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ABSTRACT
	Background: In India, cotton holds a critical position in the agricultural economy, contributing significantly to both raw cotton production and the myriad by-products it generates. Cultivated primarily in tropical and subtropical regions, cotton is essential for the livelihood of millions of farmers. Improvement in cotton yield and fibre quality has become a major focus of research and breeding programs worldwide.
Aim: The study aimed to investigate the genetic mechanisms influencing yield and fibre quality traits in cotton (Gossypium hirsutum L.) using a diallel mating system, and to identify superior hybrids with potential for cotton breeding programmes.
Study design: The study was based on a full diallel mating design involving seven parental genotypes and their hybrids.
Place and Duration of Study: The field experiment was conducted at the Department of Genetics and Plant Breeding, Annamalai University, Tamil Nadu, India, over two consecutive growing seasons from 2021 to 2023.
Methodology: A total of 42 hybrids were developed through a diallel mating system using seven genetically diverse cotton genotypes, along with a standard check variety, Suraksha. The genotypes were evaluated in a randomised complete block design (RCBD) with two replications. Data were recorded on key yield attributes and fibre quality parameters. General Combining Ability (GCA), Specific Combining Ability (SCA), and heterosis analysis were conducted to identify superior parental combinations.
Results: Significant genetic variability was observed among parents and hybrids for all studied traits. The hybrids Subiksha × Anjali, Anjali × Suraksha, Suraksha × Sunantha, and LRA 5166 × Sunantha exhibited high SCA effects and better heterotic performance for yield and fibre quality traits. These combinations also showed promising potential in terms of boll number, boll weight, lint index, fibre length, strength, and micronaire values. The analysis indicated both additive and non-additive gene actions influencing the traits.
Conclusion: The identified hybrids showed superior performance and possess desirable genetic potential for yield and fibre quality improvement. These results provide valuable insights for future cotton breeding programmes aiming to develop high-yielding, quality fibre cultivars.
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1. INTRODUCTION

Cotton (Gossypium hirsutum L.), a member of the family Malvaceae, is often referred to as "White Gold" and "The King of Fibres" due to its paramount importance in the textile industry. Cotton is mainly characterised by its indeterminate growth system and multiple fruiting. Cultivating high-yielding cotton cultivars has always been the focus of both breeders and researchers (Qin et al., 2023). In India, cotton holds a critical position in the agricultural economy, contributing significantly to both raw cotton production and the myriad by-products it generates. Cultivated primarily in tropical and subtropical regions, cotton is essential for the livelihood of millions of farmers. India stands as the largest producer of cotton in the world, contributing approximately 21% of global cotton production, with a yield of about 337.23 lakh bales (170 kg per bale) from 130.49 lakh hectares of land. This vast area accounts for 40% of the world's cotton-growing acreage, with an average lint productivity of 439 kg ha⁻¹ (AICRP Cotton - Annual Report, 2022-23). Despite this, the productivity of cotton has remained relatively stagnant in recent years, highlighting an urgent need for enhanced cotton yield and quality traits to ensure better profitability for farmers.
Improvement in cotton yield and fibre quality has become a major focus of research and breeding programs worldwide. The primary objectives of the cotton breeding program are high yield with suitable fiber quality parameters. Breeding depends on genetic variation between parents to create unique gene combinations necessary for new superior cultivars (Yehia et al., 2023; Zhao et al., 2024). The primary challenge lies in the complex genetic architecture of these traits, which are polygenic and influenced by both environmental and genetic factors. Thus, understanding and selecting superior genotypes is crucial for developing high-yielding hybrids with improved fibre quality (Chahkoloma et al.,2022). The choice and selection of genetically diverse, high-performing parents are fundamental for the development of successful hybrid combinations. The success of breeding programs depends on the ability to harness both additive and non-additive genetic variations to produce superior progeny. In this context, combining ability, a key concept in plant breeding, serves as an important criterion in identifying suitable parents and crosses.
The need for higher cotton yields and better-quality fibre has prompted increased attention on improving combining ability in cotton breeding. While cotton productivity has plateaued in recent years, efforts to exploit new genetic combinations and select transgressive segregants, those that surpass the parents in desirable traits, offer promising avenues for improvement (Kempthorne, 1957). Plant breeders focus on creating new allelic combinations that have the potential to enhance both yield and fibre quality. Diallel analysis, a robust statistical method for studying combining ability, plays a pivotal role in evaluating the genetic potential of cotton parents and their crosses. This technique, first proposed by Griffing (1956), enables the assessment of general combining ability (GCA) and specific combining ability (SCA), which are critical for selecting parents with favourable genetic makeup for various agronomic traits. The method helps identify parents that contribute beneficial alleles, thereby facilitating the development of superior hybrids.
Diallel analysis has proven to be an effective tool in cotton breeding programs, allowing breeders to identify genetically diverse parents with complementary characteristics. This approach helps in selecting the best parent combinations and optimising hybrid performance, which ultimately leads to the development of new cultivars with superior seed cotton yield and fibre quality. Given the current challenges in cotton breeding, the application of diallel analysis remains a key strategy for improving cotton productivity and quality (Hayman,1960).
In summary, cotton breeding programs must prioritise the selection of parents with high combining ability and genetic diversity. The use of diallel analysis, as an efficient and powerful method for evaluating combining ability, can significantly contribute to the success of hybrid breeding programs. Through strategic breeding efforts, cotton productivity and quality can be improved, providing economic benefits to farmers and contributing to the sustainable growth of the cotton industry.
2. material and methods 
Seven selected genotypes, namely (SUBIKSHA, SURAJ, ANJALI, SURAKSHA, LRA 5166, SUNANTHA and MCU-5), were used as parents. These parents are crossed to produce forty-two hybrids using diallel mating design (Griffings 1956). A total of forty-two hybrids with seven parents, along with the standard parent SURAKSHA, were used. The study was conducted at Plant Breeding Farm, Department of Genetics and Plant Breeding, Faculty of Agriculture, Annamalai University, during two seasons, July to December 2021 and January to June 2022. The experiment was conducted in a Randomised Block Design (RBD) with two replications. Standard agronomical practices were followed during the entire crop growth period. Observations on 12 biometrical traits were recorded in five tagged plants of each replication, and for fibre quality, two plants of each replication were analysed in the High Volume Instrument (HVI). The traits include plant height (PH), number of monopodial branches per plant (NM), number of sympodial branches per plant (NS), number of bolls per plant (NB), boll weight (BW), number of seeds per boll (NSB), 2.5 per cent span length, seed cotton yield per plant (SCY), seed index (SI), ginning percentage (GP), fibre length and fibre strength (STR). The mean data were subjected to Analysis of Variance (ANOVA).
2.1 Heterosis
	The means of parents and F1 hybrids were utilised for the estimation of heterosis, following the method of Shull (1914). The heterobeltiosis (dii) and standard heterosis (diii) were estimated as follows:

