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Abstract

Cotton is one of the most momentous and important cash crops exercising profound influence on
economics and social affairs of the world. It is also called White Gold. The present investigation was
conducted with 24 Gosypium hirsutum entries comprising of 14 Fis produced by CMS method, 7 females
and 2 males and 1 check were evaluated at three locations viz., Surat, Bharuch and Hansot. The
experiment was laid out in a Randomized Complete Block design (RBD) with three replications. Analysis
of variance showed significance difference among the characters. The s.c.a. variances were greater than
g.c.a. variances for Plant height, number of sympodia per plant, number of monopodia per plant, number
of bolls per plant, boll weight, ginning percentage, seed yield per plant, 2.5 per cent span length and fibre
length except days to 50 per cent flowering, seeds per boll and seed index, indicating the non-additive
gene effects, thus, it emphasizes the use of heterosis breeding approach to exploit available vigour in this
crop. The parents, G (B) 20 was found to be good general combiner for all the traits except plant height
and ginning percentage and average combiner for days to 50 per cent flowering, seed index and fibre
strength, whereas, LRK-516 was found to be good general combiner for all the traits except ginning
percentage and average combiner for 2.5 per cent span length and number of bolls per plant. Therefore,
these two parents were noted as good source of favorable genes for increasing seed cotton yield through
various yield contributing characters.

Keywords: Cotton, additive, non-additive, g.c.a, s.c.a and good combiners

Introduction

Cotton, the king of the fibre,also called White Gold. To meet the challenges of increasing
productivity, Gossypium hirsutum L. offers better scope for genetic improvement among the
four-cultivated species of cotton. Majority of cotton produced by G. hirsutum species is
medium and long staple. This species has very high adaptability with rich diversity for yield
and yield related characters. India is pioneer country in commercial exploitation of heterosis in
cotton by developing several interspecific and intraspecific, hybrids for general cultivation.
These cover nearly 40 per cent of cotton growing area and contribute 40-45 per cent to the
national production (Anonymous, 2001- 02). However, at present the hybrid cotton seed is
being produced by cumbersome and laborious process of hand emasculation and pollination.
Probably this single largest factor has affected its further expansion and its production is not
within the means of average farmer. To overcome the high cost of hybrid cotton seed, use of
male sterility (as in sorghum, pearl milletetc.) Could be the only answer in eliminating labour
intensive manual emasculation. Use of male sterile lines appears to be advantageous since the
maintenance of male sterile population for seed production is easier and more over sterility
source under reference is stable. Cytoplasmic nuclear interaction affect the petal size and
anther number which can be used as markers in identifying the parental lines and for
ascertaining genetic purity.

At present the only stable and dependable CGMS source under various environment is of G.
harknessii which in interaction with genome of G hirsutum produces male sterility. A single
dominant gene ‘Rf° from G. harknessii is essential for fertility restoration and fertility
enhancement factor from barbadense. Information on the presence of commercially
exploitable heterosis within the available conventional, GMS and CGMS lines, their general
combining ability and stability of resultant cross combinations is highly useful in evolving
early maturing and high yielding stable hybrids.
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Materials and Methods

The present investigation was conducted with 24 Gosypium
hirsutum entries comprising of 14 F;s, 7 females and 2 males
and 1 check were evaluated during kharif 2002 at three
locations viz., Surat, Bharuch and Hansot. The experiment
was laid out in a Randomized Complete Block design (RBD)
with three replications. The parents and F;s with standard
checks were represented by a single row plot of 14 plants,
placed at 120 cm x 45 cm. All the agronomical practices and
plant protection measures were followed as and when
required to raise a good crop of cotton. The seeds of these
parents were obtained from Main Cotton Research Station,
Surat. For obtaining the cross seeds, parents were grown at
Main Cotton Research Station, Surat. All the F;s and selfed
seeds of parents were stored properly in thick paper bags for
sowing in the next season at three locations.

Results

Analysis of variance for combining ability

Analysis of variance revealed highly significant difference
among the parents and hybrids for the all the characters in all
three location, indicating the presence of presence of genetic
diversity among them (Table 1a to 1d).

Combining ability effects

The estimates of general combining ability (g.c.a) effects of
parents and specific combining ability (s.c.a) effects of
crosses for different characters are presented in Table 2a to
2d. The salient features of the results of g.c.a. and s.c.a
effects for different characters are given below.

Days to 50 per cent flowering

Earliness being a desirable character, the parents LRK 516
and G. Cot.10 showed significant and negative g.c.a. effects
in CMS methodin pooled analysis. The estimates of specific
combining ability effects revealed that LH 900 x DHY 286-1
and G (B) 20 x G. Cot.10 recorded significant and negative
s.c.a. effects in CMS method.

Plant height (cm)

An examination of g.c.a. estimates revealed that parents LH
900, LRA 5166, LRK 516 and DHY 286-1 had significant
and negative g.c.a. effects in the CMS method in pooled data.
Significant s.c.a. effects in desired direction were exhibited by
hybrids viz., 76 IH 20 x DHY 286-1, LH 900 x G. Cot.10,
LRA 5166 xG. Cot.10 and G (B) 20 x DHY 286-1 in CMS
system.

Number of monopodia per plant

LRK 516 and G(B) 20 manifested significant and positive
g.c.a. effects in the CMS method. The estimates of s.c.a.
effects revealed that in CMS method 76 IH 20 x G. Cot.10,
PH 93 x G. Cot.10, LRA 5166 x DHY 286-1 and LRK 516 x
DHY 286-1 showed significant and positive s.c.a. effects.

Number of sympodia per plant

Based on estimates of g.c.a. effects, it was observed that and
G (B) 20, G. Cot.100 and DHY 286-1 exhibited significant
positive g.c.a. effects in CMS method. An estimate of s.c.a.
effects of crosses revealed that three hybrids recorded
significant and positive s.c.a. effects in CMS method. The
best three hybrids with significant and positive s.c.a. effects
were G. Cot.100 x G. Cot.10, PH 93 x DHY 286-1 and LRK
516 x DHY 286-1 in CMS method.

