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ABSTRACT 
 

A study was conducted in the Department of Plant Breeding and Genetics, 
Faculty of Crop Production, Sindh Agriculture University, Tandojam, Pakistan 
during 2007. The objective was to examine the combining ability of eight 
upland cotton genotypes using F1 hybrid production and also to select 
desirable progenies from segregating populations. The genotypes comprised 
four parents as females (BH-160, NB-999, NIBGE-2 and FH-901) and four 
parents as males (CIM-56, CIM-497, CIM-707 and RH-501). The mean squares 
due to general combining ability (GCA) and specific combining ability (SCA) 
were significant for all traits except the GCA of females for number of 
monopodial branches per plant. The significance of GCA (males and females) 
and SCA (males x females interaction) variances suggested that both additive 
and non-additive genes were controlling the characters, yet additive genes 
were more important because variances due to GCA were, by and large, higher 
than due to SCA. Among four females, parent NIBGE-2 manifested maximum 
GCA effects for monopodial branches per plant (0.298), total number of bolls 
per plant (2.92) and seed cotton yield per plant (10.358), while BH-160 
expressed high GCA effects for boll weight (0.12) and NB-999 for sympodial 
branches per plant (0.80). Among male inbreds, maximum GCA effects for most 
of the characters were expressed by inbred CIM-506. GCA effects of males and 
females, therefore, suggested that parents NIBGE-2, NB-999 and CIM-506 may 
be preferred for hybridization and selection programmes to improve majority of 
the characters studied. SCA estimates, however, suggested that hybrid FH-901 
x CIM-506 expressed maximum effects for boll weight (0.77), NIBGE-2 x CIM-
497 for bolls per plant (8.58) and seed cotton yield per plant (30.482) and 
NIBGE-2 x CIM-506 for monopodial branches per plant (2.29). These results 
indicated that different hybrids may be exploited for hybrid crop development 
with improved traits.  
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Capitalizing on the effects of hybrid vigor or heterosis presents an intriguing 
opportunity to increase the yield of upland cotton (Gossypium hirsutum L.). 
During the last 50 years, studies have been conducted to explore the effects 
of heterosis using both F1 and F2 hybrids. A more recent summary by 
Meredith (17) reported that yield heterosis values averaged 21.4 and 10.7 
percent for F1 and F2 hybrids, respectively. Other studies (2, 16, 18, 19, 23, 
24) have also reported that boll weight and number of bolls per unit area 
contribute a large portion to yield heterosis. Other than the United States, 
China and India have rapidly adopted hybrid cotton production systems and 
increased yield. According to Dongre and Parkhi (9), hybrid cotton in India 
represents approximately 45 percent of total production area and accounts for 
about 55 percent of India’s cotton production. Dong et al. (8) reported that 
hybrid cotton production in China since 2000 covers approximately 20 
percent of total acreage. In addition, Dong et al. (7) reported that hybrid Bt 
cotton in India has increased yield by 20 percent compared with pure-line Bt 
cotton cultivars.  Moreover, recently Campbell et al. (5), while comparing 
modern and obsolete cultivars, found that obsolete group of cultivars showed 
average lint yield heterosis values of 34 percent compared with 23 percent for 
modern cultivars. Yet, both cultivar groups displayed significant, but similar 
heterosis values for number of bolls per square meter (17% modern group 
and 15% obsolete group). Further, they stated that major yield component 
associated with lint yield heterosis for both groups was bolls per square 
meter. 
 