Heterobeltiosis (dii)	= 

Standard heterosis (diii) =
Where,
	F1	=	 mean of the F1 hybrid
	BP	=	mean of the better parent
	SV	=	mean of the standard variety
In the present study, Suraksha was considered the standard parent.
2.2 Test of significance of heterosis
	The significance of heterosis was tested using the formula
i.  ‘t’ over Heterobeltiosis

(dii) =
ii. ‘t’ over standard heterosis

(diii)=
Where, ‘2e’ is the error variance obtained from the analysis of variance. ‘r’ is the number of replications. The calculated ‘t’ value was compared with the table of ‘t’ at the error degrees of freedom.

3. results and discussion
The variances for all twelve characters studied were highly significant, indicating the presence of wide genetic variability among the parents and hybrids (Table 1). The mean performance of the parents and hybrids is presented in Table 2. Heterosis values for hybrids were estimated based on the performance of standard parents (Diii). Based on mean performance, the hybrid Suraksha × Sunantha exhibited significant superiority for eleven traits, making it the most promising cross. The hybrid Suraj × Suraksha recorded significant mean performance for six traits, while Subiksha × Suraksha showed significance for five traits. Additionally, three other hybrids, Subiksha × MCU 5, Sunantha × Suraksha, and Suraksha × Subiksha, demonstrated significant performance for four traits each. These findings suggest that, among the twenty hybrids evaluated, Suraksha × Sunantha, Suraj × Suraksha, Subiksha × Suraksha, Subiksha × MCU 5, Sunantha × Suraksha, and Suraksha × Subiksha can be considered the most promising hybrids based on their superior mean performance for both fibre quality and yield-contributing traits.
The analysis of variance for combining ability revealed highly significant differences among the genotypes for all twelve traits, indicating the presence of sufficient genetic variability (Table 3). Both general combining ability (GCA) and specific combining ability (SCA) variances were significant, suggesting the involvement of additive and non-additive gene actions. Traits such as plant height, number of sympodial branches per plant, number of bolls per plant, seed cotton yield, seed index, and fibre quality parameters (2.5% span length, ginning percentage, fibre length, and fibre strength) exhibited higher GCA/SCA ratios (>0.5), indicating a predominance of additive gene action and the potential for improvement through selection. In contrast, traits like boll weight, number of seeds per boll, and number of monopodial branches per plant showed lower GCA/SCA ratios (<0.5), highlighting the importance of non-additive gene action and the suitability of heterosis breeding. Reciprocal combining ability (RCA) variances were also significant for all traits, suggesting the influence of maternal effects or cytoplasmic inheritance, especially for traits such as number of bolls per plant, seed cotton yield, and number of seeds per boll. The low error mean squares affirmed the precision of the experimental design and the reliability of the data, confirming the effectiveness of the diallel approach in dissecting genetic control and aiding in the formulation of suitable breeding strategies.
3.1 General combining ability effects 
General combining ability (GCA) effects were estimated and are presented in Table 4. Among the seven parents studied, three genotypes, Sunantha, Subiksha, and Suraj, exhibited positive and significant or highly significant GCA effects for several key traits, including plant height, number of monopodial and sympodial branches per plant, number of bolls per plant, 2.5% span length, seed index, ginning percentage, fibre length, and fibre strength (Ananda Lekshmi et al., 2023; Dirbas et al., 2023). These consistent and desirable effects across multiple yield and fibre quality traits indicate their potential as superior general combiners, making them valuable parental lines for future breeding programs aimed at improving both productivity and fibre attributes in cotton.

