ec t i on  p r o g r a m m e  in Uganda.  

1. In t roduct ion  

Although cot ton is  p r i m a r i l y  a s e l f -po l l i na t i ng  c r o p ,  

c r o s s - p o l l i n a t i o n  o c c u r s  to an extent  that is  gove rned  

l a r g e l y  by the e f f ec t ive  populat ion of insec t  po l len  v e c -  

t o r s ,  ma in ly  b e e s .  In cot ton b reed ing  t h e r e  has  been  

c o n s i d e r a b l e  e m p h a s i s  on p e d i g r e e  b r e e d i n g ,  when s e l f -  

pol l ina t ion  is  usua l ly  e n s u r e d  by se~l ing cot ton f l ow er s  

to p r even t  the en t ry  of pol len  v e c t o r s .  

Genet ic  i m p r o v e m e n t  of cot ton in E a s t  A f r i c a  has  

been  ach ieved  ma in ly  by p e d i g r e e  s e l e c t i o n  methods  

(Arno ld  1971),  al though the f i r s t  s eed  i s s u e  of Satu 

b r e d  by Low (1968) was a m a s s  s e l e c t e d  populat ion f r o m  

an open po l l ina ted  modal  bulk.  H o w e v e r ,  i m p r o v e d  SATU 

71 is  a m i x t u r e  of two p e d i g r e e  l ines  s e l e c t e d  f r o m  the 

o r ig ina l  Satu bulk ( J o n e s  1973).  

The s u c c e s s  of p e d i g r e e  s e l e c t i o n ,  a imed  at p rodu -  

cing homozygous  l i ne s ,  sugges t s  that y ie ld  and lint qua l -  

i ty in cot ton a r e  g o v e r n e d  l a r g e l y  by loci  at which the 

genes  a r e  addi t ive  in ac t ion  and lends  suppor t  to Ma tz in -  

g e r ' s  (1963) conc lus ion  tha t ,  for  a wide r ange  of c h a r -  

a c t e r s  in s e l f - f e r t i l i z e d  c r o p s ,  t h e r e  is  a p r e d o m i n a n c e  

of addi t ive  gene t ic  v a r i a n c e .  M a t z i n g e r  was h o w e v e r ,  

c a r e fu l  to e m p h a s i z e  that  in planning a b r eed ing  p r o -  

g r a m m e  fo r  such c r o p s ,  gene t ic  i n fo rma t ion  should be 

sought fo r  each  spec i f i c  s i tua t ion  and he out l ined a s i -  

mul taneous  se l f ing  and d ia l l e l  t e s t  c r o s s i n g  des ign  fo r  

tobacco  in which e s t i m a t e s  of gene t ic  v a r i a n c e  w e r e  ob-  

ta ined  t o g e t h e r  with an e a r l y  eva lua t ion  of s e l f ed  p r o -  

geny.  

Although s e v e r a l  genes  caus ing  m a l e  s t e r i l i t y  in c o t -  

ton have  been  found ( W e a v e r  and Ash ley  1971),  no s a -  

t i s f a c t o r y  s y s t e m  of inducing s t e r i l i t y  and r e s t o r i n g  f e r -  

t i l i ty  has  been d i s c o v e r e d  and c r o s s i n g  has  to be a c h i e v e d  

by tedious  and t i m e - c o n s u m i n g  methods  of e m a s c u l a t i o n  

and hand-po l l ina t ion .  N e v e r t h e l e s s ,  in two groups  of 

m a t e r i a l  in the cot ton b r eed ing  p r o g r a m m e  at N a m u -  

longe ,  r e c u r r e n t  s e l e c t i o n  was in t roduced  in an a t t empt  

to r e a r r a n g e  genes  so that as  many  f avourab l e  c o m b i -  

nat ions  as pos s ib l e  could be concen t r a t ed  into one plant 

type .  In one of the g roups ,  which invo lved  A l b a r  s e l e c -  

t ions ,  i n fo rma t ion  was a lso  being sought on the c o m b i n -  

ing abi l i ty  of s e l e c t e d  l ines  as par t  of a s tudy of m u l t i -  

l ine  s e e d  m i x t u r e s .  The i n h e r i t a n c e  of y ie ld  componen t s  

and lint qual i ty  c h a r a c t e r s  was s tud ied  in the f i r s t  cyc le  

of c r o s s i n g  in both groups  of m a t e r i a l .  Data  fo r  l int  

qual i ty  a r e  p r e s e n t e d  h e r e ;  r e s u l t s  fo r  y ie ld  c o m p o -  

nents  a r e  being p r e p a r e d  fo r  pub l ica t ion .  

2.  M a t e r i a l s  and Methods  

Twelve F~ p e d i g r e e  s t r a i n s  (denoted  A H ( 6 7 ) - )  f r o m  a 
c r o s s  be tween  A l b a r  A ( 6 1 ) 2 1 ,  a loca l ly  adapted ped i -  
g r e e  l ine  c lo se ly  r e l a t e d  to the c o m m e r c i a l  v a r i e t y  B P A ,  
and Barhop ,  a v a r i e t y  b r e d  fo r  high lint s t r eng th  in the 
Sudan (Low 1962),  w e r e  c r o s s e d  in al l  combina t ions  wi th-  
out r e c i p r o c a l s  ( Innes  1973b).  The p e d i g r e e  of t h e s e  
s t r a i n s  is  shown in F i g .  1. 

P a r e n t s  and hybr ids  f r o m  th is  12 x 12 half  d ia l l e l  
set  w e r e  inc luded in a 9 • 9 ba l anced  l a t t i ce  s q u a r e  with 
5 r e p l i c a t e s  at Namulonge  in 1969-70, along with B P A ,  
A(61)21  and Barhopo Plo t  s i z e  was 4 . 3 2 m  ~ with two 
plants  p e r  s tand in two rows  at a spac ing  of 0 . g i n  b e -  
tween and 0 .3  m within r o w s .  