In hybrid production or selection, combining ability estimates are very 
important attributes to cotton breeders in predicting genetic improvement that 
could be made through hybridization and selection programmes. Early 
evidences indicated that certain inbred parents perform better than others in 
transmitting favourable genes to their off-springs. Richey and Mayer (21) thus 
emphasized that due to lack of any definite correlation in the performance 
between parents and their off-springs, selection for combining ability must be 
based on the performance of inbreds in cross combinations rather than 
inbreds per se. Cotton breeders hence are very ardent in determining the 
genetic potential of their new inbred parents in hybrid combinations for two 
reasons. First, inbred parents may be identified which form good individuals 
in specific combinations which is commonly referred as specific combining 
ability (SCA) of inbred parents. Secondly, it is to locate the inbred lines 
performing very well when crossed with series of other inbred parents which 
is referred as general combining ability (GCA) of the parents (22). In this 
context, former types of inbreds are useful for hybrid cotton development 
whereas latter types are desirable for hybridization and selection from 
segregating populations (3). 
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Improvements in metrical characters are usually based on progeny 
performance. In quantitative genetics, only additive genes determine progeny 
performance. Dominant genes, on the contrary, are specific to only genotypic 
value of an individual (11) and thus do not contribute to the progeny from one 
generation to the next. Plant breeders make number of crosses among inbred 
parents to determine type of gene actions and also proportions of genetic 
variances attributable to additive and dominant genes for various plant 
characters. In early plant breeding era, large number of crosses was 
attempted and potential parents based on their progeny performance were 
recognized. These approaches of identifying potential parents and genes 
functioning for various plant characters require lot of resources in terms of 
manpower, space and time (4). Additive and dominant genetic variance are 
also important for breeders. They arbitrate as how far a particular trait is 
amenable to selection in segregating generation or useful for hybrid cotton 
development. Various mating designs in this regard have been very valuable. 
The diallel analysis has been used more than any other mating design to 
designate GCA and SCA of the parents, thereby, obtaining the information on 
the types of gene actions controlling different traits in cotton. However, diallel 
mating design has its own limitations i.e. it uses less number of parents and 
requires more resources. Cross Classification Design-II analysis as compared 
to diallel, involves more number of parents with same resources. So Design-II 
analysis provides information for large number of parents with more reliable 
estimates of genetic parameters (3). 
 
The objective of present study was to determine the general and specific 
combining ability of cotton inbred parents using North Carolina Design-II 
genetic analysis. 
 

MATERIALS AND METHODS 
 
This study was carried out at Botanical Garden, Department of Plant 
Breeding and Genetics, Faculty of Crop Production, Sindh Agriculture 
University, Tandojam, Pakistan during 2007. Four parents (BH-160, NB-999, 
NIBGE-2 and FH-901) as females were crossed with four parents as males 
(CIM-506, CIM-497, CIM-707 and RH-501) in Design-II mating fashion. The 
seed of inbred parents and their F1 hybrids were grown in a RCBD with three 
replications. The distances between plant to plant and row to row were kept 
as 30 and 75 cm, respectively. Cross Classification Design-II analysis was 
carried out to determine the genetic variability and effects due to GCA and 
SCA as described by Comstock and Robinson (6) and adopted by Haullauer 
and Miranda (13). The traits studied were; number of monopodial branches 
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per plant, number of sympodial branches per plant, number of bolls per plant, 
boll weight and seed cotton yield per plant. Ten index plants were selected at 
random from each replication per genotype and properly tagged for recording 
these observations. 

 
RESULTS AND DISCUSSION 

 

The mean squares due to crosses, female inbreds, male inbreds ad males x 
females interactions were significant for all characters except that GCA of 
females for number of monopodial branches per plant which was non-
significant (Table 1). However, by and large, GCA variances were higher than 
SCA. Contrary to these findings, Khan et al. (14) found preponderance of 
non-additive genes in the expression of yield and its components which could 
be due to different methods and material tested The significance of mean 
squares due to male and female inbreds both designate GCA variances while 
female x male interaction signify SCA variances employed that additive as 
well as non-additive genes were important in the expression of characters 
studied. Ahuja and Dhayal (1) estimated GCA and SCA of parents by 
crossing four lines and 13 testers in line x tester mating design and observed 
significant GCA and SCA for yield and its componential traits.  
 
Table 1. Mean squares from North Carolina Design-II analysis for various characters in 

intra-hirsutum F1 hybrids. 
 
Source of variation Degree

s of 
freedo

m 

Monopodial 
branches/ 

plant 

Sympoidial 
branches/ 

plant 

Bolls/plant Boll weight Seed cotton 
yield/plant 

Replications      2 0.063 5.021 9.083 0.243 217.378 
F1 hybrids    15 1.765** 26.127** 366.3556** 0.5127** 119096.31** 
Males (GCA)      3 4.465** 104.528** 1473.056** 0.471** 1322.300** 
Females (GCA)      3 0.354 6.083** 87.500** 0.303** 6884.140** 
Males x females (SCA)      9 1.336** 6.676** 90.407** 0.597** 1923.029 
Error    30 0.174 1.999 1.506 0.038 207.695 
**Significant at 1% probability levels. 
 