3.2 Specific combining ability effects 
Specific combining ability (SCA) effects were calculated and are presented in Table 4. Among the 42 cross combinations evaluated, 12 crosses exhibited positive and significant or highly significant SCA effects for traits including plant height, number of monopodial and sympodial branches per plant, number of bolls per plant, boll weight, number of seeds per boll, 2.5% span length, seed cotton yield per plant, seed index, ginning percentage, fibre length, and fibre strength. Specifically, the hybrids Subiksha × MCU 5, Suraj × LRA 5166, and Suraksha × MCU 5 recorded high positive SCA effects for plant height (Gnanasekaran et al., 2019; Kannan & Saravanan, 2016; Sanmugapriya et al., 2024; Sudha Rani Madugula et al., 2023 & Yehia et al., 2023). For a number of monopodial branches per plant, Anjali × LRA 5166 (0.53), Sunantha × Suraksha (0.47), and Suraksha × Anjali (0.43) exhibited the highest significant effects. The hybrids Suraj × Sunantha (3.71) and LRA 5166 × MCU 5 (2.91) had high SCA effects for a number of sympodial branches per plant (Premalatha et al., 2020). For number of bolls per plant, Subiksha × Sunantha (12.32) and Sunantha × Suraksha (11.23) were significant, while Sunantha × Suraksha (1.15) and Anjali × Subiksha (1.03) showed significance for boll weight. High SCA effects for a number of seeds per boll were recorded by Anjali × Sunantha (4.78) and Suraj × Suraksha (4.12), whereas Suraj × Sunantha (4.71) and Suraksha × LRA 5166 (3.75) were notable for 2.5% span length. 
In terms of seed cotton yield, the hybrids Sunantha × Suraksha (65.39), Subiksha × Sunantha (52.44), MCU 5 × Suraj (48.97), and Suraj × Suraksha (48.47) recorded significant SCA effects (Dhamayanthi & Rathinavel, 2017). The hybrids MCU 5 × Suraksha (1.67), Subiksha × MCU 5 (1.41), and Suraksha × MCU 5 (1.27) were superior for seed index, while Subiksha × Anjali (1.91), LRA 5166 × Subiksha (1.50), and LRA 5166 × Sunantha (1.35) showed high SCA for ginning percentage. For fibre length, Subiksha × Anjali (1.99), LRA 5166 × Subiksha (1.50), LRA 5166 × Sunantha (1.35), and Suraj × Suraksha (1.23) were significant. Finally, LRA 5166 × Sunantha (1.56), Sunantha × MCU 5 (1.50), MCU 5 × Suraksha (1.48), and Suraj × Anjali (1.39) demonstrated the highest significant SCA effects for fibre strength, indicating their potential utility in hybrid cotton breeding programmes targeting enhanced yield and fibre quality (Keerthivarman et al., 2022).
3.3 Heterosis
Breeding programmes largely depend on the magnitude and direction of heterosis, particularly for complex traits like seed yield. Heterosis for seed yield arises from the combined expression of allelic and inter-allelic interactions of numerous genes controlling key morpho-economic traits under specific environmental conditions. Even a modest level of hybrid vigour for individual traits can lead to substantial improvement in yield through additive or synergistic effects. Therefore, the heterotic response of F₁ hybrids is greatly influenced by the genetic diversity and breeding value of the parental lines involved in the crosses. The hybrids selected based on the magnitude of standard heterosis are listed in Table 5. Among them, the hybrid Suraksha × Sunantha exhibited significant and positive standard heterosis for almost all traits, except for the number of sympodial branches per plant and 2.5% span length (Malathi et al., 2019; Hamed et al., 2024). Based on these results, Suraksha × Sunantha can be considered a superior hybrid due to its broad heterotic expression. For efficient hybrid evaluation and selection, it is essential to consider three major criteria: per se performance, specific combining ability (SCA), and standard heterosis. Taking all these parameters into account, Suraksha × Sunantha emerged as the most promising hybrid, followed by Suraksha × MCU 5 and Anjali × Suraksha, which also demonstrated strong potential and can be rated as better hybrids for yield and fibre quality improvement in cotton.
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Source
	

df
	MEAN SUM OF SQUARES

	
	
	Plant height
	Number of monopodial branches per plant
	Number of sympodial branches per plant
	Number of bolls per plant
	Boll weight
	Number of seeds per boll
	2.5 per cent span length
	Seed cotton yield
	Seed index
	Ginning percentage
	fibre length
	fibre strength

	Replication
	2
	13.60
	0.002
	0.33
	12.60
	0.07
	3.24
	2.63
	116.60
	0.33
	2.37
	2.36
	0.84

	Genotypes
	48
	538.04**
	0.49**
	17.81**
	202.38**
	2.00**
	59.07**
	41.69**
	4893.17**
	10.32**
	12.23**
	12.23**
	42.25**

	Error
	96
	44.11
	0.00
	0.97
	5.87
	0.04
	1.63
	1.92
	52.69
	0.22
	0.55
	0.55
	0.45


*, **- Significant at 5%, 1% level
Table 2: Mean performance of parents and hybrids for twelve characters in cotton for diallel analysis
	
	Plant height
	Number of monopodial branches per plant
	Number of sympodial branches per plant
	Number of bolls per plant
	Boll weight
	Number of seeds per boll
	2.5 per cent span length
	Seed cotton yield
	Seed index
	Ginning percentage
	fibre length
	fibre strength