The second group of m a t e r i a l  u sed  in r e c u r r e n t  s e -  
l ec t ion  work  involved  the p e d i g r e e  s e l e c t i o n s  BPA 68, 
A ( 6 6 ) 2 2 ,  29, 36, 102, 131, 134 a n d A ( 6 7 ) 8 ,  12, f r o m  
A l b a r  51; all  nine s e l e c t i o n s  s t e m m e d  f r o m  A(57)5  
( Innes  and Jones  1972) and w e r e  used  in the BPA i m -  
p r o v e m e n t  p r o g r a m m e  (Arno ld  and Innes 1975).  The de-  
r i va t ion  of t he se  nine l ines  i s  shown in F i g . 2 .  A(57)5  is  
a s ixth gene ra t i on  inbred  f r o m  A474,  with s ing le  plant 
s e l ec t i on  in each  g e n e r a t i o n ,  The p a r e n t s  in the 9 x 9 
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Fig.1. Pedigree of AH(67) parents used in 12 x 12 half 
diallel set 
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Fig.2. Pedigree of Albar 51 selections used in 9 x 9 
full diallel set 

full diallel set were therefore highly inbred, in contrast 
to those used in the 12 • 12 half diallel set which were 
F4 selections from an inter-varietal cross. A 9 • 9 full 
diallel set of crosses provided 72 hybrids which were 
included with the nine parents in a 9 • 9 balanced lat- 
tice square with 5 replicates at Namulonge (Southern 
Uganda) and at Mubuku (Western Uganda) in 1970-71. 
Plot size was 4.32 m ~ in the rainfed trial at Namulonge 
and 3.24 m ~ in the irrigated one at Mubuku. 

Lint for testing in the Namulonge fibre testing labo- 
ratory (see Innes 1973a) was a composite sample from 
all picks. Measurements were made for effective length, 
fibre bundle breaking strength at ~" gauge and micron- 
aire value; details of these lint quality characters are 
given by Lord and Underwood (1958) and Lord ( 1961). 

Hayman's (1954) analysis of variance was used for 
both sets of crosses, the rows and columns of the lat- 

tice square design being ignored. Jinks' (1954) Wr, 
Vr regression method was not used for the half diallel 
set as the parents were not highly inbred. Canonical 
variate analysis (Seal 1964; Whitehouse 1970) was used 
to represent graphically the parents and the hybrids in 
each data set. This technique often makes possible the 
construction of an approximate graphical representation 
of parents and hybrids in two or three dimensions, using 
as axes two or three linear combinations of a much 
larger number of measurements originally made on 
them. In the application considered here the reduction 
in dimensionality was only from three variates to two, 
but nevertheless it represented a worth-while simpli- 
fication. The analysis was carried out on plot estimates 
of the lint quality measurements after removing repli- 
cate effects. The linear combinations, usually termed 
canonical variates, were scaled to have unit standard 
deviation and parents and hybrids were plotted using 
the first two canonical variates as axes. 

All statistical analyses were carried out at Rotham- 
sted Experimental Station on an I.C.L. System 470 com- 
puter using Genstat. 

3. Results and Discussion 

12 x 12 Half Diallel Set 

Included in Table I are mean values for the characters 

effective length, bundle strength and micronaire value 

for the AH (67) parents. Analyses of variance (Hayman 

1954) are shown in Table 2. In these analyses, item 'a' 

refers to additive parental effects, and 'b' to non-addi- 

tive effects. The latter is partitioned into terms of bl, 

which provides a test of mean potence; b2, which re- 

presents variation of mean potence from array to array 

and b3, which measures non-additive genetic variance 

ascribable to residual specific interactions after account- 

ing for parental array effects. Variance ratios (VR) 

were calculated using the associated block interaction 

terms. General and specific combining abilities (Grit- 

ling 1956) were also calculated for the three traits. 

General combining abilities (g.c.a. 's) are given in 

Table 3, as are also values for mean potence. 

The analyses in Table 2 indicate that while additive 

effects are the largest in the three traits, there are 

some non-additive ones also. For micronaire value, the 

statistical significance of the b item is associated with 

b3, and from an examination of the specific combining 

abilities (s.c.a's) for this trait, it appears to be due 

to large non-additive effects in three particular cros- 

ses involving parents AH(67) 1,2,4 and 7. Additive ef- 

fects, however, are overwhelmingly large for this trait, 

with the parent AH(67)13 giving an unusually large 

g. c.a. value. For effective length and bundle strength, 

the mean squares for b 2 and b 3 are similar to their 

associated block-interaction errors. However, the non- 

significance of b I for effective length needs to be treat- 

ed with caution because the degrees of freedom of its 
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S . E .  of 
A H ( 6 7 )  1 2 3 4 5 7 11 13 17 18 19 20 M e a n  a s i n g l e  

p a r e n t  m e a n  

E f f e c t i v e  l e n g t h  3 8 . 8  3 9 . 7  4 0 . 7  4 0 . 1  3 8 . 9  3 7 . 8  4 0 . 9  3 8 . 9  4 1 . 0  4 0 . 7  4 0 . 6  4 1 . 7  4 0 . 0  0 . 3 6  

B u n d l e  s t r e n g t h  2 0 . 0  2 2 . 0  2 1 . 3  2 1 . 6  2 2 . 5  2 2 . 7  2 1 . 5  2 2 . 3  2 3 . 4  2 3 . 0  2 2 . 3  2 2 . 6  2 2 . 1  0 . 4 6  

Micronaire value 4.3 4.2 4.0 4.4 4.3 4.1 4.5 5.1 4.3 4.5 4.3 4.1 4.34 0.06 

T a b l e  2 .  H a y m a n  a n a l y s i s  of  v a r i a n c e  f o r  e f f e c t i v e  l e n g t h ,  b u n d l e  s t r e n g t h  a n d  m i c r o n a i r e  v a l u e  in  12 • 12 h a l f  
d i a l l e l  s e t  of A H ( 6 7 )  c r o s s e s  

