GENETIC ANALYSIS OF YIELD AND YIELD RELATED TRAITS IN SORGHUM (Sorghum bicolor L.) THROUGH LINE × TESTER DESIGN



[bookmark: _GoBack]ABSTRACT: The present investigation was conducted across three diverse locations, RARS, Nandyal; ARS, Podalakur; and RARS, Lam, Guntur. Two lines and eight testers were crossed following a Line × Tester design during rabi 2021–22 and rabi 2022–23 to generate sixteen hybrids. These hybrids, along with their ten parents, were evaluated during summer 2022 (Nandyal), rabi 2022-23 (three locations) and summer 2023 (three locations) to assess genetic variability and the nature and magnitude of gene action for yield, yield components and physiological traits. Analysis of variance revealed significant genotypic differences for most traits across environments, indicating substantial genetic variability. Moderate phenotypic and genotypic coefficients of variation were observed for grain yield (PCV up to 19.25%; GCV up to 17.97%) and dry fodder yield, while days to flowering and maturity showed low variability. High heritability was recorded for grain yield (92% in pooled analysis) and 100-grain weight (90%), coupled with high genetic advance as per cent of mean for grain yield (27.69%), indicating the predominance of additive gene action and strong response to selection. Physiological traits such as relative water content, per cent membrane damage and specific leaf area also exhibited high heritability, highlighting their genetic stability under stress conditions. Overall, the study identified grain yield, plant height, relative water content, membrane damage and specific leaf area as reliable selection criteria for enhancing sorghum productivity and drought tolerance across diverse environments.
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INTRODUCTION
	Sorghum (Sorghum bicolor L.) is an important cereal crop widely cultivated in arid and semi-arid regions of the world, where it plays a crucial role in ensuring food security, nutritional security and agricultural sustainability. As the fifth most important cereal globally, sorghum serves as a staple food, livestock feed and raw material for biofuel production. Its inherent tolerance to heat and moisture stress makes it particularly valuable under marginal growing conditions. However, productivity is frequently constrained by abiotic stresses, especially drought, the incidence and severity of which are increasing due to climate change. Therefore, the development of high-yielding and drought-tolerant hybrids has become a priority for sustaining sorghum production in water-limited environments.
	
In India, sorghum is cultivated over 40.76 lakh hectares with a production of 47.37 lakh tonnes and an average productivity of 1,202 kg ha-1 (USDA, 2024). In Andhra Pradesh, the crop occupies 0.70 lakh hectares with an annual production of 2.82 lakh tonnes and a productivity of 4,029 kg ha-1 during 2022–23. Nandyal district leads in sorghum cultivation with 26,543 hectares (38.04%), followed by Guntur (17.04%) and Bapatla (11.55%), while Kurnool, Kadapa and Ananthapur also contribute significantly (Anonymous, 2024). Despite its regional importance, sorghum cultivation in India has declined by nearly 37% over the past two decades, although productivity has increased by about 80% (USDA, 1997). This improvement in yield is largely attributed to the adoption of hybrid varieties and advances in genetic improvement programmes. Hybrids exploit heterosis and combine desirable traits from diverse parental lines, enabling better adaptation to stress conditions, particularly in semi-arid regions (Axtell et al., 1999).
	For the development of superior hybrids, a clear understanding of the extent of genetic variability and the nature of gene action governing yield and associated traits is essential. Parameters such as phenotypic and genotypic coefficients of variation, heritability and genetic advance provide valuable insights into the inheritance pattern of traits and the expected response to selection. Estimation of these genetic parameters across diverse environments is particularly important under stress-prone conditions, as it helps identify stable and resilient genotypes.
	In this context, the present investigation was undertaken to assess the magnitude of genetic variability, heritability, genetic advance and genetic advance as per cent of mean for yield, yield components and key physiological traits in sorghum genotypes evaluated across multiple locations. The study aims to identify promising traits and genotypes that can be effectively utilized in breeding programmes for enhancing productivity and drought tolerance.
MATERIAL AND METHODS
Experimental Locations: The present investigation was conducted at the Regional Agricultural Research Station (RARS), Nandyal, Andhra Pradesh. The crossing programme was carried out during rabi 2021–22 at RARS, Nandyal. The generated hybrids were evaluated over three seasons, viz., Summer 2022, Rabi 2022–23 and Summer 2023 at three locations: RARS, Nandyal; Agricultural Research Station (ARS), Podalakur; and RARS, Lam Farm (Guntur). These locations represent the Scarce Rainfall Zone, Krishna Zone and Southern Agro-climatic Zone of Andhra Pradesh, respectively. The parental lines used in the study were obtained from the Indian Institute of Millets Research (IIMR), Hyderabad.
Experimental Material: The experimental material comprised three cytoplasmic male sterile (CMS) lines (AKMS 66-2A, 104A and M 31-2A) and fifteen restorer lines (RSLG 262, M 35-1, SPV 2758, SPV 2468, R 3777, PVK 801, R 196, R 91012, RS 585, CSR 54, BJV 44, SPV 2217, CSV 29R, R 36 and R 98), selected based on yield performance and adaptability. These lines were crossed in a Line × Tester mating design during rabi 2021–22, resulting in 45 cross combinations. Among them, 16 F₁ hybrids showing good seed set were selected for further evaluation. These hybrids involved two CMS lines (AKMS 66-2A and 104A) and eight restorers (RSLG 262, M 35-1, SPV 2758, SPV 2468, R 3777, R 196, R 91012 and PVK 801). The selected hybrids (Table 1).were evaluated along with their parents and a standard check (CSH 15R).
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
	
