
INT. J. BIOL. BIOTECH., 18 (1): 147-155, 2021. 

DIALLEL ANALYSIS IN UPLAND COTTON OVER THE ENVIRONMENTS FOR 

YIELD, EARLINESS, FIBER QUALITY TRAITS AND COTTON LEAF CURL VIRUS 
 

Abdul Wahab Soomro, Saleem Shahzad and Saifullah Khan 
 

Department of Agriculture and Agribusiness Management, University of Karachi, Karachi-75270, Pakistan 

 

ABSTRACT 

 

A combining ability study conducted to evaluated 10 parents and 45 hybrids at two locations in Sindh 

province of Pakistan during 2017 revealed that general combining ability (GCA) variance was higher than 

specific combining ability (SCA) with greater than unity ratio for all the traits, indicating the role of 

additive gene action for inheritance of traits. Selection could therefore be performed in early segregating 

generation. Among the parents, CRIS-129 and Baghdadi were found good general combiner for yield and 

its components, CIM-602 for lint index, GOT and earliness. USD16-3058, NIAB-824 and FH-142 

contributed for staple length, micronaire value and fiber strength, respectively. MAC-7 showing a 

significant positive GCA effects for healthy plant percentage and a negative effect for diseased plant 

percentage was measured as resistant against cotton leaf curl virus (CLCV). Genotypes expressing 

maximum positive GCA affects for different traits could be preferred for selection and utilization in 

breeding program. Based on SCA effects, cross MNH-886 x Baghdadi was the best specific combiner for 

plant height, seed and lint indices and staple length, MNH-886 x CIM-602 for bolls plant
-1

 and bolls open 

at 90 DAP. FH-142 x CEMB-33 for boll weight, CRIS-129 x NIAB-824 for seed cotton yield plant
-1

, and 

CRIS-129 x MNH-886 for days to 1
st
 flower, bolls formed at 120 DAP and uniformity index. The hybrids 

NIA-Noori x CIM-602, Baghdadi x CIM-602, NIA-Noori x USD16-3058, MNH-886 x FH-142 that gave 

significant positive SCA effects for the bolls formed at 90 DAP, bolls open at 120 DAP, micronaire value 

and fiber strength are suggested for hybrid development programs. 
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INTRODUCTION 

 

Cotton (Gossypium hirsutum L.) is one of the important cash crops of Pakistan that plays a significant role in 

the national economy. Country’s economic development depends upon the production of cotton and the related 

textile sector. The cotton crop is cultivated over an area of 2214.95 thousand hectares in Pakistan. The annual 

production of cotton in Pakistan is 10671 thousand bales with an average yield of 819 kg hectare
-1

 (Anon., 2013). 

The country is largest exporter of raw cotton and cotton yarn. The cotton crop particularly grown for source of fiber, 

whereas other byproduct the seed cotton is important for is edible oil.  

Cotton leaf curl virus (CLCV) is an important disease transmitted by whitefly and considered as major threat to 

the production of cotton in the country (Ahmad et al. 2010). Around 2.3 million bales were affected due to cotton 

leaf curl virus incident reported in the country (Anon., 2013).  

Keeping in view the significant role of cotton in economy, the breeders are making efforts to improve genetic 

pattern of cotton crop by exploiting available genetic resources to evolve cotton varieties with high yielding, early 

maturing, cotton leaf curl virus resistance and better fiber traits. Diallel is one of the methods that is usually applied 

for assessing the additive and non-additive gene action of the parents; it facilitates in selecting appropriate parents 

for the utilization in hybridization and selection program to maintain the desirable traits. The general combining 

ability (GCA) in the average performance of strains in a series of crosses assessed by additive gene action, whereas 

specific combining ability (SCA) is the performance of parents in specific cross combinations measured by non-

additive gene action (Sprague and Tatum, 1942). Dhamayanthi and Rathivanvel (2017) and Swetha et al. (2018) 

observed highly significant GCA and SCA variance for yield, its components and fiber traits in cotton and suggested 

the role of additive and non-additive gene effects for inheritance of these traits. 