E f f e c t i v e l e n ~ h  B u n d l e s t r e n g t h  M i c r o n a i r e v a l u e  
DF MS VR MS 'VR MS VR 

a 11 

b 66 

b 1 1 

b 2 11 

b 3 54 

a x b l o c k s  44 

b X b l o c k s  264 

b 1 x b l o c k s  4 

b 2 X b l o c k s  44 

b 3 x b l o c k s  216 

1 5 . 2 3  2 6 . 6 ~ e ~  1 0 . 6 9  7 . 5 a ~  1 . 2 3 0  

0 . 8 0  1 . 4 ~  1 . 0 3  1 . 0 n s  0 . 0 3 0  

1 0 . 6 2  5 . 7 n s  4 . 6 3  2 9 . 7 ~  0 . 0 7 3  

0 . ~ 5  1 . 5 n s  0 . 9 7  1 . 0 n s  0 . 0 2 6  

0 . 6 0  1 . 1 n s  0 . 9 8  < l n s  0 . 0 3 1  

0 . 5 7  1 . 4 2  0 . 0 2 9  

0 . 5 8  1 . 0 3  0 . 0 1 9  

1 . 8 6  0 . 1 6  0 . 0 5 6  

0 . 5 7  0 . 9 6  0 . 0 1 9  

0 . 5 6  1 . 0 6  0 . 0 1 9  

4 2 . 4 ~ e  

1 . 6 ~  

1 .3  n s  

1 . 4  n s  

1 . 6 " ~  

~e~ P < 0 . 0 0 1  
~ P < 0 . 0 1  

e P < 0 . 0 5  

n s  n o n - s i g n i f i c a n t  

T a b l e  3 .  G e n e r a l  c o m b i n i n g  a b i l i t y  e s t i m a t e s  f o r  t w e l v e  A H ( 6 7 )  p a r e n t s  a n d  v a l u e s  f o r  m e a n  p o t e n c e  in  12 • 12 
h a l f  d i a l l e l  s e t  

P a r e n t  E f f e c t i v e  B u n d l e  M i c r o n a i r e  
1 e n g t h  s t r e n g t h  v a l u e  

AH(67) 1 - 0 . 6 2  - 0 . 9 8  - 0 . 0 2  
2 - 0 . 1 5  0 . 0 3  - 0 . 0 4  
3 0 . 1 6  - 0 . 0 5  - 0 . 1 4  
4 0 . 1 5  - 0 . 1 7  0 . 1 0  
6 - 0 . 1 9  0 . 1 6  - 0 . 0 1  
7 - 0 . 9 3  0 . 3 5  - 0 . 1 5  

11 0 . 3 3  - 0 . 3 6  0 . 0 5  
13 - 0 . 3 4  0 . 3 5  0 . 3 3  
17 0 . 3 1  0 . 3 7  - 0 . 0 1  
18 0 . 2 4  0 . 3 8  0 . 0 9  
19 0 . 2 5  - 0 . 0 9  - 0 . 0 6  
20 0 . 7 7  0 . 0 1  - 0 . 1 3  

P a r e n t a l  m e a n  3 9 . 9 8  2 2 . 0 9  4 . 3 5  
H y b r i d  m e a n  4 0 . 4 4  2 1 . 7 9  4 . 3 1  
M e a n  p o t e n c e  + 0 . 4 6  - 0 . 3 0  - 0 . 0 4  
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e r r o r ,  4 ,  m a k e  the  t e s t  of low p o w e r  and  h e n c e  i n s e n -  

s i t i v e  to  a d i f f e r e n c e  w h i c h  m a y  be p r e s e n t  in r e a l i t y .  

F o r  e f f e c t i v e  l e n g t h  h y b r i d s  t e n d  to  h a v e  h igh  v a l u e s ;  

t h i s  i s  b o r n e  out  by the  m e a n  p o t e n c e  f i g u r e  of 0 . 4 6  in 

T a b l e  3.  The g . c . a ' s  g i v e n  in Tab le  3 s h o w  a r a n g e  of 

- 0 . q 3  to  + 0 . 7 7  f o r  l e n g t h ,  and  i n d i c a t e  tha t  fo r  t h i s  

c h a r a c t e r  p a r e n t  A H ( 6 7 ) 2 0  i s  s u p e r i o r  to  t h e  o t h e r  p a -  

r e n t s .  By c o n t r a s t  t he  a v e r a g e  bund le  s t r e n g t h  of h y -  

b r i d s  i s  b e l o w  the  p a r e n t a l  m e a n ,  w i th  a m e a n  p o t e n c e  

of - 0 . 3 0  (Tab le  3 ) .  

The f i r s t  two  c a n o n i c a l  v a r i a t e s  a c c o u n t e d  fo r  56 

p e r  c e n t  and  32 p e r  c e n t  of t he  c a n o n i c a l  v a r i a t i o n ,  and  

w e r e  c l o s e l y  i d e n t i f i e d  wi th  m i c r o n a i r e  v a l u e  and  s t a p l e  

l e n g t h  r e s p e c t i v e l y .  P a r e n t  A H ( 6 7 ) 1 3  w a s  wel l  s e p a -  

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

a i r e  v a l u e  and  i t s  c r o s s e s  w i th  o t h e r  p a r e n t s  w e r e  g e n -  

e r a l l y  a l i t t l e  c l o s e r  t o t h e  l a t t e r ,  c o n t r i b u t i n g  to  the  

s m a l l  n e g a t i v e  m e a n  p o t e n c e  fo r  t h i s  t r a i t  (Tab le  3 ) .  