	
	
	
	



Methods:
Generation and Evaluation of Hybrids: The CMS, maintainer and restorer lines were maintained and F₁ hybrids were generated during rabi 2021–22 at RARS, Nandyal using the Line × Tester mating design. The 16 F₁ hybrids along with their parents were initially evaluated during Summer 2022 at RARS, Nandyal for drought tolerance traits and genetic potential. Further multi-location evaluation was carried out during rabi 2022–23 and Summer 2023 at RARS, Nandyal; ARS, Podalakur; and RARS, Lam (Guntur). Fresh F₁ seeds were regenerated at RARS, Nandyal to ensure sufficient seed material for evaluation.
Experimental Design and Crop Management: The field experiment was laid out in a Randomized Block Design (RBD) with two replications. The experimental material consisted of 16 F₁ hybrids, 10 parents and one standard check. Each genotype was sown in two rows of 4 m length per replication with a spacing of 45 cm between rows and 15 cm between plants. Recommended agronomic practices were followed, and need-based plant protection measures were adopted to raise a healthy crop. The study was undertaken to assess variability, heterosis, combining ability and stability for grain yield along with physiological parameters associated with drought and heat tolerance. Molecular profiling of hybrids and parents was also carried out to identify drought tolerant genotypes.
Statistical procedures: The mean data recorded for different quantitative characters of all genotypes over two replications were subjected to statistical analysis using Windostat statistical software version 9.3 (INDOSTAT Services). Analysis of variance (ANOVA) was carried out following the procedure described by Fisher and Yates (1974) and Panse and Sukhatme (1985) to test the significance of differences among genotypes.
	Genotypic variance (σ²g) and phenotypic variance (σ²p) were estimated according to the method suggested by Burton (1952). Based on these variances, genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were calculated. The magnitude of variability was classified as low (<10%), moderate (10–20%), and high (>20%) as suggested by Sivasubramanian and Madhavamenon (1973).
	Broad sense heritability (h²) was estimated as per Lush (1940) and categorized as low (<30%), moderate (30–60%), and high (>60%) following Johnson et al. (1955). Genetic advance (GA) and genetic advance as per cent of mean (GAM) were calculated using the formula suggested by Johnson et al. (1955) assuming 5% selection intensity.
RESULTS AND DISCUSSION
Analysis of variance (ANOVA): The analysis of variance (ANOVA) for eight yield and yield attributing characters across three locations (Nandyal, Podalakur and Guntur), as well as pooled data across these locations and physiological parameters recorded across two summer seasons (summer 2022 and summer 2023) along with pooled over seasons at Nandyal, is presented in tables 2 to 5. Replicated mean data for all studied characters were analyzed through ANOVA for each location individually and as pooled data across all locations.
The ANOVA results indicate that the mean sum of squares for genotypes was significant for all characters across the three locations, with the exceptions of days to 50% flowering in Guntur and days to maturity in Podalakur and Guntur (Tables 2 to 5). This significance, points to substantial genotypic variability for nearly all traits, implying the potential for selective breeding to improve these traits. A high level of genetic variability for these characters has also been reported by previous studies, including those by Jain and Patel (2013), Nyadanu and Dikera (2014), Khandelwal et al.  (2015), Yadav et al.  (2019), Dev et al.  (2019), Singh et al.  (2022), Sen et al.  (2019) and Prasad and Sreedhar (2020).