	SUBIKSHA
	113.63
	0.18
	21.88
	42.13
	5.91
	27.36
	32.59
	186.48
	9.53
	34.63
	29.63
	30.83

	SURAJ
	125.33
	1.56
	21.83
	55.19
	4.37
	26.51
	24.60
	180.25
	9.60
	32.60
	27.60
	21.43

	ANJALI
	117.42
	1.00
	23.37
	41.71
	3.69
	31.69
	33.82
	113.45
	11.85
	30.40
	25.40
	19.43

	SURAKSHA
	132.77
	1.14
	22.25
	49.36
	4.64
	25.81
	28.17
	170.87
	9.00
	35.10
	30.10
	30.87

	LRA 5166
	114.70
	0.33
	18.86
	46.79
	4.62
	28.28
	28.12
	159.72
	8.55
	27.33
	22.33
	20.17

	SUNANTHA
	120.67
	1.20
	16.13
	59.35
	3.92
	24.71
	32.70
	128.16
	12.00
	35.03
	30.03
	29.83

	MCU-5
	110.49
	0.65
	18.17
	33.52
	4.89
	22.52
	27.12
	121.77
	6.32
	34.33
	29.33
	21.97

	SUBIKSHA X SURAJ
	114.63
	0.12
	14.72
	44.73
	2.50
	24.15
	20.15
	82.49
	5.51
	33.03
	28.03
	27.27

	SUBIKSHA X ANJALI
	125.50
	0.14
	21.78
	46.62
	5.83
	22.30
	32.76
	201.13
	8.18
	35.07
	30.07
	26.13

	SUBIKSHA X SURAKSHA
	95.73
	0.62
	19.85
	45.19
	4.17
	23.14
	23.31
	140.72
	8.19
	34.80
	29.80
	30.23

	SUBIKSHA X LRA 5166
	102.46
	0.25
	17.75
	36.53
	3.95
	27.36
	31.05
	105.28
	9.44
	33.37
	28.37
	22.50

	SUBIKSHA X SUNANTHA
	127.67
	0.32
	18.06
	61.31
	4.50
	26.14
	32.00
	205.86
	10.43
	34.60
	29.60
	30.17

	SUBIKSHA X MCU-5
	133.97
	0.16
	19.22
	53.95
	3.52
	28.37
	29.81
	139.91
	10.66
	35.10
	30.10
	28.10

	SURAJ X SUBIKSHA
	110.03
	0.17
	18.09
	47.86
	3.41
	30.49
	22.17
	87.59
	5.92
	33.93
	28.93
	26.23

	SURAJ X ANJALI
	122.23
	0.20
	15.64
	56.21
	3.75
	20.37
	27.91
	132.76
	9.63
	31.33
	26.33
	20.00

	SURAJ X SURAKSHA
	125.94
	0.57
	21.83
	47.63
	3.81
	29.59
	22.82
	190.64
	8.61
	35.23
	30.23
	28.43

	SURAJ X LRA 5166
	129.36

	0.13
	17.22
	47.52
	3.16
	18.17
	23.17
	111.39
	7.20
	30.93
	25.93
	19.13

	SURAJ X SUNANTHA
	124.77

	0.18
	21.88
	66.40
	3.16
	23.90
	31.09
	152.94
	8.16
	33.53
	28.53
	26.67

	SURAJ X MCU-5
	106.74
	0.20
	18.82
	52.30
	3.09
	23.09
	28.98
	149.59
	7.91
	33.27
	28.27
	22.27

	ANJALI X SUBIKSHA
	116.72
	0.27
	15.91
	50.00
	3.76
	15.24
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	141.37
	10.35
	34.50
	29.50
	24.93