Number of bolls per plant

The estimates of g.c.a. effects of parents revealed that PH 93,
G(B) 20 and DHY 286-1 exhibited significant and positive
g.c.a. effects in CMS method. A perusal of estimates of s.c.a.
effects of hybrids revealed that the hybrids viz., 76 1H 20 x
DHY 286-1, PH 93 x DHY 286-1, G(B) 20 x G. Cot.10, G.
Cot.100 x DHY 286-1 in CMS method exhibited significant
positive s.c.a. effects.

Boll weight (g)

An examination of general combining ability effects of
parents revealed LH 900, LRK 516, G(B) 20 and G. Cot.100
recorded significant and positive gca effects in all the three
methods, respectively. Among the 14 hybrids, six hybrids
recorded significant and positive s.c.a. effects in CMS
methods. The three superior hybrids in CMS system were G.
Cot.100 x G. Cot.10, G(B) 20 x DHY 286-1 and LRA 5166 x
G. Cot.10 in CMS system.

Number of seeds per boll

The estimates of g.c.a. effects of parents revealed that G(B)
20, G. Cot.100 and DHY 286-1 recorded significant and
positive g.c.a. effects in the CMS methodin pooled analysis.
Among 14 hybrids, LRA 5166 x G. Cot.10, G(B) 20 x DHY
286-1, G. Cot.100 x G. Cot.10 showed significant and
positive s.c.a. effects in the CMS method.

Seed index ()

The parents G (B) 20, G.Cot.100, DHY 286-1, recorded
positive and significant gca effects in CMS methods. A
perusal of s.c.a. effects revealed that the CMS based hybrids
viz; 76 IH 2 x DHY 286-1, LH 900 x DHY 286-1, PH 93 x
G.Cot.10 and LRA 5166 x G.Cot.10 exhibited significant and
positive s.c.a. effects.

Ginning percentage (%)

The estimates of g.c.a. effects of parents revealed that PH 93
and LRK 516 recorded significant and positive g.c.a. effects
in CMS method. The estimates of specific combining ability
effects revealed that the CMS based hybrids viz; LRK 516 x
G.Cot.10, G(B) 20 x DHY 286-1 and G.Cot.100 x DHY 286-
1 exhibited significant and positive sca effects for ginning
percentage.

Seed cotton yield per plant (g)

The perusal of estimates of g.c.a. effects of parents revealed
that LRK 516, G(B) 20, G.Cot.100, DHY 286-1 exhibited
significant and positive g.c.a. effects. The estimates of s.c.a.
effects of hybrids revealed that among the 14 hybrids, six
hybrids CMS method exhibited significant and positive s.c.a.
effects. The best three hybrids in CMS method were G(B) 20
X G. Cot.10, LRK 516 x DHY 286-1 and LRA 5166 x G.
Cot.10.

Per cent span length (mm)

Parents G (B) 20 and G. Cot.100 recorded significant positive
g.c.a. effects in all the CMS method. The estimates of s.c.a.
effects of hybrids revealed that PH 93 x DHY 286-1 and
G.Cot.100 x G.Cot.10 of CMS based hybrids showed
significant and positive s.c.a. effects.

Fibre strength (g/tex)

The perusal of estimates of general combining ability effects
of parents LH 900 and DHY 286-1 recorded positive and
significant g.c.a. effects in CMS method. The perusal of s.c.a.
effects revealed that 76 IH 20 x G.Cot.10, PH 93 x DHY
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286-1, LRA 5166 x DHY 286-1, LRK 516 x DHY 286-1 and
G(B) 20 x G.Cot.10 of CMS method hybrids showed
significant positive s.c.a. effects.

Discussion

The concept of combining ability is considered to be a land
mark in the development of efficient and effective breeding
methodology in different crop plants. Analysis of combining
ability provides guidelines for an early assessment of the
relative breeding worth of the parent material. Utilizing this
technique the breeder can choose the best general combining
parents as well as specific cross combinations for further
exploitation. The parental material may be used to develop
hybrids or build up the favourable fixable genes depending
upon the nature of gene action. Analysis of variance for
combining ability for data revealed that both additive as well
as non-additive variances were important in the inheritance of
various traits as evident from the significance of females,
males and females x male interaction for most of the
characters.

The estimates of components of variances (g.c.a. and s.c.a.)
and their ratios (c2g.c.a./ o?s.c.a.) indicated that both additive
and non-additive type of variances were important in the
inheritance of the characters. However, the s.c.a. variances
were greater than g.c.a. variances for all the characters except
days to 50 per cent flowering, seeds per boll and seed index,
indicating the non-additive gene effects, thus, it emphasizes
the use of heterosis breeding approach to exploit available
vigour in this crop. On the other hand, additive type of gene
effect played important role in the inheritance of days to 50
per cent flowering, seeds per boll, seed index and seed cotton
yield per plant, which suggests the directional selection for
isolating better homozygous lines from the segregating
populations for these traits.

In view of this situation breeding procedure which exploits
both additive as well as non-additive genetic effects need to
be adopted for making yield improvement in such materials.
Under such circumstances, recurrent selection procedure
seems to be the most appropriate breeding method.

Mean squares due to females x locations and males X
locations were found to be not-significant for most of the
traits except days to 50 per cent flowering, and fibre length,
which indicated that g.c.a. variances of female and males
were not influenced by the environments. The s.c.a. variances
were more sensitive to environmental fluctuations as evident
by the significance of mean squares due to females x males x
locations interaction for all the characters except days to 50
per cent flowering, 2.5 per cent span length and fibre strength.
Based on estimates of general combining ability effects on
pooled basis for various characters, the parents were classified
as good, average and poor combiners (Table 3). It was
observed that among the parents, G(B) 20 was found to be
good general combiner for all the traits except plant height
and ginning percentage and average combiner for days to 50
per cent flowering, seed index and fibre strength, whereas,
LRK-516 was found to be good general combiner for all the
traits except ginning percentage and average combiner for 2.5
per cent span length and number of bolls per plant. Therefore,
these two parents were noted as good source of favorable
genes for increasing seed cotton yield through various yield
contributing characters. LRA-5166 is found to be average
general combiner for all the traits except boll weight, number
of seeds per boll and seed index.