Estimation of genetic variability: 
Variability studies: The analysis indicated that for each trait examined, the Phenotypic Coefficient of Variation (PCV) was higher than the Genotypic Coefficient of Variation (GCV), suggesting a significant environmental influence on these traits (Table 6).
Co-efficient of variation:
Phenotypic Coefficient of Variation (PCV): Moderate PCV estimates were observed for plant height (11.28%, 10.86%, 10.39% and 10.53%), grain yield (14.94%, 14.47%, 19.25% and 14.67%) and dry fodder yield (15.93%, 13.61%, 10.87% and 10.21%) across all three study locations viz., Nandyal, Podalakur and Guntur, as well as in the combined data analysis respectively. In contrast, for test weight, moderate PCV values were recorded only at the Nandyal (11.04%) and Podalakur (11.02%) sites.
Conversely, low PCV values were recorded for panicle length (9.93%, 8.57%, 8.13% and 6.26%), days to 50% flowering (2.32%, 2.64%, 2.78% and 1.66%) and days to maturity (1.92%, 2.08%, 2.11% and 1.21%) across all three locations and in the pooled data respectively. Additionally, test weight exhibited low PCV values specifically at the Guntur (9.87%) location and in the pooled (9.78%) analysis (Table 6).
Genotypic Coefficient of Variance (GCV): Moderate genotypic coefficient of variance (GCV) estimates were observed for grain yield across all three locations Nandyal (13.26%), Podalakur (13.42%) and Guntur (17.97%) as well as in the pooled data (14.04%) across these sites. Additionally, moderate GCV values were noted for test weight (10.07% at Nandyal, 10.09% at Podalakur) and dry fodder yield (11.21% at Nandyal, 11.49% at Podalakur) at Nandyal and Podalakur.
Conversely, low GCV values were observed for plant height (9.83%, 9.05%, 8.59% and 9.25%), panicle length (6.82%, 7.46%, 6.31% and 5.06%), days to 50% flowering (1.47%, 1.69%, 1.34% and 0.80%) and days to maturity (1.33%, 1.50%, 1.30% and 1.07%) across all locations and in the pooled data. Similarly, low GCV estimates were seen for test weight (8.91% at Guntur, 9.26% in pooled environment) and dry fodder yield (8.24% at Guntur, 7.79% at pooled environment) specifically at the Guntur location and in the pooled results (Table 6).
At the Nandyal location, the phenotypic coefficient of variation (PCV) values was consistently higher than GCV values for each trait, underscoring the substantial environmental influence on these traits. Moderate PCV values were found for SPAD chlorophyll meter readings and relative water content, while moderate GCV estimates were recorded only for relative water content. Meanwhile, low PCV values were observed for specific leaf area, per cent membrane damage and canopy temperature, with low GCV estimates for SPAD chlorophyll meter readings, specific leaf area, per cent membrane damage and canopy temperature (Table 8).
The present study revealed substantial genetic variability among sorghum genotypes, as indicated by moderate to high PCV and GCV values for grain yield, fodder yield, plant height and 100-grain weight. The relatively small differences between PCV and GCV for most traits suggest limited environmental influence and the predominance of genetic control, indicating good scope for selection. Similar findings were reported by Sujatha and Pushpavalli (2017), Tesfaye (2017), Sameera et al. (2021) and Swamy et al. (2018), who highlighted the effectiveness of selection for yield and related traits due to additive gene action.
High PCV and GCV values observed for leaf-stem ratio and green fodder yield (>25%) further emphasize their wide variability and strong potential for genetic improvement. Comparable results were documented by Diwakar et al. (2016), Aravinth et al. (2021) and Prasad and Sreedhar (2020). Although PCV values were generally higher than GCV values, indicating some environmental influence, the magnitude of variability remained sufficiently high to permit effective selection. 
