ANALYSIS OF HYBRID PERFORMANCE AND PARENTAL COMBINING ABILITY IN SORGHUM [SORGHUM BICOLOR (L.) MOENCH]

[bookmark: _GoBack]ABSTRACT: The experiment was confined to sixteen rabi sorghum hybrids (Sorghum bicolor (L.) Moench), developed by crossing two female lines (AKMS 66-2A and 104A) and eight testers (RSLG 262, M 35-1, SPV 2758, SPV 2468, R 3777, R 196, R 91012 and PVK 801). These hybrids along with check (CSH 15R) and parents were evaluated to study combining ability for eight yield attributing characters during rabi 2022 and 2023 at RARS, Nandyal, ARS, Podalakur and RARS, Lam (Guntur). Analysis of variance (ANOVA) revealed high genetic variability among ten parents and sixteen hybrids for both yield and physiological traits. The General Combining Ability (GCA) effects and mean performance of parents like SPV 2758, M 35-1, R 3777, PVK 801, R 196, 104A and R 91012 demonstrated excellent results for traits such as plant height, panicle length, early maturity, grain yield, 100-grain weight, and drought resilience traits (SCMR, RWC and membrane stability). Hybrids like 104A × R 196, 104A × PVK 801 and AKMS 66-2A × R 3777 exhibited strong Specific Combining Ability (SCA) effects and strong mean performance, making them ideal for high-yielding, stress-tolerant breeding programs.
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INTRODUCTION
Sorghum (Sorghum bicolor (L.) Moench) is the fifth most important global cereal crop after rice, wheat, maize and barley, and it plays an important role in global food security. Sorghum is a highly adaptable crop that is widely grown in tropical, subtropical and temperate regions. As a C4 plant, sorghum has high photosynthetic efficiency and can tolerate different environmental stresses such as drought, salinity, barrenness, high temperature and low temperature. According to Assefa et al., (2010) a medium-to-late maturing sorghum cultivar requires approximately 450 to 650 mm of water during a growing season. Water stress or drought reduces biomass, yield and HI more in maize than in sorghum, giving higher yields for sorghum under limited water. Under limited water conditions, sorghum has a great ability to extract water from deep soil layers due to its deep root system (Farre and Faci, 2006). Therefore, sorghum is the crop of choice for Climate-Smart Agriculture (CSA) in the context of climate change. 
	Sorghum was one of the first crops to achieve hybrid advantage, and the successful selection of CMS lines for sorghum opened up a wide range of prospects for the application of hybrids. Sorghum hybrids are widely adaptable, high yielding and disease resistant and play an important role in improved sorghum yields. The key to hybrid breeding depends upon the identification and evaluation of superior parental lines. Parental lines can be evaluated by genetic relationship, heterosis and combining ability. The application value of any parent in hybrid breeding depends on its ability to make excellent hybrids with other parents. To effectively utilize heterosis, the systematic selection of parental lines and the identification of excellent hybrid combinations are very important. The general combining ability (GCA) and special combining ability (SCA) of the parents play an important role in determining the performance of offspring, and are important indices by which to evaluate the utilization value of parents and the basis for combining strong heterosis in hybrids. As a general rule, general combining ability (GCA) is the result of additive gene effects, while the specific combining ability (SCA) is the result of non-allelic interactions (Jinks, 1954). The estimate of combining ability is useful to predict the relative performance of different lines in hybrid combinations. The information on the nature and magnitude of gene action is important in understanding the genetic potential of a population and deciding the breeding procedure to be adopted in a given population (Prabhakar et al., 2010).
In this study, we selected 10 excellent sorghum parental lines, and 16 hybrid combinations were prepared based on line × tester mating design. The field investigation was carried out around the eight main traits of the parental lines and hybrid combinations, and the combining ability effects were analyzed. Hybrid combinations and parents were screened, and grain yield in different combinations was determined. The results of our study will provide a reference for sorghum hybrid breeding research.

MATERIAL AND METHODS

Location of the experimental site: The experiment was conducted at Regional Agricultural Research Station (RARS), Nandyal at which crossing programme was carried out during rabi, 2021-22 and the hybrids generated were evaluated over three different seasons viz., summer, 2022, rabi, 2022-23 and summer, 2023 at three locations i.e Regional Agricultural Research Station (RARS), Nandyal and Lam farm (Guntur), Agricultural Research Station (ARS), Podalakur of Acharya N.G. Ranga Agricultural University which comes under Scarce Rainfall, Krishna and Southern Agro-climatic Zone of Andhra Pradesh. All the parental lines in the study which were stable and diverse were obtained from Indian Institute of Millets Research, Hyderabad. The detailed experiment plan in the present investigation is given below.
Experimental material: The experiment was conducted to generate F1 hybrids between two male sterile lines (AKMS 66-2A and 104 A) and eight potential restorer lines (RSLG 262, M 35-1, SPV 2758, SPV 2468, R 3777, R 196, R 91012 and PVK 801) chosen based on their yield performance and adaptation. These selected A lines and R lines were crossed in Line x Tester mating design and produced 16 hybrids during rabi 2021-22 at RARS, Nandyal. Hence, the present study was carried out with the following 16 hybrids (Table 1) for further evaluation and experimentation along with a standard check i.e., CSH 15 R (National released rabi sorghum hybrid in 1995).
Table 1: List of parents and hybrids utilised for experimentation
	S.No
	Parents
	
	S.No
	Hybrid (A x R)
	S.No
	Hybrid (A x R)