The t h r e e  c r o s s e s  i n v o l v i n g  p a r e n t s  AH (67)  1 , 2 , 4  and  

7 r e f e r r e d  to  p r e v i o u s l y  al l  l ay  f u r t h e r  f r o m  t h e i r  r e -  

s p e c t i v e  m i d - p a r e n t  v a l u e s  t h a n  e i t h e r  of t h e i r  p a r e n t s .  

C o r r e l a t i o n s  f o r  t he  t h r e e  p a i r s  of t r a i t s  w e r e  c a l -  

c u l a t e d  u s i n g  the  p a r e n t a l  m e a n s  t a k e n  f r o m  the  d i a -  

gona l  of the  d i a l l e l  t a b l e .  They p r o v e d  s m a l l ,  a l l  be ing  

l e s s  than  0 . 2 2 .  

E x a m i n a t i o n  of t h e  da ta  in Tab le  3 s h o w s  tha t  p a -  

r e n t s  A H ( 6 7 ) 1 7  and  18 bo th  h a v e  p o s i t i v e  g . c . a ,  v a l u e s  

f o r  l e n g t h  and  s t r e n g t h ,  w h i l e  t h o s e  fo r  m i c r o n a i r e  

v a l u e  a r e  abou t  z e r o .  Bo th  t h e s e  l i n e s  a p p e a r  to  be s u i t -  

a b l e  p a r e n t a l  c o m p o n e n t s  of a p o p u l a t i o n  fo r  r e c u r r e n t  

s e l e c t i o n  w o r k  a i m e d  at  i m p r o v i n g  l in t  q u a l i t y .  O t h e r  

p o s s i b l e  p a r e n t s  f o r  a r e c u r r e n t  s e l e c t i o n  p r o g r a m m e  

a r e  A H ( 6 7 ) 1 9  and  20,  a s  bo th  h a v e  p o s i t i v e  g . c . a ,  v a l -  

u e s  f o r  l in t  l e n g t h .  

q • 9 Full Diallel Set 

Included in Table 4 are mean values at Namulonge and 

Mubuku for the three lint quality characters of the pa- 

rents in the 9 x 9 full diallel set. These data reveal 

that for each trait, differences among parents are small 

by comparison with the AH data of Table 1. However, 

relatively small differences in fibre characters can 

lead to an improvement in the strength of cotton yarn, 

as is shown by results from two duplicate small scale 

spinning tests (Table 5) on lint of BPA68 andA(66)134 

from replicated trials at Namulonge and Masindi in the 

1969-70 season. Lint of A(66)134, which was only 

marginally longer, finer and stronger than BPA 68 pro- 

duced yarn that was 8~ stronger than that of BPA. 

H a y m a n '  a n a l y s e s  a r e  s u m m a r i s e d  in Tab le  6 .  In 

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

t i v i t y .  The m a i n  i n s t a n c e  i s  bund le  s t r e n g t h  a t  Mubuku ,  

w h e r e  t he  b and  b 3 e f f e c t s  a r e  s t a t i s t i c a l l y  s i g n i f i -  

c a n t .  S ince  the  p a r e n t s  w e r e  i n b r e d  t h e r e  i s  a p o s s i -  

b i l i t y  tha t  an  a d d i t i v e - d o m i n a n c e  m o d e l  of t he  t ype  

d e s c r i b e d  by M a t h e r  and J i n k s  (1971)  m i g h t  be a p -  

p r o p r i a t e  and  the  s t a t i s t i c a l  t e s t s  d e s c r i b e d  by t h e m  

u s i n g  Wr  and Vr  w e r e  p e r f o r m e d .  The s l o p e  of the  a s -  

s o c i a t e d  W r ,  V r  r e g r e s s i o n  w a s  0 .94  wi th  a s t a n d a r d  

e r r o r  of 0 . 2 3 ,  i n d i c a t i n g  a r a t h e r  w ide  s c a t t e r i n g  of 

the  p o i n t s  about  the  r e g r e s s i o n  l i n e .  T h e r e  w a s  no e v i -  

d e n c e  of h e t e r o g e n e i t y  of t he  b l o c k  r e g r e s s i o n s ,  but  an 

a n a l y s i s  of ( W r  + V r )  g a v e  no s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  the  p a r e n t s .  One m i g h t  t e n t a t i v e l y  c o n c l u d e  

f r o m  t h i s  t ha t  an a d d i t i v e  d o m i n a n c e  m o d e l  m i g h t  be 

a p p r o p r i a t e  though  wi th  r e s e r v a t i o n s  b e c a u s e  of t he  

s c a t t e r  of p o i n t s  about  the  r e g r e s s i o n .  The n o n - s i g n i -  

f i c a n t  (W R + VR) d i f f e r e n c e s  s u g g e s t  a low l eve l  of 

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

da ta  and  a h i s t o g r a m  of t he  s p e c i f i c  c o m b i n i n g  a b i l i -  

t i e s  i n d i c a t e  tha t  at  l e a s t  two  ind iv idua l  c r o s s e s  d e -  

p a r t  w i d e l y  f r o m  a d d i t i v e  e x p e c t a t i o n  c o n s i s t e n t l y  in 

a l l  b l o c k s .  

The f i r s t  two c a n o n i c a l  v a r i a t e s  a c c o u n t e d  fo r  85 

p e r  c e n t  and  90 p e r  c e n t  of the  c a n o n i c a l  v a r i a t i o n  at  

N a m u l o n g e  a n d  Mubuku r e s p e c t i v e l y ;  p l o t s  of t he  45 

p a r e n t s  and  h y b r i d s  in the  N a m u l o n g e  t r i a l  u s i n g  the  

f i r s t  two c a n o n i c a l  a x e s  i n d i c a t e d  tha t  p a r e n t s  A ( 6 6 ) 2 2 ,  

A(66)102, A(66)134, A(67)8 and A(67)12 performed 

very similarly and that A( 66 ) 36 showed some dominance 

over the other parents. The two crosses referred to 

above as showing non-additive effects for bundle 

strength at Mubuku both lay considerably further from 

their respective mid-parent values than either of their 

parents. At neither site could the canonical variates 

be identified with particular measurements. 