Physiological traits such as chlorophyll content and relative water content also exhibited high variability, along with high heritability and genetic advance (except plant height at 30 DAS), suggesting the predominance of additive gene effects. These findings are consistent with Chaithrashree et al. (2024) and Ngidi et al. (2024). The observed association between morphological and physiological traits indicates that genotypes with favourable attributes, including reduced membrane damage and optimal canopy temperature, can be prioritised to improve drought tolerance and productivity. Overall, the results highlight the importance of integrating both morphological and physiological traits in sorghum breeding programmes to enhance resilience and yield stability.
Genetic heritability: In the Nandyal location, high heritability estimates were observed for 100 grain weight (84%), grain yield (79%) and plant height (76%). Moderate heritability was recorded for dry fodder yield (50%), days to maturity (48%), panicle length (47%) and days to 50% flowering (40%) (Table 7). At the Podalakur location, grain yield showed the highest heritability (86%), followed by 100 grain weight (84%), panicle length (76%), dry fodder yield (71%) and plant height (70%). Moderate heritability was observed for days to 50% flowering (41%), whereas days to maturity displayed low heritability (53%). In Guntur, the highest heritability estimates were recorded for grain yield (87%), 100 grain weight (82%) and plant height (68%). Moderate heritability estimates were noted for panicle length (60%) and dry fodder yield (58%), while low heritability values were found in days to maturity (39%) and days to 50% flowering (23%).
Across all locations, in the pooled environment, high heritability estimates were recorded for grain yield (92%), 100 grain weight (90%), days to maturity (79%), plant height (77%) and panicle length (65%). Dry fodder yield exhibited moderate heritability at 58%, while days to 50% flowering (24%) showed the lowest heritability estimates.
The physiological parameters observed at Nandyal during summer 2022 summer 2023 and pooled over seasons demonstrated high heritability estimates for all measured traits, including per cent membrane damage (91.55%, 92.29%, 89.66%), relative water content (83.78%, 84.91%, 87.30%), stay green (78.96%, 82.09%, 84.69%), SPAD chlorophyll meter reading (82.96%, 65.89%, 78.93%), Specific leaf area (77.61%, 77.47%, 77.93%) and canopy temperature (57.32%, 46.82%, 62.85%) (Table 8).
High heritability observed consistently across multiple seasons indicates minimal environmental influence on the expression of these traits, suggesting that direct selection would be effective for their improvement in the breeding material. The high heritability recorded for grain yield further supports the effectiveness of selection based solely on yield for achieving genetic improvement. Heritability estimates are important in plant breeding as they indicate the expected response to selection; however, environmental effects may sometimes influence their reliability when considered alone. In the present study, high broad-sense heritability estimates (>60%) for traits such as plant height and green fodder yield indicate that these characters are predominantly governed by genetic factors and are therefore amenable to selection. These results are in agreement with the findings of Kumar et al. (2011), Jain and Patel (2013) and Shivani and Sreelakshmi (2014), Nyadanu and Dikera (2014) and Khandelwal et al. (2015).
The results of the present investigation reinforce the importance of heritability as a key parameter in sorghum breeding programmes. The high heritability estimates recorded for major yield and yield contributing traits indicate strong genetic control and suggest that these characters can be effectively improved through direct selection. Similar findings have been reported by Sujatha and Pushpavalli (2017), Tesfaye (2017) and Swamy et al. (2018), who observed high heritability for grain yield, fodder yield and panicle length, emphasizing the predominance of genetic factors in the expression of these traits. Likewise, Sameera et al. (2021) and Zinzala et al. (2018) reported high heritability for dry fodder yield and 100-grain weight, indicating the involvement of additive gene effects and the potential effectiveness of selection-based breeding strategies.