The purpose of this study was to estimate the gene action and nature of legacy for seed cotton yield, its 

components, fiber traits and cotton leaf curl virus disease percentage through evaluation of general and specific 

combining ability (GCA & SCA) of the parents and F1 hybrids which can be exploited in future breeding program. 
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MATERIALS AND METHODS 

 

The present research was conducted to evaluate the genetic potential through combining ability of parents and 

F1 hybrids. Forty five F1 hybrids were produced through crossing 10 genotypes viz., CRIS-129, MNH-886, FH-142, 

NIA-Noori, Baghdadi, CIM-602, NIAB-824, CEMB-33, MAC-7 and USD16-3058. The seed of parents and F1 

hybrids were sown during the Kharif season 2017 in randomized complete block design with three replications at 

two locations viz., Sakrand and Mirpurkhas in the province of Sindh, Pakistan. A 60 square feet plot was arranged 

for each treatment. The inputs i.e. di-ammonium phosphate (DAP) and nitrogen (Urea) fertilizers were applied @ 57 

kg and 170 kg hectare
-1

, respectively. However, the plant protection measures i.e. nitenpyram 250mL and 

immidachlopride 125mL acre
-1

 were applied for the control of jassids and thrips. At maturity, five plants from each 

replication were tagged for the collection of data on plant height (cm), number of sympodial branches, bolls plant
-1

, 

boll weight (g), seed index (g), lint index (g), seed cotton yield plant
-1

 (g), ginning outturn (GOT %), days to first 

flower, bolls formed at 90 and 120 days after planting, bolls opened at 90 and 120 days after planting, staple length 

(mm), micronaire value (µg inch
-1

), fiber strength (g tax
-1

), uniformity index (%) and percentage of plants affected 

by cotton leaf curl virus (CLCV) disease by using disease rating scale suggested by Akhtar et al. (2010) and Farooq 

et al. (2011). 

The data of both the locations were combined and employed for analysis of variance (ANOVA). The LSD (least 

significance difference) was examined for mean separation. The general combining ability and specific combining 

ability were estimated according to Diallel Method-II described by Griffing (1956) by using the statistical software 

Plant Breeding Tool 1.4 and Statistix 8.1.  

 

RESULTS AND DISCUSSION 

 

The combined analysis of variance (ANOVA) showed a significant effect of environments for all the characters 

except boll weight, lint index, GOT, days to 1
st
 flower, bolls opened at 90 days after planting and micronaire value 

(Table 1) that suggests that the genotypes have potential to perform in multi-environments. The results of parents 

and hybrids performance were highly significant for all the characters. The mean square due to genotypes was found 

highly significant in combined environments which suggests that enough genetic diversity and variability is present 

in the breeding material. Hence, the later analysis for interaction of parents, hybrids and genotypes with the 

environment was significant for all the characters studied. The analysis of variance mean squares of general 

combining ability (GCA) and specific combining ability (SCA) were highly significant for the all characters that 

indicates the involvement of additive and non-additive gene action for controlling these traits, whereas the 

interaction of environment with GCA and SCA was also significant for all the traits. The significant differences 

were also observed for GCA x environment and SCA x environment for all the characters which shows that both the 

GCA and SCA effects diverged in environments. Thus, the selection of genotypes (parents and hybrids) should be 

according to environments (Table 1). These findings are in accordance with Khan (2013), Sorour et al. (2013), Khan 

et al. (2017), Reddy et al. (2017), Patil et al. (2018) and Swetha et al. (2018) who found significant differences in 

GCA and SCA effects, GCA x environments and SCA x environments for various traits. Kumar et al. (2017) 

reported higher GCA significant effects than SCA for yield and its component traits. 

The genetic variance for yield and its components, earliness and fiber traits are presented in Table 2. The GCA 

variance was found greater than the SCA variance for all the traits except fiber strength, which specifies the role of 

additive gene action. The proportion of gca/sca variance was more than unity that excelled the preponderance of 

additive gene action which is fixable and selection in early generation can be executed. The SCA variance was 

higher than the GCA whereas gca/sca variance unity ratio was less than zero indicating the role of non-additive gene 

action for inheritance of fiber strength only. The heritability was analyzed in combined environments, the broad 

sense heritability was found higher from the narrow sense heritability. The range of broad sense heritability ranged 

from 48-87% for all the characters studied. The present findings are in accordance with Kumar et al. (2017) who 

reported higher GCA variance than the SCA and greater than zero unity ratio for the traits viz., seed cotton yield, 

boll weight, number of sympodial branches, bolls plant 
-1

, ginning outturn, seed index and lint index. Swetha et al. 

(2018) found higher GCA variance for plant height, ginning outturn, seed index, lint index, sympodial branches, 

fiber length and micronaire value with grater ratio of unity.  
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Table 2. Estimation of genetic variance components of the traits studied. 