	ANJALI X SURAJ
	132.97
	0.25
	18.77
	51.17
	3.26
	26.82
	25.30
	125.07
	11.51
	30.23
	25.23
	24.70

	ANJALI X SURAKSHA
	94.86
	1.33
	14.14
	42.68
	3.85
	29.70
	19.19
	121.59
	12.05
	30.50
	25.50
	25.43

	ANJALI X LRA 5166
	121.22
	1.20
	15.50
	56.71
	3.70
	15.83
	32.10
	155.81
	12.04
	27.50
	22.50
	18.60

	ANJALI X SUNANTHA
	130.11
	0.20
	17.53
	39.85
	4.45
	31.62
	27.15
	130.44
	8.45
	32.17
	27.17
	23.27

	ANJALI X MCU-5
	118.97
	0.65
	18.43
	49.09
	3.04
	21.58
	29.10
	111.71
	9.62
	32.47
	27.47
	21.37

	SURAKSHA X SUBIKSHA
	105.07
	0.25
	18.05
	55.07
	3.12
	35.07
	30.27
	128.70
	8.28
	35.43
	30.43
	30.07

	SURAKSHA X SURAJ
	125.72
	0.50
	17.84
	52.90
	4.12
	31.71
	20.23
	210.51
	9.39
	34.67
	29.67
	27.37

	SURAKSHA X ANJALI
	117.08
	0.47
	17.28
	58.28
	4.97
	27.08
	22.30
	216.63
	10.50
	32.97
	27.97
	23.13

	SURAKSHA X LRA 5166
	94.25
	0.53
	19.40
	50.79
	4.52
	27.86
	29.17
	156.62
	7.38
	32.67
	27.67
	25.30

	SURAKSHA X SUNANTHA
	142.73
	1.15
	20.36
	54.91
	4.57
	22.71
	29.53
	185.48
	11.87
	35.33
	30.33
	31.23

	SURAKSHA X MCU-5
	137.20
	0.32
	17.87
	43.81
	3.06
	32.91
	28.61
	98.67
	12.06
	35.03
	30.03
	28.63

	LRA 5166 X SUBIKSHA
	134.72
	0.32
	16.11
	53.29
	4.09
	30.77
	27.42
	162.56
	9.98
	30.37
	25.37
	24.20

	LRA 5166 X SURAJ
	142.89
	0.50
	17.97
	56.81
	5.60
	28.13
	24.62
	235.61
	9.50
	28.53
	23.53
	21.43

	LRA 5166 X ANJALI
	108.86
	1.22
	17.69
	50.24
	4.27
	26.18
	26.13
	160.12
	9.56
	30.13
	25.13
	19.47

	LRA 5166 X SURAKSHA
	102.94
	0.33
	15.37
	56.81
	3.92
	22.31
	31.81
	165.06
	6.40
	32.60
	27.60
	25.07

	LRA 5166 X SUNANTHA
	114.67
	0.74
	19.01
	55.71
	3.35
	27.22
	24.52
	138.60
	6.47
	33.00
	28.00
	26.30

	LRA 5166 X MCU-5
	128.91
	0.81
	22.62
	47.92
	3.80
	29.10
	25.21
	196.64
	7.64
	33.10
	28.10
	19.53

	SUNANTHA X SUBIKSHA
	127.08
	0.39
	21.62
	69.15
	3.81
	34.01
	26.03
	190.72
	8.95
	34.20
	29.20
	28.17

	SUNANTHA X SURAJ
	131.06
	0.84
	24.22
	47.98
	4.69
	20.62
	31.72
	165.31
	10.35
	32.17
	27.17
	26.50

	SUNANTHA X ANJALI
	120.17
	1.58
	21.74
	56.82
	3.29
	28.42
	26.88
	138.60
	11.47
	33.17
	28.17
	26.33

	SUNANTHA X SURAKSHA
	112.84
	0.22
	15.77
	32.45
	2.28
	21.09
	26.75
	54.71
	10.63
	35.23
	30.23
	30.60

	SUNANTHA X LRA 5166
	134.78
	0.11
	17.16
	44.60
	3.14
	29.21
	29.91
	103.61
	12.06
	33.30
	28.30
	27.20

	SUNANTHA X MCU – 5
	109.43
	0.80
	18.59
	42.41
	3.95
	21.18
	29.86
	130.77
	9.67
	34.17
	29.17
	27.33

	MCU – 5 X SUBIKSHA
	132.09
	0.65
	I9
	46.81
	3.24
	31.62
	31.64
	111.77
	9.28
	34.33
	29.33
	27.30

	MCU – 5 X SURAJ
	83.90
	0.23
	15.76
	31.36
	2.24
	26.63
	25.85
	52.08
	5.77
	33.23
	28.23
	20.87

	MCU – 5 X ANJALI
	110.87
	0.42
	16.47
	42.47
	4.51
	28.14
	27.96
	142.06
	9.63
	32.33
	27.33
	20.27

	MCU – 5 X SURAKSHA
	138.91
	0.33
	17.25
	45.70
	2.93
	27.23
	31.12
	99.21
	8.72
	34.27
	29.27
	25.67

	MCU – 5 X LRA 5166
	112.20
	0.51
	18.52
	35.73
	4.35
	23.32
	32.14
	114.18
	12.33
	32.03
	27.03
	20.80

	MCU – 5 X SUNANTHA
	105.39
	0.76
	16.03
	40.24
	4.22
	28.46
	30.27
	126.60
	10.97
	34.17
	29.17
	29.27


*, **- Significant at 5%, 1% level
Table 3: Analysis of Variance for twelve characters in cotton for combining ability analysis
	Source
	

df
	MEAN SUM OF SQUARES

	
	
	Plant height
	Number of monopodial branches per plant
	Number of sympodial branches per plant
	Number of bolls per plant
	Boll weight
	Number of seeds per boll
	Seed cotton yield
	Seed index
	2.5 per cent span length
	Ginning percentage
	fibre length
	fibre strength

	GCA
	6
	64.56**
	0.30**
	2.01**
	123.72**
	0.45**
	8.81**
	1382.15**
	7.53**
	30.93**
	25.06**
	25.06**
	100.82**

	SCA
	21
	282.90**
	0.17**
	8.08**
	50.58**
	0.74**
	23.23**
	1694.06**
	2.99**
	16.36**
	1.30**
	1.30**
	1.69**

	RCA
	21
	108.59**
	0.12**
	4.91**
	68.27**
	0.65**
	19.26**
	1639.17**
	2.72**
	6.57**
	0.86**
	0.86**
	1.70**

	ERROR
	96
	14.70
	0.00
	0.32
	1.96
	0.01
	0.54
	17.57
	0.07
	0.64
	0.18
	0.18
	0.15

	GCA/SCA
	
	0.313
	0.779
	0.332
	0.83
	0.378
	0.431
	0.62
	0.834
	0.791
	0.975
	0.975
	0.988


*, **- Significant at 5%, 1% level
Table 4: Estimation of combining ability effects of parents and hybrids for twelve characters in cotton for diallel analysis
	
	Plant height
	Number of monopodial branches per plant
	Number of sympodial branches per plant
	Number of bolls per plant
	Boll weight
	Number of seeds per boll
	2.5 per cent span length
	Seed cotton yield
	Seed index
	Ginning percentage
	fibre length
	fibre strength