Further support for the genetic regulation of yield related traits was provided by Gedifew and Tsige (2019) and Mofokeng et al. (2019), who documented high heritability for plant height and panicle weight. Shivaprasad et al. (2019) and Ashwini and Kajjidoni (2020) also reported similar trends for plant height and seed yield, underlining their reliability as selection criteria in breeding programmes. In addition, Rachman et al. (2022) and Ngidi et al. (2024) demonstrated high heritability for drought tolerance, grain yield and root biomass, highlighting their suitability for genetic improvement aimed at enhancing productivity and stress resilience.
However, contrasting evidence has also been reported. Zhang et al. (2024) documented low narrow-sense heritability for grain weight per panicle and grain yield, suggesting a considerable influence of environmental factors and non-additive gene action in the inheritance of these traits. Such findings indicate that reliance solely on heritability estimates may not always guarantee selection efficiency, particularly when environmental interactions are substantial.
Genetic advance: In this study, genetic advance was estimated across three locations Nandyal, Podalakur and Guntur as well as pooled data from all locations. With respect to pooled data values, the highest genetic advance was recorded for traits such as dry fodder yield (1001.23%), grain yield (839.12%) and plant height (32.33%). Conversely, other traits, including panicle length (1.83%), 100 grain weight (0.53%), days to maturity (2.10%) and days to 50% flowering (0.49%), showed low genetic advance in the pooled data. This low genetic advance suggests that these traits are primarily governed by polygenic inheritance with a significant influence of non-additive genetic factors (Table 7).
At the Nandyal location, where data were collected over two summer seasons (2022 and 2023) and pooled over seasons, moderate genetic advance was observed for certain physiological traits, notably specific leaf area (19.22%, 19.82%,18.36%), per cent membrane damage (13.17%, 11.79%, 12.54%) and relative water content (11.47%, 11.04%, 10.80%). In contrast, SPAD chlorophyll meter reading (8.30%, 6.41% and 6.92%), canopy temperature (3.00%, 1.98%, and 2.60%) and stay green score (2.04%, 1.75%, 1.81%) demonstrated lower genetic advance values.
Genetic advance as per cent of mean: The genetic analysis across the three locations Nandyal, Podalakur and Guntur and in the combined dataset highlighted that grain yield (24.24%, 25.64%, 34.56%, 27.69%) consistently exhibited high genetic advance as a percentage of the mean. Moderate values were noted for 100 grain weight (18.92%, 19.02%, 16.57% and 18.04%), plant height (17.64%, 15.55%, 14.64% and 16.75%), dry fodder yield (16.26%, 19.99%, 12.87% and 12.23%) across all locations and for panicle length (13.38% at Podalakur and 10.08% at Guntur) at Podalakur and Guntur. In contrast, lower genetic advance as a percentage of the mean was observed for traits such as days to 50% flowering (1.92%, 2.24%, 1.33%, 0.81%) and days to maturity (1.90%, 2.26%, 1.67%, 1.97%) at all locations, with panicle length (9.66% at Nandyal, 8.43% in pooled locations) showing lower estimates specifically at Nandyal and in the pooled dataset (Table 7).
At Nandyal, pooled over the summer seasons of 2022 and 2023, physiological parameters revealed distinct trends in genetic advance. The highest genetic advance as a percentage of the mean was recorded for stay green trait (75.45%, 69.46%, 69.19%) and relative water content (29.73%, 27.87%, 27.63%) followed by moderate values for SPAD chlorophyll meter readings (19.70%, 15.55%, 16.62%), per cent membrane damage (16.82%, 15.20%, 16.32%) and specific leaf area (12.21%, 12.66%, 11.69%). canopy temperature, however, displayed the lowest genetic advance values across two summer seasons and pooled over seasons (7.20%, 4.78%, 6.25%) (Table 8).