The parents, PH-93, LRK-516 and G. Cot.10 were good
general combiners for days to 50 per cent flowering, whereas

for plant height, LH-900, LRA-5166, LRK-516 and DHY-
286-1 were good general combiners. For number of
monopodia per plant G (B) 20 was good general combiner,
whereas LRK-516, G(B) 20 and G. Cot.100 were general
combiners for number of sympodia per plant. For the
character number of bolls per plant LRA-5166, G(B)-20 and
DHY-286-1 were good general combiners, whereas for boll
weight LH-900, LRK-516, G(B)-20, G. Cot.100 and G.
Cot.10 were good general combiners. The parents G(B)-20,
G. Cot.100 and DHY-286-1 were good general combiners for
number of seeds per boll, whereas LRK-516 and G(B)-20
were good general combiners for seed index, while PH-93
was good general combiner for ginning percentage. For seed
cotton yield per plant, parents LRK-516, G(B) 20 and DHY-
286-1 were good general combiners. The parents LH-900,
G(B) 20 and G. Cot.100 were good general combiners for
2.5per cent span length, whereas LH-900 was good general
combiner for fibre strength.

The close relationship between parent per se performance and
their general combining ability is important in the choice of
parents for hybrid breeding programme (Gupta and Singh,
1974; and Singh et al., 1988) [ 12, In the present study, the
parents with high mean values had high s.c.a. effects for
majority of characters (Table 3). However, this was not true
for all the characters in all the cases, suggesting that inter
allelic interaction were important for these characters. Similar
results have been reported by Verma et al., (1991) [*41, Jagtap
and Kolhe (1993) ™, Vadodaria and Patel (1995) 3 and Patel
etal., (1997) L,

A summarised account of the best parent, best general
combiner, best F; per se, most heterotic crosses and best
specific combination revealed that the best performing parent
may not always be a best general combiner. Further, the best
general combiners may not always produce best specific
combinations for all the characters (Patel et al. 1997 and
Modi et al. 1999 a, b) [ &7, However, in some of the cases,
high s.c.a. effects of crosses coinside with high g.c.a. effects
of their parents. The parent G (B) 20 had high per se
performance coupled with good general combining ability for
seed cotton yield. The cross G (B) 20 x G. Cot.10 manifested
high heterosis coupled with high s.c.a. effects for seed cotton
yield. This may be attributed to inclusion of one of the good
combining parents for their seed cotton vyield or yield
components. Such combinations may give desirable
transgressive segregants and these could be utilized for the
improvement of genotypes, if additive genetic effect is
present with complementary epistatic effect. Pathak and
Kumar (1975) I also reported close relationship between
g.c.a. effects of parents and their s.c.a. effects in hirsutum
Crosses.

The crosses exhibiting high order positive or negative specific
combining ability effects involved either good x good, good x
average, good x poor, average X average, average x poor or
poor x poor combining parents. The good general combining
parents when crossed do not always produce high s.c.a.
effects. Similar results have been reported by Verma et al.,
(1991) 14, Singh et al. (1988) [*2 and Patel et al. (1997) P,
The negative effects in crosses between good x good and
good x average combiners could be attributed to the lack of
co-adaptation between favourable allels of the parents
involved. Whereas the positive effects in crosses between
poor X poor, average X average or average X poor combiners
could be attributed to better complementation between
favourable allels of the parents involved (Patel and Mehta,
1985 and Patel and Pethani, 1995) [0 &1,
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Table 1a: Analysis of variance (mean squares) of combining ability for different characters in cotton

Sources of variance | D.F Days to 50% Flowering Plant height Monopodia
Loc-I Loc-11 | Loc-11l | Pooled Loc-I Loc-11 | Loc-111 | Pooled | Loc-I|Loc-Il|Loc-111{Pooled
Locations 2 - - - 220.49** - - - 1077.22**| - - - 0.54*
Females 6 [230.57**| 157.07 | 256.37**| 556.15** | 284.69* |4037.43**|2601.06*|8050.72**| 1.22 | 1.33 | 3.26 | 2.84
Males 1 |640.37**|729.15**|6.32.59**|2000.10**| 20.55 0.95 9.81 25.82 453 | 0.01 | 1.23 | 0.36
Females x Male 6 | 30.10 |37.44**| 1592 | 47.79** |440.52**| 330.97 |371.08**| 630.10 |(4.23**|1.06**| 1.72** | 4.82*
Females x Loc. 12 - - - 43.93** - - - 706.22* - - - 1.48
Males x Loc. 2 - - - 1.06 - - - 2.70 - - - 2.70
Fm x M x Loc. 12 - - - 17.84 - - - 256.26** - - - 1.10**
Pooled error 78@| 13.87 8.57 7.59 10.01 56.31 72.55 66.55 65.14 0.13 | 0.16 | 0.20 | 0.16
c?g.ca. 30.02 30.04 31.74 30.26 72.74 125.05 69.21 81.72 0.10 | 0.03 | 0.03 | 0.10
c?s.c.a. 5.41 9.62 2.78 9.98 128.09 86.14 10151 | 12461 | 1.37 | 0.30 | 0.08 | 0.31
c? g.cale?s.ca. 5.55 3.12 1141 3.03 0.56 1.45 0.68 0.65 0.07 | 0.10 | 0.48 | 0.33

Table 1b: Analysis of variance (mean squares) of combining ability for different characters in cotton

Sources of variance | D.F Sympodia No of Bolls per plant Boll weight

) Loc-l1 | Loc-Il | Loc-11l1| Pooled | Loc-I Loc-11 | Loc-111| Pooled | Loc-l |Loc-Il|Loc-Ill1| Pooled

Locations 2 - - - 421.19** - - - 531.72** - - - 8.96
Females 6 64.53 | 40.06 | 46.16 | 54.38** | 183.46 | 93.48 | 196.86 |271.96**| 0.74 | 055 | 1.94 |21.20**

Males 1 | 0.06%* | 5.64 |192.85*%| 91.24** | 49.93 2.86 |585.40*|361.93**| 0.01 | 1.20 | 0.48 0.06

Females x Male 6 |73.37**|81.41**|44.92**| 32.88 |26.73**|124.10**|82.01**| 238.53 |0.41**|0.46**|0.72**| 0.76