	Lines
	
	1
	104 A x RSLG 262
	9
	AKMS-66-2A x RSLG 262

	1
	104 A 
	
	2
	104 A x M35-1
	10
	AKMS-66-2A x M35-1

	2
	AKMS 66-2A
	
	3
	104 A x SPV 2758
	11
	AKMS-66-2A x SPV 2758

	Testers
	
	4
	104A x SPV 2468
	12
	AKMS-66-2A x SPV 2468

	3
	RSLG 262 
	
	5
	104 A x R 3777
	13
	AKMS-66-2A x R3777

	4
	M35-1
	
	6
	104 A x R 196
	14
	AKMS-66-2A x R 196

	5
	SPV 2758
	
	7
	104 A x R 91012
	15
	AKMS-66-2A x R 91012

	6
	SPV 2468
	
	8
	104 A x PVK 801
	16
	AKMS -66-2A x PVK 801

	7
	R3777
	
	
	
	
	

	8
	R 196
	
	
	
	
	

	9
	R 91012
	
	
	
	
	

	10
	PVK 801
	
	
	
	
	



Generation of F1 Hybrids: 	In rabi 2021, CMS lines (A), Maintainer lines (B) and Restorer (R) lines were maintained and F1 hybrids were generated using Line x Tester (L x T) mating. The 16 F1 hybrids, along with their parental lines, were initially evaluated at RARS, Nandyal to assess their genetic potential in summer 2022.
	Whereas, in rabi 2022-2023, the same F1 hybrids and their parents underwent further evaluations across multiple locations, including RARS, Nandyal; ARS, Podalakur and RARS, Lam (Guntur). Further in this season, maintenance of parents and the generation of same 16 F1 hybrids was also taken up at RARS, Nandyal to generate the seed material for further evaluation. In summer 2023, the F1 hybrids were evaluated again at multiple locations, to assess their genetic potential.


Experimental design and sowings: 	The experimental material consists of sixteen (16) F1 hybrids generated during rabi 2021-22, which were evaluated along with their parents and check CSH 15R to study variability, heterosis, combining ability, stability for grain yield. The 16 F1 hybrids along with ten parents and one check were planted in separate two blocks each in a Randomized Block Design (RBD) with two replications during the three consecutive seasons viz., at RARS, Nandyal during summer 2022, rabi 2022-23 and summer 2023 and at ARS, Podalakur and RARS, Lam (Guntur) during rabi 2022-23 and summer 2023. Each genotype was represented by two rows of 4 m length in each replication. Inter and intra row spacing was kept at 45 cm and 15 cm, respectively. The other recommended agronomic practices and need based plant protection measures were adopted to raise a good crop.
Statistical Procedures:  The mean data of quantitative characters recorded on all the genotypes over two replications were subjected to the following statistical analysis using Windostat stat version 9.3 from INDOSTAT service.
Analysis of Variance: The data were subjected to analysis of variance as per the method described by Fisher and Yates (1974) and Panse and Sukhatme, (1985).		
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Where,
Yij = Phenotypic observation of ith genotype in jth replication
m = General mean
gi = Effect of ith genotype
rj = Effect of jth replication
eij = Random error
Combining ability analysis: 	Combining ability analysis and the testing of significance of different genotypes was carried out according to Line × Tester mating design the procedure given by Kempthorne (1957). The hybrids (crosses) mean squares were partitioned into variances due to testers (σ2t) and lines (σ2ι) and due to interaction between lines and testers (σ2ιt). The estimates of genotypic variances of testers and lines are equivalent to variance due to their GCA, and that of their interaction is equivalent to variance due to SCA.
	The effects of genotype on the agronomic traits and yields were partitioned into parent and hybrid effects to assess the significance of combining ability of the parental lines. These hybrid effects were further partitioned into CMS line, restorer line, and CMS line × restorer line interaction effects, which correspond respectively to the general combining ability (GCA) effects for restorer line, the GCA effect for CMS line, and the specific combining ability (SCA) effects. The estimated variance components of combining ability were analyzed using GenStat v20.1.