Genetic advance (GA) and genetic advance as per cent of mean (GAM) are important parameters for assessing the effectiveness of selection in sorghum breeding, as they provide insight into the magnitude of additive genetic effects and the expected progress from selection. In the present study, high GA and GAM values observed for grain yield indicate substantial genetic control and suggest that selection for this trait would result in significant and predictable genetic improvement. These findings emphasize the practical utility of these parameters in identifying traits with strong response to selection for enhancing yield, resilience and overall crop performance.
The results are in agreement with Rachman et al. (2022), Ngidi et al. (2024) and Khandebharad et al. (2022), who reported high GA and GAM values for grain yield, panicle length and root biomass, indicating the predominance of additive gene action and the effectiveness of selection. Similarly, traits exhibiting genetic advance estimates greater than 20 per cent of the mean, such as plant height, number of leaves per plant, leaf area, stem girth, leaf-stem ratio and green fodder yield, demonstrated strong selection potential based on phenotypic performance. These observations are consistent with the findings of Arvinth et al. (2021) and Kalpande et al. (2018).
Importantly, the concurrent occurrence of high heritability along with high genetic advance for traits such as plant height, leaves per plant, leaf area, stem girth, leaf-stem ratio and green fodder yield suggests the predominance of additive genetic effects. This combination indicates that these traits are less influenced by the environment and can be effectively improved through direct selection. Similar conclusions were drawn by Ashwini and Kajjidoni (2020), Yadav et al. (2019), Dev et al. (2019) and Singh et al. (2022) highlighting the importance of considering both heritability and genetic advance together for designing efficient breeding strategies.
Conclusion: 
	The present study revealed significant genetic variability among sorghum genotypes across locations, indicating ample scope for genetic improvement. Moderate to high PCV and GCV values for key traits such as grain yield, dry fodder yield, plant height and 100-grain weight suggest the presence of exploitable genetic variation, although some environmental influence was observed. High heritability coupled with moderate to high genetic advance for grain yield and 100-grain weight across locations confirms the predominance of additive gene action and the effectiveness of direct selection for these traits.
	In the pooled analysis, grain yield consistently exhibited high heritability and high genetic advance as per cent of mean, identifying it as the most reliable trait for selection. Physiological traits such as relative water content, stay-green, SPAD chlorophyll content and per cent membrane damage also showed high heritability, indicating their importance in breeding for drought tolerance and resilience.
	Overall, the combined assessment of variability, heritability and genetic advance suggests that traits governed predominantly by additive gene effects, particularly grain yield, plant height, 100-grain weight and key physiological parameters, can be effectively improved through selection, thereby enhancing sorghum productivity and stress tolerance across diverse environments.
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Table 2. Analysis of variance for yield and yield attributing traits in sorghum at Nandyal, Podalakur and Guntur
	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
	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