Females x Loc. 12 - - - 48.18 - - - 100.92 - - - 0.56

Males x Loc. 2 - - - 53.66 - - - 138.12 - - - 0.80

Fm x M x Loc. 12 - - - 83.41** - - - 115.65** - - - 0.42**
Pooled error 78@| 1543 | 11.85 8.73 12.01 8.91 13.04 15.50 12.48 0.02 | 0.03 | 0.07 0.04

c?g.ca. 3.04 41.33 5.52 1.78 10.89 5.62 22.89 1.84 0.01 | 0.03 | 0.03 0.01
c?s.c.a. 19.31 | 23.19 | 12.06 16.85 84.94 37.02 22.17 40.96 0.13 | 0.14 | 0.22 0.11
o? g.calo?s.c.a. 0.15 0.08 0.45 0.10 0.12 0.15 1.03 0.04 0.02 | 0.21 | 0.16 0.01

Table 1c: Analysis of variance (mean squares) of combining ability for different characters in cotton

Sources of variance | D.E Number of seeds per boll Seed Index Ginning percentage
' Loc-1 Loc-11 | Loc-1ll | Pooled |Loc-I| Loc-11 |Loc-111| Pooled | Loc-1 | Loc-11 |Loc-111| Pooled
Locations 2 - - - 14.06 - - - 0.88 - - - 62.89**
Females 6 |115.28**|379.89**|109.02**|196.08** | 1.55 |10.96**| 8.83 |13.42**|57.98**| 84.93 | 63.99 |102.84**
Males 1 | 44.84** | 190.20* | 20.02 |207.71**| 4.86 | 0.01 9.33 |8.74** | 294 |110.80| 12.62 | 25.18**
Females x Male 6 12.71 25.16* 23.43 2217 |3.68*| 1.84 |6.41**| 4.01 14,16 [31.67**|39.11**| 16.96
Females x Loc. 12 - - - 55.07** - - - 3.96 - - - 52.03
Males x Loc. 2 - - - 23.66 - - - 2.73 - - - 50.59
Fm x M x Loc. 12 - - - 19.52* - - - 3.96** - - - 33.99**
Pooled error 78@| 5.96 8.62 12.12 8.90 1.03| 1.20 1.14 1.12 6.36 2.23 2.30 3.63
c?g.ca. 4,98 8.13 3.04 392 |0.03| 0.27 0.19 0.18 1.20 4.90 0.05 0.73
62s.C.a. 2.25 5.51 3.77 0.87 |088| 021 | 1.76* | 0.02 2.60 9.81 | 12.27 5.67
62 g.c.alc?s.c.a. 221 1.47 0.80 451 |0.03| 1.28 0.11 9.45 0.46 0.49 4.80 0.12

Table 1d: Analysis of variance (mean squares) of combining ability for different characters in cotton

. Seed cotton yield per plant 2.5 per cent span length (mm) fibre strength (g/tex)
Sources of variance | D.F o 0 T Loelil | Pooled | Loc-l [Loc-11]Loc-111] Pooled |Loc-]Loc-1]Loc-111] Pooled
Locations 2 - - - 35220.00** - - - 118.87**| - - - 7.50
Females 6 | 3946.88 |20.98.61 [1551.74**| 54.06.91 |[10.71**| 14.94 | 19.47 | 19.15** | 2.05 | 2.30 | 8.32* | 10.31
Males 1 265.99 844.59 |3619.99**| 37.13.02 152 0.69 3.93 1.91 8.14 | 3.20 | 0.97 10.49
Females x Male 6 |2045.93**|936.31**| 123.53 960.66 499 |8.60**| 6.83* 8.58 494 | 584 | 4.38 |13.82**
Females x Loc. 12 - - - 1095.16 - - - 12.98* - - - 1.18
Males x Loc. 2 - - - 508.72 - - - 2.12 - - - 0.90
Fm x M x Loc. 12 - - - 1072.57** - - - 5.92* - - - 0.67
Pooled error 78@| 79.58 72.08 58.45 70.04 2.04 2.41 2.66 2.37 251 | 2.77 2.94 2.74
c?g.ca. 4.48 39.65 182.39 95.55 0.08 | 0.05 | 0.36 0.01 |0.01| 022 | 0.01 0.09
o2s.c.a. 655.45 | 288.08 21.69 37.30 098 | 2.06 | 1.39 0.89 |0.81| 1.02 | 0.48 4.38
c? g.cale®s.ca 0.01 0.13 8.40 2.56 0.08 | 0.02 | 0.25 0.01 |0.01| 0.22 | 0.03 0.02
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Table 2a: Estimates of general combining ability (gca) effects and specific combining ability (sca) effects for different characters in cotton

Parents/crosses D50F Plant height No of monopodia per plant

Locl |Loc-Il|Loc-1ll| Pooled | Locl Loc -1l | Loc-111 | Pooled | Locl |Loc-IlI|Loc-Ill1|Pooled

Females
76 I1H 20 -2.19 1.52 0.21 -0.15 | 29.25** | 24.82** | 13.78** | 22.62** |-0.32**| 0.39** | -0.61**| -0.18*
LH 900 5.31**| -1.98* | 0.38 1.24* | -19.16** | -24.96** | -25.33** | -23.15** | 0.34** | 0.31** |-0.51**| -0.16*
PH 93 -4.19** | -2,64** | -6.95** | -4.60** | 11.58** | 22,58** | 15.13** | 16.43** |-0.56**| -0.28* | -0.88**|-0.57**
LRA 5166 2.64* |-2.48**| -1.23 -0.37 0.90 |-15.48**|-10.26**| -8.28** | 0.38** | -0.08 | -0.08 0.07
LRK 516 -8.86** | -6.64** | -5.62** | -7.04** | -30.81** | -38.73** | -25.15** | -31.57** | -0.42** | -0.24 0.16 | -0.17*
G(B) 20 -2.19 | 3.02**| 0.05 0.29 |-11.43**| 11.17** | 28.09** | 9.27** | -0.02 | 0.89** | 0.99** | 0.62**
G.Cot. 100 9.48** | 9.19** |13.21** | 10.63** | 19.68** | 20.60** 3.75 14.67** | 0.61** |-0.38** | 0.92** | 0.39**
SE (gi) £ 1.10 0.86 0.81 0.54 2.21 251 2.41 1.37 0.11 0.12 0.13 0.07

