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Introduction 
 

Cotton, the king of fibre, is one of the 

momentous and important cash crop 

exercising profound influence on economics 

and social affairs of the words and plays a 

vital role as a cash crop in commerce of many 

countries such as USA, China, India, Pakistan, 

Uzbekistan, Australia and Africa [1]. India is 

the pioneer country in the word for 

commercial exploitation of heterosis in cotton. 

With the success of first commercial cotton 

hybrid in 1971, main objective of breeder has 

been to develop high yielding hybrids through 

exploitation of heterosis [2]. The cotton 

belonging to the genus Gossypium 

(Malvaceae) comprises of approximately 50 

species, distributed in various continents 

except Europe. It has four cultivated species: 

Gossypium hirsutum L., G. barbadense, G. 

arboreum L. and G. herbaceum L. The G. 

hirsutum species is the predominant cultivated 

cotton with high yield and wide adaptation, 

while its closely related species, G. 

barbadense is grown for its extra-long, strong, 

and fine fibre. The diploid species, G. 

arboreum L. and G. herbaceum L. are 

cultivated only in very small acreage [3]. 

Choice of parent for hybridization is the most 

important aspect, which depends not only on 
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diversity of parents but also on combining 

ability as development of new variety with 

higher yield and fibre quality are the primary 

objectives of cotton breeding programmes. 

The first step in successful breeding 

programme is to select appropriate parents. 

Combining ability provides information for 

the selection of parents as well as the nature 

and magnitude of gene action involved in the 

expression of traits. The concept of combining 

ability was introduced by [4]. According to 

them general combining ability (gca) is 

average performance of a parent in a series of 

crosses and specific combining ability (sca) 

designates those cases in which certain 

combinations perform relatively better or 

worse than would be expected on the basis of 

average performance of lines involved. The 

variance of gca includes additive and additive 

x additive portions, while sca includes non-

additive genetic portion. Hence combining 

ability, which is important in the development 

of breeding procedures, is of notable use in 

crop hybridization either to exploit heterosis 

or to combine the favorable fixable genes. 

Development of new variety with higher yield 

and fibre quality are the primary objectives of 

cotton breeding programmes. The first step in 

successful breeding programme is to select 

appropriate parents. Diallel analysis provides a 

systemic approach for the identification of 

suitable parents and cross combination for the 

investigated traits. The general objectives of 

this study were to evaluate general combining 

ability of parents, specific combining ability 

of hybrids in cotton for yield, yield 

components traits and selecting superior 

hybrids that can be used in breeding 

programmes of cotton. The selection of 

superior parentsfor exploitation of hybrids 

vigour is most essential and the gca and sca 

may help in isolating desirable parents. The 

knowledge of combining ability provides a 

useful clue for selection of desirable parents 

for the development of better hybrids, which 

should be superior in yield, quality and 

resistance to biotic and abiotic stresses over 

the present cultivars.  [5] Opined that high 

yielding lines may not necessarily be able to 

transmit their superiority to the offspring. 

Hence, to identify promising inbred line or 

parents and crosses, the present study was 

undertaken as also to study the general and 

specific combining ability effects. 

 

Materials and Methods 

 

Nine parental lines viz., GSHV-97/13, GJHV-

337, AET-5, GN.Cot-22, GSHV-97/1016, 

GISV-8/1029, DELTA-15, EC-10786 and 

KH119 were crossed in 9 × 9 diallel excluding 

reciprocal. Resultant thirty six cross 

combination alongwith nine parents were 

evaluated in randomized block design with 

three replication during kharif2015-16 at Main 

Cotton Research Station, (MCRS), NAU. 

Surat, Bharuch and Hansot considering three 

environments E1, E2 and E3, respectively. 

Each entry was represented by single row plot 

of ten plants, spaced 120 x 45 cm. All the 

agronomic and plant protection measures were 

followed as per the recommended package of 

practices. Observations were recorded on five 

plants for the characters viz., seed cotton yield 

per plant, number of sympodia per plant, 

number of bolls per plant, bolls weight, seed 

index, ginning outturn and lint yield per plant. 

Combining ability analysis was carried out 

according to the model given by Model I, 

method II of[6]. 

 

Results and Discussion 

 

Combining ability variance 

 

The pooled analysis revealed significance of 

both general (gca) and specific (sca) 

combining ability variance for the traits under 

study which indicated that both the variances 

were important in inheritance of the characters 

(Table 1). However, variance due to sca were 

higher in magnitude than gca variance. It 
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indicated that non-additive genetic variance 

was predominant. Specific combining ability 

is attributable to non-additive gene action, 

which may be due to dominance or epistasis or 

both and is non-fixable in nature. The 

presence of non-additive genetic variance is 

the primary justification for initiating the 

hybrid breeding programme [7]. Almost akin 

results have been reported by (8), (9) and (10). 