RESULTS AND DISCUSSION
Analysis of Variance:
	The analysis of variance (ANOVA) for eight yield and yield-attributing traits across three locations (Nandyal, Podalakur and Guntur) and pooled data revealed significant differences among genotypes for most traits (Tables 2 and 3). Exceptions were observed for days to 50% flowering at Guntur and days to maturity at Podalakur and Guntur.
	The significant mean sum of squares for genotypes indicates the presence of substantial genetic variability, suggesting good scope for selection and genetic improvement. Similar levels of variability for yield-related traits have been reported earlier (Yadav et al., 2019; Dev et al., 2019; Singh et al., 2019; Sen et al., 2019; Prasad and Sreedhar, 2020).
Combining Ability Analysis:
	Combining ability analysis was performed using Kempthorne’s (1957) Line × Tester design involving 2 lines, 8 testers and 16 F₁ hybrids. The ANOVA for combining ability showed significant GCA and SCA effects for all traits across locations and in pooled analysis (Tables 4 and 5), indicating the importance of both additive and non-additive gene actions.
	Significant Line × Tester interactions further confirmed the role of non-additive gene effects, particularly for grain and fodder yield. The pooled analysis also revealed highly significant variance components for both GCA and SCA, demonstrating consistent genetic differences across environments.
Nature of Gene Action:
	The estimates of variance components and the σ²GCA/σ²SCA ratio (Table 6) indicated the predominance of non-additive gene action for most traits across locations and in pooled analysis. The higher magnitude of SCA variance compared to GCA variance, particularly for grain yield and related traits, suggests the major role of dominance effects and the potential for heterosis exploitation. Similar predominance of non-additive gene action for yield traits in sorghum has been reported by Rakshit et al. (2012) and More et al. (2021), supporting the importance of hybrid breeding.
	However, certain morphological traits exhibited additive gene control. Plant height in Nandyal and panicle length in Podalakur and Guntur showed higher additive variance, indicating suitability for selection-based improvement. These findings are in agreement with Upadhyaya et al. (2009) and Solanki and Patel (2006), who reported substantial additive effects for structural traits in sorghum.
	For grain yield, the pooled σ²GCA/σ²SCA ratio indicated the involvement of both additive and non-additive gene effects, suggesting that integrated breeding strategies combining selection and heterosis breeding would be most effective, as also emphasised by Reddy et al. (2009).
	Overall, the combining ability analysis across Nandyal, Podalakur and Guntur emphasized the significant role of both additive and non-additive gene effects in governing the inheritance of the studied traits. Traits with higher additive variance, such as plant height and panicle length, can be effectively improved through selection-based breeding strategies. In contrast, grain yield and fodder yield were predominantly influenced by non-additive gene action, suggesting greater scope for improvement through hybrid breeding, particularly under environments like Nandyal and Guntur. Therefore, the relative magnitude of GCA and SCA effects for each trait provides a reliable basis for deciding whether selection or hybridization should be prioritized in sorghum improvement programs.
	These findings are in accordance with earlier reports by Aruna et al. (2019), Kenga et al. (2004) and Premalatha et al. (2018), who also highlighted the differential contribution of additive and non-additive gene effects for yield and its component traits in sorghum and emphasized the importance of adopting appropriate breeding strategies based on the nature of gene action.
The pooled σ²GCA/σ²SCA ratios (Fig. 1) provide important guidance for selecting appropriate breeding strategies by indicating the relative contributions of additive and non-additive gene effects for each trait. Plant height (0.83) exhibited a moderate contribution of both gene actions, suggesting a slight advantage for hybrid breeding. Panicle length (0.72), days to 50% flowering (0.28) and days to maturity (0.04) were predominantly governed by non-additive gene action, indicating that hybrid breeding would be more effective than simple selection for these traits. In contrast, 100-grain weight (0.59) showed a relatively balanced contribution of additive and non-additive effects, suggesting that both selection and hybridization approaches may be beneficial. Grain yield (0.55) and dry fodder yield (0.54) were also influenced by both types of gene action, emphasizing the importance of exploiting heterosis through hybrid breeding while utilizing additive effects through careful parental selection.
These findings are in accordance with earlier reports by Prasuna Rani et al. (2014), Prabhakar et al. (2013) and Umakanth et al. (2012), who observed a predominance of non-additive gene action for grain yield and related traits in sorghum, highlighting the scope for heterosis breeding. Similarly, Mahdy et al. (2011) reported substantial additive effects for morphological traits such as plant height and panicle length, supporting the effectiveness of selection-based improvement for these characters.
General Combining Ability and Specific Combining Ability Effects:
The general combining ability (GCA) effects of parents were estimated to identify superior general combiners for different traits, thereby facilitating effective parent selection for hybridization programs (Arunachalam and Bandyopadhyay, 1979). Parents exhibiting significant GCA effects in the desired direction were considered good general combiners, whereas those with non-significant or undesirable effects were classified as poor combiners. The GCA effects of ten parents and the SCA effects of sixteen hybrids for seven quantitative traits are presented in Tables 7 and 8 and Fig. 2 and 3, respectively. These estimates provide valuable information for identifying promising parental lines and superior cross combinations for yield improvement and related traits.
a. General Combining Ability (GCA) Effects:
The analysis of general combining ability effects identified PVK 801 and 104A as superior general combiners with balanced performance across key agronomic traits. PVK 801 exhibited early flowering and moderate maturity, making it suitable for regions with shorter growing seasons. Parent 104A showed desirable attributes such as longer panicles, higher 100-grain weight and superior grain yield. SPV 2468 and M 35-1 were identified as promising parents for dual-purpose breeding due to their tall plant stature and high dry fodder yield. R 3777 emerged as a useful parent for developing early-maturing and high-yielding genotypes.
The identification of such good general combiners is consistent with findings of Umakanth et al. (2012), who emphasized the importance of high GCA parents in accumulating favorable additive genes for yield and its components in sorghum.
b. Specific Combining Ability (SCA) Effects:
Specific combining ability plays a crucial role in hybrid breeding by identifying cross combinations capable of exploiting non-additive gene action. In the present study, hybrids were categorized based on the GCA status of their parents as good × good, good × poor or poor × poor combinations. Notably, high SCA effects were not always associated with parents possessing high GCA effects, indicating the importance of dominance and intra-allelic interactions.
For plant height, the hybrid AKMS 66-2A × R 91012 (good × poor) recorded significant SCA effects, suggesting predominance of non-additive gene action. Similarly, 104A × M 35-1 and 104A × RSLG 262 also indicated the influence of non-additive effects. In contrast, hybrids such as AKMS 66-2A × SPV 2758 and AKMS 66-2A × RSLG 262 (good × good) exhibited desirable SCA effects for panicle length.
For grain yield and dry fodder yield, the hybrid 104A × R 196 (good × good) exhibited superior SCA effects, whereas crosses such as AKMS 66-2A × M 35-1 and AKMS 66-2A × R 3777 indicated predominance of non-additive gene action. The occurrence of high SCA effects even in crosses involving poor combiners supports the role of dominance and epistatic interactions, as also reported by Prabhakar et al. (2013) and Aruna et al. (2021).
Conclusion:
The present study revealed significant genetic variability among the evaluated parents and hybrids, with dominance variance exceeding additive variance for most traits across locations and in pooled analysis. The higher magnitude of SCA variance compared to GCA variance indicates the predominance of non-additive gene action, particularly for yield and its related traits, emphasizing the importance of heterosis exploitation in sorghum improvement.