Males
G.Cot. 10 -3.90** | -4,17** | -3.88** | -3.98** | 0.70 0.15 0.48 0.44 ]0.33**| 0.00 [-0.17**| 0.05
DHY 286-1 3.90** | 4.17*%* | 3.88** | 3.98** | -0.70 -0.15 -0.48 -0.44 |-0.33**| 0.00 |0.17**| -0.05
SE (gj) £ 0.45 0.35 0.33 0.22 0.90 1.03 0.98 0.56 0.04 0.05 0.05 0.03

Crosses

76 IH 20 x G.Cot.10 1.24 |3.00**| -0.79 | 1.15* | 6.85** -3.91 6.46* 3.13* |0.97** | 0.36** | 0.70** | 0.68**

76 1H 20 x DHY 286-1 -1.24 |-3.00**| 0.79 -1.15 | -6.85** | 3.91 -6.46* | -3.13* |-0.97**|-0.36**|-0.70** | -0.68**

LH 900 x G.Cot.10 4.40** | 3.17** | 0.71 | 2.76** | -9.78** | 4.18 3.40 -3.52* | 0.37**|-0.67**| 0.07 | -0.08

LH 900 x DHY 286-1 |-4.40**|-3.17**| -0.71 | -2.76 | 9.78** -4.18 -3.40 3.52* |-0.37**| 0.67** | -0.07 | 0.08

PH 93 x G.Cot.10 -0.76 | -0.50 | -0.29 | -0.52 -0.81 | -8.69** 1.21 -2.76 | 0.67** | 0.56** | 0.57** | 0.60**

PH 93 x DHY 286-1 0.76 0.50 0.29 0.52 0.81 8.69** -1.21 2.76  |-0.67**|-0.56** | -0.57** | -0.60**

LRA 5166 x G.Cot.10 -0.26 | -0.67 |-2.29**| -1.02 |-11.82**| -2.59 | -9.55** | -7.99** |-1.40**| -0.24 |-0.83**|-0.49**

LRA 5166 x DHY 286-1 | 0.26 0.67 | 229** | 1.02 |11.82**| 259 9.55** | 7.99** | 1.40** | 0.24 | 0.83** | 0.49**

LRK 516 x G.Cot.10 -243* | -050 | 1.71* | -0.40 1.85 7.33** |-12.66**| -1.16 |[-1.60**| -0.27* | -0.33* | 0.73**

LRK 516 x DHY 286-1 | 243* | 050 | -1.71* | 0.40 -1.85 | -7.33** | 12.66** | 1.16 |1.60**| 0.27* | 0.33** |-0.73**

G(B) 20 x G.Cot.10 -143 |-4.17**| -1.29 | -2.29** | 12.34** | 12.72** | 6.72** | 10.59** | -0.06 | 0.20 | -0.30* | -0.05

G(B) 20 x DHY 286-1 143 | 4.17%% | 129 | 2.29%* |-12.34**|-12.72** | -6.72** |-10.59**| 0.06 | -0.20 | 0.30* | 0.05

G.Cot.100 x G.Cot.10 -0.76 | -0.33 | 2.21* | 0.37 1.36 -0.69 4.42 1.70 0.04 0.06 0.10 0.07

G.Cot.100 x DHY 286-1 | 0.76 0.33 | -2.21* | -0.37 -1.36 0.69 -4.42 -1.70 -0.04 | -0.06 | -0.10 | -0.07

SE (gij) £ 1.10 0.83 0.81 0.54 2.21 2.51 241 1.37 0.11 0.12 0.13 0.07

Table 2b: Estimates of general combining ability (gca) effects and specific combining ability (sca) effects for different characters in cotton

Parents/crosses No of Sympodia per plant No of bolls per plant Boll weight
Loc I|Loc-Il| Loc-I1l| Pooled Loc | Loc -1l | Loc-I1l1 | Pooled | Locl | Loc-II | Loc-111 | Pooled
Females
76 IH 20 -451| 1.02 -1.47 | -1.65** | -5.46** |-5.09**| 3.21 |-2.44**|-0.47**| 0.00 |-0.70**|-0.39**
LH 900 2.69 | -1.51 0.37 0.51 -8.43** | -3.92** | -9.32 |-7.22*%*|-0.09** | 0.19** | 0.24** | 0.11**
PH 93 -4.14| -2.78 0.90 |-2.01**| 3.57** -0.72 8.11 | 3.66** | -0.47** | -0.17** | -0.80** | -0.48**
LRA 5166 3.66 | 0.05 -5.35 0.61 0.57 3.08** | -2.75 0.30 | 0.18** |-0.47**| -0.10 |-0.13**
LRK 516 0.36 | 3.29 290 | 2.18** 0.74 1.88 -3.92 -0.43 | 0.36** | -0.21** | 0.27** | 0.14**
G(B) 20 246 | 2.99 153 | 2.23** 0.74 6.08** | 2.18 | 3.00** | 0.36** | 0.37** | 0.34** | 0.36**
G.Cot. 100 -0.51| -3.05 1.30 -0.75 8.27** -1.32 248 | 3.14** | 0.13** | 0.30** | 0.75** | 0.39**
SE (gi) £ 1.16 | 1.02 0.87 0.59 0.88 1.07 1.16 0.60 0.04 0.06 0.08 0.04
Males
G.Cot. 10 -0.04| -0.37 |-2.14**|-0.85** | -1.09** | -0.26 |-3.73**|-1.70**| -0.01 |-0.17**| 0.11** | -0.02
DHY 286-1 0.04| 0.37 | 2.14** | 0.85** | 1.09** 0.26 | 3.73** | 1.70** | 0.01 | 0.17** |-0.11**| 0.02
SE (g)) = 047 | 041 0.36 0.84 0.36 0.43 0.47 0.25 0.02 0.02 0.03. 0.01
Crosses

76 1H 20 X G.Cot.10 291 | 0.07 | -0.79 0.73 | -3.91** |-7.30**| 0.70 |-3.50**| 0.12** | 0.02 -.008 0.02

76 1H20x DHY 286-1 |-2.91| -0.07 | 0.79 -0.73 | 3.91** | 7.30** | -0.70 | 3.50** | -0.12**| -0.02 0.08 -0.02