	SUBIKSHA
	-1.17
	-0.26**
	0.31*
	0.73*
	0.22**
	1.14**
	0.94**
	4.43**
	-0.50**
	1.13**
	1.13**
	2.65**

	SURAJ
	2.24*
	-0.05**
	0.47**
	2.05**
	-0.22**
	-0.76**
	-2.67**
	3.39**
	-0.90**
	-0.49**
	-0.49**
	-1.37**

	ANJALI
	-1.06
	0.16**
	-0.16
	-0.07
	0.11**
	-0.76**
	0.41*
	-0.35
	1.10**
	-1.35**
	-1.35**
	-2.88**

	SURAKSHA
	-0.75
	0.08**
	-0.03
	0.03
	0.00
	1.05**
	-1.37**
	7.23**
	0.05
	1.20**
	1.20**
	2.86**

	LRA 5166
	-0.90
	-0.03**
	-0.56**
	0.12
	0.18**
	-0.38*
	0.21
	8.27**
	-0.30**
	-2.14**
	-2.14**
	-2.86**

	SUNANTHA
	3.77**
	0.14**
	0.31*
	3.28**
	-0.09**
	-0.24
	1.47**
	-2.08*
	0.87**
	0.93**
	1.98**
	2.85**

	MCU-5
	-2.14*
	-0.04**
	-0.34*
	-6.13**
	-0.20**
	-0.05
	1.01**
	-20.88**
	-0.31**
	0.72**
	0.72**
	-1.25**

	SUBIKSHA X SURAJ
	-7.98**
	-0.09**
	-2.93**
	-5.38**
	-0.95**
	0.69
	-5.02**
	-66.28**
	-2.25**
	-0.17
	-0.17
	0.26

	SUBIKSHA X ANJALI
	4.10
	-0.24**
	0.14
	-1.24
	0.57**
	-7.85**
	3.12**
	23.67**
	-0.71**
	1.99**
	1.99**
	0.56*

	SUBIKSHA X SURAKSHA
	-16.92**
	0.06**
	0.11
	0.47
	-0.48**
	0.67
	-0.68
	-20.45**
	-0.70**
	-0.23
	-0.23
	-0.56*

	SUBIKSHA X LRA 5166
	1.42
	0.03*
	-1.38**
	-4.83**
	-0.28**
	2.06**
	0.18
	-22.29**
	1.14**
	-0.14
	-0.14
	-0.15

	SUBIKSHA X SUNANTHA
	5.54*
	-0.07**
	0.66
	12.32**
	0.13
	2.93**
	-1.29**
	52.44**
	-0.05
	-0.07*
	-0.67*
	-1.53**

	SUBIKSHA X MCU-5
	17.10**
	0.16**
	0.70*
	6.88**
	-0.54**
	2.66**
	0.88
	-1.21
	1.41**
	-0.14
	-0.14
	1.10**

	SURAJ X SUBIKSHA
	2.30
	-0.03
	-1.69**
	-1.57
	-0.46**
	-3.17**
	0.40
	-2.55
	-0.21
	-0.45
	-0.45
	0.52

	SURAJ X ANJALI
	7.19**
	-0.44**
	-1.66**
	2.81**
	-0.28**
	-1.12*
	0.97
	-17.63**
	0.99**
	-0.38
	-0.38
	1.39**

	SURAJ X SURAKSHA
	5.10*
	-0.05**
	0.83*
	-0.70
	0.28**
	4.12**
	-2.34**
	46.46**
	0.47**
	1.23**
	1.23**
	1.20**

	SURAJ X LRA 5166
	15.55**
	-0.16**
	-0.88*
	1.10
	0.52**
	-1.95**
	-1.54**
	18.33**
	0.17
	-0.65*
	-0.65*
	-0.70**

	SURAJ X SUNANTHA
	2.67
	-0.13**
	3.71**
	2.96**
	0.34**
	-2.98**
	4.71**
	14.32**
	-0.09
	-0.05*
	-0.60*
	-0.10

	SURAJ X MCU-5
	-24.15**
	-0.25**
	-1.40**
	-2.99**
	-0.81**
	-0.57
	1.18*
	-25.18**
	-1.32**
	0.01
	0.01
	-1.02**

	ANJALI X SUBIKSHA
	4.39
	-0.07**
	2.94**
	-1.69
	1.03**
	3.53**
	0.40
	29.88**
	-1.08**
	0.28
	0.28
	0.60*

	ANJALI X SURAJ
	-5.37
	-0.03
	-1.56**
	2.52*
	0.25**
	-3.23**
	1.30*
	3.85
	-0.94**
	0.55
	0.55
	-2.35**

	ANJALI X SURAKSHA
	-11.46**
	0.11**
	-2.67**
	1.63
	0.41**
	1.87**
	-6.20**
	18.72**
	0.74**
	-1.12**
	-1.12**
	-0.90**

	ANJALI X LRA 5166
	-2.33
	0.53**
	-1.24**
	4.53**
	-0.20**
	-4.09**
	0.60
	6.53*
	0.62**
	-0.70**
	-0.70**
	-0.43

	ANJALI X SUNANTHA
	3.20
	0.04**
	0.92**
	-3.77**
	-0.04
	4.78**
	-2.76**
	-6.56*
	-1.39**
	0.09
	0.09
	-0.37

	ANJALI X MCU-5 
	-1.11
	-0.13**
	-0.61
	3.08**
	-0.03
	-0.57
	-0.83
	4.61
	-0.54**
	0.03
	0.03
	-0.25

	SURAKSHA X SUBIKSHA
	-4.67
	0.19**
	0.90*
	-4.94**
	0.53**
	-5.97**
	-3.48**
	6.01*
	-0.05
	-0.32
	-0.32
	0.08

	SURAKSHA X SURAJ
	0.11
	0.04*
	2.00**
	-2.64**
	-0.15
	-1.06*
	1.30*
	-9.94**
	-0.39*
	0.28
	0.28
	0.53

	SURAKSHA X ANJALI
	-11.11**
	0.43**
	-1.57**
	-7.80**
	-0.56**
	1.31*
	-1.56**
	-47.52**
	0.77**
	-1.23**
	-1.23**
	1.15**