Parents such as SPV 2758, M 35-1, R 3777 and PVK 801 exhibited desirable GCA effects and superior mean performance for key traits including plant height, panicle length and earliness, making them valuable donors for developing adaptable and high-yielding varieties. For grain yield and 100-grain weight, parents R 3777, R 196 and 104A emerged as promising combiners. Additionally, PVK 801, 104A, R 196, R 91012 and SPV 2758 demonstrated favorable performance for drought-related physiological traits, indicating their potential utility in stress-resilient breeding programs.
Among the hybrids, crosses such as 104A × R 196, 104A × PVK 801 and AKMS 66-2A × R 3777 exhibited superior SCA effects along with high mean performance across multiple traits, identifying them as promising candidates for commercial hybrid development.
Overall, the predominance of non-additive gene action suggests that hybrid breeding, supplemented with recurrent selection and the strategic use of heterotic pools, would be an effective approach for simultaneous improvement of yield, yield components and stress tolerance in sorghum.
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Table 2: Analysis of variance for yield and yield attributing traits over three locations
	S. No.
	Character
	Environments
	Source of Variation

	
	
	
	Replications 
	Treatments 
	Error 

	
	
	df
	1
	26
	26

	1
	Plant height (cm)
	N
	4.61
	841.46**
	102.19

	
	
	P
	67.92
	752.83**
	135.51

	
	
	G
	0.65
	685.91**
	128.67

	2
	Panicle length (cm)
	N
	2.61
	5.05**
	1.56

	
	
	P
	0.32
	5.57**
	0.77

	
	
	G
	8.50
	4.63**
	1.15

	3
	Days to 50% flowering
	N
	105.14
	2.88*
	1.25

	
	
	P
	0.08
	3.66*
	1.53

	
	
	G
	1.22
	2.73
	2.95

	4
	Days to maturity
	N
	8.20
	6.25*
	2.58

	
	
	P
	4.44
	5.22
	4.38

	
	
	G
	0.59
	5.44
	4.62

	5
	Lodging (%)
	N
	0.23
	1882.32**
	22.29

	
	
	P
	0.86
	1409.72**
	6.34

	
	
	G
	7.23
	1424.28**
	13.35

	6
	100 grain weight (g)
	N
	0.00
	0.20**
	0.02

	
	
	P
	0.01
	0.19**
	0.02

	
	
	G
	0.00
	0.15**
	0.02

	7
	Grain yield (kg ha-1)
	N
	12042.56
	365711.60*
	34969.14

	
	
	P
	997.51
	335834.80*
	25249.79

	
	
	G
	34357.69
	595500.20**
	40880.50

	8
	Dry fodder yield (kg ha-1)
	N
	360249.70
	2422138.00**
	911408.30

	
	
	P
	1327491.00
	2060892.00**
	345429.60

	
	
	G
	22428.20
	1283522.00**
	346576.30


        N= Nandyal,   P= Podalakur, G= Guntur                                       * Significance at 5% level    ** Significance at 1% level
Table 3 Pooled ANOVA for yield and yield attributing traits over three locations
	S. No.
	Character
	Mean sum of squares

	
	
	Replication 
	 Treatments 
	Seasons 
	Treatments × Seasons 
	Pooled Error 

	
	Degrees of freedom
	1
	26
	6
	156
	188

	1
	Plant height (cm)
	10.14
	5127.57**
	1670.06**
	121.03
	196.78

	2
	Panicle length(cm)
	13.01
	21.34**
	86.48**
	5.53**
	2.46

	3
	Days to 50% flowering 
	160.71
	8.02
	43.04**
	6.92
	7.37

	4
	Days to maturity
	29.34 
	12.87**
	36.23**
	15.28**
	6.25

	5
	Lodging (%)
	10.76
	10387.91**
	1133.57**
	182.48**
	18.13

	6
	100 grain weight (g)
	0.01
	1.08**
	0.526**
	0.10**
	0.03

	7
	Grain yield (kg ha-1)
	1564.89
	2651079**
	3168006**
	138807.10**
	83362.02

	8
	Dry fodder yield (kg ha-1)
	2771350
	7728339.00**
	48625270.00**
	1899727.00**
	1060904


* Significance at 5% level          ** Significance at 1% level
Table 4 ANOVA for combining ability in Line × Tester analysis for yield and yield components in Sorghum
	 Source of variation
	df
	Plant
height 
(cm)
	Panicle 
length
(cm)
	Days
to 50% 
flowering
	Days
to
maturity
	100 grain weight 
(g)
	Grain yield 
 (kg ha-1)
	Dry fodder yield 
 (kg ha-1)

	Replications
	1
	0.02
	10.89
	146.85
	24.04
	0.01
	2214.96
	4362686.00

	Genotypes
	25
	5025.33 **
	22.03 **
	8.04 **
	13.39 **
	1.10 **
	2748411.00 **
	7960249.00 **

	Parents
	9
	4977.47 **
	8.95 **
	9.42 **
	9.07
	0.22 **
	342970.10 **
	8807127.00 **

	Lines
	1
	67.46
	2.90
	17.10 *
	0.93
	0.08
	179776.40
	3114623.00

	Testers
	7
	4682.54 **
	10.92 **
	7.43 *
	9.09
	0.23 **
	333111.60 **
	8944720.00 **

	Line ×Tester interaction
	1
	11952.03 **
	1.25
	15.63 *
	17.06
	0.32 **
	575173.10 **
	13536470.00 **

	Hybrids
	15
	5335.37 **
	30.63 **
	7.73 **
	15.87 **
	1.65 **
	4195489.00 **
	7877578.00 **

	Parents vs. Hybrids
	1
	805.40 *
	10.66 *
	0.27
	15.08
	0.79 **
	2691202.00 **
	1578414.00

	Error
	175
	206.30
	2.43
	2.82
	6.26
	0.03
	82600.27
	1060678.00



Table 5 Pooled analysis of variance for combining ability in Line × Tester analysis for yield and yield components in Sorghum
	Source of variation
	df
	Mean sum of squares

	
	
	Plant
height 
(cm)
	Panicle 
length
(cm)
	Days
to 50% 
flowering
	Days
to
maturity
	100 grain weight 
(g)
	Grain yield 
per hectare 
(kg ha-1)
	Dry fodder yield 
 (kg ha-1)