LH 900 x G.Cot.10 3.64 | -6.47 1.11 -0.57 1.12 1.20 -0.77 0.52 |-0.14**| 0.40** | 0.06 |-0.16**
LH 900 x DHY 286-1 -3.64| 6.47 -1.11 0.57 -1.12 -1.20 0.77 -0.52 | 0.14** | -0.40 -0.06 | 0.16**
PH 93 x G.Cot.10 -0.66| -1.93 | -256 |-1.72**| -2.74** | 0.13 -2.33 | -1.65**| 0.13** | 0.19** | -0.04 | 0.09*

PH 93 x DHY 286-1 0.66 | 1.93 256 | 1.72%* | 274 | -0.13 2.33 | 1.65** | -0.13** | -0.19** | 0.04 | -0.09*

LRA 5166 x G.Cot.10 -1.46| 1.77 1.34 0.55 3.06** 0.33 -6.13 | -0.92 0.06 | 0.30** | 0.38** | 0.20**

LRA 5166 x DHY 286-1 | 1.46 | -1.77 | -1.34 -0.55 | -3.06** | -0.33 6.13 0.92 -0.06 | -0.30** | -0.38** | -0.20**

LRK 516 x G.Cot.10 -4.02] 2.80 | -2.42 |-1.22**| -4.18** | -1.07 5.83 0.20 |-0.23** | 0.23** | -0.66** | -0.22**

LRK 516 x DHY 286-1 4.02 | -2.80 242 | 1.22%* | 4.18** 1.07 -5.83 -0.20 | 0.23** | -0.23** | 0.66** | 0.22**

G(B) 20 x G.Cot.10 -4.26| -1.10 | 5.05 -0.09 | 13.09** | 8.13** | 1.67 | 7.63** | -0.28** | -0.36** | -0.01 |-0.22**

G(B) 20 x DHY 286-1 426 | 110 | -5.05 0.09 |-13.09**|-8.13**| -1.67 |-7.63**| 0.28** | 0.36** | 0.01 | 0.22**

G.Cot.100 x G.Cot.10 3.84 | 4.87 -1.76 | -2.32** | -6.44** | -1.40 1.03 |-2.27**] 0.48** | 0.02 | 0.35** | 0.28**

G.Cot.100 x DHY 286-1 |-.384| -4.87 1.76 | -2.32** | 6.44** 1.40 -1.08 | 2.27** | -0.48** | -0.02 |-0.35** | -0.28**

SE (gij) £ 116 | 1.02 0.87 0.59 0.88 1.07 1.16 0.60 0.04 0.06 0.08 0.04
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Table 2c: Estimates of general combining ability (gca) effects and specific combining ability (sca) effects for different characters in cotton

Parents/crosses Number of seeds per boll Seed index (9) Ginning percentage
Locl | Loc-Il|Loc-lll|Pooled | Locl |Loc-Il|Loc-lll| Pooled | Loc-Il | Loc-11l| Pooled | Loc -1l
Females

76 I1H 20 -2.97**| -0.97 | -2.20* |-2.05%*| -0.34 |-0.95*%*|-1.71**|-1.00** |-3.15** | 1.10* |-1.50**|-3.15**
LH 900 -6.37** | 3.08** | -4.60** | -2.63** | -0.22 0.00 |-1.18**| -0.47* |-3.07** | -1.76** | -2.49** | -3.07**
PH 93 -2.87** | -3.01**| -159 |-2.47**| -0.72* | -0.84* | -0.71* |-0.76** | 7.51** | 0.38 | 4.53** | 7.51**

LRA 5166 1.68* |-3.03**|-4,50** | -1,95**| -0.14 -0.52 0.22 -0.15 -0.84 0.20 0.06 -0.84
LRK 516 0.21 |-3.22**| 2.88** | -0.04 0.28 |-1.40**| 1.34** | 0.07 |-2.43**| 550** | 1.54** | -2.43**

G(B) 20 6.20** | 6.34** | 4.05** | 553** | 0.34 | 2.20** | 0.82* | 1.12** | 045 |-5.41**|-1.67**| 0.45
G.Cot. 100 4,08** | 0.81 | 5.96** | 3.62** | 0.81* | 1.51** | 1.22** | 1.18** | 1.53** | -0.02 -0.51 | 1.53**

SE (gi) £ 0.72 0.87 1.03 0.51 0.30 0.32 0.32 0.18 0.44 -0.45 0.32 0.44

Males

G.Cot. 10 -1.03** | -2.13**| -0.69 |-1.28**|-0.34**| 0.02 |-0.47**|-0.26**| -1.62 0.55 -0.45 -1.62

DHY 286-1 1.03** | 2.13** | 0.69 | 1.28** | 0.34** | -0.02 | 0.47** | 0.26** | 1.62 -0.55 0.45 1.62

SE (gj) £ 0.29 0.35 0.42 0.21 0.12 0.13 0.13 0.07 0.18 0.18 0.13 0.18

Crosses

76 IH 20 x G.Cot.10 1.63* 0.08 -1.73 0.00 | -0.63* | 0.46 |-1.08**| -0.41* | 0.63 1.00* 0.51 0.63

76 IH 20 x DHY 286-1 -1.63* | -0.08 1.73 0.00 0.63* | -0.46 | 1.08** | 0.41* | -0.63 | -1.00* | -0.51 -0.63
LH 900 x G.Cot.10 1.40 |[-3.54**| -0.53 -0.89 -0.58 -0.49 -0.55 |-0.54**| 1.91** | -4.22**| -0.21 | 1.91**
LH 900 x DHY 286-1 -1.40 | 3.54** | 0.53 0.89 0.58 0.49 0.55 | 0.54** | -1.91** | 4.22** | 0.21 |-1.91**
PH 93 x G.Cot.10 -0.08 -1.06 -0.24 -0.46 -0.18 0.48 | 0.95** | 0.42* | 2.16** | -0.94* | 0.69 | 2.16**
PH 93 x DHY 286-1 0.08 1.06 0.24 0.46 0.18 -0.48 |-0.95**| -0.42* |-2.16**| 0.94* | -0.69 |-2.16**
LRA 5166 x G.Cot.10 -0.52 | 2.23** | 157 1.10* | 1.41** | -0.10 | 1.12** | 0.81** | -3.89** | 4.07** | -0.15 |-3.89**
LRA 5166 x DHY 286-1 052 |-2.23**| -1.57 -1.10 |-1.41**| 0.10 |-1.12**|-0.81**| 3.89** |-4.07**| 0.15 | 3.89**
LRK 516 x G.Cot.10 -2.78**| 0.73 0.12 -0.64 -0.11 -0.02 0.07 -0.02 | 1.94*%* | 0.53 | 1.44** | 1.94**
LRK 516 x DHY 286-1 2.78** | -0.73 -0.12 0.64 0.11 0.02 -0.07 0.02 |-1.94**| -0.53 |-1.44**|-1.94**
G(B) 20 x G.Cot.10 0.23 -0.77 | -2.54* | -1.03* | 0.72* 0.58 |-1.41**| -0.04 | -0.97* |-1.34**|-1.46**| -0.97*