	SURAKSHA X LRA 5166
	-18.99**
	-0.18**
	-0.59
	4.76**
	0.14*
	-1.82**
	3.75**
	1.83
	-2.24**
	0.56*
	0.56*
	-0.02

	SURAKSHA X SUNANTHA
	5.53*
	-0.09**
	-0.78*
	-8.52**
	-0.38**
	-5.15**
	0.14
	-28.56**
	0.95**
	0.15
	0.15
	0.01

	SURAKSHA X MCU-5
	21.71**
	-0.27**
	-0.64
	1.96*
	-0.70**
	2.84**
	2.32**
	-30.91**
	1.27**
	-0.28
	-0.28
	0.34

	LRA 5166 X SUBIKSHA
	-16.13**
	-0.04**
	0.82*
	-8.38**
	-0.07
	-1.71**
	1.82**
	-28.64**
	-0.27
	1.50**
	1.50**
	0.65*

	LRA 5166 X SURAJ
	-6.77*
	-0.19**
	-0.38
	-4.65**
	-1.22**
	-4.98**
	-0.73
	-62.11**
	-1.15**
	1.20**
	1.20**
	-1.15**

	LRA 5166 X ANJALI
	6.18*
	-0.01
	-1.10**
	3.24**
	-0.28**
	-5.18**
	2.99**
	-2.15
	1.24**
	-1.32**
	-1.32**
	-0.43

	LRA 5166 X SURAKSHA
	-4.35
	0.10**
	2.02**
	-3.01**
	0.30**
	2.78**
	-1.32**
	-4.22
	0.49*
	0.03
	0.03
	0.12

	LRA 5166 X SUNANTHA
	2.62
	-0.24**
	-0.23
	-2.15*
	-0.74**
	2.60**
	-2.36**
	-28.60**
	-0.68**
	1.35**
	1.35**
	1.56**

	LRA 5166 X MCU-5
	4.36
	0.18**
	2.90**
	-1.06
	0.20**
	0.40
	-0.44
	24.51**
	1.22**
	0.98**
	0.98**
	-0.93**

	SUNANTHA X SUBIKSHA
	0.30
	-0.03*
	-1.78**
	-3.92**
	0.34**
	-3.93**
	2.99**
	7.57*
	0.74**
	0.20
	0.20
	1.00**

	SUNANTHA X SURAJ
	-3.15
	-0.33**
	-1.17**
	9.21**
	-0.76**
	1.64**
	-0.32
	-6.19*
	-1.09**
	0.68*
	0.68*
	0.08

	SUNANTHA X ANJALI
	4.97
	-0.69**
	-2.10**
	-8.48**
	0.58**
	1.60**
	0.14
	-4.08
	-1.51**
	-0.50
	-0.50
	-1.53**

	SUNANTHA X SURAKSHA
	14.95**
	0.47**
	2.30**
	11.23**
	1.15**
	0.81
	1.39**
	65.39**
	0.62**
	0.05
	0.05
	0.32

	SUNANTHA X LRA 5166
	-10.05**
	0.32**
	0.92*
	5.56**
	0.11
	-1.00
	-2.70**
	17.49**
	-2.79**
	-0.15
	-0.15
	-0.45

	SUNANTHA X MCU – 5
	-13.45**
	0.13**
	-1.22**
	-4.73**
	0.48**
	-1.13*
	-0.31
	8.14**
	0.39*
	-0.49
	-0.49
	1.50**

	MCU – 5 X SUBIKSHA
	0.94
	-0.25**
	-0.01
	3.57**
	0.14
	-1.63**
	-0.92
	14.07**
	0.69**
	0.38
	0.38
	0.40

	MCU – 5 X SURAJ
	11.28**
	-0.02
	1.53**
	10.47**
	0.43**
	-1.77**
	1.57**
	48.76**
	1.07**
	0.02
	0.02
	0.70*

	MCU – 5 X ANJALI
	4.05
	0.12**
	0.98*
	3.31**
	-0.74**
	-3.28**
	0.52
	-15.17**
	0.001
	0.07
	0.07
	0.55*

	MCU – 5 X SURAKSHA
	-0.86
	-0.01
	0.31
	-0.95
	0.06
	2.84**
	-1.25**
	-0.27
	1.67**
	0.38
	0.38
	1.48**

	MCU – 5 X LRA 5166
	8.36**
	0.15**
	2.05**
	6.10**
	-0.28**
	2.89**
	-3.46**
	41.23**
	-2.34**
	0.53
	0.53
	-0.63*

	MCU – 5 X SUNANTHA
	2.02
	0.02
	1.28**
	1.09
	-0.13
	-3.64**
	-0.20
	2.09
	-0.65**
	0.00
	0.00
	-0.97**


*, **- Significant at 5%, 1% level
Table 5. Percentage of Standard heterosis of diallel hybrids for twelve characters in cotton

	Cross
	Plant height (cm)
	Number of monopodial branches per plant
	Number of sympodial branches per plant
	Number of bolls per plant
	Boll weight
	Number of seeds per boll
	2.5 per cent span length
	Seed cotton yield
	Seed index
	Ginning percentage
	Fibre Length
	Fibre Strength

	
	diii
	diii
	diii
	diii
	diii
	diii
	diii
	diii
	diii
	diii
	diii
	diii

	Subiksha x Suraj
	-13.66 **
	-89.74 **
	-33.87 **
	-9.38
	-46.23 **
	-6.46
	-28.47 **
	-51.72 **
	-38.74 **
	-5.89 **
	-15.01 **
	-11.66 **

	Subiksha x Anjali
	-5.47 *
	-87.39 **
	-2.14 **
	-5.55
	25.48
	-13.60 **
	16.32 **
	17.71
	-9.07
	-0.09
	-19.22 **
	-15.33 **

	Subiksha x Suraksha
	-27.89 **
	-45.16 **
	-10.80 **
	-8.45
	-10.27 **
	-10.37 **
	-17.25
	-17.64 **
	-9.04 *
	-0.85
	-19.98 **
	-2.05

	Subiksha x LRA-5166
	-22.83 *
	-78.30 **
	-20.22 **
	-25.98 *
	-15.00 **
	5.98 **
	10.22
	-38.39 **
	4.93
	-4.94 **
	-2.59
	-17.39 **