Everina et al. (10) and Khan et al. (14) also found significant variation for yield 
and its components in cotton. Baloch and Bhutto (3) used Cross 
Classificaiton Design-II analysis involving five cotton leaf curl virus 
susceptible males and five resistant female inbred parents to estimate 
general and specific combining ability effects for seed cotton yield and boll 
weight. The mean squares due to males and females and males x females 
interaction were significant for all six characters. Significance of GCA and 
SCA variances suggested that both additive and non-additive genes were 
controlling such traits. 
With regards to hybrids performance, NIBGE-2 x CIM-497 formed maximum 
bolls (59.333) with the highest seed cotton yield per plant (178.900 g/plant) 
(Table 2).  However,  hybrid  NIBGE - 2 x CIM - 506  excelled  in  number  of  
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Table 2. Performance of intra hirsutum F1 hybrids for various characters. 
 

F1 hybrids Monopodial 
branches/ 

Plant 

Sympodial 
branches/ 

plant 

Bolls/plant Boll weight 
(g) 

Seed cotton 
yield(g/plant) 

BH-160 x CIM-506 2.333 27.667 50.00 3.143 140.117 
BH-160 x CIM-497 1.000 25.333 47.00 2.817 139.247 
BH-160 x CIM-707 1.333 23.333 38.333 3.057 118.433 
BH-160 x RH-510 1.000 24.667 30.667 3.800 118.167 
NB-999 x CIM-506 2.333 28.667 50.667 3.660 138.257 
NB-999 x CIM-497 2.000 28.333 38.667 2.550 106.077 
NB-999 x CIM-707 1.333 22.000 30.000 2.953 89.353 
NB-999 x RH-510 1.000 24.000 30.000 3.330 105.020 
NIBGE-2 x CIM-506 3.667 30.333 53.667 2.767 148.333 
NIBGE-2 x CIM-497 1.000 25.000 59.333 2.900 178.900 
NIBGE-2 x CIM-707 1.000 19.333 36.000 3.600 140.050 
NIBGE-2 x RH-510 1.333 24.333 22.000 2.903 66.933 
FH-901 x CIM-506 1.333 26.333 48.000 4.043 168.220 
FH-901 x CIM-497 2.333 26.333 46.333 2.923 128.17 
FH-901 x CIM-707 1.000 21.000 27.667 2.873 80.150 
FH-901 x RH-510 1.000 22.667 29.000 2.990 105.867 
Grand mean 1.563 24.958 39.833 3.082 123.196 
LSD (5%) 0.695 2.357 2.046 0.325 24.028 

 
monopodial and sympodial branches (3.667 and 30.333) while FH-901 xCIM-
506 formed bigger bolls weighing 4.043 g. In general, it is assumed that 
hybrid performance is reflected in GCA and for sure in SCA. Giri et al. (12) 
noted that cross combinations (HS 88 x TH 46 and H 777 x G 17) showed 
high performance for yield and related traits and did not exhibit high SCA 
effects for those characters. Though, such assumption did not completely 
hold true in this case yet hybrid NIBGE-2 x CIM-497 which recorded higher 
hybrid performance for number of bolls and seed cotton yield was also a good 
specific combiner for both parameters. These results indicated that some of 
the hybrids could be picked-up on the basis of hybrid performance and it 
could be expected that these will perform similarly in SCA as well (Fig. 1 and 
2). Similar to these findings, Kaushik et al. (15) found that cross LH-1836 x H-
1123 which exhibited the highest SCA effects was also associated with high 
performance for number of bolls per plant and seed cotton yield. As regards 
to GCA effects of female inbreds, BH-160 manifested maximum positive GCA 
effects for boll weight (0.12) while NB-999 for sympodial branches per plant 
(0.80) (Table 3). 
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Table 3. General combining ability estimates of male and female inbreds for various 

characters in intra hirsutum F1 hybrids. 
 

Inbred parents Monopodial 
branches/ 

plant 

Sympodial 
branches/ 

plant 

Bolls/plant Boll weight Seed cotton 
yield/plant 

Male inbreds      
CIM-506 0.854 3.30 10.75 0.07 25.535 
CIM-497 0.021 1.30 8.00 -0.28 14.864 
CIM-707 -0.395 -3.53 -6.83 0.04 -16.199 
RH-510 -0.478 -1.03 -11.9 0.17 -24.199 
S.E. (gi). 0.120 0.408 0.354 0.056 4.160 
Female inbreds      
BH-160 -0.146 0.30 1.67 0.12 5.794 
NB-999 0.104 0.80 -2.49 -0.20 -13.52 
NIBGE-2 0.298 -0.20 2.92 -0.03 10.358 
FH-901 -0.146 -0.866 -2.08 0.12 -2.63 
SE. (gi.) 0.120 0.408 0.354 0.056 4.160 