Source of Variation σ2 GCA σ2 SCA σ2 A σ2 D h2 H2  σ2gca/σ2sca 

Plant height 160.10 98.43 640.39 393.72 0.43 0.69 1.63 

No. of sympodial branches 10.11 3.17 40.44 12.72 0.59 0.79 3.19 

Bolls plant-1 46.44 18.46 185.70 110.81 0.47 0.65 2.52 

Boll weight 0.15 0.08 0.59 0.31 0.57 0.87 1.93 

Seed index 0.80 0.48 3.19 1.93 0.51 0.82 1.66 

Lint index 0.18 0.09 0.71 0.37 0.51 0.77 1.90 

Seed cotton yield plant-1 319.59 136.26 1278.37 546.53 0.51 0.74 2.35 

Ginning outturn 2.70 1.71 10.82 6.84 0.42 0.70 1.58 

Days to first flower 6.85 3.46 27.41 13.85 0.52 0.79 1.98 

Bolls formed at 90 DAP 5.01 1.62 20.03 3.08 0.54 0.71 3.10 

Bolls formed at 120 DAP 17.56 6.46 70.24 9.63 0.49 0.67 2.72 

Bolls opened at 90 DAP 0.19 0.05 0.74 0.21 0.37 0.48 3.62 

Bolls opened at 120 DAP 6.57 3.05 26.27 5.92 0.46 0.67 2.15 

Staple length 1.17 0.61 4.70 2.45 0.56 0.85 1.92 

Micronaire value 0.05 0.04 0.18 0.16 0.31 0.60 1.09 

Fiber strength 1.92 2.36 7.67 9.43 0.36 0.80 0.81 

Uniformity index 1.09 0.87 4.37 3.49 0.37 0.67 1.25 

CLCV DP% 345.685 83.880 1382.741 335.520 71% 88% 4.12 

CLCV HP% 345.693 83.921 1382.772 335.685 71% 88% 4.12 

 
The general combining ability (GCA) is presented as the average performance of lines in a series of crosses, the 

GCA effects of combined environments of the parents are presented in Table 3. The parent MNH-886 exhibited 

significant positive GCA effects for plant height and uniformity index. The CEMB-33 showed significant positive 

effect for Sympodial branches plant
-1

. The CRIS-129 gave significant effect for bolls plant
-1

 and maximum bolls 

formed at 120 DAP. The Baghdadi also excelled significant positive GCA effect for boll weight, seed index and 

seed cotton yield plant
-1

. Among the parents, CIM-602 performed extremely well for lint index, GOT and earliness 

traits which manifested it a good general combiner and showed significant positive GCA effects for lint index, GOT, 

days to 1
st
 flower, bolls formed at 90 DAP and bolls opened at 90 and 120 DAP. USD16-3058 was found good 

general combiner for staple length, NIAB-824 for micronaire value and FH-142 for fiber strength.  

The study suggested that the parents which exhibited maximum positive significant GCA effects for various 

traits i.e. yield, its components, earliness and fiber characteristics could be utilized in cotton improvement program. 

The genotypes CRIS-129 and Baghdadi have the potential for bolls plant
-1

, boll weight, seed index and seed cotton 

yield plant
-1

. CIM-602 proved to be a good general combiner for lint index, GOT and earliness traits. The positive 

GCA effects showed by USD16-3058, NIAB-824 and FH-142 for staple length, micronaire value and fiber strength 

over both the environments that may be attributed to additive gene action and was fixable. It would suggest that 

crossing of these parents will probably improve these traits. Similar results were obtained by Sorour et al. (2013), 

Reddy et al. (2017), Parkash et al. (2018) and Patil et al. (2018) who reported that genotypes found to be good 

general combiner with positive GCA effects for various traits could be exploited in hybridization program. 

Choudhary et al. (2016), Khan et al. (2017) and Vekariyal et al. (2017) also found positive GCA effects of various 

traits and suggested that high GCA for yield, its components, and earliness and fiber traits may possess considerable 

genes for these characters and can be used extensively in breeding program. 

Specific combining ability (SCA) effects will generally help the cotton breeders to explore best cross combinations 

during hybrid production. The combined SCA effects of hybrids over the environments are depicted in Table 4 

which revealed that among the 45 cross combinations, top three hybrids MNH-886 x Baghdadi, Baghdadi x NIAB-

824 and CRIS-129 x FH-142 showed highest significant positive SCA effect for plant height in descending order. 
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Similarly, the highest significant positive SCA in descending order were shown the hybrids NIA-Noori x CEMB-33, 

MNH-886 x Baghdadi and CRIS-129 x FH-142 for sympodial branches plant
-1

, by MNH-886 x CIM-602, FH-142 x 

NIA-Noori and CRIS-129 x NIAB-824 for bolls plant
-1

. The best specific combiners for the boll weight were FH-

142 x CEMB-33, FH-142 x Baghdadi and MNH-886 x Baghdadi. The crosses MNH-886 x Baghdadi, Baghdadi x 

CEMB-33 and CRIS-129 x CEMB-33 were reliable for seed index. The highest SCA effect for lint index was 

observed in cross MNH-886 x Baghdadi followed by CRIS-129 x CEMB-33 and CRIS-129 x CIM-602, 

respectively. The hybrids which manifested utmost significant positive SCA effects for seed cotton yield were 

CRIS-129 x NIAB-824, MNH-886 x FH-142 and Baghdadi x CIM-602, respectively. 