In Table 6, there is also a suggestion of a b I effect 

for length at Namulonge, but since the variance ratio 

for b I is less than unity at Mubuku and is not statistical- 

ly significant at Namulonge, it seems best to ignore it. 

For bundle strength at Namulonge, there is an ef- 

fect of 'c' ; this relates to differences between arrays 

of reciprocal crosses. Inspection of the fibre strength 

data failed to reveal a consistent pattern of reciprocal 

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

b r i d s  wi th  B P A  68 w e r e  c o n t r i b u t i n g .  Of e igh t  h y b r i d s  

i nvo lv ing  t h i s  p a r e n t ,  s i x  wi th  BPA as  the  f e m a l e  p a -  

r e n t  had  s h o r t e r  l in t  t han  t h e i r  r e c i p r o c a l s  but d i f f e r -  
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E f f e c t i v e  l e n g t h  B u n d l e  s t r e n g t h  M i c r o n a i r e  v a l u e  

P a r e n t  N a m u l o n g e  M u b u k u  N a m u l o n g e  M u b u k u  N a m u l o n g e  M u b u k u  

B P A  68 
A ( 6 6 ) 2 2  

29 
36 

102 
131 
134 

A ( 6 7 ) 8  
12 

4 1 . 8  
4 1 . 6  
4 0 . 9  
42 5 
4 1 8  
42 4 
41 7 
4 1 7  
4 1 7  

4 1 . 8  2 2 . 2  2 2 . 4  3 . 4  3 . 2  
4 1 . 7  2 2 . 7  2 2 . 7  3 . 4  3 . 1  
4 1 . 0  2 2 . 5  2 2 . 1  3 . 5  3 , 4  
4 2 . 3  2 2 . 8  2 2 . 2  3 . 2  3 . 1  
4 2 . 0  2 2 . 8  2 3 . 2  3 . 4  2 . 9  
4 2 . 0  2 2 . 4  22~2 3 . 5  3 . 2  
4 2 . 2  2 2 . 9  2 3 . 6  3 . 3  3 . 1  
4 2 . 1  2 3 . 0  2 3 . 0  3 . 4  3 . 3  
4 1 . 8  2 3 . 0  2 3 . 1  3 . 3  3 . 1  

M e a n  of 9 p a r e n t s  4 1 . 8  4 1 . 9  2 2 . 7  2 2 . 7  3 , 3 8  3 . 1 6  

S . E .  of a s i n g l e  0 . 2 1  0 . 2 3  0 . 2 3  0 . 3 2  0 . 0 5  0 . 1 0  
p a r e n t  m e a n  

T a b l e  5.  F i b r e  a n d  y a r n  c h a r a c t e r i s t i c s  r  two  d u p l i c a t e  s m a l l  s c a l e  s p i n n i n g  t e s t s  on B P A  68 a n d  A ( 6 6 ) 1 3 4  
f r o m  t r i a l s  a t  N a m u l o n g e  a n d  M a s i n d i ,  1 9 6 9 - 7 0  

E f f e c t i v e  M a t u r i t y  S t a n d a r d  F i b r e  b u n d l e  M i c r o n a i r e  Y a r n  s t r e n g t h  
l e n g t h  r a t i o  f i b r e  w e i g h t  s t r e n g t h  v a l u e  a t  4 0 '  s 

B P A 6 8  4 2 . 0  0 . 8 7  187 2 1 . 4  3 . 9  2303 

A ( 6 6 ) 1 3 4  4 2 . 5  0 . 8 8  178 2 2 . 3  3 . 9  2487 

T a b l e  6 .  H a y m a n  a n a l y s i s  of v a r i a n c e  f o r  e f f e c t i v e  l e n g t h ,  b u n d l e  s t r e n g t h  a n d  m i c r o n a i r e  v a l u e  in  9 • 9 fu l l  
d i a l l e l  s e t  of A l b a r  c r o s s e s  

E f f e c t i v e  l e n g t h  B u n d l e  s t r e n g t h  M i c r o n a i r e  v a l u e  
N a m u l o n g e  M u b u k u  N a m u l o n g e  M u b u k u  N a m u l o n g e  M u b u k u  

D F  MS VR " ~ [ ' ~ ' - ' ~ R  MS V R  MS VR MS VR MS V R  

a 8 4 . 3 5  1 8 . 3 ~ e ~  1 . 7 9  6 . 9 ~ e ~  2 . 0 8  5.1~*~*~ 6 . 4 5  1 3 . 2  ~ "  0 . 1 8 8  2 6 . 9 e ~  0 . 2 1 7  3 . 8 e e  

b 36 0 . 2 5  1 . 3 n s  0 . 2 5  1 . 2 n s  0 . 2 9  1 . 2 n s  0 . 7 3  1 . 5  ~ 0 . 0 1 4  1 . 1 n s  0 . 0 3 6  < l n s  

b I 1 1 . 6 6  6 . 2 n s  0 . 1 2  < l n s  0 . 0 1  < l n s  0 . 1 3  < l n s  0 . 0 6 6  4 . 1 n s  0 , 0 1 7  < l n s  

b 2 8 0 . 2 0  < l n s  0 . 1 3  < l n s  0 . 2 8  1 . 8 n s  0 . 3 8  < l n s  0 . 0 1 6  1 . 6 n s  0 . 0 3 1  < l n s  

b 3 27 0 . 2 1  1 . 1 n s  0 . 2 9  1 . 6 n s  0 . 3 0  1 . 1 n s  0 . 8 5  1 . 7 ~  0 . 0 1 2  < l n s  0 . 0 3 8  < l n s  