It was further observed that the variance due 

to environments were highly significant for all 

characters. The interaction, gca x 

environments highly significant except 

sympodia per plant, seed index and seed 

cotton yield per plant. While, interaction, sca x 

environments highly significant and 

magnitude was greater in former than later in 

all the characters. Suggesting greater influence 

of sca than the gca variance. (11) have also 

noticed higher variance due to sca than those 

of gca. 

 

Combining ability effects 

 

Based on estimates of general combining 

ability effects for various characters (Table 2), 

it was observed that none of the parents was 

found to be good general combiner for all the 

traits. However, an overall appraisal of general 

combining ability effects revealed that GJHV-

337, GN.Cot-22 and EC-10786 were observed 

to the best general combiner among nine 

parents for seed cotton yield and its 

component traits as well as parent GSHV-

97/13 alsofound good general combiner for 

boll weight as possessed significant and 

positive gca effects. In present investigation, 

parent viz., GJHV-337 and GN.Cot-22 

exhibited high per se performance coupled 

with significant gca effect for majority of the 

characters. It was observed that among 

parents, i.e. EC-10786 (9.51), GN. Cot-22 

(6.27) and GJHV-337 (5.73) exhibited 

significant positive gca effects for seed cotton 

yield/plant as well as high per se performance. 

It was also observed that the per se 

performance of different characters in general 

agreed with the gca effects. However, this 

cannot be taken as a rule because parents or 

genotypes with high per se performance need 

not always be good general combiners. This 

could be attributed due to the intra and/or 

inter-allelic interaction of genes concerned 

with the character modified by environmental 

factors (12). It was further observed (Table 2) 

that parents possessing good general 

combining ability for seed cotton yield per 

plant also possessed high general combining 

ability for one or more of its yield 

components. It appeared that per se 

performance as such may give an indication of 

the general combining ability of the parents 

involved in crosses. This suggested that while 

selecting the parents for hybridization 

programme per se performance of the parents 

should be given due consideration. Such 

parallel behavior of per se performance and 

general combining ability was also reported by 

[13], [14], [15] and [16]. The estimates of sca 

effects revealed that none of the hybrid was 

found consistently superior for all the traits. 

Out of thirty six hybrids, twelve hybrids 

exhibited significant and positive sca effects 

for seed yield per plant. The top three hybrids 

on the basis of significant positive sca effects 

and per se performance of seed yield per plant 

were GSHV-97/13 x KH-119 (20.28), 

GN.Cot-22 x KH-119 (18.80) and GJHV-337 

x GN.Cot-22 (18.22) best sca effect for seed 

cotton yield per plant. These hybrids had also 

depicted significant positive sca effects for 

one or more of the yield attributing traits viz., 

Sympodia per plant, bolls per plant, boll 

weight, seed index, ginning outturn and lint 

yield per plant. 
 

A perusal of sca effects revealed that 14 

hybrids for lint yield per plant, ten for bolls 

per plant, nine for boll weight, ten for seed 

index and fourteen for ginning outturn 

expressed significant and positive sca effects. 

The highest significant sca effects in desired 

direction for component characters was 
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exhibited by different hybrids viz., GJHV-337 

x GN.Cot-22 (6.63), GJHV-337 x EC-10786 

(5.68) and EC-10786 x KH-119 (5.35) for 

sympodia per plant; GJHV-337 x EC-10786 

(9.89), GSHV-97/13 x GJHV-337 (8.49) and 

GJHV-337 x GN.Cot-22 (7.65) for number of 

bolls per plant; GSHV-97/13 x GJHV-337 

(12.30), GJHV-337 x GN.Cot-22 (12.15) and 

EC-10786 x KH-119 (11.74) for boll weight; 

GJHV-337 x EC-10786 (9.19), GJHV-337 x 

GN.Cot-22 (8.89) and GN.Cot-22 x EC-10786 

(7.37) for seed index; GJHV-337 x GN.Cot-22 

(5.90), GSHV-97/13 x KH-119 (4.44) and 

GSHV-97/13 x GJHV-337 (4.10) for ginning 

outturn; GJHV-337 x GN.Cot-22 (15.18), 

GSHV-97/13 x KH-119 (13.15) and GJHV-

337 x EC-10786 (10.65) for lint yield per 

plant. These results are in accordance with 

those obtained by[17], [18]and [19]. The best 

three hybrids for seed yield per plant viz., 

GJHV-337 x GN.Cot-22 (good x good), 

GJHV-337 x EC-10786 (good x good), 

GN.Cot-22 x KH-119 (good x average) and 

GN.Cot-22 x EC-10786 (good x good) had 

significant positive sca effects. High yielding 

hybrids also possessed high sca effects, high 

heterosis as well as high per se performance 

for most of its yield contributing characters. 