G(B) 20 x DHY 286-1 -0.23 0.77 254* | 1.03* | -0.72 -0.58 | 1.41** | 0.04 0.97* | 1.34** | 1.46** | 0.97*

G.Cot.100 x G.Cot.10 0.12 2.33* | 3.34** | 1.93** | -0.64 |-0.90**| 0.89** | -0.22 -1.78 0.90 | -0.82* | -1.78
G.Cot.100 x DHY 286-1 -0.12 | -2.33* | -3.34**|-1.93**| 0.64 | 0.90** [-0.89**| 0.22 | 1.78** | -0.90 | 0.82* | 1.78**

SE (gij) + 0.72 0.87 1.03 0.51 0.30 0.32 0.32 0.18 0.44 0.45 0.32 0.44

Table 2d: Estimates of general combining ability (gca) effects and specific combining ability (sca) effects for different characters in cotton

Parents/crosses Seed cotton yield per plant 2.5 per cent span length fibre strength (g/tex)
Loc I Loc -1l | Loc-l11l | Pooled | Locl |Loc-Il|Loc-lll|Pooled | Loc | |Loc-Il|Loc-lll|Pooled
Females

76 IH 20 -28.37** | -13.00** | -16.01** | -19,12** | 1.55** | -1.66**|-0.99**| -0.37 | -0.16 | -0.60 | -0.59 | -0.45
LH 900 -33.37**| -2.23 |-19.93**|-18.68** | 1.04* | 1.37** | 1.04** | 1.15%* | 0.94 | 1.15* | 2.08** | 1.39**
PH 93 -12.99** | -8.75** | -0.46 -7.40*%* |-2.63**| 0.62 |-2.35**|-1.87**| -0.66 | -0.2 | -1.40* |-0.50**

LRA 5166 8.75** | -575* | -6.56** | -1.19 -0.16 |-2.40**| 1.74** | -0.27 | 0.30 | 0.41 0.35 0.35

LRK 516 11.97** | -4.99 2.01 3.00% -0.16 | 1.60** |-2,19**| -0.25 | -0.61 | 0.29 | -1.14* | -0.68*

G(B) 20 19.50%* | 41.73** | 22.98** | 28.07** | -0.12 056 | 1.73** | 0.79** | -0.23 | -0.50 0.45 -0.10

G.Cot. 100 35.02** | -7.01 | 17.97** | 15.33** | 0.47 1.14* | 1.02** | 0.88** | 0.44 | 0.15 0.26 0.28

SE (gi) £ 2.63 2.50 2.25 1.42 0.42 0.46 0.48 0.26 | 047 | 0.49 0.51 0.28

Males

G.Cot. 10 -2.52* | -4.48** | -9.28** | -543** | 0.19 -0.13 0.31 0.12 |-0.4*4| -0.28 | -0.15 | -0.29*

DHY 286-1 2.52* 4.48** | 9.28** | 543** | -0.19 0.13 -0.31 | -0.12 | 0.44*| 0.28 0.15 0.29*

SE (g)) = 1.07 1.02 0.92 0.58 0.17 0.19 0.20 0.11 | 0.19 | 0.20 0.21 0.12

Crosses

76 IH 20 x G.Cot.10 0.52 |-22.58**| 7.94** | -471** | -0.37 | -0.24 | 1.60** | 0.33 |1.21*| 0.86 1.42* | 1.16**
76 IH 20 x DHY 286-1 -0.52 | 22.58** | -7.94** | 4.71** 0.37 0.24 |-1.60**| -0.33 (-1.21*| -0.86 | -1.42* |-1.16**

LH 900 x G.Cot.10 -1.92 |-12.42**| 3.11 -3.74* 0.72 |-1.82**| 0.13 -0.32 | 051 | 0.18 0.18 0.29

LH 900 x DHY 286-1 1.92 12.42** | -3.11 3.74% -0.72 | 1.82** | -0.13 0.32 |-051| -0.18 | -0.18 | -0.29
PH 93 x G.Cot.10 -13.46** | 6.93* -3.35 -3.29* |-1.60**| -0.95% |-1.48**|-1.34**| -1.23 | -1.29 | -1.33* |-1.28**
PH 93 x DHY 286-1 13.46** | -6.93* 3.35 3.29* | 1.60** | 0.95* | 1.48** | 1.34** | 1.23 | 1.29* | 1.33* | 1.28**
LRA 5166 x G.Cot.10 10.44** | 8.82** 0.73 6.66** | 1.02* | 0.17 0.33 051 |-093| -0.89 | -0.05 | -1.62*
LRA 5166 x DHY 286-1 |-10.44**| -8.82** | -0.73 -6.66** | -1.02* | -0.17 | -0.33 | -0.51 | 0.93 | 0.89 0.05 | -0.66*
LRK 516 x G.Cot.10 -26.35** |  4.94 -3.67 -8.36%* | 0.53 0.53 0.45 050 |-054| -0.76 | -0.67 | 0.66*
LRK 516 x DHY 286-1 | 26.35** | -4.94 3.67 8.36** | -0.53 | -0.53 | -045 | -0.50 | 0.54 | 0.76 0.67 | 0.66**
G(B) 20 x G.Cot.10 32.47** | 10.31** | -5,05* | 12.58** | 0.31 0.35 | -1.29* | -0.21 | 0.71 | 1.29* 0.32 0.77*
G(B) 20 x DHY 286-1 |-32.47**|-10.31**| -5.05* |-1258**| -0.31 | -0.35 | 1.29* | 0.21 |-0.71 |-01.29*| -0.32 | -0.77*