 

Nonetheless greater GCA effects were exhibited by NIBGE-2 for number of 
monopodial branches (0.298) total number of bolls per plant (2.92) and seed 
cotton yield per plant (10.358), (Table 3).  Among male inbreds, maximum 
GCA effects for most of the characters were displayed by the parent CIM-
506. GCA effects of female and male inbreds, therefore, suggested that 
parents BH-160, NB-999 and NIBGE-2 from females and CIM-506 from male 
inbreds may be preferred for hybridization and selection programmes to 
extract desirable plants from segregating populations for improving majority of 
the characters studied. 
 
Table 4. Specific combining ability estimates of intra hirsutum F1 hybrids for various 

characters. 
 

F1 hybrids Monopodial 
branches/plant 

Sympodial 
branches/plant 

Bolls/plant Boll weight Seed cotton 
yield/plant 

BH-160 x CIM-506 0.06 -0.88 -2.25 -0.12 -14.408 
BH-160 x CIM-497 -0.437 -1.22 -2.50 -0.10 -4.61 
BH-160 x CIM-707 0.322 1.62 3.66 -0.20 5.649 
BH-160 x RH-510 0.06 0.41 1.02 0.43 13.382 
NB-999 x CIM-506 -0.17 -0.39 2.58 -0.28 3.046 
NB-999 x CIM-497  0.322 1.28 -6.67 -0.03 -18.464 
NB-999 x CIM-707 0.07 -0.21 -0.50 0.04 -4.06 
NB-999 x RH-510 -0.178 -0.71 4.59 0.29 19.55 
NIBGE-2 x CIM-506 1.062 2.28 0.16 -0.35 -10.75 
NIBGE-2 x CIM-497 -0.768 -1.05 8.58 0.15 30.482 
NIBGE-2 x CIM-707 -0.348 -1.88 0.08 0.52 22.70 
NIBGE-2 x RH-510 0.062 0.62 -8.83 -0.17 -42.41 
FH-901 x CIM-506 -0.928 1.05 -0.5 0.77 22.123 
FH-901 x CIM-497 0.905 0.95 0.58 0.01 -7.410 
FH-901 x CIM-707 -0.008 0.46 -3.26 -0.37 -24.20 
FH-901 x RH-510  0.072 -0.38 -3.17 0.36 9.509 
S. E. (si.) 0.240 0.816 0.708 0.112 8.320 
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SCA estimates revealed that maximum positive SCA effects were displayed 
by the hybrids FH-901 x CIM-506 for boll weight (0.77), NIBGE-2 x CIM-497 
for total number of bolls per plant (8.58) and seed cotton yield per plant 
(30.482), NIBGE-2 x CIM-506 for monopodial branches (1.062) and 
sympodial branches per plant (2.28) (Table 4). These results suggested that 
different hybrids may be considered to improve various traits. It was also 
noted that some of the parents which exhibited high GCA also expressed 
high SCA for the same characters. Similarly, Everina et al. (10) from 7 x 7 
diallel crosses noted that parents NTA 93-21, Delcot-344, Aubrun-56 and MZ-
561 which had high and positive GCA also manifested high SCA for same 
traits, thus suggested that some of the parents could be identified to improve 
majority of the traits. Neelima et al. (20) found from diallel analysis that both 
additive and non-additive gene actions were involved in the inheritance of 
sympodia per plant, boll weight and seed cotton yield per plant. 
 

CONCLUSION 
 
The parents and their hybrids manifested significant differences in mean 
performance for all characters studied. The significance of GCA and SCA 
mean squares expressed the importance of both additive and dominant 
variances for all characters except number of monopodial branches per plant 
where GCA for females was non-significant. Higher GCA effects of female 
parents and male parents were, however, demonstrated by BH-160, NB-999, 
NIBGE-2 and CIM-506 for majority of the characters as good general 
combiners. It suggested that these parents may be preferred for hybridization 
and selection programmes. SCA effects indicated that for hybrids crop 
development, cross FH-901 x CIM-506 may be utilized for improving boll 
weight, ginning outturn percentage and micronaire value; NIBGE-2 x CIM-497 
for total number of bolls per plant and seed cotton yield per plant and NIBGE-
2 x CIM-506 for number of sympodial and monopodial branches per plant. 
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