Table 3. General Combining Ability (GCA) effects of 10 parents under two environments. 
Parents  PH NOSB BPP BW SI LI SCY GOT DFF 

CRIS-129 4.76** 1.63** 5.62** -0.09* 0.14* 0.03 13.20** 0.15 1.54** 

MNH-886 10.45** 1.26** 4.23** 0.15** 0.32** 0.20** 10.01** 0.40** 1.72** 

FH-142 8.05** 1.35** 2.33** 0.31** 0.94** 0.25** 9.01** 0.78** 1.60** 

NIA-Noori 2.39** 0.11 1.67** -0.25** -0.88** -0.16** -4.68** 0.91** -0.32 

Baghdadi 5.23** 2.22** 1.54** 0.48** 1.11** 0.32** 14.37** 0.65** 0.37 

CIM-602 2.01* 1.10** 5.46** -0.11** -0.21** 0.41** 9.98** 1.54** 2.80** 

NIAB-824 8.66** 1.68** 4.77** -0.07* 0.15* 0.14** 10.83** 1.47** 1.38** 

CEMB-33 7.54** 2.75** 0.41 0.39** 0.82** 0.20** 5.01** 0.44** 0.65** 

MAC-7 -24.74** -5.93** -12.29** -0.92** -1.92** -1.07** -38.33** -3.55** -5.40** 

USD16-3058 -24.37** -6.16** -13.75** 0.11** -0.47** -0.30** -29.39** -2.79** -4.34** 

S.E (gi.) 0.96 0.15 0.45 0.04 0.07 0.04 1.43 0.11 0.20 

CD @5% 2.81 0.45 1.31 0.11 0.20 0.12 3.32 0.33 0.57 

*, ** significant at 5% and 1% level, respectively 

 

Table 3. Continue. 

Parents BF90 BF120 BO90 BO120 SL MV FS UI 
CLCV 

DP% HP% 

CRIS-129 1.79** 4.31** 0.05 2.06** -0.37** -0.21** -1.20** 0.02 1.74 -1.74 

MNH-886 1.94** 2.44** 0.21* 1.33** 0.70** 0.05 0.55** 0.77** 3.53** -3.53** 

FH-142 0.80** 2.06** 0.28** 1.86** 0.44** 0.16** 1.38** 0.28 -1.08 1.08 

NIA-Noori 0.18 -1.16** 0.15 -0.40 -0.17 0.05 0.41** 0.24 6.27** -6.27** 

Baghdadi 0.32 1.66** 0.20 1.38** 0.43** 0.09 0.54** 0.41** 1.66 -1.66 

CIM-602 2.69** 4.13** 0.55** 2.54** -0.03 0.18** -0.01 0.41** 5.77** -5.77** 

NIAB-824 0.93** 1.32** 0.22* 0.87** 0.38** 0.24** 0.59** 0.61** 4.47** -4.47** 

CEMB-33 -0.33 0.89* 0.03 0.40 0.54** 0.04 0.41** 0.52** 2.96** -2.96** 

MAC-7 -4.06** -6.69** -0.84** -4.84** -2.94** -0.55** -3.71** -3.09** -49.74** 49.74** 

USD16-3058 -4.27** -8.96** -0.85** -5.21** 1.03** -0.05 1.02** -0.17 24.42** -24.42** 

S.E (gi.) 0.25 0.44 0.10 0.29 0.10 0.05 0.14 0.16 0.91 0.91 

CD @5% 0.83 1.28 0.30 0.86 0.30 0.14 0.41 0.43 2.69 2.69 

*, ** significant at 5% and 1% level, respectively 
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It was observed that the hybrids which expressed maximum positive significant SCA effects for yield and its 

components were produced from crosses involving either one or both good general combiner parents. Such similar 

results have been reported by Sorour et al. (2013), Choudhary et al. (2016), Khan et al. (2017), Vekariyal et al. 

(2017), Patil et al. (2018) and Reddy et al. (2017) who also found high SCA effects for yield and its components in 

hybrids produced by one or both of good general combiner parents.   