G.Cot.100 x G.Cot.10 -1.70 3.98 0.28 0.85 -0.62 | 1.97** | 0.27 0.54* | 0.27 | 0.61 0.13 0.34

G.Cot.100 x DHY 286-1 1.70 -3.98 -0.28 -0.85 0.62 |-1.97**| -0.27 | -0.54* | -0.27 | -0.61 | -0.13 | -0.34

SE (gij) + 2.63 2.50 2.25 1.42 0.42 0.46 0.48 0.26 | 047 | 0.49 0.51 0.28
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Table 3: Best parents, best general combiners and best specific combiners for different characters in pooled analysis

NS(') Character Best parents per se | Best general combiners Best specific combiners
LRK 516
1 Days to 50% flowering G(B) 20 PH 93 CMS-LH 900 x Dhy 286-1
G.Cot.10
Plant height LRK 516 LRK 516
2 LRA 5166 LH 900 CMS- G(B) 20 x DHY 286-1
G(B) 20 LRA 5166
DHY 286-1 LRK 516
3 | No. of monopodia/ plant LRA 5166 G.Cot.100 CMS-LRK 516 x DHY 286-1
LH 900 LRA 5166
76 1H 20 G(B) 20
4 No. of sympodia / plant PH 93 LRK 516 CMS- G.Cot.100 x G.Cot.10
G.Cot.10 G.Cot.10
G.Cot.10 PH 93
5 No. of bolls per plant LRA 5166 G.Cot.100 CMS- G(B) 20 x G.Cot.10
G(B) 20 G(B) 20
Boll weight LRK 516 G.Cot.100
6 G(B) 20 G(B) 20 CMS-G.Cot.100 x G.Cot.10
DHY 286-1 LRK 516
76 1H 20 G(B) 20
7 No. of pods per boll G.Cot.10 G.Cot.100 CMS-G.Cot.100 x G.Cot.10
LRA 5166 DHY 286-1
Seed index G.Cot.100 G.Cot.100
8 G(B) 20 G(B) 20 CMS-LRA 5166 x G.Cot.10
G.Cot.10 DHY 286-1
PH 93 PH 93
9 Ginning percentage LRK 516 LRK 516 CMS-G(B) 20 x DHY 286-1
DHY 286-1 DHY 286-1
G(B) 20 G(B) 20
10 | Seed cotton yield/plant G.Cot.10 G.Cot.100 CMS-G(B) 20 x G.Cot.10
LRK 516 DHY 286-1
G.Cot.100 LH 900
11 2.5% Span Length LRK 516 G.Cot.100 CMS-PH 93 x DHY 286-1
G(B) 20 G(B) 20
DHY 286-1 LH 900
12 Fibre strength G.Cot.100 DHY 286-1 CMS-PH 93 x DHY 286-1
LRK 516 LRA 5166

A comparison of the crosses selected on the basis of s.c.a.
effects with their mean performance in their environments
revealed some important features viz., (1) the relative ranking
of the various crosses on the basis of s.c.a. effects was
different in different environments (2) the ranking on the
basis of s.c.a effects was not always reflected by the ranking
based on per se performance and (3) crosses showing high
mean performance had not always shown high s.c.a. effect.
There was no consistent association between per se
performance of parents and their s.c.a. effects. Although, high
s.c.a. effects denote high heterotic responce, this may be due
to poor performance of the parents in comparison with their
hybrids. Even with the same amount of heterotic effects, the
s.c.a. effects may be lower where the mean performance of
the parents is higher. This suggests that estimates of s.c.a.
effects may not always lead to a correct choice of hybrid
combination. These estimates may also be biased because of
non-fulfilment of any of the assumptions involved in the
models. Hence, the choice of best cross combinations on the
basis of per se performance could be more realistic and
useful. Similar findings were reported by Pathak and Kumar
(1975) M, Singh et al., (1988) 4, Gururaja and Basu (1992)
B3l and Patel et al., (1997) 11,

In cotton, the variety/hybrid with short duration and dwarf
type is desirable. Hence the parent LRK-516 with high
negative g.c.a. effects for plant height and days to 50 per cent
flowering seems to be useful for breeding for short stature and
early maturing variety/hybrid in hirsutum cotton.

Increase in yield, accompained by a good standard of quality
characters viz., 2.5 per cent span length, ginning percentage
and fibre strength is always desirable. In the present
investigation, the parent G(B) 20 could be spotted out as a
good general combiner for yield and yield contributing
characters and average combiner for seed index and fibre
strength. Thus by using this parent in breeding programme,
there is a good scope for increasing yield without loss in
quality characters.

The s.c.a. effects represent dominance and epistatic effects

and can be related with heterosis (Falconer, 1960) M. From

the observations made in the present study the following
points emerged.

1. The relation between per se performance and the s.c.a.
effects of hybrids for majority of characters indicated that
s.c.a. effects of a cross can reasonably be predicted from
their per se performance. However, the inspection of s.c.a.
effects and mean performance of individual crosses
indicated that the crosses having high s.c.a. effects did not
always possess high mean values (Table 3). High s.c.a
effects denote, undoubtedly, high heterotic response, but
this may also be due to the very poor performance of
parents in comparison with their hybrids. Indeed, even
with the same amount of heterotic effect, the s.c.a. effects
may be lower when the mean performance of the parents
is higher. This showed that estimates of s.c.a. effects may
not always lead to the correct choice of hybrid
combinations. Although the relative amount of g.c.a. and
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s.c.a. effects play a vital role in planning the most
appropriate breeding programme, this objective could be
fulfilled by the analysis of variance for combining ability,
itself. It is therefore, advisable to give more emphasis to
the per se performance rather than the estimates of s.c.a.
effects.

The crosses identified having high s.c.a. effect for seed
cotton yield also had high s.c.a. effect for boll number.
The components like sympodia per plant, boll weight,
seed index showed lack of association with seed cotton
yield, thereby limiting the utility of these characters in
identifying superior cross combination.

The crosses exhibiting high s.c.a. effects did not always
involve the parents having high g.c.a. effects (Table 3).
Any parental combination of either good x good, good x
poor and poor x poor may result in to high s.c.a. effects
(Table 3).

The crosses exhibiting high s.c.a. effects were not always
the result of good x good combination with respect to
mean performance. Hence choice of the parents on the
basis of combining ability together with per se
performance is advisable.
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