	Replications
	1
	309.21
	7.94
	67.54
	5.03
	0.02
	112156.5
	2324543

	Seasons
	6
	1358.41 **
	40.60**
	38.50**
	26.34**
	0.50**
	2054901.00**
	32649560.00**

	Replications × Seasons
	6
	106.45
	8.22**
	93.04**
	3.25
	0.009
	85584.34
	556717.6

	Hybrids
	15
	5335.37**
	30.63**
	7.72**
	15.86**
	1.65**
	4195489.00**
	7877578.00**

	Line effect
	1
	1063.57
	126.06
	0.59
	8.84
	5.71
	13230450
	14031120

	Tester effect
	7
	9808.39 *
	25.00
	11.45
	9.46
	1.47
	3922645
	9809533

	Line × Tester effect
	7
	1472.60 **
	22.63**
	5.02
	23.27**
	1.25**
	3177625.00**
	5066545.00**

	Seasons × Hybrids
	90
	123.04
	6.81**
	7.36**
	15.07**
	0.14**
	176779.80**
	2084203.00**

	Seasons × Line effect
	6
	144.58
	4.16
	3.91
	6.50
	0.13
	340460.30
	154742.9

	Seasons × Tester effect
	42
	126.12
	6.71
	7.61
	15.32
	0.12
	152385.70
	1993494

	Seasons × LT effect
	42
	116.88
	7.29**
	7.60**
	16.05**
	0.16**
	177790.90**
	2450550.00**

	Error
	105
	211.87
	2.45
	2.41
	5.83
	0.02
	82356.98
	1075189

	Total
	223
	549.10
	7.31
	8.47
	10.72
	0.19
	450426.30
	2781162






Table 6. Estimation of components of genetic variance for yield and yield traits for three locations and pooled over locations in    	Sorghum. 
	[bookmark: _Hlk180690182]Genetic Components
	Season
	Plant
height
(cm)
	Panicle
length
(cm)
	Days
to 50%
flowering
	Days
to
maturity
	100 grain weight
(g)
	Grain yield
(kg ha-1)
	Dry fodder yield
(kg ha-1)

	σ2GCA
	N
	81.30
	0.56
	0.13
	-0.02
	0.04
	93375.36
	116025.30

	
	P
	49.96
	2.02
	0.06
	0.12
	0.09
	105786.20
	240649.60

	
	G
	74.35
	1.14
	-0.06
	0.04
	0.03
	187071.60
	164289.70

	
	Pooled
	74.63
	1.04
	0.05
	0.05
	0.05
	121345.60
	154930.50

	σ2SCA
	N
	74.18
	4.42
	-0.01
	1.65
	0.15
	272492.80
	871361.40

	
	P
	16.33
	1.67
	1.91
	1.94
	0.08
	136459.30
	852524.40

	
	G
	73.91
	0.03
	-0.28
	0.90
	0.07
	296474.20
	208807.00

	
	Pooled
	90.05
	1.44
	0.19
	1.25
	0.09
	221090.50
	285096.80

	σ2GCA/SCA
	N
	1.10
	0.13
	-14.44
	-0.01
	0.29
	0.34
	0.13

	
	P
	3.06
	1.21
	0.03
	0.06
	1.21
	0.78
	0.28

	
	G
	1.01
	4.86
	0.22
	0.05
	0.45
	0.63
	0.79

	
	Pooled
	0.83
	0.72
	0.28
	0.04
	0.59
	0.55
	0.54

	σ2Additive
	N
	162.60
	1.11
	0.26
	-0.04
	0.09
	186750.70
	232050.60

	
	P
	99.92
	4.04
	0.11
	0.23
	0.18
	211572.30
	481299.10

	
	G
	148.69
	2.29
	-0.12
	0.09
	0.06
	374143.10
	328579.40

	
	Pooled
	149.26
	2.09
	0.10
	0.10
	0.10
	242691.20
	309861.10

	σ2Dominance
	N
	74.18
	4.42
	-0.01
	1.65
	0.15
	272492.80
	871361.40

	
	P
	16.33
	1.67
	1.91
	1.94
	0.08
	136459.30
	852524.40

	
	G
	73.91
	0.03
	-0.28
	0.90
	0.07
	296474.20
	208807.00

	
	Pooled
	90.05
	1.44
	0.19
	1.25
	0.09
	221090.50
	285096.80

	σ2A/D
	N
	2.19
	0.25
	-27.90
	-0.02
	0.59
	0.69
	0.27

	
	P
	6.12
	2.41
	0.06
	0.12
	2.44
	1.55
	0.57

	
	G
	2.01
	82.95
	0.44
	0.10
	0.89
	1.26
	1.57

	
	Pooled
	1.66
	1.45
	0.55
	0.08
	1.17
	1.10
	1.09


N= Nandyal      P= Podalakur    G= Guntur
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Fig: 1 Ratio of GCA to SCA Variance for yield and yield attributes in sorghum
Table 7 Estimation of general combining ability of parents yield and yield components at three locations and pooled over locations in 	Sorghum
	[bookmark: _Hlk180743800]S. 
No
	Parent
	Plant height (cm)
	Panicle length (cm)
	Days to 50% flowering

	
	