	6
	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

	7
	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 in sorghum
	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
	100 grain weight (g)
	0.01
	1.08**
	0.526**
	0.10**
	0.03

	6
	Grain yield (kg ha-1)
	1564.89
	2651079**
	3168006**
	138807.10**
	83362.02

	7
	Dry fodder yield (kg ha-1)
	2771350
	7728339.00**
	48625270.00**
	1899727.00**
	1060904


* Significance at 5% level          ** Significance at 1% level






Table 4. Analysis of variance for physiological traits in sorghum during summer 2022, summer 2023 and pooled over seasons at      		    Nandyal 
	S. No.
	Source
	Seasons
	Mean Sum of Squares (MSS)

	
	
	
	Replication
	Treatment
	Error

	
	Degrees of freedom
	1
	26
	26

	1
	SCMR 
 
	Summer 2022
	0.00
	43.12**
	4.02

	
	
	Summer 2023
	1.19
	36.89**
	7.59

	
	
	Pooled
	0.31
	32.41**
	3.82

	2
	SLA (cm2 g-1)
 
	Summer 2022
	22.92
	256.53**
	32.35

	
	
	Summer 2023
	2.71
	273.69**
	34.75

	
	
	Pooled
	10.35
	232.54**
	28.86

	3
	RWC (%)
 
	Summer 2022
	8.42
	81.11**
	7.16

	
	
	Summer 2023
	33.58
	73.57**
	6.01

	
	
	Pooled
	18.91
	67.51**
	4.58

	4
	Per cent membrane damage 
	Summer 2022
	0.79
	93.41**
	4.12

	
	
	Summer 2023
	0.12
	73.92**
	2.97

	
	
	Pooled
	0.04
	87.42**
	4.77

	5
	Canopy temperature (0C)
 
	Summer 2022
	0.01
	10.11**
	2.74

	
	
	Summer 2023
	8.17
	6.17**
	2.24

	
	
	Pooled
	2.17
	6.54**
	1.49

	6
	Stay green score 
 
	Summer 2022
	0.53
	2.81**
	0.33

	
	
	Summer 2023
	0.41
	1.95**
	0.19

	
	
	Pooled
	0.47
	1.98**
	0.16


SCMR= SPAD Chlorophyll meter reading, SLA=Specific Leaf Area, RWC=Relative Water Content


Table 5. Pooled analysis of variance for physiological traits in sorghum during summer 2022, summer 2023 and pooled over seasons at Nandyal 
	S.
No.
	Source 
	Mean Sum of Squares (MSS)

	
	
	Replication
	Treatment
	Error

	
	Degrees of freedom
	1
	26
	26

	1
	SCMR 
	0.31
	32.41**
	3.82

	2
	SLA (cm2 g-1)
	10.35
	232.54**
	28.86

	3
	RWC (%)
	18.91
	67.52**
	4.58

	4
	Per cent membrane damage 
	0.04
	87.42**
	4.77

	5
	Canopy temperature (0C)
	2.17
	6.54**
	1.49

	6
	Stay green score
	0.47
	1.98**
	0.16

	SCMR= SPAD Chlorophyll meter reading, SLA=Specific Leaf Area, RWC=Relative Water Content

	* Significant at 5% level of significance               ** Significant at 1 % level of significance

	
	
	



Table 6. Estimation of variability and genetic parameters for grain yield and yield components in sorghum at three locations and pooled over locations
	Character

	Variance
	Coefficient of Variance

	
	Phenotypic
	Genotypic
	PCV
	GCV

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

	Plant height (cm)
	486.47
	444.17
	407.29
	413.40
	369.29
	308.66
	278.62
	319.12
	11.28
	10.86
	10.39
	10.53
	9.83
	9.05
	8.59
	9.25

	Panicle length (cm)
	5.38
	3.17
	2.89
	1.84
	2.54
	2.40
	1.74
	1.21
	9.93
	8.57
	8.13
	6.26
	6.82
	7.46
	6.31
	5.06

	Days to 50% flowering 
	2.03
	2.60
	2.84
	1.02
	0.81
	1.07
	0.66
	0.24
	2.32
	2.64
	2.78
	1.66
	1.47
	1.69
	1.34
	0.80

	Days to maturity
	4.21
	4.80
	5.03
	1.65
	2.03
	2.54
	1.94
	1.31
	1.92
	2.08
	2.11
	1.21
	1.33
	1.50
	1.30
	1.07

	100 seed weight (g)
	0.10
	0.10
	0.09
	0.08
	0.09
	0.09
	0.07
	0.07
	11.04
	11.02
	9.87
	9.78
	10.07
	10.09
	8.91
	9.26

	Grain yield (kg ha-1)
	220418.80
	180542.30
	318190.30
	197636.60
	173614.90
	155292.50
	277309.80
	181088.50
	14.94
	14.47
	19.25
	14.67
	13.26
	13.42
	17.97
	14.04