c 8 0 . 4 0  1 . 3 n s  0 . 3 5  1 . 1 n s  0 . 5 5  2 . 7  ~ 0 . 6 7  < l n s  0 . 0 1 1  1 . 1 n s  0 . 0 9 3  1 . 8 n s  

d 28 0 . 3 4  1 . 4 n s  0 . 2 2  < l n s  0 . 3 3  1 . 1 n s  0 . 7 2  1 . 3 n s  0 . 0 1 1  1 . 1 n s  0 . 0 6 0  2 . 0 ~  

aM b l o c k s  32 0 . 2 4  0 . 2 6  0 . 4 1  0 . 4 9  0 . 0 0 7  0 , 0 5 7  

b x  b l o c k s  144 0 . 2 0  0 . 2 1  0 . 2 4  0 . 4 7  0 . 0 1 3  0 . 0 4 1  

b l X  b l o c k s  4 0 . 2 7  0 . 1 5  0 . 3 8  0 . 6 8  0 . 0 1 6  0 , 0 5 3  

b2  x b l o c k s  32 0 . 2 1  0 . 3 2  0 . 1 6  0 . 4 0  0 . 0 1 0  0 , 0 4 1  

b 3 x b l o c k s  108 0 . 1 9  0 . 1 9  0 . 2 6  0 . 4 9  0 . 0 1 4  0 , 0 4 1  

c x b l o c k s  32 0 . 2 8  0 . 3 1  0 . 2 0  0 . 7 1  0 . 0 1 0  0 . 0 5 1  

d x  b l o c k s  112 0 . 2 5  0 . 3 0  0 . 3 0  0 . 5 6  0 . 0 1 0  0 . 0 3 0  
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ences between reciprocals were very small. For prac- 

tical purposes such small differences can probably be 

ignored. For micronaire at Mubuku, the significant 

'd' , which relates to differences between reciprocal 

crosses other than those measured by 'c' , appears to 

be due to the behaviour of three particular crosses, 

two involving BPA 68. 

Graphs and regressions of Wr on Vr were examined, 

but a s  m i g h t  be  e x p e c t e d  f r o m  t h e  H a y m a n  a n a l y s e s ,  

n o t h i n g  of  i m p o r t a n c e  e m e r g e d  f r o m  t h e m .  F o r  t h i s  d i a l -  

le l  s e t  t h e r e f o r e ,  t h e r e  i s  in  5 out of 6 t r i a l s  a s i m p l e  

p i c t u r e  of an a d d i t i v e  ( p a r e n t  + p a r e n t )  m o d e l ,  e m p h a -  

s i s i n g  t h e  g r e a t  i m p o r t a n c e  of  a d d i t i v e  e f f e c t s .  G e n e r a l  

c o m b i n i n g  a b i l i t i e s  w e r e  c a l c u l a t e d  fo r  the  p a r e n t s  and  

a r e  g i v e n  in  Tab le  7 .  

A jo in t  H a y m a n  a n a l y s i s  w a s  c a r r i e d  ou t ,  pu t t i ng  t h e  

da ta  f r o m  the  two s i t e s  t o g e t h e r .  When  p a r e n t  x s i t e  

i n t e r a c t i o n s  w e r e  c o m p a r e d  wi th  t h o s e  of p a r e n t  x b lock  

at  t he  i n d i v i d u a l  s i t e s ,  i t  b e c a m e  c l e a r  tha t  t he  a p p a r e n t  

i n t e r a c t i o n s  wi th  s i t e  w e r e  r e a l ;  Tab le  8 s h o w s  t h e  r e -  

l e v a n t  m e a n  s q u a r e s  and  v a r i a n c e  r a t i o s .  As  t h e r e  w a s  

h e t e r o g e n e i t y  of v a r i a n c e  in m i c r o n a i r e  b e t w e e n  the  

two s i t e s ,  t he  v a r i a n c e  r a t i o  f o r  t h i s  v a r i a t e  w a s  c a l -  

c u l a t e d  u s i n g  the  l a r g e r  m e a n  s q u a r e  on ly .  S i n c e  p a r t s  

o r  e v e n  al l  of t h e s e  i n t e r a c t i o n s  m i g h t  be due  to  s c a l e  

d i f f e r e n c e s  at  the  two s i t e s ,  the  r a n k  o r d e r  of t he  p a -  

r e n t s  w a s  a l s o  c o m p a r e d  fo r  e a c h  of the  v a r i a t e s ,  u s i n g  

t h e  g e n e r a l  c o m b i n i n g  a b i l i t y  e s t i m a t e s  in Tab le  7 .  The 

B P A  68 p a r e n t  p r o v e d  r e m a r k a b l y  c o n s i s t e n t  in t he  two  

e n v i r o n m e n t s  both  in  t e r m s  of r a n k  and  of g . c . a ,  in  al l  

t h r e e  v a r i a t e s .  M o s t  of the  A ( 6 6 )  and  A ( 6 7 )  p a r e n t s ,  

h o w e v e r  p r o v e d  i n c o n s i s t e n t  o v e r  the  e n v i r o n m e n t s  in 

at  l e a s t  one  v a r i a t e ,  e s p e c i a l l y  A ( 6 6 ) 2 9  fo r  bund le  

s t r e n g t h  a n d  A ( 6 6 ) 1 0 2  f o r  m i c r e n a i r e ;  a c h a n g e  of 

s c a l e  cou ld  not  r e m o v e  i n t e r a c t i o n  of t h i s  t y p e .  