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled

	LINES

	1
	104A
	-3.23
	0.18
	-2.96
	-2.18
	0.61
	1.01**
	0.71*
	0.75**
	-0.18
	0.17
	0.27
	0.05

	2
	AKMS 66-2A
	3.23
	-0.18
	2.96
	2.18
	-0.61
	-1.01**
	-0.71*
	-0.75**
	0.18
	-0.17
	-0.27
	-0.05

	TESTERS

	3
	RSLG 262
	0.25
	1.97
	3.93
	1.79
	-0.43
	-1.24 *
	-0.94
	-0.81**
	0.72
	-0.56
	0.44
	0.27

	4
	M 35-1
	18.43**
	17.09*
	23.81**
	19.58**
	-0.52
	-1.18*
	0.66
	-0.37
	0.88
	1.44*
	-0.31
	0.70*

	5
	SPV 2758
	22.15 **
	19.31**
	15.43*
	19.42**
	0.35
	-1.63**
	-1.63**
	-0.78**
	0.22
	-0.31
	1.44
	0.42

	6
	SPV 2468
	25.20 **
	22.84**
	22.91**
	23.87**
	1.06
	-0.47
	-1.83**
	-0.20
	0.39
	-1.41*
	-0.48
	-0.38

	7
	R 3777
	-22.66**
	-16.33*
	-17.96**
	-19.51 **
	1.05
	3.17**
	2.80**
	2.16**
	-1.78**
	0.44
	-1.06
	-0.94**

	8
	R 196
	-17.77**
	-23.40**
	-21.96**
	-20.58**
	-1.28
	0.62
	0.17
	-0.32
	0.63
	0.69
	0.61
	0.64 *

	9
	R 91012
	-13.48*
	-12.36
	-19.39**
	-14.85**
	-0.11
	0.05
	0.90
	0.23
	0.39
	0.36
	-0.56
	0.11

	10
	PVK 801
	-12.09*
	-9.11
	-6.75
	-9.71 **
	-0.12
	0.68
	-0.13
	0.11
	-1.45*
	-0.64
	-0.06
	-0.82**

	S.E (gi ) Lines
	3.60
	4.20
	4.05
	1.95
	0.45
	0.31
	0.39
	0.21
	0.40
	0.44
	0.62
	0.21

	S.E (gi) Testers
	7.19
	8.39
	8.10
	3.89
	0.90
	0.63
	0.77
	0.42
	0.80
	0.88
	1.23
	0.42


N= Nandyal   P= Podalkur  G= Guntur



Table 7 cont.. 
	S. No
	Parent
	Days to maturity
	100 grain weight (g)

	
	
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled

	LINES

	1
	104A
	-0.05
	0.49
	0.28
	0.20
	0.14**
	0.23**
	0.12**
	0.16**

	2
	AKMS 66-2A
	0.05
	-0.49
	-0.28
	-0.20
	-0.14**
	-0.23**
	-0.12 **
	-0.16**

	TESTERS

	3
	RSLG 262
	0.81
	0.53
	-0.53
	0.35
	-0.25**
	-0.20**
	-0.36**
	-0.27**

	4
	M 35-1
	0.23
	0.67
	2.19
	0.92*
	-0.15*
	-0.06
	-0.07
	-0.10**

	5
	SPV 2758
	0.48
	0.37
	0.39
	0.42
	-0.31**
	-0.28**
	-0.19**
	-0.27**

	6
	SPV 2468
	1.42
	-0.57
	-1.35
	0.06
	0.01
	-0.14*
	-0.05
	-0.05

	7
	R 3777
	-0.74
	-1.70
	0.73
	-0.60
	0.55**
	0.34**
	0.40**
	0.45**

	8
	R 196
	-2.08*
	1.37
	-0.39
	-0.61
	0.01
	0.14*
	0.15*
	0.09**

	9
	R 91012
	-0.44
	0.08
	1.11
	0.15
	0.05
	0.18*
	0.06
	0.09**

	10
	PVK 801
	0.32
	-0.74
	-2.14
	-0.69
	0.10
	0.02
	0.06
	0.07*

	S.E (gi ) Lines
	0.56
	0.75
	0.77
	0.32
	0.045
	0.05
	0.05
	0.02

	S.E (gi) Testers
	1.12
	1.49
	1.53
	0.65
	0.09
	0.09
	0.09
	0.043


N= Nandyal   P= Podalkur  G= Guntur




Table 7 cont.. 
	S. No
	Parent
	Grain yield (kg ha-1)
	Dry fodder yield (kg ha-1)

	
	
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled

	LINES
	 
	 
	 
	 
	 
	 
	 
	 

	1
	104A
	216.34**
	225.86**
	300.26**
	243.04**
	278.78
	237.58
	220.22
	250.28*

	2
	AKMS 66-2A
	-216.33**
	-225.85**
	-300.26**
	-243.03**
	-278.78
	-237.58
	-220.219
	-250.28*

	TESTERS
	 
	 
	 
	 
	 
	 
	 
	 

	3
	RSLG 262
	-330.64**
	-258.23 **
	-411.16**
	-332.97**
	-638.07
	229.54
	99.06
	-179.57

	4
	M 35-1
	-72.99
	94.61
	-105.49
	-34.39
	-7.52
	1373.17**
	1438.57**
	800.13**

	5
	SPV 2758
	-236.174 *
	-300.98**
	-424.36**
	-308.46**
	-169.94
	652.12*
	344.56
	211.94

	6
	SPV 2468
	-163.64
	-489.04**
	-299.36*
	-295.39**
	1066.30*
	1018.26**
	292.31
	831.44**

	7
	R 3777
	668.62**
	696.49**
	1008.73**
	773.76**
	672.34
	-492.99
	-547.94
	-9.26

	8
	R 196
	-15.63
	194.71*
	282.89*
	129.76*
	-601.91
	-510.04
	-10.81
	-406.77*

	9
	R 91012
	-168.34
	-28.27
	-247.97*
	-151.07**
	239.15
	-1267.18**
	-494.44
	-400.82*

	10
	PVK 801
	318.81**
	90.76
	196.73
	218.77**
	-560.36
	-1002.88**
	-1121.32**
	-847.07**

	S.E (gi ) Lines
	67.41
	57.15
	72.87
	38.35
	330.04
	211.56
	193.77
	138.56

	S.E (gi) Testers
	134.81
	114.29
	145.74
	76.70
	660.08
	423.13
	387.53
	277.13


N= Nandyal   P= Podalkur  G= Guntur

[image: C:\Users\SAIGRAPHICS\OneDrive\Desktop\PRINTS\ISHA PARVEEN\X\4A.tif]
Fig 2: GCA effects of parents for grain yield at Nandyal, Podalakur, Guntur and pooled over locations in sorghum
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Fig 3. SCA effects of hybrids for grain yield at Nandyal, Podalakur, Guntur and pooled over locations in sorghum
Table 8 Estimation of specific combining ability of crosses yield and yield components at three locations and pooled  over locations in 	  Sorghum
	S.No
	Hybrid
	Plant height (cm)
	Panicle length (cm)
	Days to 50% flowering