This appeared appropriate as yield being a 

complex character depends on a number of its 

component traits. 

 

Table.1 Analysis of variance for seed cotton yield and its component traits in  

G. hirsutum L. cotton 

 
Source of variance d.f. Sympodia 

/plant 

Bolls/ 

plant 

Boll weight 

(g) 

Seed index 

(g) 

Ginning 

outturn 

(%) 

Seed cotton 

yield /plant      

(g) 

Lint yield/    

plant 

(g) 

GCA 8 106.74 ** 107.30  ** 87.07** 127.90** 46.16** 149.22 ** 134.02 ** 

SCA 36 149.12** 188.38 ** 98.38** 198.43** 47.49** 152.34  ** 152.52 ** 

Environment (E) 2 160.16 ** 1202.43** 596.37** 1332.99** 125.01** 3225.13 ** 538.74 ** 

GCA x E 16 5.85 24.32 ** 16.53** 24.06 5.01** 52.83 17.64 ** 

SCA x E 72 6.39  ** 27.97** 21.85** 30.15** 6.45** 81.36 ** 18.99 ** 

Error 264 3.71 11.53 10.44 15.24 1.97 35.53 6.17 

* and ** = Significant at 5% and 1% levels of probability, respectively 
 

Table.2 Estimation of general combining ability (gca) effect seed cotton yield and its component 

traits in cotton (G. hirsutum L) 

 
Sr. 
No. 

Parents Sympodia 

/plant 

Bolls/ 

plant 

Boll 

weight 

(g) 

Seed 

index 

(g) 

Ginning 

outturn 

(%) 

Seed cotton 

yield /plant      

(g) 

Lint yield/    

plant 

(g) 
1. GSHV-97/13 -1.56 ** -2.20 **  0.19 **  0.42  -0.09 -2.61 ** -2.54 ** 
2. GJHV-337 2.82  **  2.68  **  1.71 **  3.35 **  1.66 **  5.73 ** 3.28 ** 
3. AET-5 -1.33 ** -0.73 -1.31 * -0.77 -1.59 ** -4.44 ** 0.26 
4. GN.Cot-22 1.86  **  2.80 **  3.78 **  1.39 *  0.76 **  6.27 ** 3.10 ** 
5. GSHV-97/1016 -0.91 ** -0.91 -2.26 ** -2.02 ** -1.07 ** -5.10 ** -1.72 ** 
6. GISV-8/1029 -1.04 ** -0.89 -3.14 ** -1.95 ** -0.79 ** -5.37 ** -2.46 ** 
7. DELTA-15 -2.02 ** -1.65 ** -1.10 * -2.59 ** -0.63 **  -3.10 ** -2.85 ** 
8. EC-10786 2.07  **  1.10  3.06 **  1.31 *  1.77 **  9.51 ** 3.99 ** 
9. KH-119 0.11 -0.20 -0.94   0.87 -0.01 -0.89 -1.07 ** 
 S.E.(gj) 0.32  0.56  0.53  0.64  0.23  0.98 0.39 

* and ** = Significant at 5% and 1% levels of probability, respectively 
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The perusal of data (Table 1 and 2) revealed 

that good general combining parents may not 

necessarily always produce good specific 

combinations for different traits. In many cases, 

it was observed that at least one good general 

combining parents was involved in heterotic 

hybrid having desirable sca effects. Similar 

results in cotton were also reported by [20] and 

[21]. This suggested that information of gca 

effects of parents should be considered along 

with sca effects and per se performance of 

hybrid for predicting the value of any hybrid. It 

is desirable to search out parental lines with 

high gca effects and low sensitivity to 

environmental variation in a crop improvement 

programme.  

 

In a view of per se performance of parents and 

their gca effects for seed yield per plant and 

other characters studied among the parents, 

GN.Cot-22, GJHV-337 and EC-10/786 were the 

best general combiner for most of the characters 

under study. Six best combinations viz., GJHV-

337 x GN.Cot-22, GJHV-337 x EC-10/786, 

GN.Cot-22 x KH-119, GN.Cot-22 x EC-10/786, 

DELTA-15 x EC-10/786 and GSHV-97/13 x 

GJHV-337 had high per se performance 

coupled with significant high sca can be 

exploited for hybrid vigour or to be utilized for 

the improvement of genotype were identified as 

the most promising parents and hybrids hence 

they could be used extensively in breeding 

programme for improving seed  cotton yield per 

plant in cotton. Similar results have been 

reported by [22]and [23]. 

 

A combination of poor combiners also gives 

several crosses with high and significant sca 

effects across the traits, such crosses could be 

expected to through up some transgressive 

segregants in recurrent selection. A progeny 

selection with pedigree method in such 

crossesmay through up transgressive segregants 

leading to development of good inbreds. 
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