B e t w e e n  p a r e n t  c o r r e l a t i o n s  f o r  the  3 p a i r s  of t r a i t s  

w e r e  c a l c u l a t e d  a s  f o r  the  A H ( 6 7 )  da ta  a t  e a c h  s i t e ,  

and  they  a g a i n  p r o v e d  s m a l l ,  e x c e p t  f o r  bund le  s t r e n g t h  

Tab le  7 .  G e n e r a l  c o m b i n i n g  a b i l i t y  e s t i m a t e s  fo r  t he  p a r e n t s  in the  9 • 9 full  d i a l l e l s  a t  N a m u l o n g e  (N)  and  
Mubuku (M)  a n d  m e a n  p o t e n c e  v a l u e s  

Parent Effective length 
N M 

Bundle Strength Micronaire value 
N M N M 

B P A  68 - 0 . 0 9  - 0 . 0 7  - 0 . 3 3  - 0 . 2 8  0 .01  0 .01  
A ( 6 6 )  22 - 0 . 0 1  - 0 . 0 1  0 .03  0 . 1 6  - 0 . 0 1  - 0 . 0 5  

29 - 0 . 3 4  - 0 . 3 3  0 .12  - 0 . 2 7  0 .04  0 . 0 7  
36 0 .43  0 . 1 7  - 0 . 1 0  - 0 . 3 8  - 0 . 1 1  - 0 . 0 3  

102 - 0 . 0 1  0 .09  - 0 . 0 1  0 . 2 2  0 .01  - 0 . 0 8  
131 0 . 2 2  0 .04  - 0 . 0 6  - 0 . 1 3  0 .03  0 . 0 2  
134 - 0 . 0 9  0 . 0 6  0 . 0 7  0 .31  0 .03  - 0 . 0 2  

A ( 6 7 )  8 0 . 0 2  0 . 0 5  0 .11  0 . 0 7  0 .01  0 . 0 5  
12 - 0 . 1 3  0 . 0 0  0 . 1 7  0 . 3 0  - 0 . 0 1  0 . 0 2  

P a r e n t a l  m e a n  4 1 . 7 8  4 1 . 8 8  22 .72  22 .71  3 . 3 9  3 . 1 8  
H y b r i d  m e a n  4 1 . 5 8  4 1 . 9 3  22 .73  2 2 . 7 7  3 . 3 5  3 . 1 6  
M e a n  p o t e n c e  - 0 . 2 0  0 . 0 5  0 .01  0 .06  - 0 . 0 4  - 0 . 0 2  

T a b l e  8.  A n a l y s i s  of p a r e n t  • s i t e  i n t e r a c t i o n s  f o r  e f f e c t i v e  l e n g t h ,  bund le  s t r e n g t h  and  m i c r o n a i r e  v a l u e  in 9 • 9 
ful l  d i a l l e l  s e t  of A l b a r  c r o s s e s  

E f f e c t i v e  l eng th  Bund le  s t r e n g t h  M i c r o n a i r e  v a l u e  
DF  MS VR MS VR MS VR 

Parent x Site 8 0.85 3.4 ~*~ 2.16 4.8 ~ 0.144 

Parent x Block 
Namulonge 32 0.24 0.41 0. 007 
Mubuku 32 0.26 0.49 0. 056 
Pooled 64 0.25 0.45 0.032 

2.6.~ 

N o t e :  The v a r i a n c e  r a t i o s  ( V R )  f o r  l e n g t h  and  s t r e n g t h  a r e  b a s e d  on p o o l e d  i n t e r a c t i o n s  wi th  b l o c k s .  That  f o r  m i -  
c r o n a i r e  v a l u e  i s  b a s e d  c o n s e r v a t i v e l y  on the  Mubuku MS.  
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a n d  e f f e c t i v e  l e n g t h  a t  M u b u k u ,  w h i c h  g a v e  a v a l u e  of 

0 . 6 6 .  G r a p h i c a l  p l o t s  of t h e  two  v a r i a t e s  a t  t h e  two  s i t e s  

s h o w e d  t h a t  t h e  c o r r e l a t i o n  w a s  a s s o c i a t e d  w i t h  A ( 66 ) 134 

i m p r o v i n g  i t s  p e r f o r m a n c e  a t  M u b u k u  in  b o t h  t r a i t s ,  a n  

a s p e c t  of  t h e  i n t e r a c t i o n  n o t e d  in  t h e  p r e v i o u s  p a r a g r a p h .  

4 .  G e n e r a l  D i s c u s s i o n  

A l t h o u g h  I n n e s  ( 1 9 7 4 )  d e t e c t e d  e p i s t a s i s  f o r  l i n t  l e n g t h  

a n d  s t r e n g t h  in  a s e t  of t e s t e r  c r o s s e s  i n v o l v i n g  t e n  

U p l a n d  p a r e n t s  of d i v e r s e  o r i g i n ,  s e v e r a l  of w h i c h  w e r e  

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

t e t r a p l o i d / d i p l o i d  l e v e l s ,  h e  f a i l e d  to  f i nd  a n y  e v i d e n c e  

of i t  i n  a 5 • 5 h a l f  d i a l l e l  s e t  of U p l a n d  v a r i e t i e s  f o r  

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

c o u n t e d  fo r  t he  g e n e t i c  c o n t r o l  of t h e s e  two  t r a i t s .  In  

i n v e s t i g a t i o n s  in  t h e  USA i n t o  t h e  i n h e r i t a n c e  of l e n g t h  

a n d  s t r e n g t h  ( M i l l e r  a n d  L ee  1964;  L e e ,  M i l l e r  a n d  R a w -  

l i n g s  1967;  V e r h a l e n  a n d  M u r r a y  1967 ,  1969;  A 1 - R a w i  

a n d  K o h e l  1970)  g e n e t i c  v a r i a n c e  w a s  m a i n l y  of t h e  a d -  

d i t i v e - d o m i n a n c e  t y p e .  