	Dry fodder yield 
(kg ha-1)
	1748705.00
	1203161.00
	815049.00
	697988.50
	866735.80
	857731.40
	468472.80
	406059.50
	15.93
	13.61
	10.87
	10.21
	11.21
	11.49
	8.24
	7.79


N=Nandyal    P=Podalakur   G=Guntur


Table 7. Estimation of genetic parameters for yield and yield components in sorghum at three locations and pooled over locations 
	Character
	Heritability in broad sense 
(h2)
(%)
	Genetic Advance
(GA)
(%)
	Genetic Advance as 
 per cent of mean 
(GAM)

	
	
	
	

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

	Plant height (cm)
	76
	70
	68
	77
	34.49
	30.17
	28.44
	32.33
	17.64
	15.55
	14.64
	16.75

	Panicle length (cm)
	47
	76
	60
	65
	2.26
	2.78
	2.11
	1.83
	9.66
	13.38
	10.08
	8.43

	Days to 50% flowering 
	40
	41
	23
	24
	1.18
	1.37
	0.81
	0.49
	1.92
	2.24
	1.33
	0.81

	Days to maturity
	48
	53
	39
	79
	2.04
	2.39
	1.78
	2.10
	1.90
	2.26
	1.67
	1.97

	100 seed weight (g)
	83
	84
	82
	90
	0.55
	0.55
	0.49
	0.53
	18.92
	19.02
	16.57
	18.04

	Grain yield (kg ha-1)
	79
	86
	87
	92
	761.78
	752.88
	1012.72
	839.12
	24.24
	25.64
	34.56
	27.69

	Dry fodder yield  (kg ha-1)
	50
	71
	58
	58
	1350.19
	1610.86
	1068.96
	1001.23
	16.26
	19.99
	12.87
	12.23


N=Nandyal    P=Podalakur    G=Guntur











Table 8. Estimation of genetic parameters for physiological traits in sorghum during summer 2022, summer 2023 and pooled over seasons at Nandyal 
	S.No.
	
	         Genetic  parameters
   
Seasons
	PCV
	GCV
	Heritability in broad sense (h2) (%)
	Genetic Advance
(GA) (%)
	Genetic Advance as 
 Per cent of mean 
(GAM)

	1
	SPAD Chlorophyll meter reading (SCMR)
	Summer 2022
	11.53
	10.50
	82.96
	8.30
	19.70

	
	
	Summer 2023
	11.46
	9.30
	65.89
	6.41
	15.55

	
	
	Pooled 
	10.22
	9.08
	78.93
	6.92
	16.62

	2
	Specific Leaf Area (SLA)
	Summer 2022
	7.64
	6.73
	77.61
	19.22
	12.21

	
	
	Summer 2023
	7.93
	6.98
	77.47
	19.82
	12.66

	
	
	Pooled 
	7.29
	6.43
	77.93
	18.36
	11.69

	3
	Relative water content (RWC)
	Summer 2022
	17.23
	15.77
	83.78
	11.47
	29.73

	
	
	Summer 2023
	15.94
	14.69
	84.91
	11.04
	27.87

	
	
	Pooled 
	15.37
	14.36
	87.30
	10.80
	27.63

	4


	Per cent  membrane damage
	Summer 2022
	8.92
	8.54
	91.55
	13.17
	16.82

	
	
	Summer 2023
	8.00
	7.68
	92.29
	11.79
	15.20

	
	
	Pooled
	8.84
	8.37
	89.66
	12.54
	16.32

	5
	Canopy temperature
	Summer 2022
	6.10
	4.62
	57.32
	3.00
	7.20

	
	
	Summer 2023
	4.96
	3.39
	46.82
	1.98
	4.78

	
	
	Pooled
	4.83
	3.83
	62.85
	2.60
	6.25

	6
	Stay green score
	Summer 2022
	46.39
	41.22
	78.96
	2.04
	75.45

	
	
	Summer 2023
	41.08
	37.22
	82.09
	1.75
	69.46

	
	
	Pooled
	39.66
	36.50
	84.69
	1.81
	69.19