	Subiksha x Sunantha
	-3.84
	-71.55 **
	-18.84 **
	24.23 **
	-3.16 **
	1.28 **
	13.61
	20.48 **
	15.93
	-1.42
	-11.34 **
	-2.27 **

	Subiksha x MCU-5
	0.9
	-86.22 **
	-13.62 **
	9.31
	-24.26 **
	9.89 **
	5.85 *
	-18.12 **
	18.48 *
	0
	-25.05 **
	-8.96 **

	Suraj x Anjali
	-7.93
	-82.70 **
	-29.70 **
	13.88 *
	-19.17 **
	-21.07 *
	-0.9
	-22.30 **
	6.96 **
	-10.73 **
	-21.60 **
	-35.21 **

	Suraj x Suraksha
	-5.14
	-50.15 **
	-1.89 **
	-3.49
	-17.88 **
	14.62 **
	-18.97 **
	11.57 **
	-4.3
	0.38
	-30.56 **
	-7.88 **

	Suraj x LRA-5166
	-2.57
	-88.86 **
	-22.63 **
	-3.73
	-32.02
	-29.62 *
	-17.75 **
	-34.81
	-20.04
	-11.87 **
	-36.93 **
	-38.01 **

	Suraj x Sunantha
	-6.03
	-83.87 **
	-1.69
	34.52 **
	-31.87 **
	-7.40 **
	10.37 **
	-10.49 *
	-9.3
	-4.46
	-18.79 **
	-13.61 **

	Suraj x MCU-5
	-19.81 **
	-82.70 **
	-15.44 **
	5.96 **
	-33.52 **
	-10.56
	2.9
	-12.46 **
	-12.07 **
	-5.22 **
	-8.75 **
	-27.86 **

	Anjali x Suraksha
	-28.55 **
	16.72 **
	-36.47 **
	-13.52
	-17.01
	15.07 *
	-31.88 **
	-28.84
	33.85 **
	-13.11 **
	-14.15 **
	-17.60 **

	Anjali x LRA-5166
	-8.69 **
	5.28 *
	-30.33 **
	14.91 *
	-20.24 **
	-38.66 **
	13.95
	-8.81 *
	33.78 **
	-21.65 **
	-14.69 **
	-39.74 **

	Anjali x Sunantha
	-2.00
	-82.70 **
	-21.23 **
	-19.25
	-4.09 **
	22.48 **
	-3.6
	-23.66 **
	-6.07 *
	-8.36
	-11.88 **
	-24.62 **

	Anjali x MCU-5
	-10.39 **
	-42.52 **
	-17.17 **
	-0.55
	-34.60 **
	-16.41
	2.98
	-34.62 **
	6.93
	-7.5
	-11.56 **
	-30.78 **

	Suraksha x LRA-5166
	-29.01 **
	-53.67 **
	-12.82 **
	2.90 *
	-2.73 *
	7.94
	3.55 *
	-8.34
	-18.04 **
	-6.93 **
	-32.40 **
	-18.03 **

	Suraksha x Sunantha
	7.5
	1.47 **
	-8.51 **
	11.26 **
	-1.51 **
	12.04 **
	4.83
	8.55 **
	31.93 **
	0.66
	-34.34 **
	1.19

	Suraksha x MCU-5
	3.34
	-72.14 **
	-19.71 **
	-11.23 *
	-34.17 **
	27.51 **
	1.59
	-42.25 **
	33.96 **
	-0.19
	-16.85 **
	-7.24 **

	LRA-5166 x Sunantha
	-13.63
	-34.60 **
	-14.59 **
	12.87
	-27.78 **
	5.44 *
	-12.96
	-18.89 **
	-28.07
	-5.98
	-32.61 **
	-14.79 **

	LRA-5166 x MCU-5
	-2.90 *
	-28.45 **
	1.63 *
	-2.90 **
	-18.23 **
	12.72
	-10.49
	15.08 *
	-15.07 *
	-5.7
	-5.18 **
	-36.72 **

	Sunantha x MCU-5
	-17.57 **
	-29.33 **
	-16.45 **
	-14.07 **
	-14.86 **
	-17.96
	6.02
	-23.47 **
	7.48 **
	-2.66
	-15.01 **
	-11.45 **


*Significant at 5% level   ** significant at 1% level, diii= Standard heterosis

4. Conclusion
The present investigation revealed significant genetic variability among the parents and hybrids for all twelve traits studied, including yield and fibre quality components, indicating ample scope for hybrid development. The analysis of variance confirmed highly significant differences among GCA and SCA variances, suggesting the involvement of both additive and non-additive gene actions. Among the parents, Sunantha, Subiksha, and Suraj emerged as good general combiners for plant height, branching pattern, boll traits, and fibre attributes, making them valuable for future breeding programs. Evaluation of hybrids based on per se performance, SCA effects, and heterosis estimates identified several promising combinations. Notably, the hybrid Suraksha × Sunantha consistently excelled across multiple criteria, exhibiting superior mean performance for eleven traits, high SCA effects, and significant positive standard heterosis for most traits except number of sympodial branches and 2.5% span length. Other hybrids, such as Suraj × Suraksha, Subiksha × MCU 5, and Suraksha × MCU 5, also demonstrated desirable performance for yield and fibre quality traits. The integration of combining ability analysis with heterotic response emphasised the potential of these hybrids in exploiting both additive and non-additive genetic variances. In summary, the hybrid Suraksha × Sunantha, due to its superior performance across all selection criteria, can be considered the most promising candidate for commercial exploitation through heterosis breeding in cotton. Additionally, the identification of good general combiners provides a strong genetic base for future parental selection and hybrid development strategies aimed at enhancing cotton productivity and fibre quality.
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