A s  m i c r o n a i r e  v a l u e  r e f l e c t s  b o t h  c o a r s e n e s s  a n d  

m a t u r i t y  ( A r n o l d  1969)  i t  i s  p a r t i c u l a r l y  s e n s i t i v e  to  

e n v i r o n m e n t a l  v a r i a t i o n s  a n d  i t  i s  no t  s u r p r i s i n g  t h a t  

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

of t h i s  t r a i t  ( V e r h a l e n  a n d  M u r r a y  1967 ,  1969;  M u r r a y  

a n d  V e r h a l e n  1969;  A 1 - R a w i  a n d  K o h e l  1 9 7 0 ) .  A l t h o u g h  

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

s o m e  s t u d i e s ,  t h e  d e g r e e  of d o m i n a n c e  w a s  a f f e c t e d  by  

e n v i r o n m e n t .  

A l t h o u g h  t h e r e  a r e  e x a m p l e s  of  h e t e r o s i s  f o r  l i n t  

q u a l i t y  f r o m  i n t e r v a r i e t a l  c r o s s e s ,  t h e  p r e s e n t  r e s u l t s  

a n d  t h o s e  o b t a i n e d  by  o t h e r s  i n d i c a t e  t h a t  w h e r e  i m p r o v e -  

m e n t s  in  q u a l i t y  on ly  a r e  b e i n g  s o u g h t  t h e  b r e e d i n g  

m e t h o d  a d o p t e d  by  m o s t  c o t t o n  b r e e d e r s ,  n a m e l y  t h e  

s y n t h e s i s  of h o m o z y g o u s  l i n e s  by  i n b r e e d i n g ,  i n t e r -  

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

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

r e c o m b i n a n t s ,  o f f e r s  t h e  b e s t  p r a c t i c a l  a p p r o a c h .  T h e r e  

a r e ,  of c o u r s e ,  a d v a n t a g e s  to  b e  g a i n e d  f r o m  F 1 h y -  

b r i d s  in  t e r m s  of y i e l d  bu t  t h i s  s u b j e c t  i s  o u t s i d e  t h e  

s c o p e  of t h i s  p a p e r .  

The  e f f e c t  of e n v i r o n m e n t  on  l i n t  q u a l i t y  i s  w e l l  do -  

c u m e n t e d  ( s e e  A r n o l d  1 9 6 9 ) ,  a f a c t  w e l l  a p p r e c i a t e d  by  

t h e  p r o c e s s o r  of  U g a n d a  c o t t o n  w h o  i s  p r e p a r e d  f o r  e x -  

a m p l e ,  to  pay  m o r e  f o r  l i n t  p r o d u c e d  u n d e r  r a i n f e d  

c o n d i t i o n s  in  M e n g o / E n t e b b e  z o n e  t h a n  f o r  l i n t  of t h e  

s a m e  v a r i e t y  a l s o  g r o w n  a s  a r a i n f e d  c r o p  in  B u n y o r o .  

T h e r e  i s ,  h o w e v e r ,  l i t t l e  p u b l i s h e d  e v i d e n c e  on  i n t e r a c -  

t i o n s  b e t w e e n  v a r i e t i e s  a n d  e n v i r o n m e n t s  f o r  l i n t  a u a l -  

i t y  c h a r a c t e r s ,  a l t h o u g h  in  t h e  USA Lee  e t  a l .  ( 1 9 6 7 )  

o b t a i n e d  r e l a t i v e l y  s m a l l  bu t  s i g n i f i c a n t  i n t e r a c t i o n s  

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

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

d a t a  i n d i c a t e  t h a t ,  e v e n  a m o n g  m a t e r i a l  w i t h  a r e l a t i v e -  

ly  n a r r o w  r a n g e  of c h a r a c t e r  e x p r e s s i o n ,  t h e r e  a r e  r e a l  

i n t e r a c t i o n s  b e t w e e n  p a r e n t s  a n d  s i t e s .  A r n o l d  a n d  I n n e s  

( 1 9 7 5 )  h a v e  s h o w n  t h a t  b e c a u s e  of s t r i k i n g  i n t e r a c t i o n s  

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

i s  a n e e d  to  e v a l u a t e  b r e e d i n g  m a t e r i a l  u n d e r  a w i d e  

r a n g e  of e c o l o g i c a l  c o n d i t i o n s  o v e r  s e v e r a l  s e a s o n s .  The  

p r e s e n t  r e s u l t s  s e r v e  to  e m p h a s i z e  t h a t ,  a t  t h e  e a r l y  

s e l e c t i o n  s t a g e s  of a b r e e d i n g  p r o g r a m m e ,  l i n t  q u a l i t y  

t e s t s  o v e r  a w i d e  r a n g e  of c o n d i t i o n s  a r e  a l s o  a d v i s a b l e .  

B e c a u s e  of l i m i t e d  r e s o u r c e s  i t  h a s  p r e v i o u s l y  b e e n  n e -  

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

q u a l i t y  t e s t s  o v e r  a w i d e  r a n g e  of e n v i r o n m e n t s ,  a n d  

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

one  s i t e  o n l y .  M o r e o v e r ,  u n p u b l i s h e d  da t a  f r o m  s p i n -  

n i n g  t e s t s  on s a m p l e s  f r o m  d i s t r i c t  v a r i e t y  t r i a l s  i n d i -  

c a t e  t h a t  t he  m a g n i t u d e  of t h e  g e n o t y p e  • e n v i r o n m e n t  

i n t e r a c t i o n  f o r  l i n t  q u a l i t y  i s  m u c h  l o w e r  t h a n  t h a t  o b -  

t a i n e d  f o r  l i n t  y i e l d .  The  e x t e n s i v e  new  l i n t  t e s t i n g  l a -  

b o r a t o r y  b u i l t  by  t he  U g a n d a  L in t  M a r k e t i n g  B o a r d  a t  

N a m u l o n g e  in  1972 ,  h a s  i n c r e a s e d  e n o r m o u s l y  t h e  c a -  

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

c o t t o n  b r e e d e r s  to  t e s t  l a r g e r  n u m b e r s  of  r e l a t i v e l y  

u n d e v e l o p e d  s e l e c t i o n s  o v e r  a w i d e  r a n g e  of c o n d i t i o n s .  
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