	
	
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled

	1
	104A×RSLG 262
	5.65
	4.81
	10.46
	6.78
	-1.05
	-0.95
	-1.02
	-1.01*
	0.01
	1.32
	-0.77
	0.16

	2
	104A×M 35-1
	7.13
	12.07
	7.43
	8.63*
	-0.20
	0.25
	-0.30
	-0.10
	0.51
	-0.67
	0.48
	0.16

	3
	104A×SPV 2758
	4.92
	1.24
	4.56
	3.76
	-3.42**
	-0.52
	0.24
	-1.55**
	0.51
	-1.42
	-1.27
	-0.55

	4
	104A×SPV 2468
	1.70
	-4.45
	1.58
	-0.09
	1.25
	-1.61*
	-0.14
	0.04
	-0.66
	-0.53
	1.32
	-0.06

	5
	104A×R 3777
	7.12
	1.17
	4.70
	4.73
	0.77
	-0.32
	-0.34
	0.14
	0.51
	1.58
	-0.27
	0.59

	6
	104A×R 196
	-7.74
	-1.28
	-10.59
	-6.71
	0.78
	0.93
	0.39
	0.71
	-0.07
	1.07
	0.06
	0.29

	7
	104A×R 91012
	-14.09
	-9.86
	-10.02
	-11.72**
	0.28
	1.04
	0.72
	0.62
	-0.99
	-1.10
	0.23
	-0.68

	8
	104A×PVK 801
	-4.70
	-3.68
	-8.12
	-5.38
	1.60
	1.17
	0.44
	1.15**
	0.18
	-0.25
	0.23
	0.07

	9
	AKMS 66-2A×RSLG 262
	-5.65
	-4.81
	-10.46
	-6.78
	1.05
	0.95
	1.02
	1.01*
	-0.01
	-1.32
	0.77
	-0.16

	10
	AKMS 66-2A×M 35-1
	-7.13
	-12.07
	-7.43
	-8.63*
	0.20
	-0.25
	0.30
	0.10
	-0.51
	0.67
	-0.48
	-0.16

	11
	AKMS 66-2A×SPV 2758
	-4.92
	-1.24
	-4.56
	-3.76
	3.42**
	0.52
	-0.24
	1.55**
	-0.51
	1.42
	1.27
	0.55

	12
	AKMS 66-2A×SPV 2468
	-1.70
	4.45
	-1.58
	0.09
	-1.25
	1.61*
	0.14
	-0.04
	0.66
	0.53
	-1.32
	0.06

	13
	AKMS 66-2A×R 3777
	-7.12
	-1.17
	-4.70
	-4.73
	-0.77
	0.32
	0.34
	-0.14
	-0.51
	-1.58
	0.27
	-0.59

	14
	AKMS 66-2A×R 196
	7.74
	1.28
	10.59
	6.71
	-0.78
	-0.93
	-0.39
	-0.71
	0.07
	-1.07
	-0.06
	-0.29

	15
	AKMS 66-2A×R 91012
	14.09
	9.86
	10.02
	11.72**
	-0.28
	-1.04
	-0.72
	-0.62
	0.99
	1.10
	-0.23
	0.68

	16
	AKMS 66-2A×PVK 801
	4.70
	3.68
	8.12
	5.38
	-1.60
	-1.17
	-0.44
	-1.14**
	-0.18
	0.25
	-0.23
	-0.07

	C.D 95% SCA
	15.33
	17.89
	17.27
	7.71
	1.91
	1.34
	1.65
	0.83
	1.71
	1.88
	2.63
	0.82

	S.E(Sij)
	7.19
	8.39
	8.10
	3.89
	0.90
	0.63
	0.77
	0.42
	0.80
	0.88
	1.23
	0.42

	S.E(Sij-Sik)
	10.17
	11.87
	11.46
	5.50
	1.27
	0.89
	1.09
	0.59
	1.14
	1.25
	1.74
	0.59

	S.E(Sij-Skl)
	6.23
	7.27
	7.02
	3.37
	0.78
	0.54
	0.67
	0.36
	0.70
	0.76
	1.07
	0.36


N= Nandyal   P= Podalkur  G= Guntur

Table 8 cont.. 
	S.No
	Hybrid
	Days to maturity
	100 grain weight (g)

	
	