Early maturity is an important trait of cotton which is being suggested to growers as the crop matures earlier 

and harvested (picking of seed cotton) quicker. Among the 45 hybrid combinations (Table 4), CRIS-129 x MNH-

886 excelled highest significant positive SCA effect for days to first flower (DFF) followed by CIM-602 x NIAB-

824 and MNH-886 x Baghdadi, respectively. The hybrids NIA-Noori x CIM-602, MNH-886 x NIA-Noori and 

CRIS-129 x CEMB-33 showed highest significant positive SCA effect for bolls formed at 90 days after planting. 

Similarly, the crosses CRIS-129 x MNH-886, CRIS-129 x NIAB-824 and Baghdadi x NIAB-824 expressed 

significant positive SCA effect for bolls formed at 120 DAP trait. The hybrids MNH-886 x CIM-602, NIA-Noori x 

CIM-602 and Baghdadi x CIM-602 contributed significant positive SCA effect for bolls opened at 90 DAP. In case 

of bolls opened at 120 DAP, the hybrids Baghdadi x CIM-602, MNH-886 x FH-142 and CRIS-129 x NIAB-824 

showed highest significant SCA effect in descending order.  

High SCA effects for earliness indicated the combinations of positive alleles of good general combiner. The 

fiber quality parameters illustrated in Table 4 show the maximum positive significant SCA effect for staple length 

was shown by hybrid MNH-886 x Baghdadi fllowed by FH-142 x NIAB-824 and then by MNH-886 x CEMB-33. 

The crosses NIA-Noori x USD16-3058, FH-142 x MAC-7 and Baghdadi x CEMB-33 revealed significant positive 

SCA effect for micronaire value. For the fiber strength, the highest SCA effects were shown by the crosses MNH-

886 x FH-142, NIA-Noori x CIM-602 and CIM-602 x CEMB-33. Similarly, the hybrids CRIS-129 x MNH-886, 

Baghdadi x CEMB-33 and CRIS-129 x CEMB-33 produced high SCA effects for uniformity index. These findings 

are in accordance with the results of Sorour et al. (2013), Choudhary et al. (2016), Dhamayanthi and Rathivanvel 

(2017), Khan et al. (2017), Kumar et al. (2017), Vekariyal et al. (2017), Chinchane et al. (2018), Patil et al. (2018), 

Reddy et al. (2017) and Swetha et al. (2018) who reported significant positive SCA effects for earliness and fiber 

traits with at least one of the good general combiners in cross combinations. 

 The genotypes that express maximum positive GCA effects are considered as superior general combiner who 

may unite the important genes for the development of traits and these can be preferred for selection and utilization in 

hybridization program. The general combining ability (GCA) effects of cotton leaf curl virus are presented in Table 

3. The parent MAC-7 was found good general combiner, since it contributed significant positive GCA effects for 

healthy plant percentage (49.74), whereas it was a negative combiner for diseased plant percent (-49.74). It was 

followed by the genotype USD16-3058 that contributed higher significant positive GCA effects for diseased plant 

percentage (24.42) and higher negative GCA effect for healthy plant (-24.42) which is considered as highly 

susceptible against cotton leaf curl virus disease. The genotype MAC-7 that exhibited positive GCA effect for 

CLCV is designated as resistant/highly tolerant. 

The specific combining ability (SCA) effects depicted in (Table 4) show that among the hybrids combinations, 

CRIS-129 x MAC-7, MNH-886 x MAC-7, FH-142 x MAC-7, NIA-Noori x MAC-7, Baghdadi x MAC-7, CIM-602 

x MAC-7, NIAB-824 x MAC-7, CEBM-33 x MAC-7, MAC-7 x USD16-3058 excelled high SCA positive effects 

for healthy plant percentage and negative SCA effect for diseased plants. It was noted that cross combinations 

exhibited high SCA effect for healthy plants, confirmed the combination of average x good and poor x good general 

combiner with significant SCA effect was due to complementary gene action which produce desirable transgressive 

segregants. Therefore, single plant selection based on disease symptoms in early generation would be helpful in a 

plant breeding program. 

The genetic variance components of CLCV illustrated in Table 2 shows that the GCA variance was higher than 

the SCA variance which indicates the role of additive gene action. The proportion of GCA / SGA variance for 

CLCV diseased and healthy plants percentage was more than unity which also indicates the predominant role of 

additive genes. Therefore, selection in early segregating generation could be performed for evolving the cotton leaf 

curl virus resistant/highly tolerant inbred lines. Khan (2013) and Khan et al. (2017) also reported that parents and 

hybrids with positive GCA and SCA effects in CLCV epidemic conditions could be utilized for further breeding and 

selection program.  
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