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled

	1
	104A×RSLG 262
	0.30
	1.06
	0.23
	0.50
	-0.13
	-0.09
	-0.19
	-0.13**

	2
	104A×M 35-1
	0.55
	0.92
	1.92
	1.05
	-0.21*
	-0.23*
	-0.21*
	-0.21**

	3
	104A×SPV 2758
	-0.37
	-1.28
	0.81
	-0.29
	-0.21*
	-0.25*
	-0.17
	-0.21**

	4
	104A×SPV 2468
	0.57
	-2.59
	-2.46
	-1.20
	-0.16
	-0.06
	-0.06
	-0.10*

	5
	104A×R 3777
	0.02
	-0.21
	-0.53
	-0.20
	-0.29**
	-0.03
	0.13
	-0.09*

	6
	104A×R 196
	-1.92
	1.23
	0.34
	-0.37
	0.37**
	0.35**
	-0.01
	0.25**

	7
	104A×R 91012
	2.06
	1.51
	0.34
	1.41*
	0.27**
	0.18
	0.32**
	0.26**

	8
	104A×PVK 801
	-1.20
	-0.66
	-0.66
	-0.89
	0.37**
	0.11
	0.18
	0.24**

	9
	AKMS 66-2A×RSLG 262
	-0.30
	-1.06
	-0.23
	-0.50
	0.13
	0.09
	0.19
	0.13**

	10
	AKMS 66-2A×M 35-1
	-0.55
	-0.92
	-1.92
	-1.05
	0.21*
	0.23*
	0.21*
	0.21**

	11
	AKMS 66-2A×SPV 2758
	0.37
	1.28
	-0.81
	0.29
	0.21*
	0.25*
	0.17
	0.21**

	12
	AKMS 66-2A×SPV 2468
	-0.57
	2.59
	2.46
	1.20
	0.16
	0.06
	0.06
	0.11*

	13
	AKMS 66-2A×R 3777
	-0.02
	0.21
	0.53
	0.20
	0.29**
	0.03
	-0.13
	0.10*

	14
	AKMS 66-2A×R 196
	1.92
	-1.23
	-0.34
	0.37
	-0.37**
	-0.35**
	0.01
	-0.25**

	15
	AKMS 66-2A×R 91012
	-2.06
	-1.51
	-0.34
	-1.41*
	-0.26**
	-0.18
	-0.32**
	-0.26**

	16
	AKMS 66-2A×PVK 801
	1.20
	0.66
	0.66
	0.89
	-0.37**
	-0.11
	-0.18
	-0.24**

	CD 95% SCA
	2.40
	3.19
	3.27
	1.28
	0.19
	0.20
	0.19
	0.09

	S.E(Sij)
	1.12
	1.50
	1.53
	0.65
	0.09
	0.09
	0.09
	0.04

	S.E(Sij-Sik)
	1.59
	2.12
	2.17
	0.91
	0.13
	0.13
	0.13
	0.06

	S.E(Sij-Skl)
	0.97
	1.30
	1.33
	0.56
	0.08
	0.08
	0.08
	0.04


N= Nandyal   P= Podalkur  G= Guntur

Table 8 cont.. 
	S.No
	Hybrid
	Grain yield (kg ha-1)
	Dry fodder yield (kg ha-1)

	
	
	N
	P
	G
	Pooled
	N
	P
	G
	Pooled

	1
	104A×RSLG 262
	-298.10 *
	-32.36
	-391.71*
	-248.91**
	-935.35
	1157.17*
	-160.47
	-116.09

	2
	104A×M 35-1
	-294.11 *
	-345.48**
	-359.63*
	-327.51**
	-514.53
	628.04
	604.54
	131.65

	3
	104A×SPV 2758
	-218.21
	-125.64
	-269.01
	-206.28 **
	552.23
	-696.41
	-524.97
	-112.30

	4
	104A×SPV 2468
	144.07
	-231.62
	346.50*
	94.57
	927.55
	239.95
	-148.97
	423.52

	5
	104A×R 3777
	-508.67**
	-175.85
	-453.42**
	-397.79**
	-926.17
	-416.62
	-436.97
	-640.82*

	6
	104A×R 196
	557.25**
	284.63*
	425.25*
	441.64**
	1171.00
	226.74
	556.91
	725.76*

	7
	104A×R 91012
	391.12*
	425.90**
	395.61*
	402.34**
	-98.37
	-89.37
	-118.72
	-101.61

	8
	104A×PVK 801
	226.65
	200.43
	306.41
	241.95**
	-176.36
	-1049.51 *
	228.66
	-310.11

	9
	AKMS 66-2A×RSLG 262
	298.09*
	32.36
	391.71*
	248.92**
	935.35
	-1157.17*
	160.47
	116.09

	10
	AKMS 66-2A×M 35-1
	294.12*
	345.48**
	359.63*
	327.51**
	514.53
	-628.04
	-604.54
	-131.65

	11
	AKMS 66-2A×SPV 2758
	218.22
	125.64
	269.01
	206.28**
	-552.23
	696.41
	524.97
	112.30

	12
	AKMS 66-2A×SPV 2468
	-144.07
	231.62
	-346.50 *
	-94.57
	-927.55
	-239.95
	148.97
	-423.52

	13
	AKMS 66-2A×R 3777
	508.67**
	175.86
	453.42**
	397.80**
	926.17
	416.62
	436.97
	640.82*

	14
	AKMS 66-2A×R 196
	-557.25**
	-284.62*
	-425.25*
	-441.64**
	-1171.00
	-226.74
	-556.91
	-725.76*

	15
	AKMS 66-2A×R 91012
	-391.12 *
	-425.90**
	-395.61 *
	-402.34 **
	98.37
	89.37
	118.72
	101.61

	16
	AKMS 66-2A×PVK 801
	-226.65
	-200.42
	-306.41
	-241.94 **
	176.36
	1049.51*
	-228.66
	310.11

	
	CD 95% SCA
	287.35
	243.61
	310.63
	152.08
	1406.92
	901.87
	826.00
	549.49

	
	S.E(Sij)
	134.82
	114.29
	145.74
	76.70
	660.08
	423.13
	387.53
	277.13

	
	S.E(Sij-Sik)
	190.66
	161.63
	206.11
	108.47
	933.49
	598.39
	548.05
	391.92

	
	S.E(Sij-Skl)
	116.75
	98.98
	126.21
	66.42
	571.65
	366.44
	335.61
	240.00


N=Nandyal P=Podalakur G=Guntur
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Figure. 4.5 SCA effects of hybrids for gra
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